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Dense deposit disease (first reported in 1962) was classified as subtype II of membranoproliferative
glomerulonephritis in the early 1970s. Over the last 30 years, marked differences in etiology and pathogenesis
between type I membranoproliferative glomerulonephritis and dense deposit disease have become apparent.
The sporadic observation that dense deposit disease can be seen with markedly different light microscopy
appearances prompted this study. The goal was to examine a large number of renal biopsies from around the
world to characterize the histopathologic features of dense deposit disease. Eighty-one cases of dense deposit
disease were received from centers across North America, Europe and Japan. Biopsy reports, light microscopy
materials and electron photomicrographs were reviewed and histopathologic features scored. Sixty-nine cases
were acceptable for review. Five patterns were seen: (1) membranoproliferative n¼ 17; (2) mesangial
proliferative n¼ 30; (3) crescentic n¼ 12; (4) acute proliferative and exudative n¼ 8 and (5) unclassified n¼ 2.
The age range was 3–67 years, with 74% in the range of 3–20 years; 15% 21–30 years and 11% over 30 years.
Males accounted for 54% and females 46%. All patients with either crescentic dense deposit disease or acute
proliferative dense deposit disease were between the ages of 3 and 18 years. The essential diagnostic feature of
dense deposit disease is not the membranoproliferative pattern but the presence of electron dense
transformation of the glomerular basement membranes. Based upon this study and the extensive data
developed over the past 30 years, dense deposit disease is clinically distinct from membranoproliferative
glomerulonephritis and is morphologically heterogeneous with only a minority of cases having a
membranoproliferative pattern. Therefore, dense deposit disease should no longer be regarded as a subtype
of membranoproliferative glomerulonephritis.
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Membranoproliferative glomerulonephritis is a his-
tologic pattern associated with an eclectic assort-
ment of diseases ranging from sickle cell anemia
through hepatitis C infection to transplant glomer-
ulopathy (reviewed by Appel et al,1 Rennke,2 and
Zhou and Silva3). The hypothesis of this work is that
membranoproliferative glomerulonephritis type II is
a separate disease entity and should be separated
from the membranoproliferative glomerulonephritis
category and called dense deposit disease in
reference to its unique and diagnostically unifying
morphologic finding.

Membranoproliferative glomerulonephritis type II
is rare and only a relatively small number of studies
of this disease have been published.4–21 In these
reports, the histologic description of membranopro-
liferative glomerulonephritis II is usually a membra-
noproliferative pattern, although other light
microscopy changes including a crescentic form
and a mesangial proliferative form are included
in some of the reports.6–8,12,13,15–17,20–23 However, the
frequency, variability and definition of the light
microscopy patterns present in patients with dense
deposit disease are not apparent from previous
reports. Thus, the purpose of this study was to
examine a large number of renal biopsies from
patients with dense deposit disease in order to
characterize the light microscopic patterns seen in
association with the diagnostic feature of dense
deposit disease, electron dense transformation of the
glomerular basement membranes.
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Materials and methods

Cases were received from North America, Japan and
the European Union. The slides and reports were
coded and patient data removed at the local
center before being sent to the authors for review.
Clinical information was gathered from the surgical
pathology report form and entered onto coded
standardized score sheets. Representative slides,
immunohistochemistry or immunofluorescence
photomicrographs and electron microscopy photo-
graphs were examined and scored using a standar-
dized score sheet. All materials were reviewed
without knowledge of the clinical history. This
study complied with all human subject protection
requirements at each submitting institution and
was approved by the local institutional review
board.

Pathology Review

The light microscopy material was reviewed and
scored by compartment. Glomeruli were counted
and the number with global and/or segmental
sclerosis was determined. The number and type of
crescents (cellular, fibrocellular or fibrous) were
determined. The presence or absence of hypercellu-
larity was ascertained and then specified as to the
presence of infiltrating cells and/or endocapillary
proliferation. Mesangial matrix expansion was also
recorded. The basement membranes of glomeruli,
tubules and Bowman’s capsules were graded for the
presence of PAS-positive ribbons. Tubular atrophy,
interstitial fibrosis and interstitial inflammation
were graded. Blood vessel changes, if any, were
recorded. For semiquantitative analysis, a scoring
system of 0–3 was used.

Immunohistochemistry information was obtained
from the report including immunoreactant, intensity
and location. Thioflavin T staining, when available,
was also recorded.

Electron microscopy photographs were examined
and scored for endocapillary proliferation, discrete
electron dense deposits and dense transformation of
the glomerular basement membrane. Electron dense
transformation was characterized by density and
location. The basement membranes of Bowman’s
capsule and tubules were also examined and scored
for dense transformation when available.

