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INTRODUCTION
Chronic graft nephropathy (CGN) has

been conceptually defined as a progres-

sive kidney function impairment unre-

lated to discontinuation of immunosup-

pressive treatment, disease recurrence,

and vascular or urological complica-

tions.1 The current decrease in the inci-

dence of acute rejection is one of the

reasons explaining that CGN is the

second leading cause of graft loss, the

first cause being patient death.2 Fifty

percent of patients lose the graft at 5

years.3 The search for the main etiopat-

hogenetic mechanisms, the detection of

predictive histopathological lesions,

and a better understanding of prognos-

tic criteria are the main current discus-

sion factors.4-6

Since the 8th Banff conference held

in Edmonton (Canada) in 2005,7 a con-

sensus was reached by clinical and

pathologists not to use the term CGN

as a diagnostic term because its gene-

ric use conceals other multiple

immune or non-immune causes,5,8 pre-

venting a more specific diagnosis and,

thus, appropriate treatment. The con-

cept of chronic graft disease secondary

to an immune mechanism should the-

refore be distinguished from those

other chronic diseases unrelated to an

immune process. Among these disea-

ses, particular mention should be made

of high blood pressure, chronic toxi-

city, obstruction, reflux, and/or bacte-

rial chronic interstitial nephritis, as

well as viral interstitial nephritis.7 This

multiplicity of causes with different

but imbricate or overlapped etiopatho-

genetic mechanisms is one of the main

difficulties for making an adequate

histopathological study and finding

clinical correlations.

MAIN HISTOPATHOLOGICAL
CHARACTERISTICS
The prior concept of CGN, as modified

in Banff 2005,7 consists of slowly pro-

gressive functional impairment of the

graft whose histopathological substrate

is characterized by interstitial fibrosis,

tubular atrophy, arteriolar hyaline dise-

ase, and glomerulosclerosis. It should

be reminded that this concept is fully

descriptive and non-specific, because

all these histopathological characteris-

tics suggesting chronicity are common

to any chronic renal condition in which

the proportion of glomerular sclerosis,

fibrosis, and tubular atrophy is also

related to the degree of renal failure,

irreversibility of the process, and there-

fore a poorer prognosis. In order to

establish a clinical correlation and sug-

gest therapeutic schemes, a search for

the etiopathogenetic mechanisms invol-

ved is required.

Correlation between histopatholo-

gical damage and prognosis has led

since the 90s to the search for objec-

tive and reproducible parameters, in

which special mention should be

made to two protocols or study

groups, Banff7 and the CADI system,9

pursuing a same objective, namely

quantification of different histopatho-

logical parameters of chronicity,

including glomerular disease, grade

and extent of interstitial fibrosis, tubu-

lar atrophy, and vascular lesion. Three

grades with a clinical correlation are

classified based on this methodology,

with grade III cases having a poorer

prognosis (table I).

Despite these diagnostic guidelines,

however, in the attempts made to ascer-

tain the interobserver degree of specifi-

city and reproducibility, kappa indices

in these biopsies have been very low,

less than 0.40.10 This fact could be

explained by multiple reasons, inclu-

ding inconsistent interobserver expe-

rience, the negative role of inconsistent

quality and representativeness of the

biopsy, overlapping of different disea-

ses, particularly at vascular level, and

finally, absence of morphometric stu-

dies limiting a significant subjectivity

burden on observers.11

It should be noted that the chronic

graft phase is the evolutionary product

of a dynamic biological fact in which

intercurrent immune and non-immune

factors, such as infectious, toxic, and

ischaemic factors making assessment

of each patient difficult may coincide

and coexist. As already discussed by

revis iones cortas

Table I. Chronic graft disease with no evidence of known etiology (Banff,
2005 meeting report. Am J Transplant 2007; 7: 518-526)

Grades:
III. Interstitial fibrosis and mild tubular atrophy ( < 25% of cortical area).
III. Interstitial fibrosis and moderate tubular atrophy (26%-50% of cortical area).
III. Fibrosis and severe tubular atrophy (< 50%).

Non-especific vascular lesion (atherosclerotic type and/or hypertensive vascular disease) as well as
% glomerulosclerosis may be included.
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Furness,12 paradoxically «… we may

have abundant data but a limited

understanding of what is happening in

the patient».

