DOI: 10.7860/JCDR/2016/16339.7433

[ Pathology Section ]

Original Article

Evaluation of Renal Allograft
Biopsies for Graft Dysfunction
and Relevance of C4d Staining

In Antibody Mediated Rejection

CLEMENT WILFRED DEVADASS', ARUNA VISHWANTH VANIKAR?, LOVELESH KUMAR NIGAM?, KAMAL VINOD KANODIA?,

RASHMI DALSUKHBHAI PATEL®, KYASAKKALA SANNABORAIAH VINAY®, HIMANSHU V PATEL’

ABSTRACT

Introduction: Biopsy remains gold standard for diagnosis of
Graft Dysfunction (GD). It guides clinical management, provides
valuable insights into pathogenesis of early and late allograft
injury and is indispensable for distinguishing rejection from non-
rejection causes of GD.

Aim: The primary aim of the study was to evaluate the diverse
histomorphological lesions in renal allograft biopsy (RAB).
Further, we determined the frequency of peritubular capillary
(PTC) C4d positivity and its correlation with microvascular
inflammation in Antibody Mediated Rejection (AMR).

Materials and Methods: This was a prospective study
on RAB over a period of 2 months. Histopathological
evaluation was undertaken as per revised Banff’13 schema.
Immunohistochemistry was performed to detect PTC C4d
deposition.

Results: Sixty five diagnostic biopsies were evaluated. Mean
patient age was 34 years and males were predominant. The
time interval between graft biopsy and transplantation ranged
from 5 days to 8 years, with 52.3% biopsies belonging to period
of < 6 months post-transplant. Immune injuries were observed
in 40 biopsies out of which AMR was observed in 35 biopsies.
Calcineurin inhibitor toxicity (CNI Toxicity) was the second
commonest cause observed in 12 biopsies and other lesions
including de novo glomerulopathies were observed in the
remaining biopsies. The sensitivity of C4d in detecting acute
AMR was 55% and chronic AMR was 23.5%

Conclusion: AMR and CNI Toxicity account for majority of graft
dysfunction. C4d is not as sensitive a marker of AMR, as was
initially thought. Higher proportion of moderate microvascular
inflammation is found in diffuse C4d positive cases compared
to focal C4d positive cases.
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INTRODUCTION

Despite significant developments in the diagnostic modalities
for immune injury in renal allograft, biopsy still remains the gold
standard for evaluation of Graft Dysfunction (GD) [1,2]. It provides
valuable insights into pathogenesis of early and late allograft injury
and is indispensable for the diagnosis of renal transplant (RT)
rejection and its clinical management [2]. On an average, biopsy
findings change the clinical diagnosis in 36% and therapeutic
management in 59% of cases [3]. Apart from immunological injury
which is of utmost significance, the other causes of GD are acute
ischemia reperfusion injury or acute tubular necrosis (ATN), drug
toxicity, infections, obstruction/reflux, renal artery stenosis, de
novo glomerular diseases, recurrent primary diseases and auto/
alloantibody mediated diseases or related to technical issues [3].

AIM

We evaluated renal allograft biopsies to determine the causes
of early (0-6 months) and late (> 6 months post-transplantation)
GD. We studied the frequency of peritubular capillary (PTC)
C4d positivity by immunohistochemistry and correlated with
microvascular inflammation in  Antibody Mediated Rejection
(AMR).

MATERIALS AND METHODS

This was a single center prospective study on diagnostic i.e.,
“clinically indicated” RT biopsies performed over a period of 2
months (between January,’15 and March,’15).

