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Abstract: Immune dysregulation plays a key role in the pathogenesis of steroid-dependent/frequently
relapsing nephrotic syndrome (SDNS/FRNS). However, in contrast with evidence from the pediatric
series, no major B- or T-cell alterations have been described for adults. In these patients, treatment
with rituximab allows safe discontinuation of steroids, but long-term efficacy is variable, and some
patients experience NS relapses after B cell reconstitution. In this study, we aimed to determine
disease-associated changes in the B and T cell phenotype of adult patients with SDND/FRNS after
steroid-induced remission. We also investigated whether any of these changes in immune cell subsets
could discriminate between patients who developed NS relapses after steroid-sparing treatment
with rituximab from those who did not. Lymphocyte subsets in SDNS/FRNS patients (n = 18) were
compared to those from patients with steroid-resistant NS (SRNS, n = 7) and healthy volunteers (HV,
n = 15). Before rituximab, SDND/FRNS patients showed increased frequencies of total and memory
B cells, mainly with a CD38-negative phenotype. Within the T-cell compartment, significantly lower
levels of FOXP3+ regulatory T cells (Tregs) were found, mostly due to a reduction in CD45RO+

memory Tregs compared to both SRNS and HV. The levels of CD45RO+ Tregs were significantly
lower at baseline in patients who relapsed after rituximab (n = 9) compared to patients who did
not (n = 9). In conclusion, patients with SDND/FRNS displayed expansion of memory B cells and
reduced memory Tregs. Treg levels at baseline may help identify patients who will achieve sustained
remission following rituximab infusion from those who will experience NS relapses.

Keywords: nephrotic syndrome; steroid-dependent nephrotic syndrome; steroid-resistant nephrotic
syndrome; B cells; regulatory T cells; rituximab

1. Introduction

Nephrotic syndrome (NS) is a clinical condition that is common to a heterogeneous
group of glomerular diseases and is characterized by diffuse edema, heavy proteinuria
and hypoalbuminemia.

In children and young adults, most cases of NS are associated with alterations of
podocyte structure and function, which lead to pathological modifications of the glomerular
filtration barrier. Histological patterns in most cases are consistent with minimal change
disease (MCD) and, albeit less frequently, focal segmental glomerulosclerosis (FSGS) [1–3].

The prognosis of these disorders is dependent on response to steroids, with up to
80% of cases achieving NS remission after a course of oral prednisone. However, after
the initial response, about 70% of adult patients experience frequent NS relapses that
require further treatment or develop steroid dependence [4–6]. According to the timing
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and rate of relapses, these patients are classified as steroid-dependent (SDNS) or frequently
relapsing (FRNS) nephrotic syndrome [7]. Both conditions are associated with increased
cumulative exposure to glucocorticoids with deleterious long-term side effects [6]. To
avoid chronic steroid therapy in SDNS/FRNS patients, a number steroid-sparing agents
have been proposed. Among them, the anti-CD20 monoclonal antibodies rituximab and
ofatumumab have been shown to induce sustained remission, allowing safe steroid tapering
in the majority of patients [8–10].

The sensitivity of NS to steroid therapy and immunosuppressive drugs and the efficacy
of B cell depletion in inducing remission of the NS strongly suggests a key role of a systemic
dysregulation of the immune system in the pathogenesis of steroid-sensitive forms of the
disease [11,12]. The intense investigation, mainly in pediatric patients with NS, reported T
cell alteration characterized by reduced CD4+ T cell levels and increased cytotoxic CD8+

T cells [13–15], higher effector Th2 [16] and Th17 [17,18] cells and impaired regulatory T
cell (Treg) frequency or activity [19,20]. More recently, steroid-sensitive forms of pediatric
NS have been associated with increased B cell levels [21] at disease onset and relapse with
the main role of B cells with a switched-memory phenotype [22]. Studies analyzing B cell
repopulation post-rituximab reported that the emergence of this switched-memory B cell
subset predicted the recurrence of NS in pediatric patients [23,24], providing a possible
explanation of why some patients experience disease relapse after B cell recovery, whereas
other patients maintain a long-term remission even after complete B cell recovery.

However, the described T and B cell alterations were not consistently reported in
other studies, and no major immune dysregulation has been described for adult patients
with NS [11,12,21]. These conflicting findings may be due to the complexity of disease
mechanisms and could suggest that different immunological alterations could occur in
specific forms of the disease, therefore explaining the diverse response to treatment.

In this study, we characterized the B and T cell phenotype in a selected cohort of
adult patients with SDND/FRNS during a remission phase induced by steroid treatment
and before therapy with rituximab as a steroid-sparing agent. We compared lymphocyte
subsets in these patients with those from SRNS patients under similar steroid therapy and
those from healthy subjects to assess disease-specific phenotypes. In addition, we aimed
to evaluate whether baseline changes in B and T cell subsets could identify SDND/FRNS
patients who relapse or do not relapse after rituximab infusion.

2. Results
2.1. Baseline Patient Characteristics

Eighteen adult patients with SDNS/FRNS who were treated with rituximab from
February 2010 to October 2017 were included in the study. Before rituximab infusion,
all SDNS/FRNS patients had achieved partial (16.7%) or complete (83.3%) remission of
the nephrotic syndrome with prednisone, and two patients were also receiving either
cyclosporin or mycophenolate mofetil as steroid-sparing agents. We also included seven
patients with SRNS and 15 age- and sex-matched healthy volunteers (HV) as controls in all
the analyses.

Consistent with NS remission, patients with SDNS/FRNS showed significantly lower
levels of serum creatinine and proteinuria and higher levels of serum albumin compared
to SRNS patients (Table 1). Most SDNS/FRNS patients were males (55%) with a median
age of 40.5 (range: 27–47 years) 7, and minimal change disease was the most frequent
histological pattern. Less than half of SDNS/FRNS patients had a pediatric onset of the
disease, and steroid dependence was more common than the frequently relapsing clinical
presentation (Table 2). The average dose of prednisone in the last month before rituximab
infusion was higher in the SDNS/FRNS group compared to that of SRNS patients, but
the difference did not reach statistical significance. The non-negligible dose of steroids
assumed by SRNS patients was largely due to the timing of sample collection: most patients
were sampled shortly after the diagnosis of steroid resistance had been made, and they
were not completely weaned off corticosteroids at that time.
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Table 1. Baseline characteristics of patients with steroid-dependent/frequently relapsing nephrotic
syndrome (SDNS/FRNS, with steroid-resistant nephrotic syndrome (SRNS) and healthy volunteers
(HV). FSGS: focal segmental glomerulosclerosis; MCD: minimal change disease; PDN: prednisone
equivalents. Data are expressed as median [interquartile range] or number (percentage). p-values
refer to the comparison between SDNS/FRNS and SRNS patients.