However, it has been documented

that a severe grade of chronicity

(Banff’s grade III) with extensive

interstitial fibrosis, tubular atrophy,

arteriolar hyalinosis, and a high percen-

tage of glomerulosclerosis has an

adverse influence on graft prognosis,

with a very low 10-year survival. Only

in 57.9% of grade II cases graft survival

was longer than 10 years with a signifi-

cant p value (p < 0.01), By contrast,

low chronicity rates involving mild

atrophy and interstitial fibrosis and no

vascular disease were associated to 10-

year survival of more than 80% of

grafts.13

It has been recommended to include

among histopathological parameters

to be quantified in the biopsy in chro-

nic stages the concept of chronic

«active» nephropathy, encompassing

the coexistence of focal or diffuse

subcapsular or perivascular interstitial

inflammatory infiltrates and vascular

disease with intimal lesion.7,14 When

the prognostic impact is assessed, it is

important to distinguish this active

phase from the inactive phase, charac-

terized by interstitial fibrosis, tubular

atrophy, vascular sclerosis, and glo-

merular sclerosis only. This informa-

tion should therefore be included in

the pathological report for better clini-

cal information.

This information would however be

inadequate if, when assessing biopsy

diagnostic criteria, other significant and

controversial factors related to graft

prognosis in this evolutionary period

are not considered.

• Donor kidney disease secondary to

advanced age, arteriosclerosis, dia-

betes, or hypertension.

• Subclinical rejection demonstrated

by the protocol biopsy.

• Relationship to antibody-mediated

humoral rejection.

• Cell type of inflammatory infiltrate

and/or cell subpopulations.

• Calcineurin inhibitor-induced chro-

nic nephrotoxicity.

• Relationship between transplant

glomerulopathy, chronic vascular

disease, and immune mechanism.

DONOR FACTORS INVOLVED
IN CHRONIC GRAFT
NEPHROPATHY
The social pressure exerted by the long

waiting lists of patients pending trans-

plantation has led in recent years to the

use of less strict criteria for donor

selection. Patients over 60 years of age,

with diabetes or hypertension, and kid-

neys from people dying from a cerebro-

vascular accident (CVA) and in asys-

tole with warm ischaemia are currently

being accepted as donors. However, it

has been documented that a history of

hypertension, smoking, death from

CVA, serum creatinine higher than 150

mL/dL, asystole, and atherosclerotic

vascular disease together with very pro-

longed cold ischaemia has an impact on

both poor early function and predispo-

sition to graft acute rejection and chro-

nic failure.15-18

These wider donor selection criteria

make it advisable to perform a biopsy

before implantation to ascertain the

histological status of the graft.19 Such

biopsy has been shown to be useful and

to be associated with a better prognosis

as compared to groups where no prior

biopsy was performed.20 It is generally

accepted that greater than 20% glome-

rulosclerosis, diffuse and concentric

arteriolar hyalinosis, and a significant

interstitial fibrosis would mark the

limit to contraindicate such grafts, not

only because of the poor early func-

tion and increased morbidity, but also

because of the great probability of

development of chronic graft dise-

ase.21-23 An additional significant rea-

son for requesting a donor kidney

biopsy is to facilitate subsequent

assessment of the condition during the

transplant course.

Thus, the earliest damage that may

be seen in the first graft biopsy, and that

should be histologically assessed, is a

damage, either vascular, tubulointersti-

tial or glomerular, «inherited» from the

donor.

In a study conducted on our prior

patients where 66 cases of CGN, with

biopsy assessment after the sixth post-

transplant month were reviewed,

lesions characterizing chronic disease,

such as fibrosis and tubular atrophy,

were related to grafts with no initial

function and with a higher percentage

of glomerulosclerosis.24

SEARCH FOR PREDICTIVE
LESIONS: SIGNIFICANCE OF
PROTOCOL BIOPSY
The possibility of knowing the early

lesion stages at times when the patholo-

gical process has not reached an irre-

versible level has been and continues to

be the main objective for indicating

protocol biopsies that allow us for

detecting in sufficient advance a given

histopathological lesion and monitoring

its course and response to treatment.

