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Class IV is the most common form of lupus nephritis (LN). This class is divid-
ed into diffuse segmental active subclass (IV-S/A) and diffuse global active sub-
class (IV-G/A). The purpose of the study was to compare the clinical data, 
and the incidence of glomerular active features in IV-S/A, and IV-G/A  of LN. 
Of 34 patients with class IV LN, 25 were classified as subclass IV-G/A, and  
9 patients were included in subclass IV-S/A. Nephrotic syndrome and hypertension 
were significantly more frequent in patients in the IV-G/A subclass, whereas hema-
turia and low grade proteinuria were significantly more frequent in patients in the 
IV-S/A subclass. Immunofluorescence findings revealed in group IV-S/A the pres-
ence of mesangial deposits and sparse deposits along the capillary wall. In contrast, 
an immunofluorescence study in subclass IV-G/A showed a preponderance of great 
subepithelial deposits. Fibrinoid necrosis of glomerular tufts was significantly more 
evident in subclass IV-S/A, whereas endocapillary hypercellularity, hyaline thrombi 
and wire loops were more frequent in subclass IV-G/A. The significant differences 
in clinical manifestation and in the incidence of histopathological active glomerular 
features between subclasses IV-S/A and IV-G/A of LN observed in our study may 
confirm the suggestion that these lesions have a different pathogenesis.
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Introduction

Renal disease is a common manifestation of system-
ic lupus erythematosus (SLE). Morphologically and 
clinically, lupus nephritis (LN) is a pleomorphic dis-
ease with the capacity to transform over time. Lupus 
nephritis is a prototype of chronic immune complex 
disease with activation of complement by classical and 
alternative pathways. The classification of SLE ne-
phritis has evolved over the past years as more lesions 
were identified and defined. According to the Inter-
national Society of Nephrology and Renal Pathology 
Society (ISN/RPS) classification of LN, class IV was 
subdivided into diffuse segmental LN (subclass IV-S)  

when > 50% of the involved glomeruli have seg-
mental lesions, and diffuse global LN (subclass IV-G) 
when > 50% of the involved glomeruli have global 
lesions [1]. The division of class IV into two subcat-
egories in the 2003 ISN/RPS classification was based 
on a pilot study observing a difference in renal out-
come between segmental and global lesions in diffuse 
proliferative LN [2]. Glomerular active lesions include 
endocapillary hypercellularity, leukocyte infiltration, 
subendothelial hyaline deposits (“wire loops”), fibri
noid necrosis/karyorrhexis, and cellular crescents  
[1, 3]. Renal biopsy has a major role in managing pa-
tients with SLE [4-8]. The distinction between sub-
class IV-S and IV-G may have important implications 
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for differences in pathogenesis and outcomes. The 
data concerning outcomes in IV-S/A and IV-G/A pa-
tients are controversial, but in the majority of studies 
no significant differences in outcomes were detected 
[2, 4, 9, 10]. 

The aim of the study was to determine whether 
the clinical presentation and the incidence of active 
glomerular features differ in subclass IV-S/A and sub-
class IV-G/A of LN. 

Material and methods

The material consisted of kidney biopsies obtained 
for diagnostic purposes from 34 adult patients with 
class IV of LN. All patients fulfilled the 1982 Amer-
ican Rheumatism Association criteria for the classi-
fication of SLE [11]. The diffuse glomerular lesions 
in IV class LN were reclassified using the ISN/RPS 
(2003) classification of glomerulonephritis in SLE [1]. 
Patients with lesions showing global lesions affect-

ing > 50% of the glomerular tufts were classified as  
IV-G, whereas those with segmental lesions affect-
ing > 50% of the glomerular tufts were classified 
as IV-S/A. Of the 34 patients, 9 had diffuse active 
segmental lesions (IV-S/A) and 25 had diffuse active 
global lesions (IV-G/A) of lupus nephritis. In group 
IV-S/A there were 8 females and 1 male, and the mean 
age was 31.2 ±9.3 years. In group IV-G/A  there 
were 19 females and 6 males, and the mean age was 
29.5 ±8.2 years. The following clinical parameters 
were evaluated at the time of each biopsy: the pres-
ence of hypertension, nephrotic syndrome, acute re-
nal failure, chronic renal failure, proteinuria < 2 g/ 
24 h, and hematuria. 