SDNS/FRNS
(n = 18)

SRNS
(n = 7)

HV
(n = 15) p-Value

Age (years) 40.5 [27–47] 31 [24–50] 44 [37–54] 0.286
Male sex, n (%) 10 (55%) 2 (29%) 7 (47%) 0.4775
MCD vs. FSGS 11 vs. 7 2 vs. 5 - 0.2016
Pediatric onset, n (%) 8 (44%) 0 (0%) - 0.0573
Serum creatinine (mg/dL) 0.80 [0.75–0.94] 1.19 [0.82–2.05] - 0.0458
Serum albumin (mg/dL) 3.7 [3.6–4.0] 1.75 [1.38–2.03] - 0.0008
Urinary protein (g/24 h) 0.09 [0.07–0.17] 14.28 [5.26–18.83] - 0.0001
Average PDN dose (mg/kg/day) 0.47 [0.270–0.610] 0.19 [0.032–0.545] - 0.1228

Table 2. Baseline characteristics of SDND/FRNS patients stratified according to the occurrence of
at least one NS relapse within 24 months from rituximab administration. FSGS: focal segmental
glomerulosclerosis; MCD: minimal change disease; PDN: prednisone equivalents (average dose
during the month preceding rituximab administration). Data are expressed as median [interquartile
range] or number (percentage). p-values refer to the comparison between relapsers and non-relapsers.

Overall
(n = 18)

Relapsers
(n = 9)

Non-Relapsers
(n = 9) p-Value

Age (years) 40.5 [27–47] 43 [26–53] 36 [31–42] 0.4529
Male sex, n (%) 10 (55%) 3 (33%) 7 (78%) 0.1534
MCD vs. FSGS 11 vs. 7 4 vs. 5 7 vs. 2 0.3348
SDNS vs. FRNS 15 vs. 3 8 vs. 1 7 vs. 2 1.0000
Pediatric onset, n (%) 8 (44%) 4 (44%) 4 (44%) 1.0000
Serum creatinine (mg/dL) 0.80 [0.75–0.94] 0.75 [0.64–0.96] 0.81 [0.58–1.29] 0.4799
Serum albumin (mg/dL) 3.7 [3.6–4.0] 3.6 [2.85–3.75] 4.0 [3.70–4.13] 0.0240
Urinary protein (g/24 h) 0.09 [0.07–0.17] 0.17 [0.05–2.47] 0.09 [0.05–0.180] 0.1709
Average PDN dose (mg/kg/day) 0.47 [0.27–0.61] 0.57 [0.36–0.80] 0.33 [0.25–0.55] 0.0851
Complete vs. Partial remission 15 vs. 3 6 vs. 3 9 vs. 0 0.2059

After rituximab infusion, immunosuppressive drugs were progressively weaned over
time until discontinuation which was achieved on average after 4.8 ± 1.4 months. During
the two year follow-up period, nine (50%) of the SDNS/FRNS patients experienced at least
one NS relapse, with a mean time to the event of 9.9± 3.9 months. Baseline characteristics of
patients with or without NS relapses were similar, including the time required to completely
wean immunosuppression (5.1 ± 1.3 months and 4.3 ± 1.4 months in relapsers and non-
relapsers, respectively). Notably, baseline serum albumin was significantly higher in
non-relapsers compared to relapsers (Table 2).

A scheme of the subject groups and of the experimental design is provided in Figure 1.
Patients with SDNS/FRNS displayed significantly increased percentages of CD19+CD20+

B cells among total circulating lymphocytes compared to both SRNS patients and HV
(Figure 2A). Compared to HV, the increase in B cells in SDNS/FRNS patients was mainly
due to increased memory B cells as documented by significantly higher percentages of
CD38-/lowCD24high memory B cells (Figure 2B,C), total memory CD27+ B cells, as well as
both IgM memory and switched memory B cells (Figure 2D,E). The levels of mature B cells
in SDNS/FRNS patients were similar to those of HV, whereas transitional B cells in this
group were significantly lower compared to healthy volunteers (Figure 2B,C).
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Figure 1. Subject groups and scheme of the experimental study design.

SRNS patients shared with the SDNS/FRNS group higher-than-normal percentages of
switched memory B cells (Figure 2E) and significantly lower percentages of transitional B
cells (Figure 2C).

Higher percentages of CD27+ B cells on total circulating lymphocytes in SDNS/FRNS
patients than in HV and SRNS patients, mainly of unswitched phenotype, were confirmed
by B cell classification by IgD/CD27 expression (Supplementary Figure S1). Similarly,
significantly higher levels of CD38-/lowCD24high memory B cells and lower levels of transi-
tional and mature B cells in SDNS/FRNS compared to HV were confirmed also when the
different B cell subsets were expressed as percentages of total B cells (Figure 3A). Moreover,
total CD27+, IgM memory and switched memory B cells were calculated as percentages of
B cells were similar in SDNS/FRNS patients and HV (Figure 3B).

Lower CD38+ B cell levels in SDNS/FRNS were confirmed by the significantly lower
percentages of Bm3+4, Bm2′ and Bm2 of the IgD/CD38 B cell subsets calculated as either
percentages of total B cells or of lymphocytes (Supplementary Figures S2 and S3).

The shift in CD38/CD24 B cell phenotype toward higher than normal levels of
CD38-/low memory B cells and very low levels of transitional B cells was also observed in
SRNS patients (Figure 3A).
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Figure 2. FACS analysis of circulating B cell subsets in SSNS, SRNS patients and HV. (A) Percentages 
of CD19+CD20+ B cells among total lymphocytes in the three groups of subjects; (B) Representative 
contour plots of memory, mature and transitional B cell gating strategy in SSNS, SRNS patients and 
HV; (C) Percentages of memory, transitional and mature B cells among total lymphocytes in patients 
with SSNS or SRNS and in HV; (D) Representative contour plots of IgM memory and Switched 
memory on gated CD27+ memory B cells and (E) the relative percentages among total lymphocytes 

