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Histological lesions associated with cyclosporin:
incidence and reversibility in one year old kidney
transplants
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SUMMARY To determine the type and reversibility of the long term effects of cyclosporin A, biopsy
specimens were taken from 20 recipients of kidney allografts, twelve months after transplantation,
and three months later, during which time azathioprine was substituted for cyclosporin A. Arteriolar
IgM and complement deposits and tubular isometric vacuolisation associated with cyclosporin A
treatment significantly regressed after stopping this drug one year after transplantation. Conversion
to azathioprine was accompanied by an increase in mononuclear cell infiltrates and tubulitis despite
an evident improvement in renal function. Nephrotoxicity as a result ofcyclosporin A is common but
can be reversed-at least partially.

Cyclosporin A is now widely accepted as the
immunosuppressive treatment of choice in organ
transplantation despite its nephrotoxic side effects.'2
After kidney transplantation the adverse effect of
cyclosporin A on allograft function is difficult to assess
as other factors such as infection, urinary obstruction,
recurrence of original nephropathy and rejection may
also result in compromised renal function.

Several histopathological studies on biopsy
specimens of kidney allografts with acute dysfunction
have been performed in an attempt to differentiate
between rejection and nephrotoxicity induced by
cyclosporin A."- Several lesions seemed to be
associated with the drug: giant mitochondria and
isometric vacuolisation of proximal tubular cells,"8
arterial hyalinosis and intimal thickening,67 mononu-
clear infiltrates3 and interstitial fibrosis with tubular
atrophy.79 These lesions can also be found in other
disorders and are not strictly diagnostic for cyclo-
sporin A nephrotoxicity."

In a prospective trial we studied the potential
reversibility of cyclosporin A nephrotoxicity in
cadaveric kidney allograft recipients who had changed
from cyclosporin A to azathioprine one year after
transplantation.'2 Renal biopsy specimens were taken
before and three months after conversion, irrespective
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of graft function. In the present study we report on the
incidence and reversibility of histopathological lesions
associated with cyclosporin A after one year of
continuous treatment in patients with stable graft
function.

Patients and methods

Biopsy specimens were taken from 20 kidney allograft
recipients. A treatment regimen of cyclosporin was
started from the day of transplantation and aimed at
plasma trough concentrations of 50-150 ng/ml (con-
ventional radioimmunoassay, Sandoz Ltd, Basle,
Switzerland). Patients also received prednisone (10-
15 mg) daily. One year after transplantation all
patients were admitted to our metabolic ward for
evaluation of renal function. Cyclosporin A plasma
trough and serum creatinine concentrations and 24
hour urinary creatinine excretion were determined. On
the last day a renal biopsy was performed and
cyclosporin A was stopped. The next day azathioprine
was started (2 mg/kg/day). At the time of conversion
all patients had stable kidney function and had not
experienced rejection crises in the previous six months.
Three months after conversion renal evaluation was
repeated including a biopsy specimen taken from
those patients who had successfully converted.

Percutaneous Tru-cut needle biopsy was performed
guided by ultrasound picture. The procedure was done
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only after coagulation variables were found to be
adequate.

Part of the biopsy tissue was fixed in 4% formalde-
hyde and embedded in paraffin wax and processed for
light microscopic examination. Serial 2 um thick sec-

tions were treated with haematoxylin and azafloxin,
Jones, Jones Azan and CAB. Part of the biopsy
specimen was snap frozen in liquid nitrogen. Cryostat
sections were examined using commercial mono-

specific rabbit antisera directed against human IgG,
IgM, IgA, IgE, C3, CIQ, fibrinogen and albumin. A
control section was incubated with normal rabbit
serum.

All stained sections were coded and examined by
two observers who were unaware of the treatment that
each patient had received. Adequacy of the biopsy
specimen was judged by the number of glomeruli
present. The following features were examined by light
microscopy.
Glomeruli: mesangial matrix increase; basement mem-
brane thickening; extra or intracapillary proliferation
(diffuse or focal); glomerular thrombi; glomerular
sclerosis; pronounced juxtaglomerular apparatus and
periglomerular fibrosis.
Tubules: epithelial cell vacuolisation (isometric,
anisometric) or eosinophilic degeneration; giant mito-
chondria; tubular casts consisting of protein, eryth-
rocytes, or leucocytes; tubular microcalcifications;
tubular basement membrane changes and tubular
dilatation and atrophy.
Arterioles: endothelial cell swelling; insudative lesions
(subendothelial eosinophilic fibrinoid deposits);
intimal fibrosis; medial hyperplasia (symmetrical or