Clinical Review

Clinical data available at the time of biopsy was
abstracted from the original renal biopsy reports, but
was usually very limited in scope. The patient’s age
and gender were noted. Other clinical information
was not present in most cases eliminating analysis
of presenting symptoms, initial laboratory data,
treatment or follow-up.

Statistics

Nonparametric semiquantitative data were analyzed
using the Kruskal–Wallis nonparametric analysis of
variance followed by post hoc testing with Dunn’s
multiple comparisons test. The data were collated
onto a Microsofts Excel spreadsheet (Microsoft
Corporation, Redmond, WA, USA) and statistical
analysis was carried out using GraphPad InStats

(GraphPad Software Inc., San Diego, CA, USA) using
an Apples Macintosh Mac Mini computer (Apple
Computer, Cupertino, CA, USA).

Results

Eighty-one cases were received. Twelve were elimi-
nated from further examination because they were
either repeat biopsies, transplant biopsies or be-
cause electron photomicrographs were not available.

Pathology

Five histologic patterns were identified by their
light microscopic appearance: membranoprolifera-
tive, mesangial proliferative, crescentic, acute pro-
liferative and exudative and unclassified (Table 1,
Figures 1–7). Only two cases were categorized as
unclassified, so this group, although described
below, was not included in comparative analysis.
The unifying diagnostic feature of all five patterns is
the presence of electron dense transformation of the
glomerular basement membranes (Figure 4). Still,
there was variation in the frequency and distribu-
tion of the basement membrane changes (Table 2).
Some glomeruli were diffusely affected, while
others had an interrupted linear pattern, or a ‘linked
sausage’ appearance. Occasional dense deposits
were found in the subendothelial space separate

Table 1 Histologic patterns of dense deposit disease

Pattern # Pattern name Pattern description

1 Membranoproliferative dense deposit disease Thickened capillary loops and endocapillary proliferation
2 Mesangial proliferative dense deposit disease Focal, segmental mesangial hypercellularity
3 Crescentic dense deposit disease Crescents involving 450% of glomeruli
4 Acute proliferative and exudative dense deposit

disease
Endocapillary proliferation with neutrophilic infiltration

5 Unclassified dense deposit disease Intermediate electron dense transformation by electron microscopy

Dense deposit disease
PD Walker et al

606

Modern Pathology (2007) 20, 605–616



from the lamina densa. These discrete deposits were
as electron dense as the linear electron dense
transformation seen in other areas. Subepithelial
‘hump-like’ dense transformations of the glomerular
basement membrane were sometimes seen (Figure
7). Electron dense transformation of the tubular
basement membranes was found in 24% and the
basement membranes of Bowman’s capsule in 30%
of cases where examined (Table 2).

By light microscopy, the number of glomeruli,
percentage global sclerosis, percentage segmental
sclerosis, and interstitial and vascular changes were
similar among the four major histologic patterns.
Immunohistochemical examination revealed that
mesangial C3 was present in every case (Table 3)
and mesangial ‘rings’ were seen in all cases when
immunofluorescence photomicrographs were avail-
able for review (Figure 3).

Histologic Patterns

Membranoproliferative dense deposit disease is
characterized by endocapillary proliferation produ-

cing a mesangial lobular appearance (Figure 1),
sometimes in association with a markedly eosino-
philic and PAS-positive alteration (so-called rib-
bons) along glomerular, tubular and other basement
membranes (Figure 2a). Capillary closure was not
a criterion for endocapillary proliferation. These
membranoproliferative features were most often
focal and segmental and only rarely were diffuse.
Four of the 17 patients had mild or moderate
mesangial sclerosis, while the remaining 13 had
minimal or none. Endocapillary proliferation was
significantly greater in membranoproliferative dense
deposit disease than in mesangial proliferative
dense deposit disease or crescentic dense deposit
disease (Table 4). Glomerular basement membrane
double contours were present on PAS and silver
stain in many capillary loops. The degree of
glomerular basement membrane thickening and/or
duplication was most pronounced in this pattern
(Table 4). The capillary loop ribbons were thiofla-
vin-T positive, and accentuated by toluidine blue
staining of plastic-embedded tissue for electron
microscopy (Figure 2). Tubular basement mem-

Figure 1 Dense deposit disease, light microscopy patterns. (a) Membranoproliferative dense deposit disease pattern 1: hypercellularity
and lobular appearance, �400 PAS. (b) Mesangial proliferative dense deposit disease pattern 2 mild mesangial cell and matrix increase,
� 400 PAS. (c) Crescentic dense deposit disease pattern 3 cellular crescent, � 400 PAS. (d) Acute proliferative and exudative dense
deposit disease pattern 4 diffuse endocapillary proliferation with numerous macrophages and neutrophils �400 PAS.
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branes and the basement membranes of Bowman’s
capsule also showed similar ribbons in a segmental
pattern. Immunofluorescence microscopy revealed

deposits of C3 in a diffuse or segmental pattern
along the glomerular, tubular and Bowman’s capsule
basement membranes (Figure 3). C3 staining