Figure 2. FACS analysis of circulating B cell subsets in SSNS, SRNS patients and HV. (A) Percentages
of CD19+CD20+ B cells among total lymphocytes in the three groups of subjects; (B) Representative
contour plots of memory, mature and transitional B cell gating strategy in SSNS, SRNS patients and
HV; (C) Percentages of memory, transitional and mature B cells among total lymphocytes in patients
with SSNS or SRNS and in HV; (D) Representative contour plots of IgM memory and Switched
memory on gated CD27+ memory B cells and (E) the relative percentages among total lymphocytes
in the three groups of subjects. Plots display the median, 25th and 75th percentiles of distribution
(boxes) and whiskers extend to the minimum and maximum values of the series. * p < 0.05 between
the indicated groups; ns: not significant.
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Figure 3. FACS analysis of memory B cell subsets and correlation with prednisone dose. Percentages
of (A) memory, transitional and mature B cells and (B) total, IgM and switched memory B cells on
CD19+CD20+ B cells in SSNS and SRNS patients and HV. Plots display the median, 25th and 75th
percentiles of distribution (boxes) and whiskers extend to the minimum and maximum values of the
series; * p < 0.05 between the indicated groups; ns: not significant. (C) Correlation between percent-
ages of memory, transitional and mature B cells with prednisone dose in NS patients. Correlations
were analyzed using Pearson’s correlation coefficient.

To assess whether the decreased frequency of transitional B cells and increased mem-
ory/mature B cells within the B cell compartment could be due to the concomitant steroid
therapy in FRNS/SDNS and SRNS patients, we explored the correlation between the fre-
quencies of B cell subsets and PDN dose, pooling data from the two groups of NS patients
(Figure 3C). The percentages of transitional B cells inversely correlated with PDN dose,
whereas percentages of mature and memory B cells within the CD24/CD38 B cell compart-
ment did not. We also performed correlation analyses between PDN dose and all the other
B cell subpopulations and did not find any significant correlation, indicating that, in our
cohort, transitional B cells are the only B cell subpopulation significantly affected by the
oral steroid treatment.

SRNS patients displayed a significant increase in total memory CD27+ B cell percent-
ages compared to HV with switched memory B cells accounting for most of the difference.
Notably, switched memory B cells were significantly higher in SRNS patients compared to
the SDNS/FRNS group.

Characterization of memory CD27+ B cells (IgD/CD27 B cell classification) in SRNS
revealed a significant increase in switched and double negative B cell frequencies at the
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expense of reduced unswitched and naïve B cells, compared to both HV and SDNS/FRNS
patients (Supplementary Figures S1 and S2).

Overall, these findings document an increase in memory B cells in both SDNS/FRNS
and SRNS patients that are characterized by a CD38-negative phenotype in SDNS and by
an IgD-negative phenotype in SRNS. Both patient groups displayed markedly low levels of
transitional B cells.

Percentages of CD8+ and CD4+ T cells among circulating CD45+ lymphocytes in
SDNS and SRNS were comparable to those from HV (Figure 4A). Consistently, we did not
observe any significant difference in the frequency of central memory, effector memory and
naïve CD8 and CD4 T cell subsets among these groups (Supplementary Table S1), with
the exception of a significantly lower frequency of central memory CD8+ T cells in both
SDND/FRNS and SRNS compared to HV.
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Figure 4. Regulatory T cells are reduced in SDNS/FRNS patients. (A) Percentages of CD3+CD8+ and
CD3+CD4+ T cells on circulating CD45+ cells in SSNS, SRNS patients and HV; (B) gating strategy for
the identification of memory (CD45RO+) and naïve (CD45RA+) Tregs on FOXP3+CD127- Tregs gated
on CD4+CD25hi cells; (C) percentages of total, memory and naïve Tregs on CD4+ T cells in the three
groups of subjects. Plots display the median, 25th and 75th percentiles of distribution (boxes) and
whiskers extend to the minimum and maximum values of the series; * p < 0.05 between the indicated
groups, ns: not significant.
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When we considered regulatory CD4+ T cell subsets, SDNS/FRNS patients displayed
a lower frequency of Tregs, mostly due to a reduction in those with a memory phenotype
marked by CD45RO+ expression (Figure 4C). Treg percentages in SRNS patients were
comparable to HV, except for a significant increase in naïve Tregs (CD45RA+) compared to
both HV and SDND/FRNS (Figure 4C). Overall, SDNS/FRNS patients appeared to have
lower Treg frequency, mainly of the memory phenotype, a defect that was not observed in
SRNS patients.

2.2. Memory Treg Are Lower in SDNS/FRNS Patients Who Relapse after Rituximab

In-depth characterization of the B cell phenotype before rituximab administration
did not reveal any significant difference between SDNS/FRNS patients who relapsed
and those who did not (Supplementary Table S2). In addition, no differences in the
percentage of naïve and memory CD8 and CD4 T cell subsets were found between these
groups (Supplementary Table S3), even when naïve and memory CD8 and CD4 T cell
subpopulations were expressed as counts per microliter (Supplementary Table S3). The
frequency (Figure 4A) and counts (Supplementary Figure S4) of FOXP3+ total Tregs were
lower in relapsers compared to non-relapsers, even though the difference did not reach
statistical significance. Although CD45RA+ naïve Treg levels (Figure 5A and Supplementary
Figure S4) were similar between the two patient groups, we observed at the baseline a
significantly lower level of CD45RO+ memory Treg percentages (Figure 5A) and counts
(Supplementary Figure S4) in SDNS/FRNS patients who relapsed compared to those who
did not. These changes were independent of the dose of steroids that these patients were
receiving (Figure 5B).
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Figure 5. Treg levels in relapsers and non-relapsers SDNS patients. (A) Percentages of total, memory
and naïve Tregs on CD4+ T cells in SDNS/FRNS patients who relapsed or did not after rituxi-mab
therapy and (B) their correlation with prednisone dose. Plots display the median, 25th and 75th
percentiles of distribution (boxes) and whiskers extend to the minimum and maximum values of
the series, correlations were analyzed using Pearson’s correlation coefficient. * p < 0.05 between the
indicated groups, ns: not significant.

We also performed a subgroup analysis comparing B and T cell subsets between
SDND/FRNS patients with histological diagnosis of MCD (n = 11) or FSGS (n = 7). We did
not find any significant difference between B and T cell subpopulations between the two
patient groups (Supplementary Table S4). However, we identified a trend towards higher



Int. J. Mol. Sci. 2023, 24, 7687 9 of 14

FOXP3+ total and CD45RO+ Tregs and lower CD8+TEMRA in MCD compared to FSGS
patients (Supplementary Table S4). The small sample size precluded us from drawing any
definitive conclusion on the possible differences in B and T cell phenotypes between these
two SDNS/FRNS patient groups.

