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Objective: The role of crescent formation in primary membranous nephropathy (PMN) and its potential impact on prognosis remain 
an area of ongoing investigation. This study stratifies patients with PMN into two cohorts: one with crescents and one without. It then 
compares these groups to investigate the influence of crescents on the prognosis of PMN.
Methods: In this retrospective analysis, we included patients who had a confirmed diagnosis of PMN and exhibited crescents upon 
renal biopsy. The study population was sourced from the medical records at the Affiliated Hospital of Guangdong Medical University 
in Zhanjiang, China, spanning from January 2017 to June 2023. To enable a comparative analysis of clinical, pathological, and 
prognostic features, a control group was established, comprising 106 patients diagnosed with PMN who did not have crescent 
formation. These controls were randomly selected from the same time frame. Regular follow-up of the patients continued in the 
outpatient setting for at least six months.
Results: A total of 53 patients with PMN and crescent formation were included in this study, while 106 individuals without crescents 
served as a randomly selected control group. Patients with PMN and crescents exhibited higher systolic blood pressure (P = 0.015), 
24-hour proteinuria (P = 0.006), serum creatinine (P = 0.029) levels, and lower glomerular filtration rate (P = 0.002), compared to 
those without crescents. Histological examination revealed a higher proportion of focal segmental sclerosis (P < 0.001), spherical 
sclerosis (P < 0.001), arteriosclerosis (P = 0.02), and interstitial fibrosis with tubular necrosis (P = 0.002) in patients with PMN and 
crescent formation. Immunofluorescence staining demonstrated a weaker IgG4 fluorescence intensity in patients with PMN and 
crescent formation. At the end of the follow-up period, patients with PMN and crescents had a lower remission rate (P = 0.022), poorer 
renal function (P = 0.007), and lower albumin (P = 0.039) levels. Kaplan-Meier (KM) analysis identified proteinuria and crescent 
formation as independent risk factors for adverse outcomes in patients with PMN (P < 0.001 and P < 0.05). Immunohistochemistry 
staining revealed positive expression of CD68 and CD20 in the renal interstitium of patients with PMN, regardless of the presence of 
crescents.
Conclusion: Crescent formation is associated with a risk of adverse outcomes in patients with PMN. Patients with crescents exhibit 
severe clinical and pathological features and have poorer prognoses.
Keywords: crescents, primary membranous nephropathy, risk factor

Introduction
Primary membranous nephropathy (MN) is a prevalent glomerular disease in adults, particularly in China, with a rising 
incidence rate.1 In PMN patients who continue to have nephrotic syndrome, kidney failure develops in 40% - 50% over 
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a period of 10 years.2 These patients are also at an increased risk of life-threatening thromboembolic and cardiovascular 
events.3 Serum creatinine levels and proteinuria are well-established biomarkers that have long been used to gauge the 
risk of progressive kidney disease, which is associated with heightened cardiovascular morbidity and mortality. These 
conditions can ultimately culminate in kidney failure.4 Characterized by significant proteinuria, MN’s etiology and 
pathogenesis remain elusive. While it can be secondary to autoimmune diseases, chronic infections, tumors, or drug 
exposure, its primary form is defined by deposition of immune complexes along the epithelial side of the glomerular 
capillary loop leading to diffuse basement membrane thickening. Notably, MN is associated with intrinsic glomerular cell 
proliferation or local inflammatory responses.5 The combination of membranous glomerular lesions with endothelial 
proliferation, loop necrosis, and crescent formation is often associated with secondary MN conditions like glomerular 
basement membrane disease (GBM) nephritis,6–10 vasculitis,11–13 and IgA nephropathy.14 However, our clinical experi-
ence along with observations of certain researchers has revealed a small subset of MN cases presenting with crescents. 
Despite extensive screening, these cases have shown no evidence of secondary factors or other underlying glomerular 
diseases.15 This has led to a need to better understand the role of crescents in PMN, their impact on prognosis, and the 
most effective treatment strategies.

