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Despite dramatic improvements in immunosuppression, late graft loss after kidney transplantation remains a common

and difficult problem. Histologic evaluation may reveal changes related to BK polyomavirus infection, hypertension, or

calcineurin inhibitor toxicity, which can help to guide therapy. The designation chronic allograft nephropathy should

thus be reserved for biopsies with tubular atrophy and interstitial fibrosis without an apparent cause. Although the cause

clearly includes both antigen-dependent and antigen-independent events, the approach remains largely to exclude

immune mechanisms. Although this review discusses the potential contribution of antibody to chronic injury, it focuses

on the basic elements of kidney injury, the role of parenchymal cells in promoting injury, and the proliferative and

inflammatory responses that accompanying injury. Strategies to manage these recipients include close attention to

accompanying hypertension, diabetes, and hyperlipidemia, as well as consideration for altering immunosuppression;

however, therapies that limit epithelial-to-mesenchymal transition or directly block fibrosis pathways may reduce

chronic allograft fibrosis and may prove to be useful. Understanding the basic pathogenesis sufficiently to allow early

intervention may finally benefit patients who are at high risk for tubular atrophy and interstitial fibrosis and promote

their long-term graft function.
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C
hronic allograft injury remains the leading cause of

late graft loss after kidney transplantation (1). Char-

acterized by progressive tubular atrophy and intersti-

tial fibrosis (TA/IF) as well as microvascular and glomerular

damage in the setting of declining graft function months to

years after transplantation, the entity encompassed by the pre-

vious descriptive term “chronic allograft nephropathy” (CAN)

remains frustrating to manage. In part this is due to the absence

of a single or easily modifiable cause resulting in a sense of

futility in its management. The incidence of this disorder varies,

ranging from 23% at 5 yr after transplantation (2) up to 60% of

grafts at 10 yr after transplant (3). Often associated with hyper-

tension and proteinuria, management strategies include ag-

gressive hypertensive and diabetes management and manipu-

lation of immunosuppression via minimization or elimination

of the nephrotoxic calcineurin inhibitors (CNI). These are non-

specific strategies, and a more direct approach to limit atrophy

and fibrosis may have greater long-term benefit. Investigations

into the pathogenesis are critical to identifying early markers of

disease as well as potential therapeutic pathways. In this re-

view, we summarize the mechanistic insights as well as current

and emerging management strategies. The need for an effective

approach is critical because graft loss not only is devastating to

our patients but also burdens the already lengthy kidney trans-

plant waiting list.

Role of the Allograft Biopsy
The classification of CAN was added to the Banff criteria of

kidney allograft biopsies in 1993 (4). Histologic criteria were

based on TA/IF and graded from I (mild) to III (severe). This

classification scheme originally included four entities that

could not always be distinguished, including chronic rejection,

CNI toxicity, hypertensive vascular disease, and chronic infec-

tion and/or reflux. At the time, this classification was believed

to be sufficient, because it would distinguish immunologic

processes and not replace any particular diagnostic category per

se. More recent additions to this schema include a severity scale

(5) and additional characterizations of histologic features that

may be associated with chronic injury, including the detection

of “double contours” in glomerular capillary loops as a result of

mesangial interpositioning was classified as chronic transplant

glomerulopathy (“cg”), mesangial matrix deposition (“mm”),

vascular changes (“cv”), and arteriolar hyaline changes (“ah”).

Despite publication of these refined criteria, the term CAN was

used extensively and, in effect, began to define a disease entity

rather than a pathologic notation in which TA/IF was noted in

the absence of histology suggestive of immunologic activity.

Indeed, retrospective analysis of 600 biopsies during a 10-yr

period demonstrated that nonspecific TA/IF was found only

23% of cases (6); however, using protocol kidney biopsies in a
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prospective manner in kidney/pancreas transplant recipients,

94% of recipients had TA/IF, albeit mild, within the first post-

transplantation year and at 10 yr nearly universal changes

consistent with chronic CNI therapy, with 58% of biopsies

demonstrating severe TA/IF (3). Such data support “CAN” as

a progressive and cumulative lesion and suggest a strong and

perhaps inseparable relationship to CNI toxicity.

