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Retraction

The article titled, "C4d deposition in native kidney disease and its correlation with proteinuria and serum
urea/creatinine”, published in the International Journal of Research in Medical Sciences, Volume 6, Issue 12,
2018, Pages 3935-3941, DOI: http://dx.doi.org/10.18203/2320-6012.ijrms20184886 is being retracted. We
received complaint from one of the co-authors, after publication of the article that corresponding author, Dr.
Sant Pandey had submitted the manuscript without informing other co-authors and it was not his original work.
We contacted the corresponding author who could not satisfactorily respond to our queries. Since the author
could not satisfactorily defend his paper and contravened the declaration he made while submitting his
manuscript, it was decided to retract the article from International Journal of Research in Medical Sciences and
not to consider any manuscript submitted by him in future.
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ABSTRACT

Background: C4d is a well-known biomarker of the complement cascade. It is derived from cleavage of the labile
thioester bond of C4b. This cleavage provides C4d a covalent bond which helps C4d to anchor to nearby cells where
immune complexes are deposited. Antibodies.dissociate naturally because of relatively weak hydrostatic and Van der
Waals forces between antigens and antibodies, whereas covalent bond of C4d has a much longer half-life. For this
reason, C4d serves as a footprint of complement activation.

Methods: This was a retrospective and prospective cross-sectional study, done at our tertiary care hospital.

Results: Authors evaluated 50 cases and. 10 controls to adjudge the significance of C4d deposits in native renal
diseases. Majority of the patients (44%) were in the age group of 10-20 years followed by 20% in the age group of
31-40 years. 62% of study population were male. Majority of patients were diagnosed with FSGS (16%), followed by
membranous nephropathy (14%), lupus nephropathy (14%) and IgA nephropathy (12%). There was correlation of
intensity expression of glomerular C4d deposits with presenting 24 hours urinary protein level at the time of biopsy (p
value=0.027) but no correlation.with.urea/creatinine.

Conclusions: All patients diagnosed with membranous nephropathy, IgA nephropathy and hypertensive nephropathy
showed glomerular C4d deposits, and also diagnosed with IgA nephropathy, post infectious glomerulonephritis, lupus
nephritis,. minimal-change disease, acute/chronic tubulointerstitial nephritis, diabetic nephropathy, hypertensive
nephropathy. showed tubular C4d deposits. All patients diagnosed with diabetic nephropathy and hypertensive
nephropathy showed arterial C4d deposits.

Keywords: Chronic kidney disease, Focal segmental glomerular sclerosis, IgJAN-IgA nephropathy, Lupus nephritis

INTRODUCTION

C4d is a well-known biomarker of the complement
cascade. It is derived from cleavage of the labile thioester
bond of C4b. This cleavage provides C4d a covalent bond
which helps C4d to anchor to nearby cells where immune
complexes are deposited. Antibodies dissociate naturally
because of relatively weak hydrostatic and VVan der Waals

forces between antigens and antibodies, whereas covalent
bond of C4d has a much longer half-life. For this reason,
C4d serves as a footprint of complement activation. The
utility of C4d in the identification in the Banff
classification in 2003.

Recently, many researchers have turned their attention to
C4d deposition in native renal diseases. Xing et al,
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investigated that complement activation is involved in
renal damage of  pauci-immune  crescentric
glomerulonephritis.* Espinosa-Hernandaz et al, suggested
that C4d is a useful tool for the differential diagnosis of
membranous nephropathy and minimal change disease.?
Negative mesangial C4d staining in glomeruli in patients
with IgA nephropathy helps to identify patients with good
long term prognosis for whom aggressive treatment is not
required. Also, positive staining in tubular epithelium
significantly correlates with a higher grade of WHO
classification.®

However, very little information is available on the
pathogenesis of various diseases that are activated by the
compliment system. Therefore, it is reasonable to expand
the study of C4d to other immunologic diseases to prove
C4d deposition on immune complexes and to find a new
role of C4d in other diseases.