asymmetrical).
Arteries: insudative lesions; hyalinosis; endovasculitis.
Peritubular venules: dilatation.
Interstitium: infiltrates classified as diffuse or focal
consisting of mononuclear, polynuclear, or eosino-
philic cells, tubulitis (invasion of mononuclear cells
within tubular epithelium); vasculitis; fibrosis classi-
fied as diffuse, focal, stripe-like or periglomerular;
oedema; interstitial hemorrhage; calcifications.
The histopathological features were scored on a

semiquantitative scale 0/none, + /mild, + + /
moderate, and + + + /severe. When appropriate, only
presence (+) or absence (0) were tabulated.
Immunofluorescence microscopy not only recorded
the presence or composition of immune deposits,
assessed as linear or granular, but also their location at
the glomerular or tubular basement membrane,
mesangium, and arteriolar wall. Grading was perfor-
med according to the intensity ofimmunofluorescence
staining on a semiquantitative scale (0 to + + +).

Statistical analysis was performed using the x2 test
contingency tables and the Student's t test for paired
data.
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Results

CLINICAL DATA
In 16 patients elective conversion from cyclosporin A
to azathioprine was successfully performed, showing
an improvement in renal function without signs of
rejection. In two a second biopsy specimen taken at the
time of re-evaluation was omitted because of a pro-
longed bleeding time. Consequently a renal allograft
biopsy before and three months after conversion was
performed in 14 patients with a stable graft function.
The cyclosporin A trough concentrations before con-
version were within the therapeutic range (101 (SEM
22) ng/ml). Serum creatinine concentration decreased
in all 14 patients from 171 (13) umol/l to 133 (7) umol/l
three months after conversion (p < 0-01).

MORPHOLOGICAL DATA
Before conversion
Sufficient biopsy material was obtained in all 14
patients (median number of glomeruli 14, range five to
30). Glomerular changes other than mild increase in
mesangial matrix and periglomerular fibrosis were
uncommon before conversion one year after contin-
uous treatment with cyclosporin A (table 1).
Glomerular sclerosis (> 10%) was seen in two
patients. In four biopsy specimens a prominent jux-
taglomerular apparatus was found. Tubular lesions
after one year of cyclosporin A treatment were
predominantly located in the proximal epithelial cells
(table 2). Four biopsy specimens showed isometric
vacuolisation. A variable degree of anisometric
vacuolisation (six patients) and eosinophilic degenera-
tion (four patients) were also found; in three of 14
patients cytoplasmatic changes were not observed. No
giant mitochondria were identified afterCAB staining.
Scattered protein casts were often seen in the tubular
lumen.

In three patients red cell casts were found. Tubular
microcalcifications occurred in two biopsy specimens.
Thickening of basement membrane and tubular atro-

Table 1 Histopathologicalfeatures ofglomeruli before and
three months after conversionfrom cyclosporin A to
azathioprine

Cyclosporin A Azathioprine

Increase in mesangial matrix 8 10
Thickening of basement
membrane 3 4

Intracapillary proliferation 3 3
Extracapillary proliferation 0 0
Glomerular thrombi 0 1
Glomerular sclerosis (> 10%) 2 0
Pronounced iuxtaglomerular

apparatus 4 2
Periglomerular fibrosis 12 14
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Table 2 Histopathologicalfeatures of tubuli before and
three months after conversionfrom cyclosporin A to
azathioprine

Cyclosporin A Azathioprine

Proximal tubular cells
Cytoplasmatic changes 11 11

Isometric vacuolisation 4 0*
Anisometric vacuolisation 6 8
Eosinophilic degeneration 4 9

Giant mitochondria 0 0

Casts
Protein 12 12
Erythrocytes 3 3
Leucocytes 0 0

Microcalcifications 2 3
Thickening of basement
membrane 8 9

Dilatation and atrophy 0 2 1
+ 10 12
++ 2 1

*P < 0°05 (X2 test).

phy with concomitant dilatation were present in most
specimens. The degree of tubular atrophy corres-
ponded with the extent of interstitial fibrosis (p <

0O05). In most patients the arterioles showed endo-
thelial cell swelling that was associated with mild to
moderate arteriolar intimal fibrosis in 50% (table 3).
Pronounced insudative lesions were found in five
patients, all of whom had a serum creatinine concen-
tration ofmore than 150 umol/l (p < 0 05).

