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Abstract

The overlap syndromes of anti-neutrophil cytoplasmic antibodies (ANCA)-associated crescentic glomerulonephritis
(AACGN) and variants of immune complex medicated glomerulopathy ICMGN) have been reported. But very few have
compared AACGN alone with the overlap syndromes (AACGN plus ICMGN). The aim of this retrospective study was to
make that comparison, following serum creatinine (sCr) to determine whether the two groups (AACGN-only group versus
overlap group) would behave differently over time. We identified 14 cases with dual diagnoses of AACGN and various
ICMGN in the overlap group. Data were collected and compared with 15 randomly selected AACGN-only cases over the
similar period of time. The overlap syndrome represented 0.35% of our overall biopsies (14/4049). All 14 patients were
ANCA positive and had crescentic formation. The percentage of crescents in the biopsies ranged from 10 to 78%. ICMGN
included the following: membranoproliferative glomerulonephritis, post-infectious glomerulonephritis, membranous glo-
merulopathies, idiopathic mesangial proliferative glomerulonephritis, lupus nephritis, and IgA nephropathy. With the excep-
tion one biopsy revealing lupus nephritis class III, most of the ICMGN were mild. When compared to the AACGN-only
group, there were no significant differences in clinical and histologic indices including age, percent of crescents, and sCr (on
biopsy days, and over the follow-up periods), although the numbers of follow-up cases were limited over time. Our findings
suggest that AACGN was the dominant disease process in the majority of overlap syndromes between AACGN and ICMGN,
similar to the clinical processes of AACGN-only disease, therefore, the AACGN in overlap syndrome cases should be the
main target for clinical management.

Keywords Overlap syndrome - ANCA-associated crescentic glomerulonephritis - Immune complex-mediated
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Introduction

There are three types of crescentic glomerulonephritis
(CGN)—anti-glomerular basement membrane antibody-
mediated CGN (conventionally called type 1 CGN),
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secondary crescent formation in immune complex-mediated
diseases (so-called type 2 CGN), and pauci-immune CGN.
The etiology of the pauci-immune CGN was not clear until
the 1980s when it was found to be related to ANCA-asso-
ciated vasculitis [1-3]. Then, the ANCA-associated CGN
(AACGN) is conventionally regarded as type 3 CGN. The
ANCA-associated vasculitis in the kidney is most often pre-
sent in the glomerular capillary beds causing necrosis and
its associated inflammatory cells, leading to the rupture of
glomerular basement membranes and stimulates the prolif-
eration of parietal epithelial cells for crescent formation [4].
A small percentage of ANCA-associated CGN is present
in small-to-medium-sized arteries. P-ANCA in serology
test can be more specifically detected by myeloperioxidase,
while C-ANCA is more closely associated with positive
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proteinase 3. P-ANCA-associated CGN appears to be usually
confined to the kidneys, while C-ANCA related CGN can
have more systematic involvements such as the lungs [5].

AACGN is usually the sole pathologic etiology for its
associated rapidly progressive renal diseases. However,
AACGN is considered an autoimmune disorder, thus it is
can be seen with other immune complex-mediated glomeru-
lopathies (ICMGN) (so-called overlap syndrome), making
the pathologic differential diagnosis difficult, and obscures
clinical treatment. The concurrent ICMGN of overlap syn-
dromes have been reported to be either I[gA nephropathy
[6-9], lupus nephritis [10-14], membranous glomerulopathy
[15-19], or post-infectious glomerulonephritis [20-24]. In
this study, we found that there was a high percentage (43%)
of membranoproliferative glomerulonephritis (MPGN) (6
out of 14 cases) among variants of immune complex dis-
eases. In addition, our follow-up data for the overlap syn-
drome indicated that there were generally no significant dif-
ferences in serum creatinine (sCr) levels over time between
the overlap syndrome and AACGN-only cases, implying
that AACGN is the dominant disease process in this type of
overlap syndrome.

Methods

The retrospective study protocol was approved by the Insti-
tutional Research Board of Beaumont Health System. In
total, 4049 renal biopsies from 2008 to 2019 reviewed, we
identified 14 cases with dual diagnoses of AACGN and vari-
ous ICMGN. The patients were divided into two groups.
The first group of 14 cases was composed of AACGN and
variants of ICMGN (also called overlap group). The second
group included 15 cases with only AACGN in the absence of
ICMGN, which were randomly but relatively timely matched
to the cases in the overlap group. For each patient, clinical
indices including age, gender, ANCA status (by immunoflu-
orescent method for either perinuclear (p) or cytoplasmic (c)
staining pattern), serum myeloperoxidase/proteinase status
(by ELISA method) and sCr levels, were collected. The sCr
levels were followed-up for available patients over five years
from each renal biopsy.