Crescent formation is a well-established pathological feature of crescentic glomerulonephritis and is also observed in 
both primary and secondary kidney diseases, including IgA nephropathy and lupus nephritis.16–18 In recent years, rare 
crescentic glomerular diseases such as diabetic nephropathy have received increased attention, indicating crescent 
formation as an independent risk factor.19 Notably, crescent formation has also been observed in patients with PMN, 
with studies suggesting a poor prognosis.20 However, the majority of research on this topic has relied on case reports and 
small scale retrospective analysis.

We conducted a retrospective study of patients with PMN and crescent formation during hospitalization to investigate 
their clinical and pathological characteristics and their prognostic impact. After discharge, these patients were followed 
up regularly for at least six months in outpatient clinics. Through this study, we aim to remind clinicians of the need for 
aggressive management in PMN patients with crescents.

Methods
Data Collection
Patients with confirmed PMN diagnosis and presence of crescents as determined by renal biopsy, were included in this 
retrospective study. These patients were identified from medical records at the Affiliated Hospital of Guangdong Medical 
University (Zhanjiang, China) between January 2017 and June 2023. The following criteria were applied for patient 
inclusion: (1) patients who underwent renal biopsy; (2) pathological diagnosis: the biopsy confirmed a diagnosis of primary 
membranous nephropathy; (3) crescent formation was observed in the renal biopsy; (4) patients were regularly followed up in 
the outpatient clinic for at least 6 months or longer after discharge. All participants in the study were aged 18 years or older.

Exclusion criteria were as follows: (1) absence of autoimmune disease; (2) absence of a history of viral hepatitis; (3) 
absence of thyroid or other tumors; (4) absence of exposure to organic solvents or heavy metals; (5) absence of anti- 
GBM nephritis, systemic vasculitis, or IgA nephropathy. A control group consisting of 106 patients with PMN without 
crescent formation was randomly selected from the same time period to facilitate comparison of clinical, pathological, 
and prognostic characteristics.

All patients provided informed consent for their clinical data to be utilized in this study. The study was conducted in 
accordance with the principles outlined in Declaration of Helsinki and was approved by the institutional review board of 
the Affiliated Hospital of Guangdong Medical University (Approval Number: PJKT2022-028; Acceptance Number: 
KT2022-028-01).

Therapeutic Intervention
In line with previous studies, immunosuppressive regimens were tailored to individual patients based on histological lesions, 
proteinuria levels, and informed consent regarding potential side effects and medication costs.21,22 Patients were closely 
monitored in the outpatient department and necessary medication adjustments were made throughout the follow-up process. 
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Patients with active lesions including cellular crescents and interstitial inflammatory cell infiltration received a combination 
therapy of prednisone plus cyclophosphamide (P+CTX), tripterygium wilfordii Hook F (TwHF), azathioprineor (AZA), or 
mycophenolate mofetil (MMF). Specific dosages and usage of these medications adhered to established guidelines.23

Efficacy Assessment
Treatment efficacy was evaluated using the 2012 Kidney Disease: Improving Global Outcomes (KDIGO) guidelines 
which defined complete remission as follows: (1) 24-h urine protein  <  0.3 g, serum albumin  >  35 g/L, and normal 
serum creatinine; (2) partial remission was characterized by 24-h urine protein quantification  <  3.5 g and > 50% 
decrease, improved serum albumin levels, and stable creatinine level; and (3) lack of remission was indicated if these 
criteria were not met.

Follow-Up and Endpoints
Patients were followed up regularly from the time of renal biopsy until the occurrence of one of the following endpoint 
events: end stage renal disease (ESRD) [the glomerular filtration rate (GFR) < 15 mL/min/1.73 m2 or initiation of renal 
replacement therapy], death, or loss to follow-up. The study concluded on December 31, 2023, regardless of other 
endpoint events.