Figure 2 Dense deposit disease, distinctive features by light microscopy. (a) Strongly PAS-positive ‘ribbons’ along glomerular basement
membranes �400 PAS. (b) Thioflavin T positive in glomerular basement membranes and Bowman’s capsule basement membranes,
�400 thioflavin T. (c) Toluidine blue stain intermittently accentuated in glomerular basement membranes and Bowman’s capsule
basement membranes (normal area single arrowhead, accentuated area double arrowhead, boxed area shown at higher magnification in
d), �600 toluidine blue. (d) High power of toluidine blue stained area of Bowman’s capsule showing normal basement membrane
thickness and density (single arrowhead) and accentuated basement membrane (double arrowhead), �1200 toluidine blue.

Figure 3 Dense deposit disease C3 immunofluorescence. (a) Immunofluorescence positive in loops, mesangium and as mesangial ‘rings’
�400. (b) ‘Ring’ pattern, � 1200 fluorescein-conjugated anti-C3 antibody.
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frequently formed a distinctive ring-like pattern in
the mesangial regions that suggested the diagnosis of
dense deposit disease (Figure 3). Immunoglobulins
were usually absent and staining for more than one
immunoglobulin was not seen in membranoproli-
ferative dense deposit disease (Table 3). Electron
microscopy showed the characteristic diffuse to
segmental, linear very dense transformation of the
lamina densa (Figure 4). Spherical electron dense
transformation was common in the mesangium.

Mesangial proliferative dense deposit disease is
characterized by focal segmental mesangial hyper-

cellularity. Mesangial hypercellularity was defined
as more than three cells in any mesangial region in
one or more glomeruli. Some glomeruli appeared
normal by light microscopy (Figure 1). Endocapil-
lary proliferation was generally absent and, when
present, was focal and mild. Immunoglobulins were
more often present in mesangial proliferative dense
deposit disease both singly and in combination
(Table 3). The one case that stained for all three
immunoglobulins tested, IgG, IgM and IgA, was a
mesangial proliferative dense deposit disease case.
C3 positivity was universal, while C1q was present

Figure 4 Dense deposit disease, electron microscopy features. Ribbons of marked electron dense transformation of glomerular basement
membranes, mesangial and paramesangial areas (arrows in a), uranyl acetate and lead citrate. (a) � 4000, (b) � 5000, (c) � 10000,
(d) �20000.
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in a third of the cases examined. The characteristic
very dense transformation of the glomerular base-
ment membranes was present but was more inter-
mittent when compared to membranoproliferative
dense deposit disease (Table 2). On the other hand,
subendothelial dense transformation and subepithe-
lial ‘humps’ were more common.

Crescentic dense deposit disease is defined by the
presence of crescents in 50% or more of the
glomeruli available for examination (Figure 1). The

average number of glomeruli in this group was 30
with a range of 6–83. The two cases out of 12 cases
with less than 10 glomeruli for examination had
crescents in five of six and seven of eight glomeruli,
respectively. Cellular crescents and total crescents
were much more frequent in crescentic dense
deposit disease than in the other patterns (Table 4).
The underlying histologic pattern was either mem-
branoproliferative dense deposit disease or mesan-
gial proliferative dense deposit disease with

Figure 5 Dense deposit disease crescentic pattern (a, b); dense deposit disease unclassified pattern (c, d), electron microscopy, uranyl
acetate and lead citrate. (a) Ribbons of electron dense transformation of glomerular basement membranes, sometimes forming
subepithelial ‘humps’, paramesangial areas and ‘waist’ areas, �5000. (b) Electron dense transformation of glomerular basement
membranes forming subepithelial ‘humps’, � 20000 uranyl acetate and lead citrate. (c, d) Intermediate electron dense transformation in
ribbons along glomerular basement membranes and mesangial regions, � 5000.
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endocapillary proliferation varying from essentially
normal (five of 12 cases) to focal and segmental
endocapillary proliferation (four of 12 cases) to
diffuse endocapillary proliferation (three of 12
cases). The immunofluorescence findings were
similar to membranoproliferative dense deposit
disease. Staining for immunoglobulins was rare
and the presence of more than one immunoglobulin
was not seen in crescentic dense deposit disease
(Table 3). By electron microscopy, the typical dense
transformation of the basement membranes was
present. In addition, electron dense material was
also present as large subepithelial hump-like trans-
formations in the outer portions of the glomerular
basement membranes, at the junction of the glomer-
ular basement membrane and the mesangial area
(‘waist’ deposits) and extending from the mesan-
gium itself (Figure 5a and b).