Each renal biopsy was processed in a routine protocol.
Light microscopy sections using paraffin embedded tissue
(2 pm) were stained for hematoxylin and eosin, PAS, Jones’
and Trichrome. Frozen sections were cut at 3 um for immu-
nofluorescent staining of IgG, IgA, IgM, C3, Clgq, fibrino-
gen, kappa and lambda. The third specimen was fixed in
3% glutaaldehyde and routinely processed for transmission
electron microscopy.

Statistics The values were represented as mean + stand-
ard error. An unpaired student test was used to compare the
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indices between the two groups. P value less than 0.05 was
considered significantly different.

Results

The overlap syndrome represented 0.35% of our overall
biopsies (14/4049) over 11 years of period. In this study, 6 of
14 cases showed concurrent AACGN with membranoprolif-
erative glomerulonephritis (MPGN). Five were classified as
type 1 MPGN as the immune complex deposits were found
at subendothelial spaces (Table 1). One MPGN type 3 was
also identified, because the immune complex deposits were
found at multiple locations of the glomeruli. In addition,
we had two cases of post-infectious glomerulonephritis, two
cases of membranous glomerulopathies, one cases of IgA
nephropathy and one non-specific mesangial proliferative
glomerulopathy, coexisting with AACGN. As cellular cres-
cents in the cases appeared rather prominent and ICMGN
were relatively mild in patients with positive ANCA, we
determined that these cases represented overlap syndromes
between the two entities.

We also had two lupus nephritis cases, concurrently pre-
sent with AACGN. The first case was a mesangial prolif-
erative lupus nephritis, ISN/RPS class II. The accompanied
AACGN was easily identified as the lupus nephritis class 11
with deposits only in mesangial areas, which was impossible
to cause the crescent formation in the patient with positive
ANCA. The second lupus nephritis case, classified as ISN/
RPS class III, was associated with extensive crescent forma-
tion involving in up to 70% of glomeruli in a woman with
positive ANCA and lupus serology (Fig. 1). Electron micros-
copy revealed minor subendothelial immune complex depos-
its, which can argue against their capacity to break through
the glomerular basement membranes leading to extensive
crescent formation. The factors favoring an ANCA-associ-
ated crescentic glomerulonephritis included a high P-ANCA
serology with MPO positivity, light microscopy revealing
a subtle proliferative pattern and electron microscopy with
very few subendothelial and mesangial deposits. Factors that
would implicate lupus derived crescents include hypocom-
plementemia with a positive ANA and double stranded DNA
with a full house pattern on immunofluorescence. Of note,
there were limited loops for the evaluation of subendothe-
lial deposition on electron microscopy. This patient had a
poor response to treatment and her renal failure persisted.
In summary, the majority of our cases demonstrated minor
ICMGN when they were overlapped with AACGN while a
minority of cases behaved aggressively if assocaited with
lupus nephritis.

We randomly compared 15 renal biopsies with AACGN
without other disease processes (called AACGN-only
group) over a similar period of time with the overlap
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Table 1 List of primary crescentic glomerulonephritis with concurrent immune complex-mediated glomerulopathy (overlap syndrome group)
and ANCA associated crescentic glomerulonephritis, pauci-immune type (AACGN)only group

Cases Age Gender History Initial Crescent % of glomeruli Concurrent types of ICMGN  Follow-up sCr, (mg/dl)
sCr (mg/ 6 m/ly /2-5y
dl)