3. Discussion

Sensitivity to steroids and to immunosuppressive drugs strongly supports the in-
volvement of B and T cell alterations in the pathogenesis of NS. However, the response to
steroids is variable with subsets of patients developing steroid dependence while others
are steroid resistant. For patients with SDNS/FRNS, B cell depletion with rituximab is an
effective therapy, allowing tapering and withdrawal of steroid treatment. Moreover, in this
setting, some patients experience long-term remission off therapy while others may develop
NS relapses after B cell recovery [10,23]. This may suggest that a different immune cell
dysregulation characterizes SDNS/FRNS and altered B or T cell subsets can discriminate
between patients who relapse post-rituximab and those who do not.

Before rituximab infusion, our cohort of adult SDNS/FRNS patients in the steroid-
induced remission phase was characterized by increased frequencies of B cells due to an
increase in memory B cells and a marked reduction in transitional B cells. This finding
has been reported by several studies—conducted mainly in steroid-sensitive pediatric
patients—documenting increased levels of B cells at disease onset [22,25,26], even though
some other reports found opposite results [13,27]. In-depth phenotypic evaluation of
expanded B cells in children with SSNS showed that the increase in the frequency of total B
cells at the onset of disease was primarily due to transitional [22,26], memory [22,26] and,
in particular, switched memory B cell [22,26] expansion. At remission of the disease, these
B cell subsets were comparable to healthy controls whereas, in relapsing patients, total
memory [22,26] including switched memory B cells [22] were significantly higher, despite
the immunosuppressive treatment.

In contrast with the above findings, despite being in steroid-induced remission, our
cohort of adult FRNS/SDNS patients showed higher than normal frequencies of memory B
cell subsets, which were significantly higher also when compared to patients with SRNS. In
addition, we observed that the increase in memory B cells was associated with very low
levels of transitional B cells. Lower than normal levels of transitional B cells were already
reported in SSNS pediatric patients during steroid treatment [28] and in FRNS/SDNS
children in steroid-induced complete remission phase [23], suggesting that low levels
of transitional B cells may be the result of concomitant immunosuppression. According
to these studies, our findings that the percentages of transitional B cells within the B
cell compartment were reduced either in FRNS/SDNS or SRNS patients and inversely
correlated with the prednisone dose in this whole cohort strongly support the evidence that
steroids induced a shift toward reduced transitional B cells in adult NS patients, similarly
to pediatric patients. However, the evidence that total B cells as well as memory CD38-

B cells and memory CD27+ B cell frequencies were selectively increased in FRNS/SDNS
compared to both healthy volunteers and SRNS patients under steroid treatment argues
against an impact of steroids on memory B cell changes, suggesting, instead, a role of
memory B cells in the pathogenesis of adult FRNS/SDNS.

The only available study analyzing B cell dysregulation in adult patients with NS has
been conducted in patients with biopsy-proven minimal change disease [27]. In this study,
B cell frequency and percentages of transitional, naive and memory B cell subsets were
comparable in patients with NS in the active phase (at first episodes or at relapse) and in
patients in remission and in healthy volunteers. The only population of B cells expanded in
MCD patients with active NS were plasmablasts [27], the population, however, was found
to be at normal levels in SSNS children [29]. The discrepancy in the B cell results in adult NS
patients could be explained by the different populations of patients considered in our study
and in the report from Oniszczuk and colleagues. In our study, we considered only patients
with FRNS/SDNS with either MCD or FSGS, whereas Oniszczuk et al. studied patients
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with MCD that likely include most steroid-sensitive subjects. Patients with FRNS/SDNS
could bear specific B cell dysregulations not evident in steroid-sensitive patients, thus
justifying the different results obtained in our cohort.

We did not find any difference in B cell subsets able to distinguish at baseline FRNS/SDNS
patients who did or did not relapse after rituximab therapy. A similar finding was already
reported in a pediatric cohort, where no changes in B cells were found at baseline in
FRNS/SDNS patients before rituximab therapy. In this study, analysis of B cell repopula-
tion following B cell depletion induced by rituximab showed that total, IgM and switched
memory B cells recovered earlier in relapsers than in non-relapsers, and the recovery of
switched memory B cells was strongly predictive of relapse in children [23]. We did not
evaluate the phenotype of B cells during reconstitution in our cohort of patients, and,
therefore, we cannot exclude that a similar profile of memory B cell recovery might predict
NS relapse also in adult patients.

Several alterations in T cell subpopulations have been described in NS. A decrease in
Foxp3+ regulatory T cells has been consistently found in children [18,30] as well as in adult
patients at the onset of NS [17]. Consistent with a possible role in disease pathogenesis,
Treg levels returned to normal levels during remission induced by steroids [30,31] or by
rituximab [19,32].

The extent of the increase in circulating Treg levels from onset to steroid-induced
remission in SSNS pediatric patients was lower in patients who subsequently developed
frequent relapses compared to those who achieved sustained remission [33]. Moreover, the
development of MCD has been observed in a patient with IPEX syndrome, a rare condition
with defective Tregs caused by a genetic mutation in the foxp3 gene, further implicating
Tregs in the disease [34].

In agreement with these studies, we found reduced Treg levels, in particular memory
Tregs, in patients with FRNS/SDNS compared to healthy volunteers and to SRNS patients.
At baseline, patients who relapsed following rituximab therapy showed significantly lower
level of memory Tregs compared to those experience sustained remission. This finding
confirms the results of a previous study in a pediatric cohort of patients with SDND and
SRNS and biopsy-proven MCD on CNI-based immunosuppression [35]. In this study,
lower Treg levels at baseline predicted the occurrence of early NS relapse post-rituximab
with high sensitivity and specificity [35].

In our patients, the total population of Tregs was only numerically higher in non-
relapsing than in relapsing patients, whereas a significant difference was reached with
memory Tregs. This could be explained by differences in the Treg pool between children
and adults as supported by the evidence that the proportion of naïve Tregs declines with
age and the memory Treg increases [36].

The mechanism linking low levels of Tregs with disease recurrence post-rituximab
remains elusive. Experimental evidence supports a direct association between a defect in
Tregs and proteinuria development during a trigger event, such as adriamycin-induced
nephropathy [37], in an animal model of FSGS, Buffalo/Mna rats [38] and LPS nephropa-
thy [39]. On the other hand, Tregs can directly affect B cells, inhibiting both antibody
production [40] and class-switch recombination [41]. Conversely, B cells can inhibit Treg
generation by preferentially expanding activated and effector T cells [42]. Consistently,
Tregs increase after B cell depletion with rituximab [42]. Therefore, the involvement of re-
duced Tregs in NS pathogenesis does not necessarily exclude a complementary pathogenic
role of B cells, a complex dysregulation that could be reversed by rituximab when Tregs are
present in a sufficient number. Unfortunately, we did not evaluate Treg and B cell changes
in the relapsing phase after B cell depletion and reconstitution which would have been
critical in investigating T and B cell interaction.

