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We readwith great interest the article by Roca et al. [1] suggesting
that positive staining for CD44 in parietal epithelial cells (PECs)
may be associated with a higher prevalence of steroid resistance
and a poorer renal outcome in both adults and children with
minimal change disease (MCD). These results add to the grow-
ing evidence from experimental [2] and clinical studies [3, 4] that
PEC activation, identified on the basis of de novoCD44 expression,
can be considered an early sign of focal and segmental glomeru-
losclerosis (FSGS).

Our group led a randomized controlled open-label trial com-
paring low-dose corticosteroid plus enteric-coated mycopheno-
late sodium with standard corticosteroid treatment for adult
patients with biopsy-proven MCD (MSN Study, NCT01197040)
[5]. We showed that treatment with low-dose prednisone plus
enteric-coated mycophenolate sodium was not superior to a
standard high-dose prednisone regimen for inducing complete
remission (CR) from MCD. As part of the MSN trial, we con-
ducted a retrospective ancillary study [5] in which we com-
pared PECCD44 staining between patientswith steroid-sensitive
(steroid-S) MCD and patients without remission after 8 weeks of
treatment.

The patients were considered to have steroid-S MCD if
CR had been achieved 8 weeks after randomization. CR was

defined as the return of urinary protein concentration (UPC)
to values within the normal range (UPC ratio <30 mg/mmol
or trace or negative results on repeat urine albumin dipstick
tests) associated with an albumin concentration >30 g/L. It
should be noted that the French criteria used to define CR
in the MSN trial are slightly different from the KDIGO 2021
GN guidelines [6]. The absence of remission was defined as
persistent proteinuria (>300 mg/mmol) and a persistent de-
crease in albumin concentration (to <30 g/L) after 8 weeks of
treatment.

Nine of the 109 patients included in the MSN trial did not
achieve remission after 8 weeks of treatment. Biopsy samples
were unavailable or inadequate for three of these patients. We
therefore compared PEC CD44 (Abcam, Cambridge, UK) staining
between 15 patients with steroid-S disease and 6 patients with-
out remission after 8 weeks of treatment.

Like Roca et al., we scored CD44 staining as positive if at
least one cell at the site of the PECs or at the anatomic site of
the visceral epithelial cells over the glomerular tuft was posi-
tive. Unlike experimental murine models, in which the PECs on
Bowman’s capsule are CD44 positive, the activated PECs in hu-
man renal biopsy specimens are mostly found at visceral sites
[2, 3]. As CD44 is also expressed bymacrophages and leukocytes,
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Table 1: Baseline characteristics of the 21 adult patients with minimal change nephrotic syndrome included in the ancillary study
of the MSN trial.

Whole cohort, Steroid-sensitive at No remission at
Characteristics N = 21 Week 8, N = 15 Week 8, N = 6 P-value

Age, years 44 (36–56) 44 (37–56) 40 (31–56) .39
Male 13 (62) 9 (60) 4 (67) 1.00
Standard corticosteroid treatmenta 13 (61.9) 9 (60) 4 (67) 1.00
Medical history of atopic disease 8 (40) 7 (46.7) 1 (20) .60
Medical history of diabetes mellitus 2 (10) 2 (13.3) 0 (0) 1.00
Basal weight (kg) 73 (65–87) 73 (65–87) 77 (65–90) .94
Weight minus basal weight (kg) 3 (2–6) 3 (0–5) 5.5 (3–9) .09
Systolic blood pressure (mmHg) 130 (120–143) 130 (120–143) 132 (129–145) .41
Diastolic blood pressure (mmHg) 80 (71–87) 75 (70–87) 82 (80–90) .35
Hemoglobin concentration (g/dL) 14.2 (13.5–15.1) 14.2 (13.6–15.1) 13.9 (13.5–15.9) .94
Platelet count (109/L) 303 (256–342) 294 (244–336) 331 (280–368) .21
Neutrophil count (109/L) 4.74 (2.94–5.57) 4.95 (2.97–6.1) 3.87 (2.59–4.68) .23
Serum albumin concentration (g/L) 15.9 (14–22.3) 15.4 (14–23.7) 19.6 (9–22) .88
Serum creatinine concentration (μmol/L) 87 (68.1–110) 78 (59–101) 105 (72–123) .16
eGFR (mL/min/1.73 m2) 80 (63.9–112.3) 86.6 (63.9–125.3) 67.3 (52.5–76.9) .14
Hemoglobin A1c level (%) 5.45 (5.1–5.5) 5.5 (5–5.6) 5.3 (5.3–5.5) .86
C-reactive protein concentration (mg/L) 2.6 (0.8–5) 4 (0.8–5) 1.3 (1–11.9) .86
Hematuria (/mL) 10 000 (2000–12 000) 10 000 (7000–18 000) 5200 (10–10 000) .19
Leukocyturia (/mL) 10 000 (6000–18 000) 10 000 (8000–18 000) 5500 (198–58 000) .41
Urine protein/creatinine ratio (mg/mmol) 934 (491–1175) 951 (595–1175) 712 (483–1516) 1.00
Total cholesterol concentration (g/L) 3.77 (3.4–4.94) 3.52 (3.19–5.41) 3.88 (3.87–4.0) .52
Triglyceride concentration (mmol/L) 2.72 (1.58–3.52) 2.50 (1.46–3.4) 3.28 (2–3.52) .73
HDL (g/L) 0.62 (0.51–0.87) 0.62 (0.51–0.81) 0.61 (0.48–0.87) .73
LDL (g/L) 2.67 (1.46–3.5) 2.51 (1.45–3.63) 3.07 (2.69–3.08) .59
ACE inhibitors or ARB use 7 (33) 4 (27) 3 (50) .60
PEC CD44-positive staining 4 (19) 3 (20) 1 (17) 1.00
Ectopic PEC PAX8-positive staining 4 (19) 3 (20) 1 (17) 1.00
Ectopic PEC CK19-positive staining 1 (5) 1 (7) 0 (0) 1.00