Considerably greater emphasis has been placed on biopsy

and morphologic assessment of the failing graft. For example,

BK polyomavirus nephropathy has become a critical contribu-

tor to graft loss, the extent of which has not been fully defined

outside of case series reported in the literature. Suffice it to say

that early detection via molecular methods (7) and the role of

biopsy early in the course of disease may abrogate an otherwise

inexorable decline in kidney graft function (8). A more detailed

discussion of the differential diagnosis and issues in classifying

CAN may be found in the 2005 Banff meeting report (9).

A number of centers are reporting results of protocol or

surveillance biopsies to detect abnormalities early in the post-

transplantation course, as potential surrogate markers of future

graft survival (10). The presence of ongoing interstitial inflam-

mation (“i score”) without associated tubulitis, even in areas of

atrophy and fibrosis, is a negative predictor of graft outcome

(11). Moreover, inflammation and tubulitis detected “subclini-

cally,” that is, in the absence of a clinically significant change in

renal function, are associated with progressive graft failure

(12–14). For example, biopsy at 1-yr after transplantation in the

presence of CNI therapy commonly demonstrates some degree

of fibrosis, and the combination of interstitial fibrosis and in-

flammation is strongly associated with graft loss or a 50%

decline in GFR within the first 5 yr of transplantation (12). This

significant relationship remained regardless of whether the

donor was living or deceased and regardless of the extent of “i”

score. Thus, biopsy histology, independent of renal function,

may define graft prognosis and may identify a population at

high risk for progression.

Serial biopsies of living kidney allografts have also demon-

strated the presence of fibrosis, not unlike that seen in de-

ceased-donor grafts, and the severity increases over time (15).

Moreover, graft survival and renal function at 2 yr were

strongly correlated to the extent of allograft fibrosis. These data

suggest that ischemic injury and preservation injury do not

entirely explain the extent of fibrosis in deceased-donor kid-

neys and suggest that other variables are important in living

graft loss; however, the role of surveillance biopsy in managing

this patient population remains unclear. The cost, safety, and

practical application with third-party compensation remain un-

certain. As demonstrated, early histologic diagnosis can occur

before detectable changes in renal function. Further investiga-

tion is needed to understand the type(s) of intervention to

ameliorate ongoing and early immune responses. Importantly,

in the absence of clear treatment options and unequivocal link-

age to outcomes, the management of immunosuppression in

the context of these infiltrates is not established.

When assessing allograft dysfunction, several new modali-

ties that may supplement histology as a guide to diagnosis and

treatment have been identified. These methods include gene

and protein expression profiles in the peripheral blood, the

urine, and the graft itself, all compartments relevant to the

alloimmune response (reviewed in reference [16]). The recent

sequencing of the human genome also provides a unique op-

portunity to develop genomic (17) and proteomic approaches

(18) to increase our understanding of events that lead to TA/IF.

For example, high-density array analysis of protocol kidney

biopsies demonstrated upregulation of genes associated with

inflammation and matrix and tissue remodeling, which corre-

lated with histologic evidence of TA/IF (19). Fibrosis-associ-

ated gene sets have also been identified in protocol kidney

biopsies with subclinical TA/IF and are linked to inflammation

and immune markers (20). Previous studies also implicated

growth factors such as TGF-� (2,21) and, more recently, con-

nective tissue growth factor (22), the downstream effector of

TGF-�, as important molecules in the development of fibrosis

in kidney allografts that may be useful biomarkers of disease.

The future challenge will be the validation for many of these

promising tests in larger patient populations to facilitate the

adoption of these tests for disease detection and early manage-

ment.

