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Outcomes of kidney transplantation have been improved during 
the last decade mainly by the new potent immunosuppressants. 
Main causes of graft loss are chronic humoral rejection (CHR), 
calcineurin inhibitor (CNI) nephrotoxicity (CNINT), de novo or 
recurrent glomerulonephritis (GN) and the death with functioning 
graft (DWFG). Nowadays acute cellular rejection has been almost 
overcome by its prevention and early treatment using potent and 
selective T cell-based immunosuppressants based upon the early and 
accurate diagnosis, which was developed and standardized by Banff 
criteria [1].

The histological diagnosis of CNINT and de novo or recurrent 
GN was established by immunohistochemical, fluorescent and 
electron microscopic imaging in addition to conventional 
microscopic findings using various staining technology. On 
the other hand, the establishment of the histological diagnostic 
criteria of CHR remained still in the process. In 1993 the novel 
category “chronic allograft nephropathy (CAN)” was introduced 
by Banff classification [1], which was featured as chronic 
transplant glomerulopathy, glomerular basement membrane 
(GBM) duplication, mesangial cell proliferation, fibrous intimal 
thickening, interstitial fibrosis and tubular atrophy (IF/TA), 
and arteriolar hyalinization. “CAN” was considered to include 
several entities inclusive of CHR, chronic CNINT, hypertensive 
changes, chronic infection and others. The introduction of “CAN” 
meant that it was not able to differentiate CHR from CNINT by 
histological findings. It could be taken a kind of “concede defeat” 
of the specialty of pathology. Furthermore the introduction of this 
new category caused a certain kind of confusion in the diagnosis 
and the statistics of graft failure/loss in the clinical field, so that 
it led to more than 10-year-delay in taking countermeasures for 
CHR.

Banff classification was revised and “CAN” was eliminated 
in 2005, in which the new category, chronic active antibody-
mediated rejection (CAAMR) was introduced as a novel definition 

of conventional CHR [2]. CAAMR was featured as IF/TA with 
transplant glomerulopathy (GBM duplication, increased mesangial 
matrix), loss of peritubular capillary (PTC), multilamination 
of PTC basement membrane (BM) and arterial intimal fibrosis 
in addition to C4d deposition and circulating donor-specific 
antibody (DSA) positivity.

Although the elimination of “CAN” and the introduction of 
CAAMR should be appreciated, there is still room for consideration on 
the newly prescribed criteria of CAAMR. The detection of circulating 
DSA belongs to just clinical entity. The detection of C4d deposits 
does not always mean the activation of the whole process of the 
classical pathway of complement cascades leading to the production 
of membrane attack complex (MAC, C5b6789), a terminal product 
of complement cascades which leads to cell lysis by cylindrical pore 
formation in cell membranes, but it means the degradation of C4b 
into C4c and C4d by C4b inactivator (C4b-binding protein, C4BP) 
following the activation of initial process of complement cascades, 
C1r,q,s, C2a and C4b [3]. Additionally in case of ABO-incompatible 
kidney transplantation, C4d deposition is almost always detected and 
shows no harmful effect [4]. It was reported that the detection of C4d 
in the absence of C3d may represent effective complement regulation 
[5], suggesting that this activation was well regulated and did not 
proceed to the level of C3 cleavage [6]. When C4b is not cleaved and 
not inactivated, C3 is split into C3a and C3b by C3 convertase (C4b2a) 
and following the inactivation of C3b (iC3b) by C3b inhibitor, iC3b 
is degraded to C3c and C3d by C3b inhibitor, so that both C4d 
and C3d detection suggest that the process of classical pathway of 
complement cascade has proceeded at least to C3 activation by C3 
convertase (C4b2a). Thus, C3d may be more specific than C4d as a 
marker of complement activation and antibody-mediated rejection 
[5,7]. Moreover both C4d and C3d detection are considered to be 
more confirmative. However C3d detection merely means that the 
complement activation proceeds to the level of C3 activation followed 
by C3b inactivation and its cleavage into C3c and C3d.

This doesn't necessarily deny the efforts and contributions 
achieved by Banff meetings. In fact the standardization of graft 
pathology criteria contributed tremendously to the improvement in 
outcomes of organ transplantation and no one can deny it, on the 
contrary we all should appreciate their achievement. That’s exactly 
why the further revise of Banff criteria is required, isn’t that?
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