Acute proliferative and exudative dense deposit
disease shows diffuse glomerular hypercellularity
due to endocapillary proliferation with prominent
neutrophilic infiltration (Figure 1). The proliferative

changes led to occlusion of most capillary lumens.
Endocapillary proliferation was significantly greater
in acute proliferative and exudative dense deposit
disease compared to either mesangial proliferative
dense deposit disease or crescentic dense deposit
disease (Table 4). Glomerular inflammatory cell
infiltration was also significantly more common in
acute proliferative and exudative dense deposit
disease compared to the other patterns (Table 4).
By light microscopy, this variant can be difficult to
distinguish from post-infectious glomerulonephri-
tis. However, by immunofluorescence, the presence
of ring-like deposits of C3 suggests dense deposit
disease. In addition, immunoglobulin deposits were
frequently absent and, when present, were often
focal and sparse. Staining for more than one
immunoglobulin was not seen in acute proliferative
and exudative dense deposit disease (Table 3). Five
of six biopsies classified as acute proliferative and
exudative dense deposit disease were positive for
C1q, significantly more common than in either
membranoproliferative dense deposit disease or

Figure 6 Dense deposit disease unclassified pattern. Mild PAS-positive mesangial matrix increase. (a) PAS stain �200, (b) PAS stain
� 400, (c) C3-positive staining in loops and mesangial regions with ‘ring’ pattern, fluorescein-conjugated anti-C3 antibody � 400. (d)
Thioflavin T-positive staining in glomerular basement membranes, mesangial areas, Bowman’s capsule basement membranes and tubular
basement membranes, thioflavin T stain � 200.
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crescentic dense deposit disease (Table 3). Electron
microscopy showed the typical very dense linear
transformation of glomerular basement membranes
and similar electron dense material in the mesan-
gium. About half of the cases also had subepithelial
‘hump-like’ dense transformations of the glomerular
basement membrane similar to changes seen in
crescentic dense deposit disease (Table 2).

Unclassified dense deposit disease is defined by
the presence of intermediately electron dense
transformation of the glomerular basement mem-
branes and mesangial regions (Figure 5c and d).
Often this transformation had a granular appear-
ance. There was variable focal, segmental endoca-
pillary proliferation with PAS and thioflavin T-
positive ribbons present in loops and mesangial
areas (Figure 6) similar to the other patterns of dense
deposit disease and corresponding to the interme-
diately electron dense transformation seen by
electron microscopy. Immunoglobulins were nega-
tive by immunohistochemistry but C3 staining was
present along basement membranes and within the
mesangium forming typical ‘mesangial rings’ (Fig-
ure 6). Although the electron dense transformation
of the basement membranes was not as deep as that
seen in the other forms of dense deposit disease, the
pattern and distribution of the transformation along
the basement membranes was similar. Only two
cases were categorized as unclassified dense deposit
disease, so this group was not included in compara-
tive analysis.

Clinical Data

Gender was specified in 57 cases. There were 31
male and 26 female subjects with no differences
between the various dense deposit disease patterns
(Table 5). Age at presentation was given in all cases.
The overall median age was 14 years with a range of
3–67 years (Figure 8). All patients with either
pattern 3 (crescentic) or pattern 4 (acute prolifera-
tive and exudative) were 18 years or younger.

Figure 7 Presence of ‘humps’ (deeply electron dense, hillock-
shaped transformations along the subepithelial side of the
glomerular basement membrane) by dense deposit disease
histologic pattern: 1, membranoproliferative dense deposit dis-
ease; 2, mesangial proliferative dense deposit disease; 3, crescen-
tic dense deposit disease; 4, acute proliferative and exudative
dense deposit disease; 5, unclassified dense deposit disease had
only two cases and was not used for further analysis. Data
expressed as mean semiquantitative score � 100.

Table 2 Electron microscopy features of dense deposit disease

Pattern n Glomerular
basement
membranes

Mesangial Subendothelial
(%)

Subepithelial/
mesangial
humps (%)

Bowman’s
capsule
basement
membranes

Tubular
basement
membranes

Membranoproliferative 17 24a 18b 6 6c 5/12 4/13
Mesangial proliferative 30 18 13 37d 43 4/23 4/24
Crescentic 12 25 16 8 42 2/3 2/3
Acute proliferative and
exudative

8 22 16 12 25 2/6 1/6

Unclassified dense deposit disease had only two cases and was not used for further analysis.
Data expressed as mean semiquantitative score (graded 0–3)� 100 (glomerular basement membrane and mesangial) or present in % of cases
(subendothelial and subepithelial/mesangial humps) or present in number of cases/total cases with material available for examination (Bowman’s
capsule basement membranes and tubular basement membranes).
Glomerular basement membranes, linear very electron dense transformation along the glomerular basement membranes; mesangial, very electron
dense transformation within the mesangium; subendothelial, very electron dense transformation in the subendothelial area; subepithelial/
mesangial humps, very electron dense, large, hump-like deposits in the subepithelial area or in the mesangial ‘waist’ region; Bowman’s capsule
basement membranes, very electron dense transformation of Bowman’s capsule basement membranes; tubular basement membranes, very
electron dense transformation of the tubular basement membranes.
a
Glomerular basement membranes—membranoproliferative vs mesangial proliferative, Po0.05.