Dual

#1 66 M +ANCA & MPO  1.72 19% (3/18) MPGN, type 3 1.17/1.21/1.41

66 M

#2 55 F +p-ANCA & MPO 4.87 28% (2/7) MPGN, type 1 n/a

#3 75 F +p-ANCA 3.86 25% (2/8) MPGN, type 1 3.424.72 /5.99

#4 62 M +ANCA & MPO  6.71 53% (7/13) MPGN type 1 6/10/HDD

#5 70 F +MPO 4.95 20% (2/10) MPGN type 1 died

#6 56 M +p-ANCA & MPO 9.67 35% (7/20) MPGN type 1 2.95/2.77/-

#7 76 F +p-ANCA & MPO 6.27 66% (4/6) Post-infectious GN n/a

#8 63 M +c-ANCA 4.40 78% (3/4) Post-infectious GN n/a

#9 58 M +p-ANCA 3.12 10% (4/42) MGN —/-14.4

#10 79 M +ANCA & MPO  7.55 40% (4/10) MGN HDD

#11 65 F +c-ANCA 2.51 44% (7/16) IgA Nephropathy 1.71/1.64 /-

#12 69 F +p-ANCA & MPO 1.80 11% (4/35) Lupus nephritis, class II 2.10/1.38 /1.63

#13 48 F +p-ANCA & MPO 9.80 73% (11/15) lupus nephrits, class I1I 7.38/-1-

#14 66 F +MPO 1.67 12% (4/33) Mesangial proliferative GN  1.82/1.59/1.34

ANCA only Age Gender History sCr Crescent % of glomeruli Concurrent disease Follow-up sCr, mg/dl

6 m/ly /2-5y

1 69 M +p-ANCA & MPO 2.52 27% (6/22) - 1.79/1.80 /2.45

2 72 F +c-ANCA & PR3 1.62 66% (4/6) - 2.39/1.36 /-

3 71 F +ANCA 3.59 73% (8/11) - n/a

4 62 M +p-ANCA & MPO 2.50 22% (5/22) - 1.31/1.31 /-

5 20 M +c-ANCA & PR3 5.00 56% (9/16) - n/a

6 69 F +p-ANCA 4.9 20% (1/5) - n/a

7 33 M +c-ANCA & PR3 10.49 33% (1/3) - 7.7/HDD

8 79 F +p-ANCA 4.84 43% (3/7) - 1.61/1.76 /-

9 69 M +p-ANCA & MPO 3.03 22% (2/9) - 1.31/1.43 /1.27

10 74 F +c-ANCA & PR3 2.56 17% (1/6) - 1.69/1.71 /1.30

11 87 M +c-ANCA & PR3 1.84 27% (3/11) - 1.76 /1.66 /died

12 74 F +ANCA 247 71% (37/52) - 1.32/1.23 /-

13 58 M +p-ANCA 2.04 10% (4/42) - —/3.25/-

14 61 M + ANCA & PR3 2.85 27% (3/11) - 1.7912.66 / —

15 62 F +c-ANCA & PR3 1.67 37% (6/16) - n/a

MPO myeloperoxidase, PR3 proteinase 3, Pro/cr urine protein/creatine, MPGN membranoproliferative glomerulonephritis, sCr serum creati-
nine, CGN crescentic glomerulonephritis, GN glomerulonephritis

syndrome group (Table 1). Patient’s mean age and percent
of crescentic glomeruli in the AACGN-only group were
similar to the overlap syndrome group (Table 2). Serum
creatinine levels on the day of biopsy and over 5-years of
follow-up were also similar between the two groups (no
significant difference is statistically found), despite lim-
ited numbers of cases available in each group over time.

Discussion

The exact prevalence of overlap syndrome between
AACGN and ICMGN is difficult to determine, since
most of the overlap syndrome cases were reported as
case reports or a small series between AACGN and one

@ Springer



518

International Urology and Nephrology (2021) 53:515-521

Fig. 1 Overlap syndrome between AACGN and lupus nephritis class
III. Large cellular crescents, replacing almost entire glomeruli, were
seen in 70% of glomeruli such as seen in a (hematoxylin—eosin stain-
ing). Focal proliferative glomerulus was present in minority of the
glomeruli on hematoxylin and eosin stained section (b) with 3 + posi-
tive immunofluorescent staining for Clq in ¢ (full house pattern of
positive immunofluorescent stainins for IgG at 3+, IgM at 1-24,

-
o

IgA at 14, C3 at 3+, kappa at 3+and lambda at 3+, not shown).
Electron microscopy in d revealed some immune complex deposits
in mesangial areas (indiced by white arrow) but relatively small sub-
endothelial immune complex deposits with focal duplication of glo-
merular basement membrane (blue arrow); the insert shows enlarged
subendothelial deposits, indicated by another bigger yellow arrow.
(Magnifications X400 in a, b, X 600 in ¢, and X 5,200 in d)

Table 2 Comparison of indices between overlap syndrome group and AACGN-only group