The graft biopsy specimens were processed for light microscopy
and C4d immunohistochemistry (IHC) as per standard protocols.
For light microscopy, 3um thick sections were stained with
Haematoxylin and Eosin, Gomori’s trichrome, Periodic Acid Schiff
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and Jones silver methaneamine stains. IHC was performed on
3um thick paraffin sections using “Novolink™ Polymer Detection
System” (Leica Biosystems) with rabbit anti-hnuman C4d monoclonal
antibody (clone SP91, Spring Bioscience) and Novolink™ Polymer
Anti-rabbit Poly-HRP-IgG. Patient-donor demographics including
immunosuppression and monitoring along with serum creatinine
(SCr) levels were collected from patient case files. Optimal biopsy
was defined as a specimen with at least 10 non-sclerotic glomeruli
and 2 arteries; a marginal biopsy having 7 to 9 glomeruli and 1
artery; a minimally acceptable biopsy having 7 glomeruli and 1
artery [1,4]. Specimens with < 7 glomeruli or no arteries or with
only medulla were considered as non- diagnostic.

Histological categories were classified as per Banff’13 modified
update diagnostic categories for renal allograft biopsies into six
categories; normal (category-1), AMR (category-2), borderline
T-cell mediated rejection (category-3), T-cell-mediated rejection
(TCR) (category-4), interstitial fiorosis and tubular atrophy (IFTA)
(category-5) and others: changes not due to rejection/ non-
rejection causes (category-6) [3,5,6]. “Revised Banff,’13 criteria for
classification of AMR which includes C4d-Negative AMR was used
for AMR diagnosis [6]. The Banff scoring system (scores ranging
from 0-3) was used for the grading of acute and chronic changes
occurring in the interstitium, tubules, glomeruli, arteries and arterioles
[3,5,6]. C4d staining of the PTC was graded as C4d0-negative,
C4d1- minimal: (1-10%), C4d2-focal: (10-50%), and C4d3-diffuse
> (50%) PTCs [7]. PTC C4d deposition was considered positive if
grade was > C4d0 and negative if C4dO [6].

All the cases were under standard immunosuppression protocol
comprised of prednisolone (10-20 mg/day), Tacrolimus (0.03-
0.05 mg/Kg/day) and /or mycofenolate sodium (360 mg, three or
four times a day).
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STATISTICAL ANALYSIS

The frequency of each category of renal disease was computed.
All continuous parameters were expressed as mean and standard
deviation, and, all qualitative variables as proportion. Fisher-Exact
test was used to compare C4d score with degree of microvascular
inflammation. Data was analysed using Microsoft Excel. The p <
0.05 was considered as statistically significant. The sensitivity of
C4d in detecting AMR was calculated as a/a+b {a = true positive
(No. of C4d positive AMR), b = false negative (No. of C4d negative
AMR)}.

RESULTS

A total of 67 biopsies from 67 patients were analysed, of which
two were excluded as the specimens were inadequate. Of
the remaining 65 cases included in the study, 56 (86.2%) were
optimal, seven (10.7%) were marginal and two (3.1%) were
minimally acceptable biopsies. There were 57 (87.7%) males and
8 (12.3%) females. Mean recipient age was 34.7 for males (age
range 13- 58 years) and 34 years for females (age range 23- 49
years). Clinical indications of allograft biopsy were rejection in 38
(68.5%), asymptomatic increase in serum creatinine (SCr) levels (of
20% above the baseline) in 17 (26.2%), ATN in 5 (7.7%), recurrent
glomerulonephritis in 2 (3.1%), delayed graft function in 2 (3.1%)
and proteinuria in 1 (1.5%). The time of allograft biopsies ranged
from 5 days to 8 years post transplantation. 52.3% (34/65) of the
biopsies were performed in the first 6 months and 47.7% (31/65)
were performed after 6 months, post-transplantation [Table/Fig-1].
The histological findings are shown in [Table/Fig-2].

>1year 24

7th to 12th month 7
4th - 6th month

2nd-3rd month 7

Lstweek- 1st month 22

within 1st week 3
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[Table/Fig-1]: Timing of allograft biopsies post transplantation. x axis indicates time

of biopsy, y indicates No. of cases..