Aims and objectives was to investigate the role of C4d
deposition in native renal diseases and to establish the
correlation of its expression with varying histologic
grades of the disease. Also, to analyze and correlate urine
protein excretion, serum urea and serum creatinine in
patients with follow up.

METHODS
Study design

A retrospective and prospective cross-sectional study was
done at this tertiary care hospital. The sample was
collected with adequate patient’s clinical information,
proper consent and processed routinely. Each'renal tissue
was stained with hematoxylin and eosin, periodic acid
Schiff along with silver methanamine and Masson’s
Trichome stain as and when required, examined and
findings interpreted to make a definite diagnosis. Further
immunohistochemical staining for. C4d was done and
interpreted.

Duration ofstudy

e Retrospectively-From January 2016 to July 2016,
e < Prospectively-From August 2016 to February 2017,
e Follow up-each case was followed up for 6 months.

Sample size

Sample size was calculated with 95% confidence in
interval estimation, 15% anticipated range from previous
studies and 10% absolute error of margin by using
formula:

n = Z%n(1-w)/d?

Where,

Z = Table value of alpha error from standard normal
distribution table (1.96 for 95% confidence interval),

7 = anticipated range (from previous studies),

d= the absolute precision required on either side of true
value of the population proportion m,

Population proportion =V = 15% = 0.15,

Level of significance (alpha error) =5%,

Margin of error =d=0.1,

Confidence interval = 95%.

n = (1.96)>X 0.15 X 0.85/(0.1)

Thus, minimum sample size was decided to be 50.
Authors evaluated 50 cases and 10 controls with follow

up.
Inclusion criteria

All the diagnosed and suspected cases of native renal
disease.

Exclusion criteria

All the known cases of renal transplant and/or established
renal neoplasm.

Case defination
All diagnosed cases of native renal disease.
Control definition

e Autopsy/cadaveric specimen of kidney showing
unremarkable histology and few other cases with
unremarkable glomeruli as a negative control.

e Renal graft section from a kidney transplant patient
with antibody mediated rejection as a positive
control.

Statistical analysis

Quantitative data is presented with the help of mean and
standard deviation. Comparison among the study groups
is done with the help of unpaired t test as per results of
normality test. Qualitative data is presented with the help
of frequency and percentage table. Association among the
study groups is assessed with the help of Fisher test,
student ‘t’ test and Chi-Square test. ‘p’ value less than
0.05 is taken as significant.

RESULTS

A total of patients (50 cases and 10 controls) were studied
to adjudge the significance of C4d deposits in native
renal diseases across Indian cohort of patients.
Distribution of patients according to age

Majority of the patients (44%) were in the age group of

10-20 years followed by 20% in the age group of 31-40
years, 12 % in the age group of 21-30 years, 10% in the
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age group of 41-50 years, 8% in the age group of 51-60
years and 6% in the age group of 61-70 years. The mean
age of the patients was 29.4+16.60 years. Majority of
patients (16%) were diagnosed with focal segmental
glomerulosclerosis (16%) followed by membranous
nephropathy (14%) lupus nephritrits (14%) and IgA

The association of glomerular C4d deposition and disease
group is characterized in Table 2.

All patients diagnosed with membranbous nephropathy,
IgA nephropathy and hypertensive nephropathy showed
glomerular C4d deposits.

nephropathy (12%).

Table 1: Distribution of patients according to histopathological diseases and C4d staining pattern.

Glomerular C4d Deposition
C4d positive C4d negative
% %

Disease Group

zZ
=z

Focal segmental glomerulosclerosis 0 - 8 100% 8 0.168
Membranous nephropathy 7 100% 0 - 7 0.163
Lupus nephritis 3 43% 4 57% 7 0.137
IgA nephropathy 6 100% 0 - 6 0.123
Post infection glomerulonephritis 2 40% 3 60% 5 0.174
Diffuse global sclerosis 0 - 4 100% 4 0.179
Minimal change disease 0 - 4 100% 4 0.113
acute/chronic tubulointerstitial nephritis 0 - 3 100% 3 0.119
Diabetic nephropathy 1 50% 1 50% 2 0.171
Hypertensive nephropathy 2 100% 0 - 2 0.121
Membranoproliferative glomerulonephritis 1 50% 1 50% 2 0.137
Total 20 40% 30 60% 50

Table 2: Association of tubular'C4d deposition and disease group.