b
Mesangial—membranoproliferative vs mesangial proliferative, Po0.01.

c
Subepithelial/mesangial humps—membranoproliferative vs mesangial proliferative or crescentic or acute proliferative and exudative, Po0.05.

d
Subendothelial—mesangial proliferative vs membranoproliferative or crescentic or acute proliferative and exudative, Po0.05.

All other comparisons, no significant differences.
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Discussion

In 1975, Habib et al6 noted the similarity by light
microscopy of dense deposit disease and membra-
noproliferative glomerulonephritis, and classified
dense deposit disease as a variant of membranopro-
liferative glomerulonephritis, calling dense deposit
disease membranoproliferative glomerulonephritis,
type II. Interestingly, the classic light microscopic
features of membranoproliferative glomerulonephri-
tis I were present in just 11 of 44 patients (25%).
The majority of patients had mild (11/44, 25%) or
moderate (22/44, 50%) mesangial hypercellularity.

The single defining or unifying feature of dense
deposit disease in the current study is the presence
of electron dense transformation of the glomerular

basement membranes by electron microscopy. Al-
terations similar to those seen within the glomerular
basement membrane were often present along
tubular basement membranes and the basement
membrane of Bowman’s capsule, when exam-
ined.9,24 The major finding from this international
series of dense deposit disease cases is that the light
microscopy pattern is variable and that the presence
of a membranoproliferative pattern is seen in only
one of four patients with dense deposit disease
(similar to Habib et al above6).

Mesangial proliferative dense deposit disease is
much more common than the membranoprolifera-
tive pattern, accounting for 45% of our cases.
Twenty-nine of 30 mesangial proliferative cases
showed only minimal to mild proliferation, changes

Table 3 Immunofluorescence features of dense deposit disease

Pattern n IgG IgM IgA C3 C1q IgG+IgM IgG+IgA IgM+IgA IgG+IgM+IgA

Membranoproliferative 17 1/16 1/16 0/16 16/16 1/11 0/16 0/16 0/16 0/16
Mesangial proliferative 30 8/28 16/28a 4/28 28/28 6/18 5/28 0/28 3/28 1/28
Crescentic 12 1/12 2/12 4/12b 12/12 0/5 0/12 1/12 2/12 0/12
Acute proliferative and exudative 8 3/8 3/8 0/8 8/8 5/6c 1/8 0/8 0/8 0/8

Unclassified dense deposit disease had only two cases and was not used for further analysis.
Data expressed as # positive/total tested; combinations are a subset of the individual immunoglobulin columns (eg mesangial proliferative
pattern: IgG 8/28; IgG/IgM 5/28¼5 of the 8 cases with IgG were also positive for IgM).
IF was not performed on one case with the membranoproliferative pattern and two cases with the mesangial proliferative pattern.
C1q staining was carried out on 11/16 with the membranoproliferative pattern, 18/30 with the mesangial proliferative pattern, 5/12 with the
crescentic pattern and 6/8 with the acute proliferative and exudative pattern.
a
IgM—mesangial proliferative pattern vs membranoproliferative pattern, Po0.01.

b
IgA—crescentic pattern vs membranoproliferative pattern, Po0.05.

c
C1q—acute proliferative and exudative pattern vs membranoproliferative pattern, Po0.01; acute proliferative and exudative pattern vs
crescentic pattern, Po0.05.
All other comparisons, no significant differences.

Table 4 Light microscopic features of dense deposit disease

Pattern n (%) Glomerular
basement
membranes

Endocapillary
proliferation

Neutrophils Mononuclear
cells

%Total
crescents

Membranoproliferative 17 (25) 2 (0–3)a 3 (0–3)b 0 (0–3) 0 (0–1) 8.574
Mesangial proliferative 30 (45) 1 (0–2) 1 (0–2) 0 (0–2) 0 (0–2) 1.070.6
Crescentic 12 (18) 0 (0–3) 1 (0–3) 1 (0–2) 1 (0–2) 74710c

Acute proliferative and exudative 8 (12) 0.5 (0–3) 2 (2–3)d 2 (2–3)e 1 (0–2)f 2.172.1