What Causes Graft Fibrosis and Tubular
Atrophy?
Both immune (antigen dependent) and nonimmune (antigen

independent) events may promote graft injury as summarized

in Table 1. Regardless of the cause of the initial insult, the result

is inflammation, which in the case of renal allografts may never

completely resolve. In this regard, allogeneic differences be-

tween donor and host lead to a persistence of graft-infiltrating

cells, including T cells, B cells, and macrophages, accompanied

by a proliferative response, mediated by chemokines, cyto-

kines, and growth factors (reviewed in reference [23]). In par-

ticular, TGF-� has been implicated in the fibrotic response after

injury in animal models of transplantation (24–26) and also in

human (27,28). Moreover, connective tissue growth factor, a

downstream effector of TGF-�, has been associated with

chronic allograft failure in heart (24) and kidney transplant

models (22), with specific ability to induce transformation of

kidney tubule epithelial cells into fibroblasts (22). Other factors

of potential importance in this response to injury include en-

dothelin-1 (29), PDGF-BB, EGF, and basic fibroblast growth

factor (reviewed in reference [30]), which augments TGF-�

signaling, and bone morphogenic protein-7 (BMP-7) and hepa-

tocyte growth factor (HGF), which counteract TGF-� signaling

and are discussed in “Epithelial-to-Mesenchymal Transition: A

Role in Allograft Fibrosis?”. Ultimately, the long-term potential

of allograft function may depend on somatic cell death. The

combination of ischemic injury and other posttransplantation

stresses may accelerate senescence, as indicated by recent stud-

ies by Melk et al. (31), in which expression of the cell-cycle

inhibitor P16ink4a increased over time after transplant and was

further affected by underlying graft age. Thus, a finite period of

function that is perturbed by the transplantation procedure and

its consequent management may exist.
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Tubular Cell Injury: The Starting Point of
Allograft Failure?
Tubular epithelial cells (TEC) comprise more than 75% of renal

parenchymal cells, and their susceptibility to injury directs

long-term graft function, because severe tubular injury can be a

primary cause for nephron loss (32). TEC death after ischemia

and inflammation occurs by apoptosis or programmed cell

death and necrosis (reviewed in reference [33–35]), which have

considerable overlap in etiologies and pathways (34,35). Apo-

ptosis is required for kidney remodeling and repair, but when

cell death exceeds the regenerative capacity of the kidney, the

result is a loss of function and premature graft failure. Thus,

TEC preservation might be a reasonable target to prevent late

graft loss.

Fas (CD95) expression on TEC and interaction with Fas li-

gand (FasL) on self or infiltrating cells has been implicated in

apoptotic injury in allografts (36,37). It has been difficult, how-

ever, to establish unequivocally a role for this receptor in allo-

graft injury because Fas expression may vary nonspecifically in

the graft (38), and TEC death via perforin/Granzyme B–based

cytotoxicity is more common in acute renal allograft rejection

(38,39). Nonetheless, renal Fas–-FasL interactions have been

implicated in chronic renal injury (37,40), and Fas polymor-

phisms (TNFRSF6) of the donor kidney can affect graft survival

(41). Moreover, disruption of TEC–TEC Fas–FasL interactions

or inhibition of Fas signaling through caspase-8 in vivo has

proved successful in preclinical rodent kidney transplant mod-

els be it by RNA silencing (42), caspase inhibition by synthetic

peptides such as zIETD and zVAD, or genetic manipulation to

silence caspase function (42,43) or the proapoptotic enzymes

produced by TEC (44). Finally, the regulation of Fas–FasL ex-

pression in TEC is of considerable importance such that TEC

might be protected in vivo from self-injury during inflamma-

tion. This process includes endogenous inhibitors of caspase-8

activation (c-FLIP), which may be downregulated in vivo by

cytokines such as IL-2 (45) and other factors including growth

factors and endogenous antiapoptotic proteins such as bcl-2

and inhibitor of apoptosis (46) to promote resistance of TEC to

death. The complexity of these intrarenal responses to inflam-

mation demonstrates the importance of mechanistic insights to

develop strategies to modify late graft injury (37,42).

Epithelial-to-Mesenchymal Transition: A
Role in Allograft Fibrosis?
Recently, it has been recognized that TEC injury is associated

with the development of fibroblasts with myocyte-like proper-

ties within the interstitium of the kidney. Although these cells

may be derived from a number of origins, including resident

interstitial fibroblasts or circulating mesenchymal cells, it is

likely that TEC in response to injury can undergo a phenotypic

change through the process of epithelial-to-mesenchymal tran-

sition (EMT). Although EMT is a complex process, it has been

described in vitro and in vivo in other chronic kidney diseases

associated with fibrosis (47) as well as epithelial cells in other

organs. Interconversion of mesenchymal and epithelial cells

during embryonic development via EMT and mesenchymal to

epithelial transition are well established mechanisms in organ

development, and renal EMT may be part of a regenerative,

albeit dysregulated, response in transplanted kidneys (48).