Renal biopsy specimens were routinely processed 
by light microscopy, immunofluorescence, and in 
some cases by electron microscopy. The samples 
were embedded in paraffin and sectioned at 2 µm, 
followed by HE, Masson, periodic acid-Schiff, period-
ic acid-silver methenamine, and Congo red staining. 
For immunofluorescence study the samples were sec-
tioned in frozen conditions, followed by staining for 
IgG, IgA, IgM, C3, C1q, kappa and lambda light 
chain. Criteria applied to the biopsy specimens were 
as follows: minimal number of 10 glomeruli for light 
microscopy, and 5 glomeruli for immunofluorescence 
study. In light microscopy the presence of endocapil-
lary proliferation (Fig. 1), cellular crescents, necrosis 
of glomerular tufts (Fig. 2) (disruption of capillary 
wall, fibrinoid necrosis, karyorrhexis) hyaline throm-
bi, and wire loops (Fig. 3) were noted. In immunoflu-
orescence findings localization of immune deposits, 
the intensity of immunoglobulin and components of 
complement staining and the class of immunoglob-
ulin in deposits were evaluated. A semiquantitative 
assessment of the intensity of staining was given as: 
lack of staining (0), mild (+1), moderate (+2), and 
strong (+3).

Fig. 1. Segmental endocapillary proliferation and cellular 
crescent. IV-S/A subclass of lupus nephritis. PAS staining, 
magnification 400×

Fig. 3. Glomerulus with wire loops and hyaline thrombi. 
IV-G/A subclass of lupus nephritis. PAS staining, magnifi-
cation 400×

Fig. 2. Necrosis of glomerular capillary loops. IV-S/A sub-
class of lupus nephritis. Masson staining, magnification 
400×
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Statistical analysis 

The percentage of each clinical, immunofluores-
cence and histological parameter was determined in 
the IVS/A and IV-G/A groups, and the differences be-
tween groups were assessed using the c² test. Results 
were considered statistically significant if p < 0.05.

Results

Clinical data

The results of clinical findings in patients with 
subclass IV-S/A  and IV-G/A  of LN are shown 
in Fig. 4. Statistical analysis revealed that SLE 
patients in the IV-S/A  group had significant-
ly more often hematuria (p < 0.04) and protein-
uria < 2  g/24  h (p < 0.02) than patients in the  
IV-G/A  group. Nephrotic syndrome and hyperten-
sion were more frequent in diffuse global active cases 
than in diffuse segmental active cases (p < 0.05, and 
p < 0.04, respectively). Statistical analysis did not re-
veal differences in the incidence of acute and chronic 
renal failure in patients with IV-S/A and IV-G/A LN. 

Immunofluorescence findings

Immunofluorescence findings disclosed predom-
inant mesangial deposits in the IV-S/A group (p < 
0.0001), and predominant deposits along the cap-
illary loop in the IV-G/A group (p < 0.0001). The 
intensity of IgG, IgA and IgM staining was signifi-
cantly higher in renal biopsies in IV-G/A patients 
than in the IV-S/A group. In the IV-S/A group im-
munofluorescence did not reveal strong IgG, IgA, 
and IgM staining. In most renal biopsies in the IV-
G/A  group IgG staining was moderate or strong 
(IV-S/A vs. IV-G/A, p < 0.04) (Fig. 5). In 89% of 
cases of subclass IV-S/A  LN immunofluorescence 
did not reveal IgA staining (p < 0.0001), and in 
this group only 11 cases showed mild (+1) IgA 
staining (p < 0.04) (Fig. 6). Most renal biopsies 
in the IV-S/A  group did not reveal IgM staining 
(p < 0.0008), and only in 22% of biopsies in this 
group was mild IgM staining seen (Fig. 7). Immu-
nofluorescence findings did not disclose significant 
differences in C3 or C1q staining between groups 
IV-S/A and IV-G/A LN.