Medial hyperplasia, either symmetrical or asym-
metrical, was noted in half our patients. In three a

severe form of medial hyperplasia with an onion-like
appearance ofthe vessel wall was present. No intravas-
cular thrombi were found. The arteries showed a mild
to moderate hyalinosis (table 3). Peritubular venules
were dilated in four patients, but no mononuclear cells
were seen inside (table 3).
The interstitium was the last part of the kidney

examined (table 4). In 13 patients interstitial cellular
infiltrates were present. They were focal and not
extensive. In these infiltrates mononuclear cells
predominated with a small admixture of neutrophilic
and eosinophilic polymorphs. In two patients a min-
imal infiltration between epithelial tubular cells was
seen. Interstitial fibrosis was present in all biopsy
specimens, and ranged from mild to moderate. A
segmental occurrence of the fibrosis caused a striped
appearance in four specimens. The amount of fibrosis
was associated with the extent oftubular atrophy (p <
005). Interstitial calcifications were present in three
patients. Before conversion, circular nodular deposits
of IgM and complement (C3, CIq) were prominent in
the arteriolar walls of twelve patients treated with
cyclosporin A (table 5). The immunofluorescence
staining characteristic of glomeruli and tubuli was
non-specific and weak.

Versluis, Ten Kate, Wenting, Jeekel, Weimar

After conversion
Three months after conversion from cyclosporin A to
azathioprine a second biopsy was performed and the
histopathological findings were compared with those
by light microscopy before conversion. No changes in
appearance of the glomeruli were observed (table 1).
Isometric vacuolisation of the proximal tubular cells,
present in four of 14 specimens before conversion, was
not found after conversion (p < 0 05, table 2). No
clinically important changes in anisometric vacuolisa-
tion, eosinophilic degeneration, and other tubular
morphological features were observed.

In two of the five patients arteriolar insudative
lesions present before conversion were still present
three months after changing regimens (table 3). No
changes in the incidence of endothelial cell swelling or
intimal fibrosis were noted. An onion-like appearance
of the arteriolar media present in three biopsy
specimens before conversion was not found after-
wards. The symmetrical pattern of medial hyperplasia
became asymmetrical. The light microscopic
appearance of the arteries and the peritubular venules
was the same (table 3). A significant increase in the size
of the cellular infiltrates (p < 0-01) characterised by an
increased amount ofmononuclear cells (p < 0 05) was
present in the second biopsy specimens (table 4). The
location of the infiltrates was still focal in 11 but had
become diffuse in three patients.
An increased invasion ofmononuclear cells between

tubular epithelial cells showing a pronounced tubulitis
occurred in nine biopsy specimens (p < 0.01). A local
infiltration of mononuclear cells in the media and
intima of arterioles was present in one patient. The
pattern of interstitial fibrosis and features remained
the same after conversion.

Table 3 Histopathologicalfeatures ofarterioles, arteries,
andperitubular venules before and three months after
conversion from cyclosporin A to azathioprine

Cyclosporin A Azathioprine

Arterioles:
Endothelial cell swelling 10 12
Insudative lesions 5 2
Intimal fibrosis:
+/+ + 5 6
+++ 1 2

Medial hyperplasia:
+l++ 6 7
+++ 1 0
Onion-like 3 0

Arteries:
Insudative lesions 0 0
Hyalinosis:
+/++ 10 9
+++ I I

Endovasculitis 0 0

Peritubular venules:
Dilatation 4 6
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Table 4 Histopathologicalfeatures of interstitium before
and three months after conversionfrom cyclosporin A to
azathioprine

Cyclosporin A Azathioprine

Cellular infiltrates
Intensity:

O 1*
+ 6 1*
++ 7 10*
+++ 0 3*

Extension:
Focal 13 1 1
Diffuse 0 3

Composition:
Mononuclear cells 13 14
Polynuclear cells 3 4
Eosinophilic cells 0 1

Tubulitis:
0 12 5*
+ 2 6*
++ /+++ 0 3*

Vasculitis 0

Fibrosis
Intensity:

0 0 0
+ 7 6
++ 7 8

Extension:
Focal 7 7
Diffuse 3 4
Stripe-like 4 3

Oedema 0 1
Interstitial hemorrhage 0 0
Calcifications 3 2

*p < 0-01, Student's t test.