Although it was not the focus of our work, we observed that patients with SRNS
showed increased percentages of memory and switched memory B cells compared to either
healthy control and patients with FRNS/SDNR and normal Treg levels. These results
are in contrast to previous studies showing normal levels of memory B cell subsets [26]
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and reduced levels of Tregs [16,31], including memory Tregs [16] in children with SRNS.
These contrasting findings would suggest that adult SRNS could be mediated by different
pathogenic immune mechanisms compared to pediatric SRNS, highlighting the well-known
complexity and heterogeneity of this condition. Whether the observed alteration in B and T
cells actually plays a pathogenic role in adult SRNS merits further investigation.

The limitations of this study are the small sample size and the retrospective analysis
which are direct consequences of the rarity of the disease in adult patients.

In conclusion, our findings may be useful for the improvement of therapeutic ap-
proaches in adult patients with FRNS/SDNS. If confirmed, Treg levels at baseline may help
identify those patients who will achieve sustained remission following rituximab therapy
from those for whom alternative strategies should be considered.

4. Materials and Methods
4.1. Patients and Definitions

In this retrospective cohort study, we enrolled adult patients with biopsy-proven
MCD or FSGS with a history of frequent relapses or steroid dependence who achieved
complete or partial NS remission with steroids and were candidates to receive rituximab as
a steroid-sparing agent. Steroid dependence was defined by at least one NS relapse during
steroid therapy or within 15 days from its discontinuation, whereas the occurrence of two
or more relapses off steroid therapy within any six month period led to the diagnosis of
frequently relapsing NS.

Complete and partial NS remission were defined, respectively, by urinary protein
excretion < 0.3 g/day along with normal serum albumin concentration and stable re-
nal function, and urinary protein excretion < 3.5 g/day or with ≥50% reduction from
baseline values, accompanied by an improvement or normalization of serum albumin
concentration and stable renal function. NS relapses were defined by urinary protein
excretion > 3.5 g/day after remission had been obtained. Only SDNS/FRNS patients with
at least two years of follow up were included in the study, and patients were classified
as relapsers or non-relapsers based on the occurrence of at least one NS relapse within
this timeframe.

Patients with steroid-resistant MCD or FSGS (defined as persistent NS despite therapy
with prednisone 1 mg/kg/day for at least four months) with no pathogenic mutations for
known genes associated with NS, as well as age- and sex-matched healthy volunteers were
also enrolled in the study as controls. Subjects with a reasonable possibility of a secondary
cause of NS, including active systemic infections, malignancy or drug abuse were excluded
from the study.

Patients were identified among the subjects treated at the Nephrology Unit of the
Azienda Socio-Sanitaria Territoriale Papa Giovanni XXIII and followed up at the Clinical
Research Centre for Rare Diseases “Aldo e Cele Daccò” of the Istituto di Ricerche Far-
macologiche Mario Negri IRCCS (Bergamo, Italy). Anonymized patient-level data were
retrospectively collected from medical charts up to the last available visit and documented
on site into dedicated electronic Case Report Forms. The study was approved by the Ethics
Committee of Azienda Socio-Sanitaria Territoriale Papa Giovanni XXIII (12 October 2018),
and all participants provided written informed consent in compliance with the Declaration
of Helsinki.

4.2. Procedures and Outcomes

As per center protocol, rituximab was given as a single dose (375 mg/m2), and
additional infusions were planned only if complete B cell depletion (i.e., CD19+ B cell
counts <5 cells/µL) was not achieved after one week from the first one. Concomitant
immunosuppression was progressively tapered over 6–9 months starting from one month
after rituximab therapy up to complete withdrawal or NS recurrence. Steroid tapering was
started after complete weaning from other immunosuppressive drugs.
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Blood samples were collected before treatment with rituximab in SDNS/FRNS patients,
and peripheral blood mononuclear cells (PBMC) were isolated by Ficoll-Paque Plus density
gradient centrifugation. PBMC was suspended in RMPI 20% AB serum 10% DMSO and
stored in liquid nitrogen until the day of the analysis.

The primary outcome of the study was the difference in the frequency of B- and T-cell
subsets among patients with SDNS/FRNS, SRNS and healthy volunteers. As a secondary
outcome, we evaluated differences in B- and T-cell subsets between SDNS/FRNS who
experienced a relapse within two years from rituximab infusion and those who did not.

4.3. Flow Cytometry Analysis

PBMCs were stained with fluorochrome-conjugated murine monoclonal antibodies
against human CD3 (clone HIT3a), CD4 (clone RPA-T4), CD8 (clone RPA-T8), CD45RA
(clone HIT100), CD45RO (clone UCHL1), CD25 (clone M-A251), CD127 (clone HIL-7R-M21),
CD19 (clone HIB19), CD27 (clone M-T271), CD38 (clone HIT2), IgD (clone IA6-2), CD24
(clone ML5) and FoxP3 (clone 236A/E7) (all from BD Biosciences, San Jose, CA, USA). Mul-
ticolor flow cytometry was used to identify T- and B-cell subsets with standard technique
and equipment (FACS FortessaX20, BD Biosciences and Flow-jo software, version 10.7.1).

4.4. Statistical Analysis

Baseline characteristics were analyzed through descriptive statistics, and presented
as number (%), mean ± SD or median [IQR] as appropriate. Comparisons between two
groups were analyzed with a t-test or Mann–Whitney test depending on the shape of the
distribution. One-way ANOVA or Kruskal–Wallis tests were used to assess differences
among more than two groups, and follow-up tests were performed in case of significant
differences. Significance was inferred at the 5% probability level, and all p-values were two
sided. Data were analyzed with GraphPad Prism (version 9.3.1).

Supplementary Materials: The supporting information can be downloaded at: https://www.mdpi.
com/article/10.3390/ijms24097687/s1.

