
Abstract

Objectives: Recent evidence of a high incidence of

proteinuria among de novo sirolimus-based regimens

has been reported among renal transplant patients

at short-term follow-up. We report on long-term

evaluation of proteinuria among patients maintained

on such regimen. 

Materials and Methods: Between May 2001 and

January 2003, 132 patients received a renal allograft

from a living donor and were randomized to 2

groups (steroids/sirolimus/tacrolimus, n=65) and

(steroids/sirolimus/mycophenolate mofetil, n=67):

Both received basiliximab induction. Retrospective

review of those patients was performed, 5 years

posttransplant with particular emphasis on the

incidence of proteinuria. 

Results: The 5-year incidence of proteinuria was 29.2%

and 38.8% among sirolimus/tacrolimus and

sirolimus/mycophenolate mofetil group. Single DR-

matched patients (P = .016) and the incidence of acute

rejection (P = .039) were associated with significantly

higher incidence of proteinuria. Moreover, the

presence of mesangial matrix increased (P = .015),

and glomerulosclerosis (P = .014), in 1-year protocol

biopsies, was found to have a positive predictive

value for current and future incidences of proteinuria.

Proteinuria was found to be associated with

significant inferior graft outcome. Recurrent original

kidney disease, de novo glomerulopathy, and acute

transplant glomerulopathy were responsible for early

cases of nephrotic range proteinuria (first 2 years),

while cases presented later were attributed to

chronic allograft nephropathy. 

Conclusions: Proteinuria has become a recognized,

serious event of primarily sirolimus-treated renal

transplants patients, which is most probably of

glomerular origin. It has been shown that

proteinuria exerts a bad prognostic effect upon

graft function and subsequent graft survival at 

5-year follow-up.
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Proteinuria is an indicator of renal lesions and a risk
factor for subsequent renal function decline in most
nephropathies (1, 2). Development of proteinuria
after renal transplant also has been associated with
inferior allograft outcomes (3, 4). 

Although sirolimus has been reported to be less
nephrotoxic than other immunosuppressive agents
used in transplant (5, 6), recent reports indicate that
calcineurin inhibitor-treated kidney transplant
recipients may develop a significant increase of
proteinuria when switched to sirolimus (7, 8, 9). The
pathogenesis of this proteinuria is unknown,
provided that most patients are switched from
calcineurin inhibitor to sirolimus because of
progressive renal damage (chronic allograft
nephropathy with or without calcineurin-inhibitor
nephrotoxicity). Therefore, it was not possible to
distinguish between the hemodynamic renal effects
of withdrawal of calcineurin inhibitors or a direct
toxic effect of sirolimus.

To evaluate this entity, a recent, prospective,
randomized trial has evaluated the incidence of
posttransplant proteinuria after conversion of
azathioprine to sirolimus among patients with
cutaneous squamous cell carcinoma (25 cases). It
demonstrated that conversion from azathioprine to
sirolimus after kidney transplant may cause a
reversible increase of proteinuria, and concluded that
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sirolimus-induced proteinuria cannot be ascribed to
the hemodynamic renal effects of withdrawal of
calcineurin inhibitor (10).

Originally, sirolimus was not associated with
nephrotoxicity in phase I or II studies (11) and has
been shown to have only marginal effects on renal
and glomerular dynamics in an experimental study
of rats (12). Furthermore, increased urinary protein
excretion did not seem to be a problem in sirolimus-
based treatment in de novo kidney transplant with
optimal organ quality (13).

We have previously reported on safe and efficient
use of sirolimus in combination with either
tacrolimus or mycophenolate mofetil regimens
together with steroids and basiliximab induction
therapy in a short-term, prospective, randomized
trial, and it revealed relatively high incidence of
proteinuria at 2 years’ posttransplant that ranged
from 13.8% in sirolimus/tacrolimus group to 29.8%
in sirolimus/mycophenolate mofetil group (14). We
report on long-term evaluation of proteinuria among
those patients, 5 years after transplant.