Unclassified dense deposit disease had only two cases and was not used for further analysis.
n, number of patients; (%), percentage of patients determined by n with pattern divided by 67 (total number of patients) * 100.
Semiquantitative data graded 0–3 expressed as median (range).
Glomerular basement membranes, glomerular basement membrane thickening and/or duplication; %total crescents, total crescents/number of
glomeruli * 100 expressed as mean7s.e.m.
a
Glomerular basement membranes—membranoproliferative pattern vs crescentic pattern, Po0.01.

b
Endocapillary proliferation—membranoproliferative pattern vs mesangial proliferative pattern, Po0.001; vs crescentic pattern, Po0.05.

c
%Total crescents—crescentic pattern vs membranoproliferative pattern or mesangial proliferative pattern or acute proliferative and exudative
pattern, Po0.001.
d
Endocapillary proliferation—acute proliferative and exudative pattern vs mesangial proliferative pattern, Po0.001; vs crescentic pattern,

Po0.05.
e
Neutrophils—acute proliferative and exudative pattern vs membranoproliferative pattern, Po0.001 vs mesangial proliferative pattern, Po0.001;
crescentic pattern 3 vs mesangial proliferative pattern, Po0.05.
f
Mononuclear cells—acute proliferative and exudative pattern vs membranoproliferative pattern, Po0.01; vs mesangial proliferative pattern,
Po0.05.
All other comparisons, no significant differences.
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easily confused on light microscopy with minimal
changes by light microscopy or diffuse mesangial
hypercellularity. However, the unique immunofluor-
escence pattern with mesangial ‘rings’ on C3 stain-
ing and the diagnostic electron dense transformation
of the glomerular basement membrane by electron
microscopy leads to the correct diagnosis. The
mesangial proliferative pattern was described by
Sibley and Kim22 in 1984 and, in a follow-up paper,
Kashtan et al demonstrated that the patients with
the mesangial proliferative pattern had significantly
better long-term outcome.16

Crescentic dense deposit disease, pattern 3,
occurred only in patients less than 17 years and
may be a unique form of dense deposit disease. In
1982, a case of crescentic dense deposit disease
treated with high-dose steroids, azothioprine,
dipyridamole and heparin with complete resolution
of disease was presented by Kher et al.23 West et al20

described a group of children with crescentic
glomerulonephritis, many of which had electron
dense transformation of glomerular basement

membranes, but all responded to high-dose steroid
treatment. The West group did not characterize their
cases as dense deposit disease, but concluded that
these cases represented a new entity, juvenile acute
nonproliferative glomerulitis or JANG. In a more
recent study, Hoschek et al21 described two patients
with crescentic dense deposit disease that were
treated with high-dose steroids and went into
complete remission. These studies stand in contrast
to the previous literature concerning crescentic
glomerulonephritis in childhood including exten-
sive crescent formation in dense deposit disease,
where end-stage renal disease is the usual out-
come.12,15,25–28 Overall, this pattern requires further
clinical study to determine if the expected univer-
sally dismal outcome is reversible with high-dose
steroid treatment in some subset of patients.20,21

Previous studies have described the presence of
increased neutrophils in otherwise typical membra-
noproliferative or mesangial proliferative le-
sions.6,15,29 In addition, the diffuse endocapillary
proliferation with neutrophilic infiltration seen in
our study has been previously reported.17 This
pattern is easily mistaken for a postinfectious
glomerulonephritis on light microscopy examina-
tion alone. Complicating a correct diagnosis even
further is the finding of either IgG or IgM by
immunofluorescence in six of eight cases and C3
in all cases. Electron microscopy is required for a
correct diagnosis of dense deposit disease in these
patients.

The unclassified pattern of dense deposit disease
was seen in two cases and because of the limited
number, no further statistical analysis was carried
out. Unclassified dense deposit disease was similar
to the mesangial proliferative pattern by light
microscopy and immunofluorescence, differing only
in the intensity of the glomerular basement mem-
brane transformation by electron microscopy. Given
the similarity to dense deposit disease in almost all
respects, it is likely that this unclassified form is a
rare pattern of dense deposit disease in need of
further study.

Many of the early reports on dense deposit disease
presented compelling evidence that membranopro-
liferative glomerulonephritis I and dense deposit
disease are different disease entities all to-
gether.5,9,10,22,30 More recently, Appel et al1 pub-
lished a detailed review of dense deposit disease
documenting the unique characteristics of dense
deposit disease that separate it from membranopro-
liferative glomerulonephritis I and other forms of
glomerular disease. Briefly, dense deposit disease
is almost exclusively a disease of children and
teens presenting primarily with the acute nephritic
syndrome, whereas membranoproliferative glomer-
ulonephritis I, although it occurs as an idiopathic
disease in childhood, occurs much more commonly
in adults presenting primarily with the nephrotic
syndrome (Table 6). Patients with membranoproli-
ferative glomerulonephritis I may have systemic