Tubular C4d Deposition

Disease group C4d Positive C4d negative p value

N % N % _

Focal segmental glomerulosclerosis 1 12.5% 7 87.5% 8 0.194
Membranous nephropathy 6 85.7 1 14.3% 7 0.187
Lupus nephritis 7 100% 0 - 7 0.156
IgA nephropathy 6 100% 0 - 6 0.182
Post infection glomerulonephritis 5 100% 0 - 5 0.163
Diffuse global sclerosis 0 - 4 100% 4 0.185
Minimal change disease 4 100% 0 - 4 0.271
Acute/chronic tubulointerstitialnephritis 3 100% 0 - 3 0.251
Diabetic nephropathy 2 100% 0 - 2 0.208
Hypertensive nephropathy 2 100% 0 - 2 0.102
Membranoproliferative glomerulonephritis 1 50% 1 50% 2 0.227
Total 36 72% 14 28% 50

The association of arterial C4d deposition and disease
group is characterized in Table 3. All patient diagnosed
with diabetic nephropathy and hypertensive nephropathy
(2 patients each) showed arterial C4d deposits.

Association of C4d deposition in control patients

Serum urea, creatinine, 24hour urinary protein value
within C4d+ and C4d- patients at 6month follow up and
baseline was statistically not significant.
Association of C4d deposition and serum urea

Association of C4d deposition and serum urea
The baseline serum urea value between Glomerular,
Tubular and Arterial C4d+ and C4d- patients was The baseline serum urea value between glomerular,
statistically no significant. tubular and arterial C4d+ and C4d-patients was
statistically not significant. The baseline serum creatinine
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value between arterial C4d+ and C4d patients was
statistically not significant for glomerular and tubular
C4d+ and C4d-patients.

Association of C4d deposition and 24hours urinary-

protein

Disease Group
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The level of baseline 24hours urinary-protien value for
intensity of C4d positivity was statistically significant

with p value=0.027.

The association of arterial C4d deposition and disease

group

C4d Positive

is

Arterial C4d Deposition

characterized

Table 3: Association of arterial C4d deposition and disease group.

C4d negative

in Table 3.

p Value

N N %
Focal segmental glomerulosclerosis 0 - 8 100% 8 0.208
Membranous nephropathy 0 - 7 100% 7 0.161
Lupus nephritis 1 25% 6 75% 7 0.177
IgA nephropathy 0 - 6 100% 6 0.192
Post infection glomerulonephritis 0 - 5 100% 5 0.109
Diffuse global sclerosis 0 - 4 100% 4 0.176
Minimal change disease 0 - 4 100% 4 0.146
Acute/chronic tubulointerstitial nephritis 0 - 3 100% 3 0.138
Diabetic nephropathy 2 100% 0 - 2 0.274
Hypertensive nephropathy 2 100% 0 - 2 0.176
Membranoproliferative glomerulonephritis 0 - 2 100% 2 0.178
Total 5 10% 45 90% 50
Table 4: Association of C4d deposition-and serum urea.
C4d Deposition Serim brea p value
Mean SD
Glomerular
C4d Positive 67.24 30.97 0.251
C4d Negative 57.95 25.29
Tubular
C4d Positive 64.09 27.20 0.143
C4d Negative 56.2 30.59
Arterial
C4d Negative 75.38 16.35 0.225
C4d Negative 60.56 28.77
Table 5: Association of C4d deposition and serum creatinine.
cad Serum Creatinine 5l _
Mean SD |

Glomerular
C4d Posmye 1.65 0.83 0.199
C4d Negative 2.08 1.43
Tubular
C4d Positive 1.79 0.85

- 0.149
C4d Negative 2.19 1.94
Arterial
Cad P03|tlye 2.63 0.54 0,004
C4d Negative 181 1.25
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DISCUSSION

The age of patients ranged between 10-70 years with the
mean age of 29.4+16.60 years. Majority (44%) of the
patients were in the age group of 10-20 year. There was
also male preponderance (62%).