Protocol biopsies performed in patients

with stable function have been shown

to allow for detecting subclinical rejec-

tions that may be treated, as well as the

presence of «tubulitis», fibrosis, and

vascular disease in biopsies from

patients with no kidney function

impairment.25,26 Some series where pro-

tocol biopsies were performed found

rejection criteria in up to 30% of

patients with stable kidney function.27

Performance of these biopsies has

shown a relationship of several histo-

pathological parameters such as inters-

titial fibrosis, glomerulosclerosis, and

mononuclear infiltrate with progressive

kidney function impairment.28 Protocol

biopsies also appear to have shown a

direct relationship of recurrent rejection

episodes, as well as acute rejection after

the fourth month, with development of

chronic nephropathy.29

However, histopathological assess-

ment may be difficult in these early sta-

ges because minimal lesions and/or

lesions classified as borderline, usually

focal in character, with little histopatho-

logical impact, of uncertain significance,

and even with different response to treat-

ment are more commonly seen.30,31 This

limits the validity of the results, which

together with increased costs and ethi-

cal problems, are the factors argued by

some authors to advise against perfor-

mance of these biopsies.32

CHRONIC GRAFT VASCULAR
DISEASE (CGVD)
Together with arteriolar hyalinosis, a

sign of chronicity and poor graft evolu-

tion,13 CGVD continues to be an objec-

tive and specific histological marker of

chronic rejection mediated by an

immune mechanism.33 CGVD has tradi-

tionally been considered as a characte-

ristic histopathologic lesion of chronic

short  reviews
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graft rejection, together with transplant

glomerulopathy (TG).34,35 Histopatholo-

gical features of CGVD include a

reduction in vessel lumen size caused

by a concentric myointimal prolifera-

tion in which a cell component, prefe-

rentially consisting of CD3-positive

lymphocytes, macrophages, foamy his-

tiocytes, and myofibroblastic cells, is

seen36 (fig. 1). This lesion progresses

and becomes more sclerosing, with a

trend to an increased luminal occlusion

and intimal signs of sclerosis. At this

more advanced stage, differential diag-

nosis with lesions secondary to hyper-

tensive vascular disease and/or advan-

ced atherosclerotic lesions is more

difficult. A useful histological key to

differentiate both lesions consists of the

existence of a concentric, segmental

reduplication of the internal elastic

lamina in cases of atherosclerosis

and/or peripheral vascular disease,

which does not occur when the vascular

lesion results from CGVD, when the

internal elastic lamina remains unchan-

ged. However, it should always be

reminded that the vascular lesion is a

dynamic event, and chronic vasculo-

pathy lesions of an immune origin may

be overlapped with atherosclerotic

and/or hypertensive lesions.

In addition to lesion of medium-

sized muscular arteries, arteriolar invol-

vement should also be assessed. Arte-

riolar sclerosis and hyalinosis is a

significant histological marker of chro-

nic nephropathy,13,37 but as occurs with

arterial pathology, it may be result from

multiple causes, not only atherosclero-

sis, hypertension, and diabetes, but also

calcineurin inhibitor toxicity.

CALCINEURIN INHIBITOR-
INDUCED CHRONIC TOXICITY
The continued toxic action of calcineu-

rin inhibitors is one of the main causes

of chronic graft failure.37 Since cyclos-

porin A (CyA) started to be used as a

potent immunosuppressant, multiple

histological changes related to the toxi-

city of this drug class have been repor-

ted.37-40

Acute toxicity is limited to tubular

damage consisting of the presence of

microvacuolization of an identical size,

hence the term of «isometric» microva-

cuolisation, and to a slight vascular

damage, not always evident at this first

stage.37 Necrosis of arteriolar smooth

muscle cells and nodular hyalinosis has

been considered as a lesion characteris-

tic of CyA toxicity,41 but it should be

admitted that such hyalinosis is a non-

specific finding in itself.