The primary composite outcome of interest was renal survival, defined as the time elapsed from renal biopsy to the 
occurrence of ESRD or death, aligning with previous studies.24 The chronic kidney disease epidemiology collaboration 
(CKD-EPI) formula was employed to estimate GFR.25

Renal Biopsies and Pathological Analysis
All patients underwent ultrasound guided renal biopsies. The biopsy specimens were subjected to the following 
histological and immunohistochemical stains: hematoxylin-eosin (HE) staining, periodic acid-Schiff metheramine 
(PASM) staining, Masson staining, immunofluorescent staining for IgA, IgM, IgG, C1q, fibrin, and complement C3. 
Additionally, immunofluorescent staining for IgG1, IgG2, IgG3, and IgG4 were also performed.

The deposition of immune complexes was semi-quantitatively graded by two renal pathologists blinded to the clinical 
information.23 Glomerular MN lesions were classified into four stages according to the Ehrenreich and Churg classifica-
tion criteria.26 Tubular atrophy and interstitial fibrosis were graded semi-quantitatively from 1 to 3, where grade 1 
represents an absence of tubular or interstitial lesions; grade 2 implies 5% to 25% of interstitial tissues are affected; grade 
3 implies 25% to 50% of interstitial tissues are affected.

Immunochemistry
Renal biopsies were selected for immunohistochemical analysis to identify inflammatory cells and proliferative cells. The 
following markers were used: CD68 and CD20 (both from Dako). The experimental procedures followed our previously 
published methods.22

Statistical Analysis
Statistical analysis was conducted utilizing SPSS 26.0 software. Continuous variables were expressed as mean ± standard 
deviation (S.D). if normal distribution, as median (interquartile range) if non-normal distribution. Categorical variables 
were expressed as counts and percentages. Comparisons were based on the Wilcoxon rank-sum test, t-test, or chi-square 
(χ2) test. A P value < 0.05 was considered as a statistically significant difference. The Kaplan-Meier (KM) method was 
employed to calculate renal survival rates and the Log rank test was used to compare survival curves.

Results
Flow Chart of Patient Inclusion
As shown in Figure 1, a total of 597 patients diagnosed with PMN were hospitalized at the Affiliated Hospital of 
Guangdong Medical University between January 2017 and June 2023. Of these, a 106 were excluded based on the 
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exclusion criteria, while a total of 491 patients were considered eligible for the study based on the inclusion criteria. 
Among these, 53 individuals (approximately 10.80%, 53/491) had crescent formation and were enrolled for the study. We 
randomly selected 106 patients without crescents from the remaining 438 patients with PMN for the control group. All 
patients were monitored for at least 6 months following their initial evaluation, until the conclusion of the study period 
(December 31, 2023) or until they reached an endpoint event.

General Clinical Data
As shown in Table 1, there were no significant differences in age or gender between patients with and without 
crescents (P > 0.05). The age range was approximately between 50 and 55 years. Over half of the patients presented 
with nephrotic syndrome clinically. Patients with crescents exhibited significantly higher systolic blood pressure (P = 
0.015) than those without crescents, while diastolic blood pressure remained comparable. Hemoglobin levels were 
similar between the two groups. Patients with crescents had a significantly higher 24-hour urinary protein levels [5.6 
(IQR, 3.1–7.3) g/d vs 4.2 (IQR, 2.1–6.6) g/d, P < 0.01] than those without crescents. Biochemical results of patients 
with crescents demonstrated significantly higher serum creatinine levels [(77.0 (IQR, 56.5–93.5) µmol/L vs 62.0 (IQR, 
48.7–80.0) µmol/L, P < 0.05], while GFR was significantly lower than in the non-crescentic nephropathy group [(94.4 
(IQR, 70.7–108.6) mL/min/1.73m2 vs 108.7 (IQR, 94.9–121.3) mL/min/1.73m2, P < 0.01], both of which have 
statistically significant differences. No statistically significant differences were observed in the serum albumin, 
blood uric acid, triglycerides, or cholesterol levels. Therefore, patients with PMN and crescent formation exhibited 
severe clinical features, including high blood pressure and impaired renal function compared to those without 
crescents.