Table 5 Age and gender in dense deposit disease

Pattern n Age Gender

Male Female

Membranoproliferative 17 18 (9–67)a 9 5
Mesangial proliferative 30 16 (3–63) 13 14
Crescentic 12 10 (5–17) 5 5
Acute proliferative
and exudative

8 14 (3–18) 4 2

Unclassified dense deposit disease had only two cases and was not
used for further analysis.
Age in years expressed as median (range).
Gender was not specified in 10 cases.
a
Age—membranoproliferative pattern vs crescentic pattern, Po0.05.
All other comparisons, no significant differences.
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Figure 8 Age at presentation by dense deposit disease histologic
pattern: 1, membranoproliferative dense deposit disease; 2,
mesangial proliferative dense deposit disease; 3, crescentic dense
deposit disease; 4, acute proliferative and exudative dense
deposit disease; 5, unclassified dense deposit disease had only
two cases and was not used for further analysis. Median age¼ 14
years (line).
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manifestations associated with an underlying asso-
ciated condition, while those with dense deposit
disease primarily display only the symptoms of
renal disease. Blood levels of complement reflect the
different complement components involved in the
two entities (reviewed by Nakopoulou31). In addi-
tion, C3 nephritic factor is much more commonly
found in patients with dense deposit disease.
Membranoproliferative glomerulonephritis I is con-
sidered to be an immune complex mediated glomer-
ular disease, while dense deposit disease is related
to abnormalities in complement cascade control
(reviewed by Appel et al1 and Nakopoulou31).
Membranoproliferative glomerulonephritis I is com-
monly associated with hepatitis C and other infec-
tions with or without cryoglobulinemia.

Based on all of the above, it is important to
consider the classification of dense deposit disease
in the overall scheme of glomerular diseases. Correct
morphological classification remains critical in the
study of disease and if a classification system is to
remain useful, it must be modified as more informa-
tion is obtained about the specific diseases included
under its umbrella.32 As discussed by Foucar,32

measures of both ‘accuracy’ and ‘precision’ are
important, but very different methods of determin-
ing the utility of any classification system. Preci-
sion, the measure of the degree of intra- and
interobserver variability in assigning a specific
biopsy to a given diagnostic category is at least
moderate when using the general term membrano-
proliferative glomerulonephritis. However, the ac-
curacy, a measure of the closeness of the diagnosis to
the actual clinical situation, is quite low given the

variability of clinical conditions associated with a
membranoproliferative pattern. Thus, as it becomes
possible, disease subsets that can be recognized as
distinct entities must be removed from the generic
category of membranoproliferative glomerulone-
phritis. Given the extensive information compiled
over the last 30 years including the histopathologic
data provided by this study, it can be said with a
high degree of certainty that dense deposit disease is
not a subtype of membranoproliferative glomerulo-
nephritis.
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Table 6 Comparison of membranoproliferative glomerulonephritis, type I with dense deposit disease

Membranoproliferative glomerulonephritis, type I Dense deposit disease

Clinical features
Age at onset Idiopathic membranoproliferative glomerulonephritis—children; secondary

membranoproliferative glomerulonephritis—adults
Children and teens

Presentation Nephrotic syndrome Acute nephritic
syndrome

Recurrence in
transplant

20–30% 85–90%

Systemic
manifestations

Linked to underlying associated disease Rare

Laboratory findings
Complement pathway Classical components intermittently low Alternative components

continuously low
C3 nephritic factor 15–20% 80–90%

Etiology Immune complex mediated Factor H deficiency

Associations Hepatitis C, hepatitis B and other infections Partial lipodystrophy
drusen

Cryoglobulinemia
Monoclonal immunoglobulin deposition disease, lymphoma
Systemic lupus erythematosus
Alpha-1 antitrypsin deficiency, anti-phospholipid syndrome, HUS/TTP,
sickle cell anemia, transplant glomerulopathy, radiation nephropathy
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d’une lésion singulière des membranes basales du rein
et de la substance hyaline. Thesis Med, Paris, 1962.

5 Galle P, Mahieu P. Electron dense alteration of kidney
basement membranes: a renal lesion specific of a
systemic disease. Am J Med 1975;58:749–764.

6 Habib R, Gubler M, Loirat C, et al. Dense deposit
disease: a variant of membranoproliferative glomeru-
lonephritis. Kidney Int 1975;7:204–215.

7 Lamb V, Tisher CC, McCoy RC, et al. Membranoproli-
ferative glomerulonephritis with dense intramembra-
nous alterations. Lab Invest 1977;36:607–617.

8 Davis AE, Schneeberger EE, Grupe WE, et al. Membra-
noproliferative glomerulonephritis (MPGN type I) and
dense deposit disease (DDD) in children. Clin Nephrol
1978;9:184–193.

