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The Utility of Assessing CD68+ Glomerular Macrophages in Assessing

Endocapillary Hypercellularity in IgA Nephropathy

Abstract

Introduction: IgA nephropathy (IgAN) is the most common form of glomerulonephritis across the
world. Oxford classification defines criteria and effects of endocapillary hypercellularity on E score
but the reproducibility of the same is debatable. Hence, there is a need for an objective marker
that could establish a gold standard in assessing endocapillary hypercellularity. Methods: Forty
biopsies of proven IgAN were taken and grouped into two groups based on the presence or
absence of endocapillary hypercellularity (n = 20 each). These biopsies were then stained by CD68
immune stain and the glomerular macrophages were quantified. Mean serum creatinine, presence
of hypertension, degree of proteinuria and haematuria at the time of biopsy were also recorded
and the correlation between these parameters and endocapillary hypercellularity was also studied.
Results: Mean glomerular CD 68+ cell count was significantly higher in glomeruli showing
endocapillary hypercellularity. Utilising the objective cutoff values of 0.6 CD68+ per glomerulus,
more than 8 glomerular CD68+ cells in the entire biopsy and/or around 4 CD68+ cells in the most
inflamed glomerulus, endocapillary hypercellularity can be predicted with a sensitivity of 70-80%
and specificity of 70%. After regrouping the biopsies based on the cutoff values obtained from the
receiver operating curve analysis the mean urine RBC count per high power field showed a significant
correlation with endocapillary hypercellularity. Conclusion: Glomerular CD68+ macrophage count
seems to be a promising approach in assessing endocapillary hypercellularity. Further studies with
emphasis on correlation with the clinical outcome are needed to validate its utility as an objective
tool.
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Introduction

Immunoglobulin A (IgA) nephropathy
(IgAN) is the most common form of
glomerulonephritis worldwide and most
commonly affects young adults. Since 2009,
Oxford classification has largely replaced
all the previous classifications which
were earlier used for IgAN.!'2 Patients
whose biopsies score El (endocapillary
hypercellularity) on histopathology are more
likely to receive immunosuppression.t!
Score E1 has been independently associated
with more rapid loss of renal function
and worse renal survival.! The Oxford
Classification E  score (endocapillary
hypercellularity) carries prognostic
significance and can predict renal function
deterioration in IgAN patients but is poorly
reproducible.’) Macrophage infiltration is
often seen in glomerular injury and hence,
identification of glomerular macrophages by
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immunohistochemistry (IHC) might assist
in identifying endocapillary hypercellularity.

This study aims at assessing the utility
of CD68+ glomerular macrophages in
identifying E1 lesion in cases of IgAN
along with the determination of an objective
cutoff value for CD68+ macrophages,
which can predict the presence of
endocapillary  hypercellularity.  Besides,
we have studied the correlation between
the presence and absence of endocapillary
hypercellularity and proteinuria, serum
creatinine, hypertension and haematuria at
the time of biopsy.

Methods

Kidney biopsies with proven IgAN on light
microscopy were studied. All the biopsies
included in the study had a minimum
of 8 viable glomeruli. The clinical and
laboratory data were recorded. All the
biopsies were reviewed for endocapillary
cellularity. The biopsies were then scored

How to cite this article: Agrawal N, Gowrishankar S. The
Utility of Assessing CD68+ Glomerular Macrophages
in Assessing Endocapillary Hypercellularity in IgA
Nephropathy. Indian J Nephrol 2021;31:16-21.

Neha Agrawal,
Swarnalata
Gowrishankar

Department of Histopathology,
Apollo Hospital, Jubilee Hills,
Hyderabad, Telangana, India

Received: 21-11-2019
Revised: 03-04-2020
Accepted: 14-04-2020

Published: 27-01-2021

Address for correspondence:
Dr. Neha Agrawal,
Department of Histopathology,
Health Street Building, 6"
Floor, Apollo Hospital, Jubilee
Hills, Hyderabad - 500 096,
Telangana, India.