Author Contributions: Conceptualization, F.C., M.A.P., B.R., M.T. (Matia Trillini), C.C., A.B. and G.R.;
methodology, M.T. (Matias Trillini), M.T. (Marta Todeschini), M.M., O.D. and A.V.; formal analysis,
F.C. and M.A.P.; investigation, F.C., M.T. (Marta Todeschini), M.A.P., M.M., B.R., M.T. (Matias Trillini),
C.C., O.D., A.V., A.B. and G.R.; data curation, F.C., M.T. (Marta Todeschini), M.A.P., M.M., B.R.,
M.T. (Matias Trillini), C.C., O.D. and A.V.; writing—original draft preparation, F.C. and M.A.P.;
writing—review and editing, M.T. (Marta Todeschini), B.R., M.T. (Matia Trillini), C.C., A.B. and G.R.;
visualization, F.C., M.T. (Marta Todeschini) and M.A.P.; supervision, A.B. and G.R. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Azienda Socio-Sanitaria Territoriale Papa
Giovanni XXIII (protocol code REG.SPERIM. N 194/18; 12 October 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors would like to thank nurses and regulatory affairs staff who provided
invaluable assistance and all patients who participated in this study. The authors are very grateful to
the Medici di Marignano family; their generosity has been invaluable in enabling us to carry out this
research work.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/ijms24097687/s1
https://www.mdpi.com/article/10.3390/ijms24097687/s1


Int. J. Mol. Sci. 2023, 24, 7687 13 of 14

References
1. Noone, D.G.; Iijima, K.; Parekh, R. Idiopathic nephrotic syndrome in children. Lancet 2018, 392, 61–74. [CrossRef] [PubMed]
2. Vivarelli, M.; Massella, L.; Ruggiero, B.; Emma, F. Minimal Change Disease. Clin. J. Am. Soc. Nephrol. 2017, 12, 332–345. [CrossRef]

[PubMed]
3. Fogo, A.B. Causes and pathogenesis of focal segmental glomerulosclerosis. Nat. Rev. Nephrol. 2015, 11, 76–87. [CrossRef]
4. Tarshish, P.; Tobin, J.N.; Bernstein, J.; Edelmann, C.M. Prognostic significance of the early course of minimal change nephrotic

syndrome: Report of the International Study of Kidney Disease in Children. J. Am. Soc. Nephrol. 1997, 8, 769–776. [CrossRef]
5. Waldman, M.; Crew, R.J.; Valeri, A.; Busch, J.; Stokes, B.; Markowitz, G.; D’Agati, V.; Appel, G. Adult minimal-change disease:

Clinical characteristics, treatment, and outcomes. Clin. J. Am. Soc. Nephrol. 2007, 2, 445–453. [CrossRef] [PubMed]
6. Bargman, J.M. Management of minimal lesion glomerulonephritis: Evidence-based recommendations. Kidney Int. Suppl. 1999, 70,

S3–S16. [CrossRef]
7. Lombel, R.M.; Hodson, E.M.; Gipson, D.S. Kidney Disease: Improving Global Outcomes Treatment of steroid-resistant nephrotic

syndrome in children: New guidelines from KDIGO. Pediatr. Nephrol. 2013, 28, 409–414. [CrossRef] [PubMed]
8. Ravani, P.; Bonanni, A.; Rossi, R.; Caridi, G.; Ghiggeri, G.M. Anti-CD20 Antibodies for Idiopathic Nephrotic Syndrome in

Children. Clin. J. Am. Soc. Nephrol. 2016, 11, 710–720. [CrossRef]
9. Ravani, P.; Colucci, M.; Bruschi, M.; Vivarelli, M.; Cioni, M.; DiDonato, A.; Cravedi, P.; Lugani, F.; Antonini, F.; Prunotto, M.; et al.

Human or Chimeric Monoclonal Anti-CD20 Antibodies for Children with Nephrotic Syndrome: A Superiority Randomized Trial.
J. Am. Soc. Nephrol. 2021, 32, 2652–2663. [CrossRef]

10. Ruggenenti, P.; Ruggiero, B.; Cravedi, P.; Vivarelli, M.; Massella, L.; Marasà, M.; Chianca, A.; Rubis, N.; Ene-Iordache, B.; Rudnicki,
M.; et al. Rituximab in steroid-dependent or frequently relapsing idiopathic nephrotic syndrome. J. Am. Soc. Nephrol. 2014, 25,
850–863. [CrossRef]

11. Campbell, R.E.; Thurman, J.M. The Immune System and Idiopathic Nephrotic Syndrome. Clin. J. Am. Soc. Nephrol. 2022, 17,
1823–1834. [CrossRef] [PubMed]

12. Hackl, A.; Zed, S.E.D.A.; Diefenhardt, P.; Binz-Lotter, J.; Ehren, R.; Weber, L.T. The role of the immune system in idiopathic
nephrotic syndrome. Mol. Cell. Pediatr. 2021, 8, 18. [CrossRef]

13. Kemper, M.J.; Zepf, K.; Klaassen, I.; Link, A.; Müller-Wiefel, D.E. Changes of Lymphocyte Populations in Pediatric Steroid-
Sensitive Nephrotic Syndrome Are More Pronounced in Remission than in Relapse. Am. J. Nephrol. 2005, 25, 132–137. [CrossRef]
[PubMed]

14. Baris, H.E.; Baris, S.; Karakoc-Aydiner, E.; Gokce, I.; Yildiz, N.; Cicekkoku, D.; Ogulur, I.; Ozen, A.; Alpay, H.; Barlan, I. The effect
of systemic corticosteroids on the innate and adaptive immune system in children with steroid responsive nephrotic syndrome.
Eur. J. Pediatr. 2016, 175, 685–693. [CrossRef] [PubMed]

15. Salcido-Ochoa, F.; Hue, S.S.-S.; Haase, D.; Choo, J.C.J.; Yusof, N.; Li, R.L.; Allen, J.C.; Iqbal, J.; Loh, A.H.L.; Rotzschke, O. Analysis
of T Cell Subsets in Adult Primary/Idiopathic Minimal Change Disease: A Pilot Study. Int. J. Nephrol. 2017, 2017, 3095425.
[CrossRef]

16. Ye, Q.; Zhou, C.; Li, S.; Wang, J.; Liu, F.; Liu, Z.; Mao, J.; Fu, H. The immune cell landscape of peripheral blood mononuclear cells
from PNS patients. Sci. Rep. 2021, 11, 13083. [CrossRef]

17. Liu, L.-L.; Qin, Y.; Cai, J.-F.; Wang, H.-Y.; Tao, J.-L.; Li, H.; Chen, L.-M.; Li, M.-X.; Li, X.-M.; Li, X.-W. Th17/Treg imbalance in adult
patients with minimal change nephrotic syndrome. Clin. Immunol. 2011, 139, 314–320. [CrossRef]