Three months after conversion the arteriolar IgM
and complement deposits were absent in seven and
significantly less in two biopsy specimens in contrast to
the 12 specimens before conversion which showed
prominent immunofluorescence staining (p < 0-05,
table 5). No association with the morphological
findings of tubulitis was found. The fall in serum
creatinine concentration was not related to any
specific histologic feature. During a follow up period
of 18 months after conversion there were no rejection
episodes. Serum creatinine concentration remained
stable.

Discussion

A recent editorial stated that renal biopsy specimens
are far more important in ruling out rejection than
determination of drug concentrations in the man-

agement of suspected cyclosporin A nephrotoxicity.'3
Several histopathological studies attempted to define
the diagnostic characteristics of this toxicity in renal
allografts.35 '4 Most of these reports were of limited
value because allografts with normal stable function
treated with cyclosporin A were not included. When
no rejection pattern was evident during periods of
renal dysfunction, pronounced and unusual his-
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tological features were associated with cyclosporin A.7
After reducing the dose renal function improved, but
biopsies were not repeated to evaluate the influence on
morphological features and their potential rever-
sibility.

In this study after one year of continuous and
monitored treatment with cyclosporin A renal
allograft biopsy specimens in patients with stable graft
function showed no diagnostic histological markers of
cyclosporin A nephrotoxicity, but several mor-
phological features were found to be indicative of
compromised renal function induced by cyclosporin
A, and their course after conversion was recorded.6

After one year of cyclosporin A treatment typical
lesions included isometric vacuolisation of proximal
tubular cells and arteriolopathy with an almost diag-
nostic IgM/C3-CIq immunofluorescence pattern. The
morphological picture of tubular isometric vacuolisa-
tion is due to dilation of the smooth and rough
endoplasmatic reticulum and identical with osmotic
nephrosis. All tubular cells in a cross section contain
densely packed empty (free of lipids) vacuoles ofequal
size. Isometric vacuolisation must be delineated from
the vacuolisation found in ischaemic renal damage
(acute tubular necrosis, vascular rejection). The latter
shows vacuoles of unequal size with shedding of the
cell apex.67 Proximal tubular isometric vacuolisation
was found in four specimens before conversion but not
after conversion.6
No giant mitochondria were identified in our series

despite specific CAB staining."'5 Using lower doses of
cyclosporin A, these tubular lesions are less commonly
observed and were therefore probably dependent on
dose.67 The vascular changes were limited to the
arterioles. The light microscopic examination showed
medial cell hyperplasia and endothelial cell swelling,
together with intimal fibrosis in 50% of patients.
Pronounced insudative lesions were limited to patients
with an increased serum creatinine concentration. Our
findings agreed with a recent observation that in late
biopsy specimens showed a higher incidence of

Table 5 Immunofluorescence staining characteristics of
arteriolar wall before and three months after conversionfrom
cyclosporin A to azathioprine

Cyclosporin A Azathioprine

Arteriolar deposits
IgM:

0 2 8*
+ 9 4*
++ 2 2*
+++ 1 0*

Complement (C3/CIq):
0 1 5
+ 4 6*
++ 5 3*
+++ 4 0*

*p < 0-05, Student's t test.
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arteriolopathy in patients treated with cyclosporin A
than those treated with azathioprine.'6 In a recent
study routine renal biopsy specimens in patients with a
stable function treated with cyclosporin A showed
arteriolar medial hyperplasia and arteriolar hyalinosis
one month after transplantation.5"' These lesions were
less prominent than those in patients with renal
dysfunction due to cyclosporin A nephrotoxicity the
same amount of time after transplantation.
The pathogenesis of arteriolar disease associated

with cyclosporin A treatment is not yet known. From
studies in experimental animals and in man, it is
thought that cyclosporin A may initiate or enhance
vascular injury. Cyclosporin A accelerates arterio-
sclerosis in the spontaneously hypertensive rat and
also enhances the vascular injury occurring in
experimental acute serum sickness in rabbits."8 9 In
human renal allografts the presence of glomerular
capillary thrombi have been reported during treat-
ment with cyclosporin A.20 These observations suggest
that cyclosporin A causes an increase in the inflam-
matory component of vascular rejection, thereby
leading to heavy IgM and complement deposits in the
arteriolar wall.7 Three months after conversion these
immunofluorescence staining characteristics were not
found. We can therefore conclude that the influence of
cyclosporin A on the arteriolar wall may at least
be partially reversible. The results of arteriolar
histological examination, however, did not differ
significantly before and after conversion.
All biopsy specimens showed mild to moderate