Banff diagnostic category Number of cases Percentage
Normal (category 1) 7 10.8
AMR (category 2) 10 15.4
Borderline T-cell rejection (category 3) 2 3.1
AMR + Borderline T-cell rejection 5 7.7
(categories 2+3)

(TCR) (category 4) 3 4.6
AMR+TCR (categories 2+4) 13.7
Others: changes not due to rejection 18 27.8
(category 6).

AMR + Others (categories 2+6) 5 7.7
AMR +TCR +others (categories 2+4+6) 6 9.2
Total 65 100.0

[Table/Fig-2]: Histological findings in renal allograft biopsies.

AMR- Antibody mediated rejection, TCR- T-cell-mediated rejection.

www.jcdr.net

The incidence of immune injuries was observed in 40 (61.5%)
biopsies and predominant immune injury was AMR observed in 35
(87.5%) biopsies [Table/Fig-3].

Non-rejection causes were observed in 29 (44.6%) biopsies [Table/
Fig-4] with Calcineurin Inhibitor Toxicity (CNI Toxicity) (12/29) being
the commonest followed by ATN (5/29).

The histological findings corresponding to the timing of biopsies is
depicted in [Table/Fig-5] and the histological diagnosis in category
6, with or without superimposed rejection, based on timing of
biopsies is shown in [Table/Fig-6].

The most common cause of GD in the 1%t week was ATN (2/3,
66.7%) followed by AMR (1/3, 33.3%). After 15t week to 6" month,
acute rejection (20/31, 64.5%) was the commonest cause followed
by acute CNI Toxicity (4/31, 12.9%), ATN (3/31, 9.7%), de novo
renal disease (2/31, 6.4%) (oxalosis) and infection. After 6 months,
chronic rejection (19/31, 61.3%) was the commonest cause

Immunological Rejection

W ABRWR

B ABMR+Borderline

B ABMR+TCMER

B ABMPR+Others

B ABMR+TCMR+Others
W Borderline

B TCMR

[Table/Fig-3]: Types of rejection with or without superimposed non-rejection
causes.

ABMR- Antibody mediated rejection, Others- non-rejection causes, TCMR- T-cell-mediated
rejection. The 2 cases of borderline rejection were amenable to steroid therapy and hence were
considered to be earliest evidence of immunological activity.

Histological diagnosis Non- Non-rejection | Non-rejection | Total
rejection causes causes
causes |superimposed | superimposed
on AMR on AMR&TCR

CNI Toxicity 5 2 3 10
CNI Toxicity + BKVN 2 - - 2
BKVN 1 1 - 2
Acute pyelonephritis 1 - - 1
ATN 3 1 1 5
Arteriolar hyalinosis (donor 1 - - 1
related)
Post transplant TMA 3 - - 3
De novo crescentic - - 1 1
Glomerulonephritis
De novo Collapsing - 1 - 1
glomerulopathy.
De novo FSGS - - 1 1
De novo oxalosis 2 - - 2
Total 18 5 6 29

[Table/Fig-4]: Various histological diagnosis in Category 6 with or without

superimposed rejection.

AMR- Antibody mediated rejection, ATN- Acute tubular injury, BKVN- BK viral
nephropathy, CNI- Calcineurin Inhibitor, FSGS- Focal segmental glomerulosclerosis,
TCR- T-cell-mediated rejection, TMA- Thrombotic microangiopathy.

[Table/Fig-5]: Histological findings corresponding to the timing of biopsies.

Biopsy timing Normal AMR Borderline AMR+ TCR AMR + Others AMR + AMR + Total
T-cell Borderline TCR Others TCR +
rejection T-cell rejection Others
within 15t week - 1 - - - - 2 - - 3
15t week — 6" month 5 7 2 5 1 2 6 2 1 31
After 6 months 2 2 - - 2 7 10 3 5 31
Total 7 10 2 5 3 9 18 5 6 65

Others — Non-rejection causes.
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Biopsy timing CNIT CNIT + BKVN APN ATN AH TMA Cre CGN FSGS Oxalosis Total
BKVN GN
Within 1t week 2
-1stweek - 15t month 3 1 3 2 9
>6 months 7 1 2 1 1 3 1 1 1 18
Total 10 2 2 1 5 1 3 1 1 1 2 29

[Table/Fig-6]: Histological diagnosis in category 6, with or without superimposed rejection, corresponding to the timing of biopsies.