18. Shao, X.S.; Yang, X.Q.; Zhao, X.D.; Li, Q.; Xie, Y.Y.; Wang, X.G.; Wang, M.; Zhang, W. The prevalence of Th17 cells and FOXP3
regulate T cells (Treg) in children with primary nephrotic syndrome. Pediatr. Nephrol. 2009, 24, 1683–1690. [CrossRef] [PubMed]

19. Boumediene, A.; Vachin, P.; Sendeyo, K.; Oniszczuk, J.; Zhang, S.-Y.; Henique, C.; Pawlak, A.; Audard, V.; Ollero, M.; Guigonis,
V.; et al. NEPHRUTIX: A randomized, double-blind, placebo vs. Rituximab-controlled trial assessing T-cell subset changes in
Minimal Change Nephrotic Syndrome. J. Autoimmun. 2018, 88, 91–102. [CrossRef]

20. Araya, C.; Diaz, L.; Wasserfall, C.; Atkinson, M.; Mu, W.; Johnson, R.; Garin, E. T regulatory cell function in idiopathic minimal
lesion nephrotic syndrome. Pediatr. Nephrol. 2009, 24, 1691–1698. [CrossRef]

21. Colucci, M.; Oniszczuk, J.; Vivarelli, M.; Audard, V. B-Cell Dysregulation in Idiopathic Nephrotic Syndrome: What We Know and
What We Need to Discover. Front. Immunol. 2022, 13, 823204. [CrossRef] [PubMed]

22. Colucci, M.; Carsetti, R.; Cascioli, S.; Serafinelli, J.; Emma, F.; Vivarelli, M. B cell phenotype in pediatric idiopathic nephrotic
syndrome. Pediatr. Nephrol. 2019, 34, 177–181. [CrossRef]

23. Colucci, M.; Carsetti, R.; Cascioli, S.; Casiraghi, F.; Perna, A.; Ravà, L.; Ruggiero, B.; Emma, F.; Vivarelli, M. B Cell Reconstitution
after Rituximab Treatment in Idiopathic Nephrotic Syndrome. J. Am. Soc. Nephrol. 2016, 27, 1811–1822. [CrossRef] [PubMed]

24. Fribourg, M.; Cioni, M.; Ghiggeri, G.; Cantarelli, C.; Leventhal, J.S.; Budge, K.; Bin, S.; Riella, L.V.; Colucci, M.; Vivarelli, M.; et al.
CyTOF-Enabled Analysis Identifies Class-Switched B Cells as the Main Lymphocyte Subset Associated With Disease Relapse in
Children With Idiopathic Nephrotic Syndrome. Front. Immunol. 2021, 12, 726428. [CrossRef] [PubMed]

25. Printza, N.; Papachristou, F.; Tzimouli, V.; Taparkou, A.; Kanakoudi-Tsakalidou, F. Peripheral CD19+ B cells are increased in
children with active steroid-sensitive nephrotic syndrome. NDT Plus 2009, 2, 435–436. [CrossRef] [PubMed]

26. Ling, C.; Wang, X.; Chen, Z.; Fan, J.; Meng, Q.; Zhou, N.; Sun, Q.; Hua, L.; Gui, J.; Liu, X. Altered B-Lymphocyte Homeostasis in
Idiopathic Nephrotic Syndrome. Front. Pediatr. 2019, 7, 377. [CrossRef] [PubMed]

https://doi.org/10.1016/S0140-6736(18)30536-1
https://www.ncbi.nlm.nih.gov/pubmed/29910038
https://doi.org/10.2215/CJN.05000516
https://www.ncbi.nlm.nih.gov/pubmed/27940460
https://doi.org/10.1038/nrneph.2014.216
https://doi.org/10.1681/ASN.V85769
https://doi.org/10.2215/CJN.03531006
https://www.ncbi.nlm.nih.gov/pubmed/17699450
https://doi.org/10.1046/j.1523-1755.1999.07002.x
https://doi.org/10.1007/s00467-012-2304-8
https://www.ncbi.nlm.nih.gov/pubmed/23052648
https://doi.org/10.2215/CJN.08500815
https://doi.org/10.1681/ASN.2021040561
https://doi.org/10.1681/ASN.2013030251
https://doi.org/10.2215/CJN.07180622
https://www.ncbi.nlm.nih.gov/pubmed/36198505
https://doi.org/10.1186/s40348-021-00128-6
https://doi.org/10.1159/000085357
https://www.ncbi.nlm.nih.gov/pubmed/15855740
https://doi.org/10.1007/s00431-016-2694-x
https://www.ncbi.nlm.nih.gov/pubmed/26833050
https://doi.org/10.1155/2017/3095425
https://doi.org/10.1038/s41598-021-92573-6
https://doi.org/10.1016/j.clim.2011.02.018
https://doi.org/10.1007/s00467-009-1194-x
https://www.ncbi.nlm.nih.gov/pubmed/19499249
https://doi.org/10.1016/j.jaut.2017.10.006
https://doi.org/10.1007/s00467-009-1214-x
https://doi.org/10.3389/fimmu.2022.823204
https://www.ncbi.nlm.nih.gov/pubmed/35140723
https://doi.org/10.1007/s00467-018-4095-z
https://doi.org/10.1681/ASN.2015050523
https://www.ncbi.nlm.nih.gov/pubmed/26567244
https://doi.org/10.3389/fimmu.2021.726428
https://www.ncbi.nlm.nih.gov/pubmed/34621271
https://doi.org/10.1093/ndtplus/sfp087
https://www.ncbi.nlm.nih.gov/pubmed/25949374
https://doi.org/10.3389/fped.2019.00377
https://www.ncbi.nlm.nih.gov/pubmed/31649905


Int. J. Mol. Sci. 2023, 24, 7687 14 of 14

27. Oniszczuk, J.; Beldi-Ferchiou, A.; Audureau, E.; Azzaoui, I.; Molinier-Frenkel, V.; Frontera, V.; Karras, A.; Moktefi, A.; Pillebout,
E.; Zaidan, M.; et al. Circulating plasmablasts and high level of BAFF are hallmarks of minimal change nephrotic syndrome in
adults. Nephrol. Dial. Transplant. 2021, 36, 609–617. [CrossRef]

28. Ling, C.; Chen, Z.; Wang, X.; Hua, L.; Gui, J.; Liu, X. B Lymphocyte Subsets in Children With Steroid-Sensitive Nephrotic
Syndrome: A Longitudinal Study. Front. Pediatr. 2021, 9, 736341. [CrossRef]