E-mail: neha_doc2005@yahoo.
co.in

Access this article online

Website: www.indianjnephrol.org

DOI: 10.4103/ijn.IJN_380_19
Quick Response Code:

© 2021 Indian Journal of Nephrology | Published by Wolters Kluwer - Medknow



Agrawal and Gowrishankar: CD68+ glomerular macrophages in IgA nephropathy

following the Oxford classification 2016 on PAS stained
sections and were divided into two groups; El and
EO based on the presence or absence of endocapillary
hypercellularity, respectively [Figures 1 and 2]. Each group
had 20 biopsies. Glomerular macrophages were assessed
and quantified on CD 68 IHC stained sections using clone
KP1 of monoclonal mouse anti-human antibody on Ventana
benchmark XT. Mononuclear cells with histomorphological
characteristics of macrophage with granular cytoplasmic
staining pattern were considered positive [Figures 1 and 2].
The macrophage count was done in every non-sclerosed
viable glomerulus.

Glomerular macrophage infiltration on IHC stained sections
was evaluated under three parameters. A total number of
glomerular CD68+ cells in the entire biopsy (CD68+ cell)
were estimated. CD68+ cells per glomerulus were obtained
by dividing the total number of glomerular CD68+ cells
seen in the biopsy by the number of glomeruli seen in
a biopsy. This was recorded as CD68+/glom. Besides,
CD68+ cells in the most inflamed glomerulus were
recorded and documented as CD68 max. The mean values
for all of these three variables were obtained and compared
between EO and E1 groups using an independent sample
t-test. A cutoff value was also obtained for all of these
three parameters using receiver operating characteristic
analysis (ROC curve). The respective sensitivity and
specificity of the cutoff values of CD68+ cells, CD68+/
glom and CD68+ max in determining the presence
or absence of endocapillary hypercellularity was also
calculated. The relationship between CD68+ macrophage
count and continuous M, E, S, T and C variables were
estimated through Pearson’s product-moment correlation.

Serum creatinine levels were recorded and a mean value
was obtained for each group. The intensity of proteinuria
on urine dipstick test was assessed as presence or
absence of < or >2+ protein and the percentage of cases
in each category was recorded. Similarly, the presence or
absence of hypertension was documented and recorded

as a percentage in both groups. Urine RBC count per
high-power field (hpf) was recorded and the mean values
were obtained in each group. All these clinical and
laboratory parameters were then compared between both
the groups by using independent sample -test and P values
were obtained for each of them.

All the 40 biopsies were subsequently regrouped into EO
and El group utilising the cutoff values of the parameter
glomerular CD68+ macrophages obtained from the ROC
curve analysis. The correlation between the clinical
parameters and the E score was studied again in a similar
manner and P values were obtained for each parameter.

Results

In all the 40 biopsies segregated into E0 and E1 groups
based on the presence or absence of endocapillary
hypercellularity (n = 20 each), the mean value of CD68+/
glom was 0.45 in EO group while it was recorded as
1.57 in El group [Table 1]. The P value obtained was
highly significant (P < 0.001). Mean values of glomerular
macrophage infiltration in the most inflamed glomerulus
CD68+ max [Table 1] were 2.3 and 7.25, respectively
in EO and El group. (P < 0.001) The mean values of
CD68+ cells in the entire biopsy were recorded as 6.65 in
the EO group and as 26.7 in the E1 group [Table 1]. The
P value obtained was highly significant (P < 0.001). There
was no significant correlation observed between M, S, T
and C scores and glomerular macrophage count.

Figure 3 shows that the area under the ROC curve for the
test parameter CD68+/glom is 86.8% which implies that
the parameter CD68+ cells/glom has good accuracy in
distinguishing the two groups i.e., E0 and E1. A maximum
cutoff value of 0.6 was derived and had a sensitivity of 75%
and specificity of 70% [Table 2]. Similarly the area under
the curve for CD68+ max was 87.5%. The cutoff value for
CD68+ max was 3.5 with a sensitivity and specificity of
70%. A cutoff value of 8 was calculated for CD68+ cells in
the entire biopsy with a sensitivity of 80% and specificity

CD68IHC

Ve,

Figure 1: EO lesion on PAS (1, 2); Absence of CD68+ cells on IHC (3, 4) (400x)

Figure 2: E1 lesion on PAS (1, 2); CD68+ cells as seen on IHC (3, 4), (400x)
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Table 1: Comparison of glomerular macrophage infiltration in EO and E1 groups

Test parameter EO0 (n=20) E1 (n=20) P M score P S score P T score P C score P
CD68+/ glom 0.45 1.57 <0.001 0.71 0.48 0.70 0.50
CD68+ max 23 7.25 <0.001 0.73 0.35 0.47 0.32
CD68+ cells 6.65 26.7 <0.001 0.99 0.71 0.84 0.90

Data expressed as mean values; P<0.05 is considered significant

of 70%. The area under the ROC curve for this parameter
was 86.9%. The mean value of serum creatinine in both EO
and E1 group was 2.02 (P = 0.995).