Figure 1 Flowchart of study participants.
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Pathological Data
As shown in Figure 2A, approximately 84.2% of patients with PMN and crescents have a ratio of less than 25% between 
the number of crescents and the number of glomeruli. Only 15.8% patients had a higher prevalence of crescents. Further 
analysis of the characteristics of crescents revealed that cellular crescents accounted for 34.0%, cellular fibrotic crescents 
accounted for 32.1%, and a combination of both types accounted for 7.5% (Figure 2B).

As shown in Table 2 and Figure 2C, comparatively, patients with PMN and crescents exhibited a higher prevalence of 
spherical sclerosis, focal segmental sclerosis, arteriosclerosis, interstitial fibrosis, and tubular atrophy in pathology (P < 
0.05). There were no significant differences in mesangial cell proliferation or interstitial inflammatory cells infiltration. In 
terms of fluorescence staining, a weaker IgG4 fluorescence intensity was observed in patients with PMN and crescents 
compared to those without crescents (P < 0.01). Other fluorescence staining indicators such as IgG, IgA, IgM, C3, C1q, 
fiber, IgG1, IgG2, and IgG3 showed no significant statistical differences (Figure 3 and Table 2).

Follow-Up Outcomes
As shown in Table 3, at the conclusion of follow-up, an increase in serum creatinine level [77.0 (56.5–93.5) µmol/L vs 
84.0 (69.0–103.5) µmol/L, P = 0.094] was observed in patients with crescents, while GFR levels decreased [94.4 
(70.7–108.6) mL/min/1.73m2 vs 79.6 (59.9–101.1) mL/min/1.73m2, P < 0.01] at the initial visit. However the differences 
were not statistically significant. Notably, both groups showed a significant increase in serum albumin levels [23.8 
(20.7–27.9) g/L vs 38 (26.3–43.2) g/L in patients with PMN and crescents, 26.0 (22.1–33) g/L vs 41.2 (36.0–45.7) g/L in 
patients with PMN and without crescents]. Both groups experienced a significant decrease in 24-hour urinary protein 
levels [5.6 (3.1–7.3) g/day vs 0.92 (0.13–4.1) g/day in patients with PMN and crescents, 4.2 (2.1–6.6) g/day vs 0.4 
(0.1–1.3) g/day in patients with PMN and without crescents] compared to the initial diagnosis. The above differences 
were statistically significant.

Notably, as shown in Figure 4, three patients underwent repeated renal biopsies during follow-up. One of them 
initially presented with crescents, while the other two had PMN without crescents. Repeated renal biopsies revealed 

Table 1 Basline Clinical Features of Patients with Biopsy-Proven PMN, Stratified by Crescents

Clinical Features Crescent (+) (n=53) Crescent (-) (n=106) t/Z/χ2 P

Male/female, n 33/20 58/48 0.82 0.365

Age, years 54.2±14.9 51.4±13.4 0.643 0.424

Nephrotic syndrome, n (%) 42(79.25%) 73(68.87%) 1.901 0.168

Systolic blood pressure, mmHg 139.0(126.0–154.5) 136.0(120.0–149.0) −2.423 0.015*

Diastolic blood pressure, mmHg 80.0(75.0–94.5) 81.0(73.0–90.0) −1.897 0.058

Hemoglobin, g/L 123.0(112.2–136.5) 127.4(112.0–138.5) −0.930 0.352

24-hour proteinuria, g/day 5.6(3.1–7.3) 4.2(2.1–6.6) −2.776 0.006**

Serum albumin, mmol/L 23.8(20.7–27.9) 25.1(21.2–29.2) −0.866 0.387

Blood urea nitrogen, μmol/L 5.6(4.2–7.0) 4.7(3.4–6.0) −1.920 0.055

Serum creatinine, μmol/L 77.0(56.5–93.5) 62.0(48.7–80.0) −2.178 0.029*

Estimated glomerular filtration rate (eGFR), mL/min/1.73m2 94.4(70.7–108.6) 108.7(94.9–121.3) −3.159 0.002**