Association of glomerular C4d deposits

In this study intensity of glomerular C4d positivity
showed a significant association (p value <0.001) with
higher grade/class of disease like lupus nephritis. IgA
nephropathy and membranous nephropathy, as seen with
the study done by Min-Kyung Kim et al, which showed
significant  relationship  between glomerular C4d
deposition and the pathologic classes of lupus nephritis
with a p value <0.001.*

In a study conducted by Hamid Nasri et al, in 2015 on 29
renal biopsies of patients with IgAN, 54.2+25% of all
glomeruli were positive for C4d.> A retrospective study
by Young-In Maeng et al, including 23 IgAN patients,
showed that 13 patients (56.5%) were positive for C4d
staining in the glomerulus and 10 patients (43.5%) were
C4d negative.®

In a retrospective study by Espinosa et al, comprising of
patients with IgAN, they found that in 109 patients
(38.5%) glomerular staining for C4d was observed and
174 (61.5%) were C4d negative.® In a study conducted by
Goncalves Fabiano RC et al, on 47 patients of IgAN, 14
(29.8%) had up to 20% positivity, 8 (17.0%) had. 20-40%
positivity, 3 (6.4%) had 40-60% positivity, 4/(8.5%) had
60-80% of positivity, and 3 (6.4%) had 80-100%. of
positivity, fifteen patients (31.9%) did not show
glomerular C4d deposits.” In this study all of the IgAN
cases show significant C4d positivity in the range 2+ and
more.

Study done by Espinosa ‘et al, on 21 patients of
membranous’ nephropathy showed  glomerular C4d
deposits.in 100% patients.? In another study by Sepe V et
al, on” 15 patients of native idiopathic membranous
nephropathy;. 10/ out of 15 kidney biopsies (66.6%)
showed glomerular capillary wall deposition of C4d (8).

A study conducted by-Min-Kyung Kim et al, found that
out of 20 cases of lupus nephritis glomerular C4d
deposits were detected in 13 cases (65%). Of the C4D
positive cases, majority belong to class Il and IV and
that too particularly in association with class V, as per
ISN-RPS 2003 classification of lupus nephritis.* Daram
SR et al, studied patterns of C4d staining in cases of
lupus nephritis. All 16 patients (100%) showed
deposition of C4d in the glomerular structures, and one
also had focal deposition of C4d in the peritublar
capillaries.® In this study, 3 out of 7 cases (43%) of lupus
nephritis of various classes showed glomerular C4d
positivity.

Authors encountered 2 cases of benign hypertensive
nephropathy, both of which showed C4d positivity in
nonsclerotic glomerular segments. This may be an
incidental finding as no contributing factor for the same
could be traced out.

In  diabetic  nephropathy, = membranoproliferative
glomerulonephritis and post infectious
glomerulonephritis glomerular C4d positivity was in
50%, 50% and 40% of the respective cases. Focal
segmental glomerulosclerosis diffuses global sclerosis,
acute/chronic tubule-interstitial nephritis and minimal
change disease showed no C4d_-deposits/nonspecific
chromogen trappings in glomeruli. Study conducted by
Val-Bernal JF et al, cases of different glomerulonephritis,
including 1gA nephropathy, ‘membranoproliferative
glomerulonephritis, focal: segmental glomerulosclerosis
and minimal change disease showed diverse pattern of
C4d deposition without intrinsic background, which is in
concordance with/findings of our study.*°

However, search. of literature vyielded few studies,
Tanuma_et al and Fremeaux-Bacchi V et al, which
suggested possibility of accelerated decay of cell bound
C4d2acomplex "through activation of classical/lectin
pathway by serum of patients with post-streptococcal
acute glomerulonephritis.**'? This may be aetiological
factor =~ too  in C4d  positive  postinfectionus
glomerulonephritis cases in our study.

For minimal change disease results of present study were
in were in concordance with study done by Espinosa et
al, on 21 patient of membranous nephropathy and 19
patient with minimal change disease showed glomerular
C4d deposits in 100% patients of membranous
nephropathy and no C4d deposits in minimal change
disease.?