29. Zotta, F.; Vivarelli, M.; Carsetti, R.; Cascioli, S.; Emma, F.; Colucci, M. Circulating plasmablasts in children with steroid-sensitive
nephrotic syndrome. Pediatr. Nephrol. 2022, 37, 455–459. [CrossRef] [PubMed]

30. Tsuji, S.; Kimata, T.; Yamanouchi, S.; Kitao, T.; Kino, J.; Suruda, C.; Kaneko, K. Regulatory T cells and CTLA-4 in idiopathic
nephrotic syndrome. Pediatr. Int. 2017, 59, 643–646. [CrossRef]

31. Jaiswal, A.; Prasad, N.; Agarwal, V.; Yadav, B.; Tripathy, D.; Rai, M.; Nath, M.; Sharma, R.K.; Modi, D.R. Regulatory and effector T
cells changes in remission and resistant state of childhood nephrotic syndrome. Indian J. Nephrol. 2014, 24, 349–355. [CrossRef]
[PubMed]

32. Bhatia, D.; Sinha, A.; Hari, P.; Sopory, S.; Saini, S.; Puraswani, M.; Saini, H.; Mitra, D.K.; Bagga, A. Rituximab modulates T- and
B-lymphocyte subsets and urinary CD80 excretion in patients with steroid-dependent nephrotic syndrome. Pediatr. Res. 2018, 84,
520–526. [CrossRef]

33. Tsuji, S.; Akagawa, S.; Akagawa, Y.; Yamaguchi, T.; Kino, J.; Yamanouchi, S.; Kimata, T.; Hashiyada, M.; Akane, A.; Kaneko,
K. Idiopathic nephrotic syndrome in children: Role of regulatory T cells and gut microbiota. Pediatr. Res. 2021, 89, 1185–1191.
[CrossRef]

34. Hashimura, Y.; Nozu, K.; Kanegane, H.; Miyawaki, T.; Hayakawa, A.; Yoshikawa, N.; Nakanishi, K.; Takemoto, M.; Iijima, K.;
Matsuo, M. Minimal change nephrotic syndrome associated with immune dysregulation, polyendocrinopathy, enteropathy,
X-linked syndrome. Pediatr. Nephrol. 2009, 24, 1181–1186. [CrossRef]

35. Chan, C.-Y.; Teo, S.; Lu, L.; Chan, Y.-H.; Lau, P.Y.-W.; Than, M.; Jordan, S.C.; Lam, K.-P.; Ng, K.-H.; Yap, H.-K. Low regulatory
T-cells: A distinct immunological subgroup in minimal change nephrotic syndrome with early relapse following rituximab
therapy. Transl. Res. 2021, 235, 48–61. [CrossRef]

36. van der Geest, K.S.M.; Abdulahad, W.H.; Tete, S.M.; Lorencetti, P.G.; Horst, G.; Bos, N.A.; Kroesen, B.-J.; Brouwer, E.; Boots,
A.M.H. Aging disturbs the balance between effector and regulatory CD4+ T cells. Exp. Gerontol. 2014, 60, 190–196. [CrossRef]

37. Wang, Y.; Wang, Y.; Feng, X.; Bao, S.; Yi, S.; Kairaitis, L.; Tay, Y.C.; Rangan, G.K.; Harris, D.C. Depletion of CD4(+) T cells
aggravates glomerular and interstitial injury in murine adriamycin nephropathy. Kidney Int. 2001, 59, 975–984. [CrossRef]
[PubMed]

38. Le Berre, L.; Bruneau, S.; Naulet, J.; Renaudin, K.; Buzelin, F.; Usal, C.; Smit, H.; Condamine, T.; Soulillou, J.-P.; Dantal, J. Induction
of T regulatory cells attenuates idiopathic nephrotic syndrome. J. Am. Soc. Nephrol. 2009, 20, 57–67. [CrossRef] [PubMed]

39. Bertelli, R.; Di Donato, A.; Cioni, M.; Grassi, F.; Ikehata, M.; Bonanni, A.; Rastaldi, M.P.; Ghiggeri, G.M. LPS nephropathy in mice
is ameliorated by IL-2 independently of regulatory T cells activity. PLoS ONE 2014, 9, e111285. [CrossRef]

40. Iikuni, N.; Lourenço, E.V.; Hahn, B.H.; La Cava, A. Cutting edge: Regulatory T cells directly suppress B cells in systemic lupus
erythematosus. J. Immunol. 2009, 183, 1518–1522. [CrossRef]

41. Lim, H.W.; Hillsamer, P.; Banham, A.H.; Kim, C.H. Cutting edge: Direct suppression of B cells by CD4+ CD25+ regulatory T cells.
J. Immunol. 2005, 175, 4180–4183. [CrossRef] [PubMed]

42. Ellis, J.S.; Braley-Mullen, H. Mechanisms by Which B Cells and Regulatory T Cells Influence Development of Murine Organ-
Specific Autoimmune Diseases. J. Clin. Med. 2017, 6, 13. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/ndt/gfaa279
https://doi.org/10.3389/fped.2021.736341
https://doi.org/10.1007/s00467-021-05273-8
https://www.ncbi.nlm.nih.gov/pubmed/34661744
https://doi.org/10.1111/ped.13255
https://doi.org/10.4103/0971-4065.132992
https://www.ncbi.nlm.nih.gov/pubmed/25484527
https://doi.org/10.1038/s41390-018-0088-7
https://doi.org/10.1038/s41390-020-1022-3
https://doi.org/10.1007/s00467-009-1119-8
https://doi.org/10.1016/j.trsl.2021.03.019
https://doi.org/10.1016/j.exger.2014.11.005
https://doi.org/10.1046/j.1523-1755.2001.059003975.x
https://www.ncbi.nlm.nih.gov/pubmed/11231352
https://doi.org/10.1681/ASN.2007111244
https://www.ncbi.nlm.nih.gov/pubmed/19020006
https://doi.org/10.1371/journal.pone.0111285
https://doi.org/10.4049/jimmunol.0901163
https://doi.org/10.4049/jimmunol.175.7.4180
https://www.ncbi.nlm.nih.gov/pubmed/16177055
https://doi.org/10.3390/jcm6020013
https://www.ncbi.nlm.nih.gov/pubmed/28134752

	Introduction 
	Results 
	Baseline Patient Characteristics 
	Memory Treg Are Lower in SDNS/FRNS Patients Who Relapse after Rituximab 

	Discussion 
	Materials and Methods 
	Patients and Definitions 
	Procedures and Outcomes 
	Flow Cytometry Analysis 
	Statistical Analysis 

	References