ATN- Acute tubular necrosis, AH- Arteriolar hyalinosis, APN- Acute pyelonephritis, BKVN- BK viral nephropathy, CNIT- Calcineurin Inhibitor Toxicity, CGN- Collapsing

glomerulopathy, CreGN- Crescentic glomerulonephritis, FSGS- Focal segmental glomerulosclerosis, TMA- Thrombotic microangiopathy.

followed by chronic CNI Toxicity (8/31, 25.8%), infections (4/31,
12.9%), TMA (3/31, 9.7%), de novo glomerulonephritis (3/31,
9.7%) (including Collapsing glomerulopathy, Focal segmental
glomerulosclerosis and Crescentic  glomerulonephritis) and
arteriolar hyalinosis (donor related) (1/31, 3.2%) [Table/Fig-4-6].

Out of the 35 biopsies of AMR, 18 were acute AMR and 17
were chronic active AMR. C4d deposition along the PTC was
present only in 14 (14/35, 40%) biopsies, i.e., 10 of acute AMR
(10/18, 55%) and 4 of chronic active AMR (4/17, 23.5%) cases.
These comprised of 7 with “diffuse” staining, 6 with “Focal”
staining and 1 with “Minimal” staining. The sensitivity of C4d in
detecting acute AMR was 55% and chronic AMR was 23.5%.
The comparison of C4d positivity with microvascular inflammation
{transplant glomerulitis (g>0) and or peritubular capillaritis (ptc>0)}
is given in [Table/Fig-7]. [Table/Fig-8] shows a case of AMR with
moderate transplant glomerulitis (92; 25%-75% of glomeruli with
inflammation) and moderate peritubular capillaritis (ptc2; >10%
of PTCs with 5-10 luminal inflammatory cells) with corresponding
C4d immunostaining showing a score of C4d3.

Even though no PTC C4d deposits (C4d0) were present in the
remaining 21 biopsies (i.e. 8 acute AMR and 13 chronic active
AMR), these were diagnosed as C4d Negative AMR as they
showed characteristic histologic evidence of tissue injury, moderate
to severe microvascular inflammation {(g+ptc) >2} and serological
evidence of donor-specific antibodies (DSA) positivity, thereby,
fulfilling the 2013 Banff criteria for AMR [6].

DISCUSSION

Histopathological evaluation is crucial to differentiate diverse
causes of GD. The Banff schema provides specific morphological
criteria for diagnosis of AMR and TCR. This helps in avoiding over-
diagnosis and therefore overtreatment with immunosuppression.
It also helps to distinguish “other” inflammatory and “fibrosing”
processes that affect the allograft [7,8].

In the present study 38.5% of the biopsies showed histological
features involving more than one Banff diagnostic categories
which is in synchrony with North Indian study conducted by Philip
et al., where 41.4% of the biopsies showed histological features
involving more than one group [9].