interstitial fibrosis with tubular atrophy.7'9 2' The
degree of fibrosis was strongly related to the
cumulative dose of cyclosporin A during the first six
months of treatment as well as to the number of acute
nephrotoxic episodes.922 In our study cyclosporin A
concentrations were frequently monitored and no
excessive doses prescribed. In fact, aetiology and
progress of fibrosis can only be adequately assessed
when sequential biopsy specimens have been taken,
starting at the day of transplantation.23
A kidney already injured by other factors leading to

fibrosis might be more susceptible to the effect of
cyclosporin A, but a prospective study showed no
difference in the quantity of fibrosis after three months
of cyclosporin A or azathioprine treatment.2324 When
patients treated with cyclosporin A were converted
three months after transplantation, a significant
improvement in renal function indicated that fibrosis
should not be a problem when short term administra-
tion of cyclosporin A is contemplated. During a one
year follow up no increase in fibrosis leading to
progressive renal insufficiency was found in the con-
verted group.25 Our results show that even long term
treatment with cyclosporin A does not lead to progres-
sive interstitial fibrosis or vascular changes causing
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irreversible functional renal impairment.26
Kidney transplants with a normal function and

treated with azathioprine were often found to have a
prominent interstitial mononuclear cell infiltrate.27
Interstitial cell infiltrates have also been described as a
prominent feature ofcyclosporin A nephrotoxicity not
only in renal allografts but also in normal native
kidneys in patients treated with cyclosporin A for
uveitis.3-5 14 27 28 After one year of cyclosporin A treat-
ment we found a focal infiltration primarily consisting
of mononuclear cells in all but one patient.25 The
absence of eosinophils in these infiltrates merely
excludes the possibility of a hypersensitive reaction as
the cause of the interstitial nephritis. Classification of
infiltrates as diffuse or local shows no relation to the
degree of renal impairment. When rejection episodes
occurred during treatment with cyclosporin A mostly
diffuse but also focal infiltrates were reported.523 The
conclusion that cellular infiltrates in renal allografts
are not especially associated with cyclosporin A is
supported by the quantitative observation that infil-
trating cells are even more numerous in grafts treated
with azathioprine.29 The question of whether any
infiltrate in renal allograft biopsy specimen is poten-
tially harmful remains unanswered.

It has been suggested that cell infiltrates are all
attributable to varying degrees and stages of immuno-
logical reaction to allogenic tissues. A relation between
cellular rejection and so called clinical rejection is not
clear cut.' 23 In our study a clinically important
increase in the extent of the infiltrates was found
without any clinical evidence of rejection three months
after conversion. The most prominent finding was an
increased incidence of invasion of mononuclear cells
between tubular epithelial cells.

Remarkably, infiltrating mononuclear cells invad-
ing tubular epithelium has been a hallmark of rejection
for years, but now seems to be compatible with a stable
graft function. '4 From the excellent graft survival
during our 18 months follow up it seems that inflam-
matory cells observed in stable allografts represent a
very attenuated rejection process, perhaps only
threatening the survival in the very long term. Alter-
natively, the mononuclear cells in functioning grafts
might reflect immunological quiescence due to the
development of immune regulating mechanisms
involving circulating antibodies and suppressor cells.
The invasion of mononuclear cells between tubular
epithelium prove that these cells are not quiescent but
really represent an active cell population. Develop-
ment of a florid clinical rejection episode shortly after
conversion suggests that in some patients there is a
rapid proliferation of cytotoxic effector cells on with-
drawal of cyclosporin A, which escapes the regulating
mechanisms. 12 The clinical improvement in renal func-
tion after conversion seems to be due to abolition of
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cyclosporin A nephrotoxicity rather than control of a
low grade rejection process.

In conclusion, our study showed that histopath-
ological features indicative of compromised renal
function induced by cyclosporin A include isometric
proximal tubular cell vacuolisation and arteriolar
lesions. This arteriolar disease consists of insudative
lesions and IgM/complement deposits. After changing
to azathioprine no isometric vacuolisation was found
and the arteriolar deposits of IgM/complement were
considerably less. Mild to moderate degrees of inter-
stitial fibrosis do not interfere, at least in part, with the
reversibility of graft dysfunction, but conversion is
accompanied by an increase in mononuclear cell
infiltration, together with tubulitis. These remarkable
morphological findings, combined with the clinical
improvement of renal function in all patients
observed, is a new contribution to the discussion ofthe
hazards of long term treatment with cyclosporin A.

We thank Mrs W Zuidema for secretarial assistance.
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