Light microscopy findings: glomerular active 
lesions

Light microscopy findings revealed differences in the 
incidence of glomerular active lesions between groups 
IV-S/A and IV-G/A of LN (Fig. 8). Statistical analysis 
showed a high rate of fibrinoid necrosis in renal biop-
sies in the IV-S/A subclass of LN (p < 0.05). Endo-
capillary proliferation and hyaline thrombi were more 
often seen in renal biopsies in the IV-G/A subclass of 

LN (p < 0.002, p < 0.04, respectively). Wire loops 
were absent in all the biopsies in subclass IV-G/A LN. 

Electron microscopy findings in the IV-G/A sub-
class revealed the presence of predominant large 
subendothelial deposits, whereas in the IV-S/A sub-
classes large deposits in the mesangium and scanty 
subendothelial deposits were seen. 

Discussion

Our study disclosed significant differences in 
initial clinical presentation and morphologic fea-
tures between segmental and global active sub-
classes of class IV LN. In patients with proliferative 
diffuse segmental active lesions (IV-S/A) LN pre-
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Fig. 4. Percentage of SLE patients presenting with hy-
pertension, proteinuria < 2 g/24 h, hematuria, nephrotic 
syndrome, acute renal failure, and chronic renal failure in 
IV-S/A and IV-G/A groups

 hypertension, p < 0.05
 proteinuria < 2 g/24 h, p < 0.02
 hematuria, p < 0.04
 nephrotic syndrome, p < 0.04
 acute renal failure, p > 0.05, NS
 chronic renal failure, p > 0.05, NS

	 IV-S/A	 IV-G/A
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Fig. 5. Percentage of biopsies with IgG (0), IgG (+1), IgG 
(+2), and IgG (+3) staining in IV-S/A and IV-G/A groups 

 IgG (0), p < 0.0002
 IgG (+1), p < 0.04
 IgG (+2), p < 0.04 
 IgG (+3), p < 0.04

	 IV-S/A	 IV-G/A
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ponderance of hematuria and proteinuria < 2 g/ 
24 h was seen, whereas in patients with proliferative 
diffuse global active features (IV-G/A) more often 
nephrotic syndrome and hypertension were detect-
ed. These observations are in concordance with oth-
ers [3, 4, 10, 12-14]. Literature data showed that 
patients with IV-G lesions had worse proteinuria [3]. 
Monova et al. [13] disclosed in IV-G group patients 
significantly greater proteinuria, and diastolic blood 
pressure than in group IV-S of LN. Grootscholten 
et al. [10] observed that patients with IV-S features 
less often than with IV-G presented hypertension. 
In a large cohort of Chinese patients proteinuria was 
milder in IV-S cases than in IV-G [14]. However, in 

the study of Mittal et al. [15] significant proteinuria 
was similar in both IV-S and IV-G groups. 

Our results demonstrated important differences 
in immunofluorescence findings between prolifer-
ative diffuse segmental active and proliferative dif-
fuse global features of IV class LN. Peripheral cap-
illary immune deposits were less prominent in the 
IV-S/A  group than in IV-G/A  cases. Moreover, the 
intensity of IgG, IgA and IgM immunostaining was 
lower in segmental lesions than in global lesions. This 
finding may indicate a  distinct immunopathogene-
sis that could require a different therapeutic proto-
col. Discrepancies in immunofluorescence findings in 
IV-S and IV-G subclasses of class IV LN were ob-
served by others [3, 16]. It is speculated that class 
IV-G lesions behave as an immune complex disease, 
whereas immunopathogenesis of segmental necro-
tizing features in the IV-S group may be similar to 
pauci-immune glomerulonephritis seronegative for 
ANCA. Proliferative and crescentic forms of vasculi-
tis are associated with the delay-type hypersensitivity 
response in experimental models and could explain 
the capillary wall disruption seen in pauci-immune 
lupus lesions [17]. The delay-type hypersensitivity 
response may be initiated by granulocyte macro-
phage colony-stimulating factor induction of MHC 
II expression on macrophages leading to the pro-
motion of the cytokine response of T cells towards 
T helper  1 cells [18]. The study of Schwartz et al. 
[19] supports the notion that two immunopathologi-
cal mechanisms are concurrently active in severe LN. 
The focal segmental proliferative and necrotizing le-
sions that characterize severe segmental LN are often 
unassociated with peripheral capillary loop immune 
aggregate deposition. They are morphologically dif-
ferent from the endocapillary proliferation of diffuse 
global lupus glomerulonephritis, which appears to be 
mediated by a  mechanism involving capillary wall 
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Fig. 6. Percentage of biopsies with IgA (0), IgA (+1), IgA 
(+2), and IgA (+3) staining in IV-S/A and IV-G/A groups