Philip et al., evaluated 119 biopsies of which majority (47.1%)
were in the non-rejection category followed by TCR (31.9%), AMR

C4d Peritubular capillaritis score | p-value | Glomerulitis score | p-value
Score (total 14) (total no. 14)

PTC O PTC 1 PTC 2 gl g2
C4d 3 0 5(71.4%)| 2(28.6%) | 0.16 |5(71.4%) |2 (28.6%)| 0.29
(n=7)
C4d 2 [2(33.3%)| 3(50%) |1(16.7%)| 0.62 | 5(83.3%) | 1(16.7%) | 0.08
(n=06)
C4d1 0 1(100%) 0 0.33 1(100%) 0 1.00
(n=1)
Total 2 9 3 11 3

[Table/Fig-7]: Comparison of C4d positivity with microvascular inflammation.
gl- < 25% of glomeruli with inflammation, g2- 25%-75% of glomeruli with

inflammation, ptc 0- < 10% of PTCs with inflammation, ptc 1- > 10% PTCs with <5
luminal inflammatory cells, ptc 2- > 10% of PTCs with 5-10 luminal inflammatory
cells.
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(28.6%), IFTA (12.6%), borderline changes (7.6%) and normal
(4.2%) [9]. Aryal G et al., evaluated the histopathology of 98 graft
biopsies of which 24.7% were rejection, 14.3% were due to non-
rejection causes, 50.1% were normal, 1% was due to IFTA and
9.2% were non-diagnostic in contrast to our series where majority
were rejection (44.6%) followed by non-rejection causes (27.7%),
rejection with superimposed non-rejection causes (16.9%) and
normal morphology (10.8%) [1]. Such discrepant histological
findings could be due to differences in kidney source (cadaver,
living related/ un-related), donor and recipient age disparity,
race and genetic variability, HLA match, presensitization, type of
immunosuppressive protocols, methods of case identification,
timing of biopsy, variability of renal lesions and expertise of the
Pathologistinrecognizing histological differences and distinguishing
between Banff diagnostic categories. Further in the latter two
studies TCR was the predominant type of rejection compared
to AMR (31.9% vs. 28.6% and 8.16 % vs. 6.12% respectively)
unlike our series where AMR was predominant over TCR (53.8%
vs. 27.8%).

Nickeleit et al., stated that “Acute rejection episodes can be
‘pure’ antibody or ‘pure’ cellular mediated events or represent
mixed rejection with varying degrees of humoral and cellular
components” [10]. The authors believed that mixed AMR+TCR
are commoner than their pure counterparts, as 20%-30% of TCR
type | (Banff category 4, tubulointerstitial inflammation), 40%-50%
of TCR type Il (Banff category 4, transplant endarteritis) and 60%
of the grafts with transplant glomerulitis are C4d positive and fall
into mixed ABMR+TCMR group [10]. These observations are
further substantiated by our study where, of the 40 cases with
immunological rejection, 25% were ‘pure’ AMR, 37.5% were
mixed AMR + TCR and 8% were ‘pure’ TCR. The authors further
emphasise the importance of identifying mixed rejection episodes
as they behave differently from ‘pure’ AMR, require intense anti-T
cell therapy and are clinically more severe than TCR episodes [10].
This has been our experience also.

[Table/Fig-8]: (A)

moderate peritubular capillaritis ( short arrow) PAS X 200.

(B) C4d immunohistochemistry with diffuse peritubular capillary deposits of C4d (
Score: C4d3) (arrow) X200.
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Philip et al., observed that non-rejection pathology forms an
important cause of renal dysfunction in RT patients [9]. ATN
(25.2%) comprised the largest group of non-rejection category in
their study followed by CNI toxicity (16%) and infection (10.9%).
In our study CNI toxicity was the commonest (41.4%) which is
compatible with study conducted by Solez et al., (42.9%) [11].
ATN comprised 17.2% of our non-rejection cases which is in
synchrony with Mazzali et al., (19.5%) [9,12]. We observed infection
in 17.2% of non-rejection group composed of BKVN (80%) and
acute pyelonephritis (20%) whereas, Philip et al., identified BKVN
(69.2%), tuberculosis (23.1%) and mucormycosis (7.8%) [9].

Our frequency of de novo glomerulonephritis was 4.6% which is
slightly higher than the frequencies of 0.6% to 2.5% as quoted by
other studies [9]. FSGS was the commonest de novo disease in
these studies.