9 Churg J, Duffy JL, Bernstein J. Identification of dense
deposit disease. Arch Pathol Lab Med 1979;103:67–72.

10 Kim Y, Vernier RL, Fish AJ, et al. Immunofluorescence
studies of dense deposit disease: the presence of
railroad tracks and mesangial rings. Lab Invest
1979;40:474–480.

11 Cameron JS, Turner DR, Heaton J, et al. Idiopathic
mesangiocapillary glomerulonephritis: comparison of
types I and II in children and adults and long-term
prognosis. Am J Med 1983;74:175–192.

12 Klein M, Poucell S, Arbus GS, et al. Characteristics of a
benign subtype of dense deposit disease: comparison
with the progressive form of this disease. Clin Nephrol
1983;20:163–171.

13 Dense deposit disease in children: prognostic value of
clinical and pathologic indicators. A report of the
Southwest Pediatric Nephrology Study Group. Am J
Kid Dis 1985;6:161–169.

14 Muda AO, Barsotti P, Marinozzi V. Ultrastructural
histochemical investigations of ‘dense deposit dis-
ease’. Pathogenetic approach to a special type of
mesangiocapillary glomerulonephritis. Virchows Arch
1988;413:529–537.

15 Bennett WM, Fassett RG, Walker RG, et al. Mesangio-
capillary glomerulonephritis type II (dense deposit
disease): clinical features of a progressive disease.
Am J Kid Dis 1989;13:469–476.

16 Kashtan CE, Burke B, Burch G, et al. Dense intramem-
branous deposit disease: a clinical comparison of
histological subtypes. Clin Nephrol 1990;33:1–6.

17 Joh K, Aizawa S, Matsuyama N, et al. Morphologic
variations of dense deposit disease: light and electron
microscopic, immunohistochemical and clinical find-
ings in 10 patients. Acta Pathol Japon 1993;43:
552–565.

18 Ikeda M, Honda M, Hasegawa O. Another example of
spontaneous improvement in a case of dense deposit
disease. Pediatr Nephrol 2000;16:609–610.

19 Marks SD, Rees L. Spontaneous clinical improvement
in dense deposit disease. Pediatr Nephrol 2000;14:
322–324.

20 West CD, McAdams AJ, Witte DP. Acute non-prolif-
erative glomerulitis: a cause of renal failure unique to
children. Pediatr Nephrol 2000;14:786–793.

21 Hoschek JC, Dreyer P, Dahal S, et al. Rapidly
progressive renal failure in childhood. Am J Kid Dis
2002;40:1342–1347.

22 Sibley RK, Kim Y. Dense intramembranous deposit
disease: new pathologic features. Kidney Int 1984;
25:660–670.

23 Kher KK, Makker SP, Aikawa M, et al. Regression of
dense deposits in type II membranoproliferative
glomerulonephritis: case report of clinical course in a
child. Clin Nephrol 1982;17:100–103.

24 Campbell-Boswell MV, Linder D, Naylor BR, et al.
Kidney tubule basement membrane alterations in
type II membranoproliferative glomerulonephritis.
Virchows Arch 1979;382:49–61.

25 A clinico-pathologic study of crescentic glomerulone-
phritis in 50 children. A report of the Southwest
Pediatric Nephrology Study Group. Kidney Int 1985;
27:450–458.

26 Miller MN, Baumal R, Poucell S, et al. Incidence
and prognostic importance of glomerular crescents in
renal diseases of childhood. Am J Nephrol 1984;4:
244–247.

27 Neild GH, Cameron JS, Ogg SS, et al. Rapidly
progressive glomerulonephritis with extensive glomer-
ular crescent formation. Quart J Med 1983;52:395–416.

28 Sethi S, Sahani M, Oei LS, et al. Crescentic glomer-
ulonephritis and dense deposit disease in a woman
with breast carcinoma on immunosuppressive chemo-
therapy. Am J Kid Dis 2004;44:E33–E37.

29 Vargas R, Thompson KJ, Wilson D, et al. Mesangioca-
pillary glomerulonephritis with dense ‘deposits’ in the
basement membranes of the kidney. Clin Nephrol
1976;5:73–82.

30 Droz D, Zanetti M, Laure-Hélène N, et al. Dense
deposits disease. Nephron 1977;19:1–11.

31 Nakopoulou L. Membranoproliferative glomerulone-
phritis. Nephrol Dial Transplant 2001;16S:71–73.

32 Foucar E. Classification in anatomic pathology. Am J
Clin Pathol 2001;116(Suppl 1):S5–S20.

Dense deposit disease
PD Walker et al

616

Modern Pathology (2007) 20, 605–616


	Dense deposit disease is not a membranoproliferative glomerulonephritis
	Main
	Materials and methods
	Pathology Review
	Clinical Review
	Statistics

	Results
	Pathology
	Histologic Patterns
	Clinical Data

	Discussion
	Acknowledgements
	References