Correlation of C4d deposits intensity verses 24hour
urinary protein levels

Glomerular intensity was graded from 2 to 3+ as
described in material and methods section before,
subsequently four subclasses were also framed as per
presenting value of 24hours protein. Group 1 comprised
of <2gm, group u 2-4gm, group m 4-6gm and group
iv>6gm of 24hours urinary protein. Cross tabulation of
the above-mentioned variables by Pearson Chi-Square
test yielded significant p value of 0.027.

A study done by Bose BM et al, and showed glomerular
C4d positivity in 21 cases (66.7%) of 1gA nephropathy
and significant association with nephritic range
proteinuria (p value 0.047).% Another study by Maeng Y
et al, including 23 IgAN patients showed that the amount
of albuminuria is significantly correlated with glomerular
C4d staining.®
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Correlation of C4d deposits intensity verses serum urea
and creatinine

There was no significant association found between
glomerular C4d positivity and presenting values of serum
urea and creatinine at the time of biopsy.

Association of tubular C4d deposits

As per western literature, Maeng Y et al and Van Es La et
al, positive epithelial C4d staining in tubules is associated
with either or both of the following factors: higher
histological grade and higher degree of interstitial
inflammation.>!4 As peer Maenget Y et al, including 23
IgAN patients, showed that 11 out of 21 patients (47.8%)
were positive for C4d staining in the tubular epithelium,
however C4d deposits in tubular epithelium of MCD
group was not detected.®> However, there results turned
out to be non-significant.

Correlation of C4d deposits intensity verses 24hours
urinary protein levels

Our study revealed significant association (p value 0.019)
of tubular C4d positivity with 24 hours urinary protein at
the time of biopsy. This can be attributed to the fact as
quoted above of fair number of cases presenting with
higher histological grade. However, this finding was not
in concordance with order literature searched Meang Y et
al, which showed a non-significant association between
these two variables.®

Correlation of C4d deposits intensity verses serum urea
and creatinine

There is no significant association noted between tubular
C4d deposits and presenting levels ‘of serum urea and
creatinine at the time of biopsy: This again could be
attributed to the fact that tubulo-interstitial inflammation
was a side accompanying feature<of most of the cases in
this study, which were diagnosed as primary/secondary
glomerulonephritis on upfront. There-were only 3 out of
50 cases which were primarily levelled as
tubulointerstitial nephritis that show prominent tubular
C4d’deposits but with no statistical significance probably
because of © overlapping  feature  with  other
glomerulonephritis included in the study.

Association of arterial C4d deposits

In this study diabetic and hypertensive nephropathy
showed prominent arterial C4d deposits. Study by Maeng
Y et al, revealed arterial C4d deposit in high grade of IgA
nephropathy.® There is no specific correlation of arterial
C4d  deposit  with  24hr. urinary protein and
urea/creatinine.

Small sample size and limited duration follow up is major
limitation in this study.

CONCLUSION

C4d deposits in various renal compartments viz.
glomerular, tubular, arterial and peritublar capillaries
were observed in relation with specific native renal
diseases. For glomerular C4d deposits, all cases of
membranous nephropathy, IgA nephropathy and
hypertensive nephropathy showed positivity ranging from
2+ to 3+. Correlation of intensity expression of
glomerular C4d deposits with presenting 24hours urinary
protein level at the time of biopsy yielded significant
results with p value of 0.027 but no correlation with
urea/creatinine. The higher trend tubular C4d deposits
can be attributing to contribution factors related to both
higher histological grade and high degree of
tubulointerstitial inflammation in most of cases included
in our study and there is significant association (p value
0.019) of tubular C4d positivity with 24hour protein at
the time of biopsy. Tubular C4d deposits showed no
significant presenting serum urea and creatinine at the
time of biopsy. Arterial'C4d deposits were seen only in
diabetic and hypertensive -nephropathy in this study.
There was also no correlation noted between presenting
24hours urinary protein and serum urea and creatinine
levels:
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