In the early post-transplant period (0-6 months), the most common
cause of GD was Acute rejection, followed by ATN and acute CNI
Toxicity. These observations are in synchrony with the findings of
Aryal G et al. In the 1st week ATN was the commonest cause
followed by AMR.

Literature review reveals that chronic rejection, CNI Toxicity,
Infection (BKVN), Recurrent disease, de novo disease (diabetic
nephropathy), de novo arteriosclerosis (hypertensive vascular
disease), Renal artery stenosis, urinary tract obstruction and
IFTA are the causes of late graft dysfunction [3]. In the present
study, chronic rejection was the commonest cause of GD in the
late post transplant period (> 6 months post-transplantation)
followed by chronic CNI Toxicity, infections, TMA and de novo
glomerulonephritis. Interestingly, we did not encounter upon any
case of diabetic nephropathy.

In current study, a diagnosis of AMR was rendered when the
following three features were present: (A) Histologic evidence
of acute tissue injury (including one or more of the following: i)
microvascular inflammation; ii) Intimal or transmural arteritis; iii)
Acute thrombotic microangiopathy, in the absence of any other
cause; iv) Acute tubular injury for acute/ active AMR or morphologic
evidence of chronic tissue injury (including one or more of the
following: i) Transplant glomerulopathy; ii) Severe peritubular
capillary basement multilayering; iii) arterial intimal fibrosis; iv)
for chronic active AMR. (B) Evidence of current/ recent antibody
interaction with vascular endothelium (including one or more of
the following: i) C4d staining in peritubular capillaries; i) At least
moderate microvascular inflammation. (C) Serologic evidence of
donor specific antibodies.

C4d is a degradation product of the activated complement factor
C4 that has a thioester moiety which enables strong covalent
bonding with the amino or hydroxyl containing molecules of
endothelial cells and basement membrane [13]. Detection of
C4d (by IF/IHC) is regarded as an indirect sign/ footprint of an
antibody response [14]. Banff 2007 incorporated PTC C4d
staining as one of the diagnostic triad for chronic active AMR
along with histopathological features of tissue injury and presence
of donor-specific antibody (DSA) [15,16]. As C4d linked DSA
with histopathology and predicted allograft failure, it became the
corner stone of AMR diagnosis in clinical practice [15]. However,
recent data have questioned the sensitivity and specificity of C4d
staining [6,17]. Many studies have supported the existence of
AMR with negative PTC C4d deposition culminating in the revision
of AMR criteria by the Banff 2013 conference with inclusion of
“C4d-Negative ABMR” [6]. Takeda A et al., found C4d positivity in
46.9% of AMR cases (62.5% positivity in acute AMR and 31.3% in
chronic AMR) which is in synchrony with our study (40%) (55.6%
in acute AMR and 23.5% in chronic AMR) [16].

The potential cause of C4d negativity include complement
independent pathways of endothelial activation, C4d deposition in
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low amounts beyond the detection limits of IF/IHC, technical factors
inherent in the methodology, treatment effects, and, fluctuation of
C4d status in the first year post transplantation[3,16,17]. Thus
C4d alone is not sensitive enough to diagnose AMR. Recent focus
is on molecular markers like ENDATs (endothelial cell activation-
associated transcripts) as indicator of active endothelial injury/
ABMR [6,16].

Several studies have shown statistically significant correlation
between PTC C4d deposition and microvascular inflammation
[18,19]. In our series, although there was an increase in the
proportion of moderate microvascular inflammation (ptc2 and g2) in
diffuse C4d positive cases (C4d3) compared to focal C4d positivity
(C4d2) (28.6% in C4d3 and 16.7% in C4d2), this difference was
not statistically significant.

CONCLUSION

AMR and CNI Toxicity account for majority of graft dysfunction. The
most common cause of early GD was acute rejection followed by
ATN and acute CNI toxicity. The commonest cause of late GD was
chronic rejection followed by chronic CNI Toxicity and infections.
C4d is not as sensitive a marker of AMR, as was initially thought.
Higher proportion of moderate microvascular inflammation was
found in diffuse C4d positive cases as compared to focal C4d
positive cases.