Serum uric acid (SUA), mmol/L 386.0(314.7–443.7) 346.3(282.8–450.4) −1.105 0.269

Triglyceride (TG), mmol/L 2.0(1.3–3.2) 2.0(1.2–3.3) −0.685 0.493

Total cholesterol, mmol/L 7.8(6.5–10.5) 7.8(6.0–9.6) −1.008 0.313

Notes: Continuous variables are expressed as mean ± SD if normal distribution, as median (interquartile range) if non-normal distribution. Categorical 
variables are expressed as counts and percentages. Comparisons are based on Wilcoxon rank-sum test, t-test, or chi-square test. * P <0.05, ** P <0.01.
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chronic pathological changes in the patient with PMS and crescents, including glomerular segmental sclerosis, cellular 
crescent fibrosis, tubular atrophy, and interstitial inflammatory cell infiltration. Notably, a large accumulation of red blood 
cells was observed in the capillary lumen of all cases regardless of crescent presence.

As shown in Figure 5A, the KM curves demonstrated significantly worse renal survival in patients with PMN and 
crescents compared to those without crescents (P < 0.05). In addition, the renal survival rates were associated with 
proteinuria levels and serum albumin levels (<30 g/L) (Figure 5B, P < 0.001 and Figure 5D, P = 0.04). However, no 
significant differences in renal survival rates were observed between patients with severe interstitial fibrosis and tubular 
atrophy (IFTA) and the control group (Figure 5C).

Immunohistochemical Results of Inflammatory Cells
CD68 and CD20 were performed to observe the expression of inflammatory cells in patients with PMN and crescents. 
The results revealed that there were CD20+ (Figure 6A) and CD68+ (Figure 6B) cell infiltration in patients with PMN, 
both with and without crescents.

Discussion
MN is a prevalent primary nephrotic syndrome frequently affecting middle-aged and elderly individuals, with a peak 
onset between 40 and 60 years of age. Consistent with these findings, the age range was approximately from 50 to 55 
years. However, recent studies have highlighted a concerning trend towards onset of MN in younger individuals.27–29 

International scholars have indicated that 30 to 40% of patients with nephrotic syndrome exhibit PMN, second only to 
focal segmental glomerulosclerosis (FSGS). Chinese data corroborates this, suggesting that 40% of individuals with 
nephrotic syndrome who are aged 45 years and older have MN.27 In this study over half of the patients with PMN 
exhibited nephrotic syndrome, regardless of crescent formation. This finding aligns with clinical practice, where many 
patients present with normal renal function at disease onset. While the majority of patients with PMN in this study had 
preserved renal function, those with crescents demonstrated a trend towards worse renal outcomes compared to those 

Figure 2 Proportion charts of crescents. (A) Crescent-to-glomeruli ratio. (B) Percentage of each feature of crescents. (C) Typical fibrocellular crescents in patients with 
PMN (magnification, ×400, hematoxylin-eosin staining, periodic acid-Schiff metheramine, Masson staining). 
Note: Left column is from the same patient while the right column was from another patient. PMN, (primary membranous nephropathy).
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Table 2 Comparative Analysis of the Pathological Characteristics of the Two Groups of Patients

Clinical Features Crescent (+) (n=53) Crescent (-) (n=106) t/Z/χ2 P

Crescent, n (%)

Cellular crescent, n (%) 18(34.0%) 0

Fibrocellular crescent, n (%) 17(32.1%) 0

Fibbrous cre crescent, n (%) 14(26.4%) 0

Cellular crescent+ Fibrocellular crescent, n (%) 4(7.5%) 0

Segmental sclerosis, n (%) 22(41.5%) 15(14.2%) 14.812 < 0.001**

Global glomerular sclerosis, n (%) 45(84.9%) 46(43.4%) 24.873 < 0.001**

Mesangial cell proliferation, n (%) 48(90.6%) 90(84.9%) 0.988 0.320

Interstitial inflammatory cell infiltration, n (%) 51(96.2%) 96(90.6%) 0.913 0.339

Small arterial lesions, n (%) 44(83.0%) 76(71.7%) 5.413 0.020*

Interstitial fibrosis and tubular atrophy, n (%) 12.747 0.002**

Grade 1: lesion area< 5%, n (%) 35(66.0%) 95(89.6%)