Hypertension in the EO group was in 76.9% cases while
in El in 57.14% cases (P = 0.28). Around 55.6% of cases
included in the EO group showed more than 2+ proteinuria
on urine dipstick while 51.3% of cases in the E1 group
showed a similar intensity of proteinuria (P = 0.61). Mean
urine RBC count per high power field did not show any
statistical difference between both the groups (P = 0.256).
The mean count was 21.79 in the EO group while it was
27.55 in the E1 group [Table 3].

Using the cutoff value of glomerular CD68+ macrophages
in the most inflamed glomerulus (CD68 max) obtained
from the ROC curve analysis, all the 40 kidney biopsies
were regrouped in EO and E1 groups [Table 4]. After
applying the cutoff values, 4 cases included in the El
group were regrouped as EO and similarly, 6 cases included
in the EO group were regrouped as E1.The clinical and
laboratory parameters were compared again between both
the groups. Mean s.creatinine levels were 2.07 mg/dL in
the EO group and 1.97 mg/dL in the E1 group. (P = 0.40).
The percentage of cases showing hypertension in the EO
group was 69.2% while 64.3% of cases had hypertension
in the E1 group. Though cases showing more than 2+ urine
protein were higher in the E1 group (61.1%) in comparison
to the EO group (40%), it did not reach statistical
significance (P = 0.23). Mean RBC count per high power
field in urine was significantly higher in the E1 group (35.8)
when compared to the E1 group (9.7), (P < 0.001).

Discussion

IgAN is the most common cause of primary kidney
disease globally and up to one-third of patients with IgAN
will progress to kidney failure by 10 years following
diagnosis.’®” In India, the prevalence has been estimated
to be between 12 t015% of all renal biopsies.®! As per the
Oxford classification of [gAN, endocapillary hypercellularity
is defined as “hypercellularity due to an increased
number of cells within glomerular capillary lumina,
causing narrowing of the lumina”.”! The identification of
endocapillary hypercellularity is an important prognostic
factor in determining the clinical course of IgAN. In the
original Oxford classification and many of the subsequent
studies, E score has not shown a significant correlation
with the clinical outcome in patients of IgAN. However,
these studies reflect treatment bias as the patients with E

Table 2: Diagnostic accuracy of cutoff values of the three
test parameters in diagnosing an E1 lesion

Diagnostic Cutoff Sensitivity (%) Specificity (%)
parameter value

CD68+/ glom 0.6 75 70
CD68+ max 35 70 70
CD68+ cells 8 80 70

Table 3: Comparative analysis of clinical parameters
between EO and E1 group

E0 E1l P
s.Creatinine (mean) 2.02 2.02 0.995
Hypertension (%opresent) 76.9 57.14 0.28
Proteinuria >2+(%) 55.6 51.3 0.61
Urine RBC/hpf (mean) 21.79 27.55 0.256

Table 4: Correlation of clinical parameters with the E
score after regrouping under the CD68+ cutoff values

obtained
E0 E1 P
s.Creatinine (mean) 2.07 1.97 0.40
Hypertension (% present) 69.2 64.3 0.79
Proteinuria >2+(%) 40 61.1 0.23
Urine RBC/hpf (mean) 9.7 35.8 <0.001

P<0.05 is significant

score were more likely to receive immunosuppressive
therapy which could explain the improved outcome in
these patients.!