Another histological feature repor-

ted consists of interstitial fibrosis and

glomerulosclerosis,38-41 characteristics

that are common to chronic renal graft

evolution regardless of the cause. In

order to identify specific signs that

allow for differentiating this toxicity

from that due to other causes, it should

be noted that there are studies that

appear to show that fibrosis induced

by CyA shows a lower proportion of

collagen III than chronic rejection

biopsies.42 Some authors think that

arteriolar hyalinosis is a highly consis-

tent characteristic and the one having a

greatest impact on prognosis.43 By

contrast, there are other conclusions

not showing a clear relationship bet-

ween the grade of renal failure and the

severity of arteriolar hyalinosis attri-

buted to toxicity.43

To sum up, we may conclude that:

1. Histopathological diagnosis of cal-

cineurin inhibitor-induced chronic

toxicity is an exclusion diagnosis.

2. In patients with chronic kidney

disease, lesions due to nephroto-

xicity only are difficult to sepa-

rate from those caused by atheros-

clerosis, hypertension, or chronic

rejection.

3. Arteriolar hyalinosis, together

with glomerulosclerosis, should

be considered as poor prognostic

criteria not always related to the

degree of kidney function impair-

ment.

4. Arteriolar hyalinosis and glomeru-

losclerosis are the most commonly

reported histological lesions.

TRANSPLANT
GLOMERULOPATHY (TG)
TG is a histological form of glomerular

lesion not previously described in native

kidneys, consisting of a diffuse thicke-

short  reviews
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Figure 1. Chronic graft vascular disease. Proliferation of the arterial intima layer not associated with concentric reduplication of the internal elas-
tic lamina (PAS and Verhoeff’s stain).
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ning of the glomerular capillary wall

with formation of double contours, base-

ment membrane lamellation, subendot-

helial electron-lucent area with no or

minimal electron-dense deposits, incre-

ase and widening of the mesangial

space, and finally «mesangiolysis»34,44,45

(fig. 2).

TG incidence ranges from 7% if all

transplant pathology is included and

more than 25% if chronic graft disease

or patients biopsied after the third

month are only analysed.46,47 In our

review of more than 1,114 biopsies

from transplant patients accumulated

from 1985 to 2008, and including glo-

merular disease only, TG is the most

common and leading glomerular graft

disease, including de novo and recu-

rrent glomerulonephritis, with an inci-

dence of 37.2%. In some reviews of

protocol biopsies in grafts with no

impaired kidney function, incidence

may be up to 49%.48 In another review

conducted by us of all biopsies from

patients with chronic kidney function

impairment after the sixth month, TG

was found in 11% (personal expe-

rience).

One of the main problems for diagno-

sing TG is its high degree of heteroge-

neity, as it is common to find in evolved

cases coexisting ischaemic glomerular

lesions alternating with segmental or

global sclerosis in a setting of chronic

disease (personal experience).

Because of the presence of double

contours in the glomerular basement

membrane (GBM), differential diagno-

sis should consider two very similar

conditions, mesangiocapillary glomeru-

lonephritis (MCG, de novo or relap-

sing) and chronic thrombotic microan-

giopathy (TMA). Differential diagnosis

requires a study with electron micros-

copy and immunofluorescence. MCG is

characterised by abundant C·3 deposits

located in mesangium and capillary

walls, particularly at subendothelial

level, that should not be present in TG

or TMA, in which deposits are usually

focal or absent.49

Both with light microscopy and elec-

tron microscopy and immunofluores-

cence, a great similarity exists between

TG and chronic TMA, as described in

the adult haemolytic uremic syndrome

(HUS),49,50 and both conditions are com-

pletely superimposable from the light

microscopy, immunofluorescence, and

ultrastructural viewpoints. This fact has

led to postulate that both conditions

may have a common etiopathogenetic

mechanism. The most significant diffe-

rences are multilamellation of the

lamina densa in electron microscopic

studies in TG51 and, clinically, the

absence of a haemolytic uremic syn-

drome. However, TMA is not always

associated to HUS in series of trans-

plant patients,52 nor the absence of mul-

tilamellation rules out a diagnosis of

TG.