Grade 2: lesion area 5~24%, n (%) 16(30.2%) 9(8.5%)

Grade 3: lesion area 25~49%, n (%) 2(3.8%) 2(1.9%)

Staging of MN 3.626 0.305

MN stages I, n (%) 8(15.1%) 25(23.6%)

MN stages II, n (%) 30(56.6%) 63(59.4%)

MN stages III, n (%) 14(26.4%) 16(15.1%)

MN stages IV, n (%) 1(1.9%) 2(1.9%)

Immunofluorescence

Intensity of IgG staining, median (range) 3.0(2.5–3.0) 3.0(3.0–3.0) −0.484 0.628

Intensity of IgA staining, median (range) 0.0(0.0–1.0) 0.0(0.0–1.0) −1.159 0.246

Intensity of IgM staining, median (range) 0.0(0.0–1.0) 0.0(0.0–1.0) −1.996 0.056

Intensity of C3 staining, median (range) 2.0(1.0–2.0) 2.0(1.0–2.0) −0.432 0.666

Intensity of C1q staining, median (range) 0.0(0.0–1.0) 1.0(0.0–1.0) −0.540 0.589

Intensity of Fibrin staining, median (range) 0.0(0.0–0.0) 0.0(0.0–0.0) −1.008 0.313

Intensity of IgG1 staining, median (range) 1.0(1.0–2.0) 1.0(1.0–2.0) −0.115 0.908

Intensity of IgG2 staining, median (range) 1.0(0.3–1.0) 1.0(1.0–1.0) −0.038 0.970

Intensity of IgG3 staining, median (range) 1.0(0.0–2.0) 1.0(0.8–2.0) −0.967 0.333

Intensity of IgG4 staining, median (range) 2.0(1.0–3.0) 3.0(2.0–3.0) −3.010 0.003**

Notes: Continuous variables are expressed as mean ± SD if normal distribution, as median (interquartile range) if non-normal distribution. 
Categorical variables are expressed as counts and percentages. Comparisons are based on Wilcoxon rank-sum test, t-test, or chi-square test. * 
P <0.05, ** P <0.01.
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without crescents. Previous reports have indicated that 4–8% of patients with PMN may progress to renal insufficiency or 
even end-stage renal disease.5 The presence of crescents in renal pathology has been implicated as a potential risk factor 
for these adverse outcomes.30

As established in the study, hypertension, proteinuria, and elevated serum creatinine at the time of renal biopsy are 
associated with poor prognosis in patients with PMN.31 The findings of this study demonstrate that patients with PMN 
and crescents exhibited higher systolic blood pressure, proteinuria, and serum creatinine levels compared to those without 
crescents (Table 1). These indicators suggest a poorer prognosis for patients with PMN and crescents. Furthermore, the 
follow-up data revealed lower urinary protein remission rates and poorer renal function in patients with crescents 
(Table 3). The KM analysis also supported the view that patients with PMN and crescents have a poor prognosis, 
with statistically significant differences compared to those without crescents. These findings underscore the importance 
of heightened attention for patients with crescents as their prognosis may be more challenging. Standardized diagnosis, 
tailored treatment approaches, and extended follow-up education are crucial to optimize care for these patients. 
A limitation of this study was the relatively short follow-up duration for patients with crescents. This may be attributed 
to poorer treatment outcomes leading to patient disengagement or loss of confidence during the follow-up process. 
Despite this, both groups of patients demonstrated improvements in renal function characterized by decreased proteinuria 
and increased albumin levels after active treatment.