Mean Age (years) Crescent % of sCr on biopsy 6 m sCr, mg/dl 1y sCr, mg/dl 2-5y sCr, mg/dl
glomeruli day, mg/dl

Over-lapping 66+2 34.6+6.2 4.78+0.72 2.78+0.55 2.22+0.55 2.95+0.95
N=14 N=14 N=14 N=8 N=6 N=5

AACGN 59+6 36.7+5.2 3.46+0.58 2.27+0.61 1.81+0.20 1.67+0.38

only N=15 N=15 N=15 N=10 N=10 N=3

P value 0.3116 0.7988 0.5526 0.4295 0.3619 0.4873
NS NS NS NS NS NS

m months, y years, NS no significant difference

particular type of ICMGN such as IgA nephropathy,
lupus nephritis or membranous glomerulopathy (Table 3)
[6-24]. Our study revealed only 0.35% biopsies showing
both AACGN and ICMGN (with positive ANCA serol-
ogy), which were documented in our pathologic reports.
Several overlap syndrome studies between AACGN and
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lupus nephritis indicates that this type of overlap syn-
drome cases between AACGN and one particular type of
ICMGN are indeed rare (possibly less than 2%) [10-12].
There are two major findings in our study. First, we
found that MPGN represented 43% of all overlap syndrome
cases (6 out of 14). As to our knowledge, no single study
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Table 3 Summary of overlap syndrome between ANCA associated crescentic glomerulonephritis (AACGN) and immune complex-mediated
glomerulopathy (ICMGN) identified with both serologic and histologic evidence

Type of ICMGN Study type Overlap  Follow-up Major conclusions
syndrome
#

IgA nephropathy [6] Case report 3 Yes Good renal outcome with early immunosup-
pression

IgA nephropathy [7] Case report 2 Yes Improved renal function with immunosuppres-
sion, persistent proteinuria in one

IgA nephropathy [8] Case report 1 Yes Eventual renal fibrosis, renal failure and con-
tinuing proteinuria

IgA nephropathy [9] Case report 1 No n.a

Lupus nephritis [13] Case report/series 4 No n.a

Lupus nephritis [11] Case report 2 Yes Remission with stable creatinine in one patient

Lupus nephritis [14] Review n.a n.a n.a

Lupus nephritis [12] Case report/series 10 Yes 30% mortality rate from infectious complica-
tions secondary to therapy, but complete to
near-complete remission in survivors

Lupus nephritis [10] Case report/series 8 Yes Low prevalence of overlap syndrome (2%)

Membranous Glomerulopathy [16] Case report Yes Responded to immunosuppression: ANCA(-)
after 3 months, MGN resolved after 1 year

Membranous Glomerulopathy [19] Case report/series 10 Yes 30% died of sepsis/vasculitis; aggressive course
but may respond to immunosuppression

Membranous Glomerulopathy [18] Case report 1 Yes Improved renal function and decreased cellular
crescents at 3 months

Membranous Glomerulopathy [15] Case report 2 Yes ESRD in one, resolution in the other

Membranous Glomerulopathy [17] Case report/series 14 Yes 50% ESRD or death

Post-infectious glomerulonephritis [24] Case report 2 Yes Recovery with antibiotic treatment

Post-infectious glomerulonephritis [21] Case report/eries 3 Yes Recovery with antibiotic treatment

Post-infectious glomerulonephritis [23] Case report/series 4 No n.a

Post-infectious glomerulonephritis [20] Case report 1 Yes Recovery with antibiotic treatment

Post-infectious glomerulonephritis [22] Case report 1 Yes Renal function did not improve with antibiot-
ics, but did after plasmapharesis

Current study Research study (retrospective) 14 Yes Overlap cases had similar sCr to AACGN-only

cases

Case report is defined by a report with not more than two cases. Case report/series usually show more than two cases without statistical analysis.
Research study is defined by comparison of groups using statistical analysis. N.a. not available, sCr serum creatinine

has revealed the dominance of MPGN cases in the overlap
syndrome. Theoretically, subendothelial deposits can have
the potential to break glomerular basement membranes
stimulating secondary crescent formation, while primary
crescents associated with ANCA result from the erosion
of glomerular endothelial cells and glomerular basement
membranes by released myeloperoxidase or proteinase-3
from neutrophils and activated complements, leading to the
stimulation of parietal epithelial proliferation. Our cases
showed a large portion of crescent formation (some with
necrosis), but mild features of MPGN, supporting that the
crescent formation was most likely linked to the positive
ANCA in these overlap syndrome cases. Other overlap
syndrome cases in the study were also characterized with
prominent crescent formation but minor immume complex
depositis. With positive serology for ANCA (and/or positive