Classical studies on MCG pathoge-

nesis53 reported that endothelial cell

necrosis, cleavage, and lesion lead to a

regenerative process resulting in forma-

tion of a new GBM and GBM redupli-

cation. If a hypothetic «accomodation»

phenomenon of the graft to an immune

mechanism of repeated, subclinical

chronic humoral rejection is accepted,

we could also accept the possibility of a

phenomenon of «accomodation» and

endothelial subclinical lesion not trig-

gering a HUS secondary to endothelial

damage. Such «accomodation» events

would allow for a chronic evolution of

the graft, preventing massive lysis of

endothelial cells from being able to

trigger complement and coagulation

activation as occurs in HUS. To support

this hypothesis, a factor H deficiency

has been reported in the acute phase of

TG, in which a significant endothelial

impairment highly superimposable to

what occurs in TMA exists. Endothelial

damage promoted by T lymphocytes in

the acute phase of TG would predis-

pose to intraglomerular platelet aggre-

gation and TMA development.54

HUMORAL REJECTION AND
RELATIONSHIP WITH
TRANSPLANT
GLOMERULOPATHY AND
CAPILLAROPATHY
Many reports state that factors related

to a poor prognosis of renal graft are

related to the presence and/or persis-

tence of specific anti-donor antibodies

together with histological markers con-

sisting of glomerulitis, capillaritis of

the peritubular capillary (PTC), pre-

sence of vascular fibrinoid necrosis,

and diffuse C4d deposits in PTC (Table

II). All these signs are required to be

present to diagnose antibody-mediated

acute rejection or humoral rejec-

tion.7,14,55,56 In review studies, anti-donor

antibodies are detected in up to 96% of

patients who have experienced acute

rejection, a relationship being found

with chronic rejection.57

short  reviews
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Figure 2. Chronic graft disease. Transplant glomerulopathy. Double contours of the glomerular
capillary wall (PAS stain).
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TG, whose etiopathogenesis is not

well known, has traditionally been

considered a glomerular form of chro-

nic rejection.7 There were already

reports relating TG with a humoral

mechanism of rejection. In an experi-

mental study conducted in 1994 on

different mouse strains to show the

type of histological lesion related to

anti-donor antibodies, glomerular

lesions superimposable to TG were

reported.58 Recent data support the

hypothesis of the involvement of an

antibody-mediated immune mecha-

nism (humoral rejection) in chronic

graft disease and TG.57-59 This hypot-

hesis is mainly based on the finding of

C4d deposits in the basement mem-

brane of the peritubular capillary in

30% to 74% of patients with specific

anti-donor antibodies.60,61 Our own

review revealed highly positive C4d

deposits in PTC in 10 out of 21 biop-

sies from 17 patients with TG (perso-

nal communication pending publica-

tion) (fig. 3). There are studies

relating multilamellation of GBM,

described as a typical ultrastructural

lesion in TG, and PTC62,63 to C4d

deposits and reporting that such depo-

sits preceded TG64 (fig. 4).

There is thus a connection between

humoral rejection and C4d deposits,

TG, and capillaropathy supporting a

same etiopathogenesis where a primary

change in endothelial cells would trig-

ger lesions in the glomerular basement

membrane and PTC, including multila-

mellation. However, while this immune

theory is very attractive, it should be

noted that a change in the basement

membrane of PTC consisting of thicke-

ning and «rarefaction» related to an

ischaemic mechanism has been repor-

ted.65

To sum up, after reviewing the litera-

ture and in accordance with the Banff

criteria for identification of an immune

mechanism causing chronic graft fai-

lure, we think that the following criteria

should be met (table III):

• Presence of specific anti-donor

antibodies, and/or

• TG with double contours and/or

multilamellation in GBM, and/or

• Significant multilamellation of the

PTC basement membrane, and/or

• Chronic vascular disease based on

arterial myointimal proliferation,

and/or

• Presence of diffuse C4d deposits in

PTC.