During kidney allograft fibrosis, conversion of renal TEC into

myofibroblasts/fibroblasts would promote late graft loss

through the disruption of polarized renal TEC and an increase

in fibrotic scar formation. Although mesenchymal cells that

infiltrate the vasculature and interstitium of grafts with chronic

Table 1.
Causes of allograft injurya

Immunologic (Antigen Dependent) Nonimmunologic (Antigen Independent)

Cellular immunity Organ viability
direct versus indirect allorecognition donor senescence
donor–host mismatch donor age
subclinical inflammation prolonged cold ischemic time
co-stimulatory signaling delayed graft function/acute tubular necrosis
inadequacy of immunosuppression living versus deceased

Humoral immunity reduced renal mass
antibody-mediated rejection donor brain injury
previous sensitization Treatment

Infection drug toxicity
CMV Recipient factors
BK polyomavirus lipid disorders

diabetes
recurrent disease
compliance
hypertension
obstruction

aCMV, cytomegalovirus.
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injury can be of both recipient and donor origin (49), the pri-

mary form of tubule regeneration seems to occur through the

survival of dedifferentiated epithelial cells that proliferate and

re-differentiate into mature functional epithelial cells (50) or via

bone marrow–derived cells (51); therefore, halting the process

of EMT may be of considerable benefit in preventing TA/IF

and late graft loss. Emerging data suggest that adult renal

fibroblasts might retain parts of their original embryonic im-

print and plasticity, which can be re-engaged by systemic ad-

ministration of BMP-7 to mediate repair of tubular injury even

with established renal fibrosis (48,52). Treatment with BMP-7

reduced fibrosis and improved renal function in a number of

rodent models and attenuated disease via antagonism of TGF-

�–mediated EMT (53). BMP-7 signaling is enhanced by kielin/

chordin-like protein, and in its absence, mouse kidneys seem

more susceptible to tubular injury and fibrosis (54). Similarly,

HGF seems to block TGF-�–mediated EMT in vitro and atten-

uated fibrosis in a variety of rodent models (reviewed in refer-

ence [55]). This effect is mediated by HGF modulation of TGF-�

expression through transcriptional repressors.

Within allografts, expression of S100A4, a calcium-binding

protein and a marker of EMT, is associated with infiltrating

CD8� T cells in allografts with TA/IF and suggest that TGF-�

produced by these cells may directly induce epithelial cells to

transform and migrate into the interstitium (56). Cyclosporin A

induces EMT in cultured proximal TEC and is associated with

a profibrotic transcriptional signature (57,58). The presence of

EMT has been confirmed in human allograft biopsies from

recipients with a decline in renal function and the hallmark

histology of tubular atrophy and interstitial fibrosis (59). More-

over, protocol biopsies of kidney allografts at 3 mo have dem-

onstrated that approximately 40% expressed markers of EMT,

and these grafts were more often associated with rejection and

longer cold ischemic times (60). Thus, a greater understanding

of the potential of TEC within the graft or other mesenchymal

cells to contribute to TA/IF is critical because it may provide us

with new direction in both early diagnosis of progressive fibro-

sis and an early interventional target to prevent subsequent

fibrosis. Disruption of the process of EMT may be clinically

feasible in the near future, but the impact on graft regeneration

as well as the ongoing immune response and allograft failure

must be considered.