Analysis of pathological data at our center revealed that only 26.4% of patients with crescents exhibited fibrotic 
crescents suggesting a higher prevalence of cellular crescents. Furthermore, 84.2% of patients had a crescents proportion 

Figure 3 Immunofluorescence staining of IgG (A), C3 (B), and IgG4 (C) deposition (magnification, ×400). 
Note: That all staining specimens in each group are from the same patient and the same glomerulus.
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of less than 25%, which aligned with previous studies.32 These findings emphasize the importance of early intervention 
and treatment for patients with PMN with crescents to prevent the progression of cellular crescents to fibrosis or spherical 
sclerosis, which can lead to irreversible kidney damage. Repeated renal biopsies at our center demonstrated chronic 
lesions in patients with crescents, including glomerular segmental sclerosis, cellular crescent fibrosis, tubular atrophy, 
and interstitial inflammatory cell infiltration. These pathological features have been identified as risk factors for adverse 
renal outcomes.33 Repeated renal biopsy images revealed a notable accumulation of red blood cells in the glomerular 
capillary lumen in both patient groups. This observation underscores the importance of considering hypercoagulability in 
patients with PMN to mitigate the risk of thrombosis. Immunofluorescence analysis demonstrated a relatively weaker 
IgG4 fluorescence intensity in patients with PMN and crescents compared to those without crescents and the difference 
was statistically significant. However, other immunofluorescence markers did not exhibit significant variations between 
the two groups. These findings align with those reported by Japanese scholars.34

While the majority of immunofluorescence markers did not show significant differences between the two groups, our 
study revealed a higher expression of IgG2 in the crescent group compared to the non-crescent group. This finding 
suggests that the pathogenesis of patients with PMN may differ between these two groups, as IgG2 and IgG4 represent 
distinct immune pathways. Previous research has indicated that T cells undergo functional changes leading to increased 

Table 3 Renal Outcomes of Patients of PMN with and without Crescents

Features Crescent (+) (n=53) Crescent (-) (n=106) t/Z/χ2 P

Treatment Effect 7.613 0.022*

Complete remission, n (%) 17(32.1%) 43(40.6%)

Partial remission, n (%) 20(37.8%) 50(47.2%)

No remission, n (%) 16(30.2%) 13(12.3%)

Serum creatinine, μmol/L 77.0(56.5–93.5) 62.0(48.7–80.0) −2.178 0.029*

Serum creatinine at last follow-up, μmol/L 84.0(69.0–103.5) 71.0(55.5–106.0) −2.291 0.022*

t/Z/χ2 −1.673 −2.328

P 0.094 0.020*

eGFR, mL/min/1.73m2 94.4(70.7–108.6) 108.7(94.9–121.3) −3.159 0.002**

Final eGFR, mL/min/1.73m2 79.6(59.9–101.1) 96.9(63.7–109.5) −2.678 0.007**

t/Z/χ2 −1.532 −2.769

P 0.126 0.006**

Serum albumin, g/L 23.8(20.7–27.9) 26.0(22.1–33) −7.191 < 0.001**

Serum albumin at last follow-up, g/L 38(26.3–43.2) 41.2(36.0–45.7) −2.061 0.039*

t/Z/χ2 −5.333 −8.304

P < 0.001** < 0.001**

24-hour proteinuria, g/day 5.6(3.1–7.3) 4.2(2.1–6.6) −2.776 0.006**

24-hour proteinuria at last follow-up, g/day 0.92(0.13–4.1) 0.4(0.1–1.3) −2.132 0.03*

t/Z/χ2 −5.217 −7.847

P < 0.001** < 0.001**

Notes: Continuous variables are expressed as mean ± SD if normal distribution, as median (interquartile range) if non-normal distribution. 
Categorical variables are expressed as counts and percentages. Comparisons are based on Wilcoxon rank-sum test, t-test, or chi-square test. 
*P <0.05, ** P <0.01.
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production of Th2 cytokines which stimulate B cells to secrete IgG4.35 This pattern of immune response is characteristic 
of idiopathic membranous nephropathy.36

In particular, the pathogenesis of PMN is still being explored. How are crescents associated with PMN formed? The 
etiology is still unknown. Kanahara et al37 hypothesized that the deposition of in situ immune complexes in the basement 
membrane of PMN may result in the subsequent lysis of these immune complexes by lysosomes, which could lead to 
further damage to the glomerular basement membrane and eventually result in the destruction of the renal sacs and the 
formation of crescents. Some researchers11 believed that the appearance of these two pathological types in the same 
patient was not intrinsically linked, but rather just a coincidence. Current treatment options for PMN include steroids/ 