ACKNOWLEDGEMENT

1) ICMR for sponsoring the short term fellowship program.

2) Pinky N Bhavsar, Bansari R Shah, Harsha S Patel, Babubhai
Patel, Jaydatt M Chudasma, histopathology technicians for
their technical assistance and guidance.

3) Aanal Mehta, Bio-Statistician, IKDRC-ITS for statistical
analysis.
REFERENCES

[1] Aryal G, Shah DS. Histopathological evaluation of renal allograft biopsies in Nepal:
interpretation and significance. Journal of Pathology of Nepal. 2012;2:172-79.

[2] D’ Agati VD, Jennette JC, Silva FG. In Pathology of renal transplantation in:
Donald WK, ed. Non-neoplastic kidney diseases. Washington DC: American
Registry of Pathology/Armed Force Institute of Pathology. 2005: pp. 667-709.

[3] Nickeleit V, Mengel M, Colvin RB. Renal Transplant Pathology, Chapter 29. In:
Hepinstall’s Pathology of the Kidney,7th ed. Jennette JC, Olson JL, Silva FG, D’
Agati VD, Eds. Lippincott Williams & Wilkins, Philadelphia. 2014;2:1321-1431.

[4] Racusen LC, Solez K, Colvin RB, et al. The Banff 97 working classification of
renal allograft pathology. Kidney Int. 1999;1565:713-23.

[5] Sis B, Mengel M, Haas M, et al. Banff '09 meeting report: antibody mediated
graft deterioration and implementation of Banff working groups. Am J Transplant.
2010;10:464-71.

[6] Haas M, Sis B, Racusen LC, Solez K, Glotz D, Colvin RB, et al. Banff 2013
Meeting Report: Inclusion of C4d-Negative Antibody-Mediated Rejection and
Antibody-Associated Arterial Lesions. Am J Transplant. 2014;14:272-83.

[7] Bhowmik DM, Dinda AK, Mahanta P, Agarwal SK. The evolution of the Banff
classification schema for diagnosing renal allograft rejection and its implications
for clinicians. Indian Journal of Nephrology. 2010;20:2-8.

[8] Jain M. An overview of Banff classification of renal transplant pathology. Indian J
Transplant. 2010;1:20-25.

[9] Philip KJ, Calton N, Pawar B. Non-rejection pathology of renal allograft biopsies:
10 years experience from a tertiary care center in north India. Indian J Pathol
Microbiol. 2011;54:700-05.

[10] Nickeleit V, Andreoni K. The classification and treatment of antibody-mediated
renal allograft injury: Where do we stand? Kidney International. 2007;71:7-11.

[11] Solez K, Racusen LC, Marcussen N, Slatnik I, Keown P, Burdick JF, et al.
Morphology of ischemic acute renal failure, normal function, and cyclosporine
toxicity in cyclosporine-treated renal allograft recipients. Kidney Int. 1993;43:1058-
67.

[12] Mazzali M, Ribeiro-Alves MA, Filho GA. Percutaneous renal graft biopsy: A
clinical, laboratory and pathological analysis. Sao Paulo Med J. 1999;117:57-
62.

[13] Puttarajappa C, Shapiro R, Tan HP. Antibody-Mediated Rejection in Kidney
Transplantation: A Review. Journal of Transplantation. 2012:9 pages.193724.

[14] Nickeleit V, Mihatsch MJ. Kidney transplants, antibodies and rejection: is C4d a
magic marker? Nephrol Dial Transplant. 2003;18:2232-39.

[15] Pichhadze RS, Curran SP, John R, Tricco AC, Uleryk E, Laupacis A, et al. A
systematic review of the role of C4d in the diagnosis of acute antibody-mediated
rejection. Kidney International. 2015;87:182-94.