Although the focus of injury has been on the T lymphocyte

and its contribution to alloimmunity, recent investigations by a

number of groups have proposed other novel immune media-

tors of injury. For example, tertiary lymphoid tissues, ectopic

accumulations of lymphoid cells formed in states of chronic

inflammation through a process of lymphoid neogenesis, have

been associated with autoimmunity and infection (61). In hu-

man kidney allografts with TA/IF, tertiary lymphoid tissues

have been identified in a number of patients with graft loss (62)

and also associated with chronic rejection and alloantibody

production (63). However, these nodules have not been seen

uniformly in all cases; neither is their role understood in this

process of graft loss. Similarly, mast cell infiltration of kidney

allografts, noted in acute cellular rejection, is associated with

the extent of interstitial fibrosis (64), and the extent of infiltra-

tion has been associated with long-term decline as well (65,66).

These studies highlight the relatively nonconventional hypoth-

eses about TA/IF development. Although these are interesting

associations, the mechanism and functional role of mast cells

remain under investigation.

Antibody and Allograft Failure
The predictive value of antidonor alloantibody production on

graft outcome has long been emphasized by some groups (re-

viewed in reference [67]). Early studies demonstrated that pre-

existing anti-HLA antibodies were associated with worse graft

survival (68). Although the relative contribution of class I versus

class II antibodies is not certain, the combination of both anti-

bodies seems to worsen graft survival significantly in kidney

transplant recipients of HLA-mismatched grafts (69). The sub-

sequent development of anti-HLA antibodies after transplan-

tation also denotes significant negative impact on graft out-

come (70). This alloantibody has been strongly associated with

acute rejection (71), but the independent contribution to chronic

graft injury is not entirely known. Despite the increased risk for

rejection and graft failure associated with alloantibody (72), the

detection of donor-specific antibody (DSA) in individuals has

not been consistently demonstrated. Some studies showed that

�20% of individuals with chronic graft injury had detectable

antidonor HLA class II antibody detected by ELISA (73),

whereas others noted a strong correlation with anti-HLA anti-

bodies and chronic injury, although antibody may not be donor

specific (74), and that the development of alloantibody is also

correlated with a strong level of antidonor cellular immunity

(75). However, the threshold effect and the need for concomi-

tant cellular response in chronic injury remain unknown.

The existence of alloantibody in the graft is established by

detecting C4d, a complement pathway product, within peritu-

bular capillaries of kidney allografts (76,77). Criteria have

evolved to identify antibody-mediated rejection and include

Cd4 deposition in peritubular capillaries, along with several

different histologic phenotypes, combined with the detection of

circulating DSA (78). The prevalence of C4d deposition may

reflect whether the biopsy is performed for cause or in protocol

settings where C4d positivity is seen relatively infrequently

(79); however, early detection in the first 6 mo after transplan-

tation is associated with a 50% reduction in long-term graft

survival from an average of 8 to 4 yr (80). This finding is specific

and not related to other causes of late graft failure such as CNI

toxicity or nonspecific IF. The concomitant finding of C4d stain-

ing and DSA in some studies suggests a role of antibody in

chronic allograft injury (6).

Another entity that is receiving more attention in late allo-

graft loss is chronic transplant glomerulopathy. This lesion is

characterized by widespread involvement of all glomeruli, with

enlargement and duplication of the glomerular basement mem-

brane (GBM), and endothelial cell activation. By electron mi-

croscopy, there is subendothelial accumulation of electron lu-

cent material, reduplication of the GBM, and interposition of

mesangial cells into the capillary wall (81,82). Associated risk

factors for development include the presence of anti-HLA an-

tibodies at the time of transplantation and late acute rejection

Clin J Am Soc Nephrol 3: S56–S67, 2008 Late Kidney Allograft Loss S59



(83,84). Glomerular C4d staining may also be seen in this lesion,

indicating antibody-mediated immune responses (83). Endo-

thelial C4d deposition is associated with chronic transplant

glomerulopathy, and its detection in peritubular capillaries in

otherwise morphologically normal biopsies has been associated

with subsequent development of this lesion (85). The genera-

tion of antidonor antibody may be a response to structural

proteins in the kidney, rather than allogeneic responses leading

to anti-HLA antibodies. Alternatively, anti-GBM antibodies,

specifically to heparan sulfate proteoglycan agrin, may play a

role (86). That this lesion is a result of immune activation is

further supported by the observation that intraglomerular and

periglomerular leukocytes express CXCR3 and ICOS as mark-

ers of T cell activation, compared with their absence in biopsies

with CAN lesions alone (87). These studies support the need for

further investigation into the prospective development of this

lesion and the contributions of both cellular and antibody-

mediated components.