Studies by Karoui et al. and Chakera et al.™'*'"! reported
that the E 1 score was independently associated with
more rapid loss of renal function and worse renal
survival. The patients in both studies did not receive
immunosuppressive therapy. Similar findings were reported
by Lee et al." Patients with El lesion especially the ones
who did not receive immunosuppression showed more
rapid loss of renal function. The resolution of endocapillary
hypercellularity following immunosuppression further
supports the prognostic significance of E score.!"*

Recently the reproducibility of the E score between
pathologists has been questioned.’! Bellur et al. in their
study reported that the reproducibility for endocapillary
hypercellularity and mesangial proliferation between local
and central pathologists was poor.''¥ Though Roberts et al.”’]
reported moderate reproducibility for global or segmental
endocapillary hypercellularity, poor or fair reproducibility
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Figure 3: ROC Curve % (Ref. area >= 90% is excellent, >= 80 is good and >= 70 is fair.)

was reported for a percentage of glomeruli showing
segmental endocapillary hypercellularity. An objective
marker that could assess endocapillary hypercellularity
with reasonable precision would be extremely helpful to
assign a definite E score.

In our study, we were able to demonstrate that the
glomerular CD68+ macrophages were significantly higher
in the biopsies which showed endocapillary hypercellularity.
The area under the ROC curve for all the three test
parameters CD68+/glom, CD68+ max, CD68+ cells
was >80%; hence all three parameters are good diagnostic
tests to identify an E1 lesion. We recommend CD68 max
as the preferred method for identifying E1, as endocapillary
hypercellularity can manifest as a segmental lesion and
might not necessarily be diffuse. Besides, Soares et al.¥
have used similar criteria in their study.

Macrophages have been demonstrated in proliferative
glomerulonephritis as a part of endocapillary
hypercellularity.'>!9 Qiong et al'™ have emphasised
the use of CD 68 positive macrophages to identify
endocapillary hypercellularity. Similar findings were
reported by Viola et all'" The number of glomerular

macrophages and the area of glomerular endothelial cells
was significantly greater in IgAN than in minimal change
disease indicating glomerular inflammation is associated
with endothelial cell enlargement. Role of macrophages has
also been studied previously in the pathogenesis of lupus
nephritis with the highest macrophage infiltration seen in
biopsies with diffuse class IV and the lowest number in
ISN/RPS class V lupus nephritis.['”)

We used clone KP1 of monoclonal mouse anti-human
antibody in our study. Aberrant immunoexpression of
CD68 in non-human myeloid-derived cells is more
frequent for clones KP1 and EBMI1 in cryostat sections
in comparison to the clone PG-M1 which was used by
Soares et alP! to assess the E score. However, in our
study cytoplasmic positivity for CD 68 was recorded
strictly in an endocapillary lumen in mononuclear cells
with histomorphological characteristics of macrophage.
Utilising the objective cutoff values of 0.6 CD68+/
glom, more than 8 glomerular CD68+ cells in the entire
biopsy and/or around 4 CD68+ max, endocapillary
hypercellularity can be predicted with a sensitivity of
70-80% and specificity of 70%. Since the number of
glomeruli in a biopsy can be variable and also considering
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the segmental distribution of E1 score in a biopsy, using
a maximum number of CD68+ cells in the most inflamed
glomerulus (CD68 max) should be favoured. Soares
et alP advocated a strong correlation between median
glomerular CD68 count and endocapillary hypercellularity.
They have proposed that a maximum glomerular CD68
count of 6 is the best cutoff for distinguishing EO from
E1 (sensitivity 94.1%, specificity 71%, area under the ROC
curve = 89%). Besides, they emphasise that identification of
endocapillary hypercellularity in biopsies with a maximum
glomerular CD68-count >6 was reproducible with a kappa
score of 0.8.

Though we did not observe any statistically significant
association for presence or absence of hypertension, more
than 2+ proteinuria, urine RBC count and s.creatinine
levels at the time of biopsy with E score, after regrouping
the clinical data based on the cutoff value values of
glomerular CD68+ cells obtained, mean URBC count
showed a significant association with the presence of
endocapillary hypercellularity. Tiwari et al.?? described
the correlation of haematuria with renal histology. They
were able to show a correlation of gross haematuria with
a degree of endocapillary proliferation and tubular atrophy
and interstitial fibrosis. It was concluded that haematuria
correlates well with the presence of severe lesions like
endocapillary proliferation on biopsy.

Identification of CD 68+
immunohistochemistry to assess endocapillary
hypercellularity seems to be a promising approach.
A limitation of this study was that follow-up data were
not available for these patients. Further studies with
larger sample numbers, multivariate analysis, and clinical
correlation are required to validate it.

tissue macrophages by
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