Journal of Clinical and Diagnostic Research. 2016 Mar, Vol-10(3): EC11-EC15



www.jcdr.net

[16]

[17]

Takeda A, Otsuka Y, Horike K, Inaguma D, Hiramitsu T, Yamamoto T, et al.
Significance of C4d deposition in antibody-mediated rejection. Clin Transplant.
2012:26:43-48.

Corréa RRM, Machado JR, Vinicius da Silva M, Helmo FR, Guimaraes CSO,
Rocha LP, et al. The Importance of C4d in Biopsies of Kidney Transplant
Recipients. Clinical and Developmental Immunology. 2013:8pages.678180.

[18]

9]

Clement Wilfred Devadass et al., Evaluation of Renal Allograft Biopsies for Graft Dysfunction and Relevance of C4d Staining

Satoskar AA, Lehman AM, Nadasdy GM, Sedmak DD, Pesavento TE, Henry ML,
et al. Peritubular capillary C4d staining in late acute renal allograft rejection--is it
relevant? Clin Transplant. 2008;22:61-67.

Verghese P, Dunn T, Najafian B, Kim Y, Matas A. The impact of C4d
and microvascular inflammation before we knew them. Clin Transplant.
2013;27:388-96.

PARTICULARS OF CONTRIBUTORS:
Associate Professor, Department of Pathology, M.S Ramaiah Medical College and Hospitals, MSRIT Post, MSRNagar, Bangalore, India.

ICMR Mentor and Guide, Professor & Head, Department of Pathology, Lab Medicine, Tranfusion Services & Immunohematology, Institute of Kidney Diseases
and Research Centre & DR. H.L Trivedi Institute of Transplantation Sciences, B.J. Medical College & Civil Hospital Campus, Asarwa, Gujarat, India.

Assistant Professor (Junior Nephropathologist), Department of Pathology, Lab Medicine, Tranfusion Services & Immunohematology, Institute of Kidney Diseases
and Research Centre & DR. H.L Trivedi Institute of Transplantation Sciences, B.J. Medical College & Civil Hospital Campus, Asarwa, Gujarat, India.

Professor (Senior Nephropathologist), Department of Pathology, Lab Medicine, Tranfusion Services & Immunohematology, Institute of Kidney Diseases and
Research Centre & DR. H.L Trivedi Institute of Transplantation Sciences, B.J. Medical College & Civil Hospital Campus, Asarwa, Gujarat, India.

Professor (Senior Nephropathologist), Department of Pathology, Lab Medicine, Tranfusion Services & Immunohematology, Institute of Kidney Diseases and
Research Centre & DR. H.L Trivedi Institute of Transplantation Sciences, B.J. Medical College & Civil Hospital Campus, Asarwa, Gujarat, India.

PDCC Fellow, Department of Pathology, Lab Medicine, Tranfusion Services & Immunohematology, Institute of Kidney Diseases and Research Centre & DR. H.L
Trivedi Institute of Transplantation Sciences, B.J. Medical College & Civil Hospital Campus, Asarwa, Gujarat, India.

Professor, Department of Nephrology, Institute of Kidney Diseases and Research Centre & DR. H.L Trivedi Institute of Transplantation Sciences, B.J. Medical

1.
2.

3.

College & Civil Hospital Campus, Asarwa, Gujarat, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Clement Wilfred Devadass,

Associate Professor, Department of Pathology, M.S Ramaiah Medical College and Hospitals,
MSRIT Post, MSR, Nagar, Bangalore- 560060, India.

E-

mail: clement.wilfred@yahoo.com

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Journal of Clinical and Diagnostic Research. 2016 Mar, Vol-10(3): EC11-EC15

Date of Submission: Aug 18, 2015
Date of Peer Review: Nov 02, 2015
Date of Acceptance: Jan 05, 2016
Date of Publishing: Mar 01, 2016