The case for non-HLA antibodies in chronic graft injury is

also growing. These include anti-GBM heparin sulfate antibod-

ies (88) and anti-perlecan and anti-�1(VI)/�5(IV) collagen an-

tibodies (89) in rat transplant models. In human kidney trans-

plant recipients, antibodies directed against vascular

endothelial cells have been associated with biopsy-proven

chronic rejection and worsened graft outcome (90). Anti–angio-

tensin II type A receptor antibody has been detected in a subset

of kidney transplant recipients with refractory vascular rejec-

tion episodes and malignant hypertension (91). Finally, detec-

tion of antibody toward MHC class I–associated proteins is

relatively uncommon after kidney transplantation but is asso-

ciated with worse graft outcome (92) and more frequent acute

rejection episodes (93). Thus, chronic antibody production, both

HLA and non-HLA directed, has reemerged as an important

potential cause in immune-mediated late graft loss; however,

the management of this disorder remains poorly defined. Al-

though there are anecdotal reports of management with plas-

mapheresis and anti–B cell antibody therapy such as rituximab,

the management of this recipient remains under study and

potential intervention has considerable practical issues.

Endothelial Cell Injury: A Parallel Pathway
to Graft Loss?
The presence of arterial intimal proliferation with fibrointimal

inflammation is a recognized feature of chronic rejection (5).

Although the focus of this review has been on epithelial cell

injury and interstitial fibrosis, it should be noted that endothe-

lial cell injury may interplay to lead to late graft dysfunction.

Vasculopathy (“cv”) may be manifest not only in arteries but

also in arterioles and the glomerular tuft and peritubular cap-

illaries. Apoptosis of endothelium leads to a series of events

that culminate, including mononuclear leukocyte recruitment,

vascular smooth muscle cell proliferation, neointima formation,

and abnormal vascular remodeling (reviewed in reference [94]).

Monocyte-derived TGF-� is enhanced, promoting a fibroprolif-

erative response, with myofibroblast accumulation within the

neointima of arteries and capillaries and concomitant intersti-

tial fibrosis (95). Understanding the contribution of endothelial

cell injury and intimal proliferation in chronic graft injury,

particularly the cross-talk with the interstitial compartment,

may define a new therapeutic avenue to salvage the failing

allograft.

Injury to the microvasculature of the kidney may also be

underrecognized as a contributor to late graft loss with result-

ant hypoxia and ischemic injury. In end-stage grafts with TA/

IF, reduced microvascular density has been associated with

increased endothelial proliferation of remaining cells (96). In-

terstitial lymphatics that contain macrophages were also prev-

alent in these failed grafts, associated with enhanced expression

of inducible nitric oxide synthase and vascular endothelial

growth factor-C. These observations suggest another pathway

with potential therapeutic implications in disrupting the de-

cline in renal function and anatomy.

Key Factors in Managing Chronic Graft
Injury
In general, the development of late graft failure is a variant of

chronic kidney disease; as such, standard management princi-

pals for reduced GFR apply. These include addressing hyper-

tension, adequate control of blood sugar in diabetes, attention

to hyperlipidemia, and anemia support based on the Kidney

Disease Outcomes Quality Initiatives (K/DOQI) guidelines for

patients after kidney transplantation (97). Moreover, both hy-

pertension and diabetes strongly contribute to the risk for cor-

onary artery disease, and such risk factors need appropriate

management to limit the death with a functioning graft (98);

however, it should be clearly noted that there have been limited

studies into specific interventions in this patient population,

and, clearly, further investigation is warranted to identify rel-

evant strategies to improve graft outcome.