Categorical variables are expressed as N (%). Continuous data are presented as medians (interquartile range, Q1–Q3).
Glomerular filtration rate was estimated with the abbreviated Modification of Diet in Renal Disease formula.
Quantitative and qualitative variables were analyzed in Mann–Whitney and Fisher’s tests, respectively.
aStandard corticosteroid treatment (1mg/kg/day) relative to low-dose corticosteroid (0.5mg/kg/day) plus enteric-coatedmycophenolate sodium for adult MCD patients

included in a published randomized controlled open-label trial (the MSN Study) [5].
ACE inhibitors, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein
cholesterol; LDL, low-density lipoprotein cholesterol.

we considered only the cells overlying the capillary tuft on the
outside of the glomerular basement membrane [4]. We also per-
formed immunohistochemistrywith two constitutive PECmark-
ers [PAX8 (Zytomed, Berlin, Germany) and CK19 (Leica)] to detect
ectopic PECs over the glomerular tuft [7]. Staining for PAX8 and
CK19 was considered positive if at least one of the cells on the
tuft was positive.

The characteristics of the patients at baseline are reported in
Table 1. Most of the patients in the total cohort were male (62%),
and themedian agewas 44 (36–56) years.Median serumalbumin
concentration was 15.9 (14–22.3) g/L, median UPC was 934 (491–
1175) mg/mmol and estimated glomerular filtration rate was 80
(63.9–112.3) mL/min/1.73 m2. The baseline characteristics of the
patients and the proportion of patients on standard corticos-
teroid treatment were similar in the two groups (60% vs 67%,
respectively, P = 1.00).

In our cohort, CD44-positive PECs were observed in 19% of
MCD biopsy specimens and similarly in patients without remis-
sion [n = 1 (17%)] and in patients with steroid-S disease [n = 3
(20%)] (Fig. 1). The proportion of patients with PAX8- and CK19-
positive PECs over the glomerular tuft was similar in the two
groups (P = 1.00 for both markers).

The overall prevalence of CD44-positive PECs was lower than
reported by Roca et al. (35.2%) [1]. Smeets et al. reported that im-
munohistochemical staining for three markers (CD44, Claudin1
and LKIV69) could detect early sclerotic lesions in 25% of the
biopsy specimens originally diagnosed as MCD [3]. However,
CD44, which was expressed in only 60% of cases, was the least
sensitivemarker for detecting early sclerotic lesions,whichwere
small and often located close to the glomerular tip. They may,
therefore, have been glomerular tip lesions [3], a histologic FSGS
variant known to be associated with a response to steroid treat-
ment similar to that of MCD [8, 9].

In our cohort of prospectively followed adult patients with
a first episode of biopsy-proven MCD, PEC CD44 staining was
not associated with early steroid-response status after 8 weeks
of treatment. The primary endpoint of the MSN study was
the CR rate after 4 weeks of treatment. Patients not achieving
CR by Week 8 were eligible for a second-line regimen in ac-
cordance with the usual practices of the investigating center
(maintenance dose of steroids ± cyclosporine). By contrast, Roca
et al. evaluated steroid response after a minimum of 16 weeks
of exposure to corticosteroids. For these reasons, our data ob-
tained after 8 weeks of treatment are not directly comparable
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Figure 1: (A) CD44-positive activated PEC over the glomerular tuft, on the outside of the glomerular basement membrane (arrowhead) (immunohistochemistry for

CD44 ×400). (B) CD44-positive staining at the anatomic site of the PECs on Bowman’s capsule (arrowhead). CD44 expression in intracapillary leukocytes (black arrow)
(immunohistochemistry for CD44 ×400). (C) PAX8-positive PEC over the glomerular tuft (arrowhead) (immunohistochemistry for PAX8 ×400). (D) CK19-positive PEC
over the glomerular tuft (arrowhead) (immunohistochemistry for CK19 ×400).

to those obtained by Roca after 16 weeks of steroid therapy. The
small sample size of our cohort also limits the conclusions that
can be drawn concerning the relevance of CD44 expression in
PECs as a biomarker for differentiating between steroid-S MCD
and patients without remission. Further studies are required to
determinewhether histologicalmarkers are predictive of steroid
response in adult MCD patients.
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