Figure 4 Renal pathological changes at two renal puncture biopsies by hematoxylin-eosin staining (A), Masson staining (B), and periodic acid-Schiff metheramine (C) 
(magnification, ×200 and ×400, respectively).
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Figure 5 Kaplan-Meier survival curves for renal survival stratified by each clinicopathologic feature. Survival curves of crescents (A), 24-hour proteinuria (B), interstitial 
fibrosis and tubular atrophy (IFTA) (C), and serum albumin (D).

Figure 6 Immunohistochemical staining of CD68 (A) and CD20 (B) (magnification, ×400). 
Note: All staining specimens in each group are from the same patient and the same glomerulus.
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cyclophosphamide, calcium protein inhibitors, and B cell depletion.5,38 However, the optimal treatment approach for 
PMN with crescents remains unclear. Immunohistochemistry was employed in this study to identify inflammatory cells 
revealing the expression of CD68 and CD20 positive cells in both groups. This suggests the involvement of these 
markers in PMN pathogenesis. The observation of CD68 and CD20 expression provides a rationale for exploring drugs 
targeting these pathways as potential therapeutic options to delay the progression of PMN with crescents.

Extensive research has implicated cell mediated immune mechanisms in the development of PMN, with macrophages 
playing a pivotal role.39,40 A previous study demonstrated a strong correlation between the degree of CD68+ interstitial 
macrophages infiltration during initial renal biopsy and outcome of PMN.39 Research within China has further revealed 
a negative correlation between CD68 expression and serum albumin levels, as well as a positive correlation with serum 
C3 and severity of glomerulosclerosis.41 In our study, we observed positive CD68 expression in patients with PMN 
regardless of crescent formation, aligning with results from existing studies. These findings suggest that the degree of 
interstitial macrophage infiltration in the tubules may be a crucial determinant of PMN outcomes.39,42 In recent years, the 
anti-CD20 monoclonal antibody rituximab has emerged as an alternative treatment option for PMN and other immune- 
mediated glomerular diseases.43,44 Notably, rituximab has been considered a first-line therapy for moderate and high-risk 
PMN.45 Our study observed CD20 expression in patients with PMN, both with and without crescents, suggesting that 
underlying mechanisms of PMN development may be similar in both groups. Despite the positive effects on albumin and 
urinary protein levels, follow-up data revealed a concerning trend of decreasing renal function in both groups of patients 
with PMN (Table 3). This highlights the need for ongoing efforts to develop more effective treatment strategies.

It is important to acknowledge the limitations present within this study. Firstly, the sample size was modest: the 
research was confined to a single-center retrospective analysis with a limited timeframe, which may introduce potential 
biases. Secondly, while PLAR2 is known to influence both diagnostic outcomes and prognosis, this paper concentrated 
solely on the role of crescents in the progression of PMN and did not incorporate PLAR2 into its analysis. Additionally, 
other relevant factors, including the duration of the disease and the presence of comorbidities in patients, such as 
diabetes, have not been taken into account in this study.

Conclusion
Patients with PMN and crescent formation exhibit severe clinical manifestations, including higher blood pressure, urinary 
protein excretion, and poorer renal function. Pathological examination frequently reveals increased glomerulosclerosis, 
renal tubulointerstitial fibrosis, and small vessel necrosis. These factors contribute to poorer therapeutic response and 
a worse prognosis. Crescent formation is a risk factor for the progression of PMN and necessitates active intervention. 
CD68 and CD20, which are involved in the occurrence and development of PMN, represent potential therapeutic targets 
for monoclonal antibody therapies that may delay disease progression. Further research is warranted to incorporate 
a broader spectrum of clinical indicators, pathological markers, and biomarkers, including PLAR2, CD68, and CD20, to 
gain a more holistic understanding of the critical factors that significantly influence the progression of PMN.
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