Hypertension is extremely common in kidney transplant re-

cipients, ranging from 60 to 80% depending on the center. In a

report from the Collaborative Transplant Study of 262 Euro-

pean transplant centers, 76% of patients had hypertension,

defined as a BP �130 systolic (99). Elevated BP also has a

significant negative effect on long-term kidney graft outcome,

and increased levels of systolic and diastolic BP after transplan-

tation are associated with a graded increase of subsequent graft

failure (99). Thus, K/DOQI guidelines recommend control with

BP �130/80 mmHg. A variety of agents have been studied in

posttransplantation recipients. These include the use of dihy-

dropyridine calcium channel blockers, which are not only ef-

fective in BP management (100,101) but also are associated with

arteriolar vasodilation and may ameliorate the vasoconstriction

associated with calcineurin therapy and improved GFR

(101,102). Randomized comparison between nifedipine and lis-

inopril demonstrated that although BP control was similar,

GFR was significantly better at 2 yr after transplantation in the

nifedipine group (103), although this has not been a consistent

finding (104). Angiotensin-converting enzyme inhibitors

(ACEI) may provide some specific benefits, including reduction

in left ventricular hypertrophy compared with placebo (105)

and a reduction in proteinuria compared with � blocker ther-

apy (106). Although one report suggested that ACEI may im-

prove patient survival (107), a retrospective analysis of 17,209
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kidney transplant recipients in the Collaborative Transplant

Study with functioning grafts and ACEI use at 1 yr demon-

strated no significant differences in either patient or graft sur-

vival (108). Thus, the available evidence is not sufficient to

recommend one class of agent over the other, and the utility of

ACE inhibition might be best suited to those with proteinuria.

Hyperlipidemia, defined as a total cholesterol �240 mg/dl

(approximately 6 mmol/L), LDL �130 mg/dl (approximately

3.5 mmol/L), HDL �35 mg/dl (approximately 0.9 mmol/L),

and triglycerides �200 mg/dl (approximately 5 mmol/L), is

seen in approximately 60% of recipients. The pathogenesis is

multifactorial and includes the presence of preexisting hyper-

lipidemia, posttransplantation weight gain, immunosuppres-

sion (particularly sirolimus and steroids), and the presence of

the coexistent diabetes or hypothyroidism. Agents for therapy

include statins as well as fenofibrates to control LDL and trig-

lycerides. Moreover, statins have been implicated as beneficial

agents beyond their lipid-lowering ability because of their po-

tential to regulate fibrogenic mechanisms, as well as their im-

pact on endothelial dysfunction. In a landmark study of �2000

renal transplant recipients, the daily use of fluvastatin was

found to be safe and effective in lowering total cholesterol and

LDL cholesterol (109). In addition, fluvastatin therapy resulted

in a 32% reduction of myocardial infarction and a 38% reduc-

tion in cardiac death but did not reduce interventions and other

cardiac morbidity; however, there was no impact on graft func-

tion or outcome. Thus, the primary treatment goal at present

should be aimed at improving overall patient health and sur-

vival and avoiding adverse effects of drugs while the benefit on

graft function has not completely been established.

Posttransplantation diabetes is increasingly recognized as a

significant issue. Because of a significant negative impact on

patient and graft survival (110), treatment of this disease should

be included in the management strategy of late graft failure.

Identification of diabetes after transplantation, management

goals and strategies, and therapeutic interventions will be dis-

cussed in another section of this supplement.

Altering Immunosuppression: What Can
Help?
The long-term use of CNI, even when monitored, has been