 IgA (0), p < 0.0001
 IgA (+1), p < 0.04
 IgA (+2), p > 0.05, NS
 IgA (+3), p > 0.05, NS

	 IV-S/A	 IV-G/A
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Fig. 7. Percentage of biopsies with IgM (0), IgM (+1), IgM 
(+2), and IgM (+3) staining in IV-S/A and IV-G/A groups 

 IgM (0), p < 0.0008
 IgM (+1), p > 0.05, NS
 IgM (+2), p < 0.03
 IgM (+3), p > 0.05, NS

	 IV-S/A	 IV-G/A
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Fig. 8. Percentage of biopsies with endocapillary prolifer-
ation, karyorrhexis, capillary wall disruption, cellular cres-
cents, wire loops, hyaline thrombi, and fibrinoid necrosis in 
IV-S/A and IV-G/A groups

 endocapillary proliferation, p < 0.002
 karyorrhexis, p > 0.05, NS
 capillary wall disruption, p > 0.05, NS 
 cellular crescents, p > 0.05, NS 
 wire loops, p < 0.02
 hyaline thrombi, p < 0.04
 fibrinoid necrosis, p < 0.05

	 IV-S/A	 IV-G/A
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immune aggregates [20]. The hypothesis of distinct 
immunopathogenesis in both subclasses of IV class 
LN may be substantiated by more frequent fibrinoid 
necrosis of glomerular tufts observed in renal tissue 
in patients of the IV-S/A group. Moreover, our results 
showed other striking differences in light microscopy 
findings between IV-S/A and IV-G/A subclasses. In 
proliferative global cases, endocapillary proliferation, 
hyaline thrombi, and wire loops were observed more 
often than in segmental active cases. An immunoflu-
orescence study revealed that class IV-G/A  exhibits 
larger amounts of immunoglobulin deposition in the 
capillary wall; thus it is clear that hyaline thrombi and 
wire loops are more common in this subclass of LN. 

Literature data showed that despite the differ-
ences in clinical manifestation and histopathological 
findings observed in both subclasses of IV class LN, 
no significant difference was detected in outcomes 
in these groups [15]. The study of Haring et al. [2] 
revealed that the rate of doubling of serum creat-
inine concentration or of ESRD (end-stage renal 
disease) did not differ between patients with class 
IV-S and those with class IV-G LN. Kim et al. [8] 
in a short-term follow-up study found a better re-
sponse to cyclophosphamide treatment in LN class 
IV-S than in IV-G. Vandepapeliere et al. [21] stud-
ied the prognosis of proliferative LN and concluded 
that the presence of even mild chronic lesions on 
baseline biopsy was clearly predictive of late renal 
outcome. Gao et al. [12] explored the characteris-
tics and the correlation factors of transformation 
in subclasses of class IV lupus nephritis in patients 
with class IV LN after 6 months of induction treat-
ment. Class IV-S showed a higher rate of transfor-
mation to class II than class IV-G. The recent study 
of Pagni et al. [22] stressed the importance of the 
distinction between class III, IV-S and IV-G. These 
authors concluded that the histopathological data 
suggest that morphological differences between 
segmental and global forms do exist, possibly due 
to different pathogenetic mechanisms. 

In summary, the differences in the initial clinical 
presentation, immunofluorescence findings and mi-
croscopic active features in IV-S/A and IV-G/A LN 
revealed in our study confirm the suggestion that 
these lesions may have a  different pathogenesis.  
Further studies should be conducted to clarify 
whether morphological and clinical differences be-
tween IV-S/A  and IV-G/A  LN are important for 
predicting the course of disease and response to 
therapy.

This work was supported by grant of Medical Universi-
ty of Lodz 503/6-038-01. 
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