myeloperoxidase or proteinase-3), we have determined that
our 14 cases qualified as an overlap syndrome. Second, we
compared the overlap syndrome cases between AACGN and
ICMGN with AACGN-only cases for the analysis of histo-
logic and clinical indies. We found that there was no sig-
nificant difference in the histologic and clinical indices. The
percent of crescent formation and sCr was similar between
the two groups. This indicates that the majority of overlap
syndromes had AACGN as the dominant disease process,
similar to AACGN-only group. Certainly, our case numbers
appeared relatively small, particularly the number of sCr val-
ues dropped during the follow-up check over 5 years. Larger
studies are needed to confirm our findings. Another limita-
tion of this study is that our overlapped ICMGN were com-
posed of different variants of ICMGN. Some presented with
significant proteinuria such as membranous nephropathy
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and some were mainly associated with hematuria as IgA
nephropathy and post-infectious glomerulonephritis, there-
fore, proteinuria values cannot be reliably evaluated in our
overlap syndrome cases for comparison with AACGN-only
cases.

There are several studies approaching the overlap syn-
dromes between AACGN and ICMGN from different angles.
Early on, two retrospective studies investigated whether
AACGN would be “pure” pauci-immune [25, 26]. They
retrospectively reviewed electron microscopy for immune
complex deposits. Haas et al. found that up to 54% of so-
called pauci-immune crescentic glomerulonephritis actually
had some electron dense deposits [25]. As some showed
positive immunofluoresccent stains, they regarded the elec-
tron dense deposits as immune complex deposits. Further-
more, they demonstrated that cases with mixed AACGN
and “immune complex deposits” had significantly higher
levels of proteinuria than AACGN only cases. However,
we discovered that pathologic diagnoses were critical for
patients’ clinical management. A retrospective identification
of electron dense deposits would change the initial diagno-
ses and miss a large range of ICMGN, particularly as the
authors did not specify the subtype of ICMGN. The study
did not show accompanied kappa and lambda staining data,
which would be critical to determine true immune complex
deposits versus non-specific electron dense deposits such as
fibrin or necrotic material. Because we believe that 54% is
too high a percentage and does not support our finding in
“the overlap syndrome”, we hesitate to put the two studies
into the current Table 3.

In recent years, two other studies focused on serologic
findings of both positive ANCA and positive serology for
lupus [27, 28]. We applaud their suggestions to check serum
ANCA for patients with lupus nephritis, as they found up
to 14% dual positive serology for both ANCA and lupus.
But they did not mention what was the percent of biopsies
showing crescents in the lupus nephritis cases. Therefore,
the dual positive serology studies are addressing different
issues from the histologically identified overlap syndrome
with both primary crescent formation and lupus nephritis
reported by others [10-14]. Here, we have to emphasize that
“true” overlap syndrome with matched histologic and sero-
logic identification are indeed relatively rare [10-12] as we
only observed 0.35% in our practice (documented on our
pathologic reports). It appears that these overlap syndrome
cases between AACGN and lupus nephritis carry a worse
prognosis, but our study with only 2 such lupus cases out of
14 overlap syndrome cases cannot either confirm or disap-
prove their findings.

Endocarditis-associated glomerulonephritis can present
with 53% of crescent formation and 28% of positive rate for
ANCA, while there is often concurrent focal or diffuse pro-
lifearative glomerulonephritis up to 53% as well [29]. This
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may represent a unique finding indicating that one etiology
may trigger two disease processes. As the authors did not
mention their endocarditis-associated glomerulonephritis
cases as overlap syndrome [29] and we have limited experi-
ence for this entity [30], we leave to future studies to deter-
mine if some of endocarditis-associated glomerulonephritis
can be counted as overlap syndrome.

In conclusion, most of our overlap syndrome cases with
positive ANCA showed profound crescent formation but
minor immune complex-mediated renal diseases, which rep-
resented a small percent of our renal biopsy cases. The over-
lap syndrome cases revealed similar percentage of crescent
formation in renal biopsies and similar levels of sCr over
time with those of only AACGN, implying that this type of
overlap syndrome behaves similarly to AACGN only cases,
therefore, the AACGN in overlap syndrome cases should be
the main target for clinical management.
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