implicated as a substantial contributor to the development of

TA/IF (3). Lower rates of “CAN” have been associated with the

use of mycophenolate mofetil (111). Such studies suggest that

antimetabolites may uniquely affect fibrogenesis or that these

agents can facilitate reduction of CNI, which may be of greater

impact. Consequently, limiting the long-term use of CNI or

avoiding them altogether has been under intense investigation

in the past 5 yr. Although initial attempts to withdraw CNI

demonstrated limited efficacy (112), further investigations have

been facilitated by the frequent adoption of induction immu-

nosuppression that includes nondepleting antibodies that block

CD25 (19) and co-stimulatory blockade (113) or via depletional

strategies using rabbit anti-thymocyte globulin (114) or alemtu-

zumab (115). The addition of sirolimus to the list of approved

drugs to prevent kidney graft rejection has further facilitated

trials in CNI withdrawal (116–118) or avoidance (114,119–122),

and such strategies have been met with mixed results. The use

of sirolimus in and of itself could provide some benefit as a

result of its recognized antiproliferative effects on fibroblast

proliferation as demonstrated recently by the stabilization of

TA/IF grade and a reduction in �-smooth muscle actin expres-

sion after treatment in patients with moderate graft dysfunction

(123) as well as the reduction in arteriolar hyalinosis and tubu-

lar degeneration in another study (124). Further studies should

be considered and reviewed with the recognition that ap-

proaches for long-term maintenance of stable graft function

may differ from those for the already failing transplanted kid-

ney. Ultimately, identifying a strategy for optimal immunosup-

pressive manipulation for late graft injury will depend on a

strategy that is not only non-nephrotoxic but also as equally

efficacious as standard calcineurin-containing regimens. The

reader is referred to the more detailed discussion of the role of

specific strategies and their implications in graft function and

outcome elsewhere in this supplement.

Abrogating Matrix Deposition: Novel
Approaches
As already discussed, management of recipients with late graft

failure includes attention to modifying comorbidities to slow

the rate of decline and also to modify the contribution to

coronary artery disease, but these strategies are only indirect. In

the kidney with interstitial fibrosis, matrix synthesis is no

longer in balance with matrix degradation as a result of in-

creased synthesis, decreased degradation, or a combination of

both. Blocking matrix formation in and of itself may be pow-

erful in clinical transplant settings, because it obviates knowing

precisely which insult is the cause.

In this regard, a number of agents have been investigated and

are waiting additional preclinical testing and/or have been

tested in nontransplantation situations and could represent

novel therapeutic strategies for our patients (reviewed in ref-

erence [125]). For example, blockade of prolyl-4-hydroxylase, a

rate-limiting step in collagen biosynthesis (126,127), resulted

not only in a reduction of fibrosis and graft inflammation but

also in improved graft function compared with vehicle-treated

controls, with no evidence of gross toxicity in the mouse (128).

Inhibition of matrix metalloproteinase enzymes, regulatory en-

zymes in matrix degradation, ameliorate proteinuria and his-

tology in rat kidney allografts, depending on the time course of

dosing (129). Retinoids, recognized for their anti-inflammatory

capacity (reviewed in reference [130]), not only reduce acute

rejection severity in the rat (131) but also ameliorate fibrosis in

chronic nephropathy (132). Finally, disrupting EMT may be

another therapeutic route. HGF treatment improved graft sur-

vival and renal function in rat kidney allografts (133) and also

ameliorated the fibrosis associated with cyclosporine nephro-

toxicity (134). These effects not only are mediated by reduction

in gene transcripts for TGF-� and matrix molecules (133,134)

but also are associated with a reduction in macrophage infil-

tration (133) and protection of tubular injury, perhaps by anti-

apoptotic effects. Thus, there are a number of approaches, but

the issue to consider includes whether such class of agent may

ameliorate established matrix and show clinical utility in trans-
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plant surgical settings where wound and graft anastomotic

healing are a necessity.

Conclusions
Late allograft loss by TA/IF is a consistently identified and

progressive condition for which no current single approach has

entirely predictable results. That chronic graft loss is un-

changed despite remarkable reductions in acute rejection rates

suggests that immune mechanisms are not primarily responsi-

ble; however caution is required in this interpretation because

the pattern of response to diverse forms of injury in the kidney

is TA/IF, and as we alter therapy to try to prevent this form of

graft loss, we may be unaware of interchange between immune

and nonimmune mechanisms. The role of tubular injury and

mechanisms of graft fibrosis have been discussed. In a practical

sense, limiting nephrotoxic immunosuppressive agents while

still providing adequate antirejection coverage remains a rea-

sonable goal but needs to consider immune process more in-

sidious than cellular infiltrate can occur, including antibody

and complement. Management of comorbidities that are known

to contribute to GFR decline in nontransplant chronic kidney

dysfunction should also be addressed. Emerging concepts of

the mechanisms of injury and fibrosis should lead to early

biomarkers as well as therapeutic agents so that we will finally

be able to tackle specifically this considerable clinical problem.
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