CELL SUBPOPULATIONS IN THE
SETTING OF CHRONIC GRAFT
DISEASE
Since the early histopathological stu-

dies of graft biopsies, an attempt has

always been made to correlate the

severity and type of inflammatory

infiltrate with prognosis. Classical stu-

dies reported that severity of such

infiltrates and a decreased T4/T8 ratio,

as well as changes of this ratio in

peripheral blood, involved a poorer

prognosis.66,67 While the T-lymphoid

component is the leading element in

the histological picture of acute cell

rejection, involvement of B cell popu-

lation, plasma cells, and macrophages,

highly correlated to graft prognosis

and chronic evolution, cannot be for-

gotten. Presence of B cells has been

associated to a poorer graft prognosis

and steroid resistance.68 Because of the

possibility that this type of rejection

with predominance of B lymphocytes

may be treated with another type of

immunosuppressant (rituximab), it

could be advisable to study cell subpo-

pulations using immunohistochemistry

procedures, particularly in patients

with interstitial lymphocyte infiltrates

short  reviews
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Figure 3. Diffuse C4d deposits in the wall of peritubular capillaries (immunofluorescence tech-
nique).

Table II. Acute humoral rejection (Banff, 2005 meeting report. Am J Trans-
plant 2007; 7: 518-526)

Grades:
III. Lesions such as acute tubular necrosis, C4d+, minimum inflammation.
III. Capillary margination of white blood cells and/or thrombosis, C4d+.
III. Arterial disease. Severe endothelitis (v3), C4d+.

Table III. Chronic active humoral rejection (Banff, 2005 meeting report. Am
J Transplant 2007; 7: 521)

a) Double contour of glomerular basement membrane and/or
b) Multilamellation of peritubular capillary basement membrane and/or
c) Interstitial fibrosis/tubular atrophy C4d+ and/or
d) Regular thickening of arterial intima.
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resistant to standard immunosuppres-

sive therapy. The correlation of

macrophages and plasma cells with a

poorer prognosis has already been dis-

cussed in the literature, and their pre-

sence should be noted in diagnosis or

the biopsy report.7,14,69,70,71 Some authors

found, in biopsies taken more than six

months after transplant, a relationship

between C4d deposits in peritubular

capillaries and plasma cell infiltrates

in up to 52% of cases, whereas only

13% of biopsies negative for C4d had

a population of plasma cells.72 A com-

parison of protocol biopsies from two

patient populations dependent on

immunosuppressive therapy, either

cyclosporine A or tacrolimus, showed

lower proportions of CD45, CD3, and

CD68 in the tacrolimus group.73

As regards inflammatory cell popu-

lations, it may therefore be concluded

that identification of populations rich in

CD20 cells, in addition to involving a

poorer prognosis, may have an impact

on the therapeutic approach. Inflamma-

tory infiltrates with a population of

plasma cells and macrophages, particu-

larly after the sixth month, are associa-

ted to a poorer prognosis. Finally, there

is a clear evidence of the relationship of

plasma cell and macrophage popula-

tions to humoral rejection, and also to a

chronic evolution and a poor prognosis

of the graft.

CONCLUSIONS
• CGN should not be used as a diag-

nostic term because it encompasses

multiple histopathological conditions

secondary to different immune and

non-immune ethiopatogeneses and pat-

hophysiological mechanisms.

• This term should be replaced by a

designation describing interstitial fibro-

sis, tubular atrophy, and glomerular

sclerosis when an etiology is not known

and an etiopathogenetic mechanism

cannot be established.

• Among non-immune factors, inhe-

rent donor pathology, particularly vas-

cular lesions, and continued toxic

damage induced by calcineurin inhibi-

tors have a preponderant role.

• Transplant glomerulopathy (TG),

as well as PTC capillaropathy, chronic

vascular disease, and C4d deposits in

PTCs, suggest a humoral rejection

mechanism mediated by anti-donor

antibodies.

• Identification of the type of inters-

titial inflammatory population associa-

ted to chronic lesions is important

because of the poor prognosis associa-

ted to macrophages and plasma cells.

• The protocol biopsy may predict

for graft evolution and allow for early

treatment. There is, however, an

ongoing controversy about cost/benefit

and ethical issues.

• Pathologists facing a biopsy of a

transplant patient with chronic kidney

function impairment should try and

establish the main etiopathogenetic

mechanism, for which a C4d study,

electron microscopy, and analysis of

cell subpopulations in the event of late

acute rejection or a poor response to

treatment should be performed.
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Figure 4. Electron microscopic study of the glomerular capillary basement membrane and a peritubular capillary. Note the thickening and multi-
lamellation (arrow).
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