Patients and Methods

All renal transplant recipients who were primarily
treated with a sirolimus-based immunosuppressive
regimen at the Urology and Nephrology Center,
Mansoura University, Egypt, were subjected to the
study. Between May 2001 and January 2003, a total
of 132 patients with end-stage renal disease received
a renal allograft from a living donor and were
randomized into 2 groups according to the type of
immunosuppressive regimen. All protocols,
experimental studies, and clinical trials involving
human subjects were approved by the ethics
committee of the institution before the study began,
and the protocols conformed with the ethical
guidelines of the 1975 Helsinki Declaration. Written,
informed consent was obtained from patients or their
guardians. 

ımmunosuppression protocol

Sirolimus/tacrolimus group patients’ received
sirolimus (Rapamune, Wyeth-Ayerst Philadelphia,
USA) within 24 hours after completion of surgery at
a dosage of 10 mg/d orally (single morning dose) for
3 days and then they were maintained on 5 mg/d.
Further dosages were adjusted to keep 24-hour
whole blood trough levels between 6-12 ng/mL

Tacrolimus (Prograf; Fujisawa Healthcare, Inc.
Amman, Jordan) also was administered to this group
of patients on the third day after surgery, provided
that their creatinine clearance level was above 
50 mL/min. Tacrolimus was started at a dosage of
0.03 mg/kg/d in 2 equally divided doses, targeting
12-hour whole blood trough levels of 3 to 7 ng/mL.

Sirolimus/mycophenolate mofetil group patients
received sirolimus and were maintained on single
oral morning dose of 10 mg/d, targeting 24-hour
whole-blood trough levels between 10 and 
15 ng/mL. Mycophenolate mofetil (Cellcept,
Hoffman-La Roche Segrate, Italy) 1 g twice a day was
begun the morning after surgery. Patients remained
on this dosage unless adverse effects such as
gastrointestinal toxicity or leucopenia necessitated a
dosage reduction.

All patients in both groups received basiliximab
induction therapy (Simulect, Novartis, Basel,
Switzerland) and maintenance steroids. Oral
prednisolone was given at a dose of 1 mg/kg/d,
which was then gradually tapered down to 
0.1 mg/kg by the 10th month after surgery. Two
years after surgery, sirolimus trough levels were
maintained between 5 and 10 ng/mL in both groups.

evaluation parameters

A retrospective review of these patients was
performed that included the recipientsʼ and donorsʼ
demographic criteria and clinical assessment
parameters:

The patients were clinically assessed with
particular emphasis on blood pressure measurement.
Hypertension was defined according to the joint
national committee 7 report (15). New onset diabetes
mellitus was defined as posttransplant hyper -
glycemia necessitating treatment with oral
hypoglycemic agents or insulin injections. Clinical
tolerance to the given medications was assessed,
which included the safety profile and the occurrence
of any adverse events.

Therapeutic drug monitoring

Serum trough levels of sirolimus were evaluated by
high-performance liquid chromatography with mass
spectroscopy detection through the first 2-year
transplant period; after which, the microparticle
enzyme immunoassay method was used (16).
Tacrolimus trough levels were evaluated using a
microparticulate enzyme immunoassay method.
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  laboratory investigations

These included results of complete urine analysis,
serum electrolytes, liver function tests, fasting blood
sugar, uric acid, calcium, phosphorus, complete lipid
profile, and hematologic profile. Renal allograft
function was evaluated by the estimation of serum
creatinine and calculated glomerular filtration rate
using the Cockroft-Gault formula (17). Quantization
of proteinuria is performed by 24-hour urinary
protein collection method. Persistent proteinuria 
> 0.5 to 1.0 g/d for at least 3 to 6 months is
considered significant according to the American
Society of Transplantation (18).

evaluation of graft biopsies

Event (for cause) biopsy was carried out in case of
delayed graft function, nephrotic range proteinuria
or episodes of renal dysfunction (25% increase in
creatinine from baseline) for which histopathologic
examination was performed according to Banff
Schema 1997 (19). Protocol biopsies were taken 12
months after transplant. These were evaluated by
histologic chronic allograft damage index (20).
Patients eligible for protocol biopsies were those who
gave consent, have a functioning graft at 1 year after
transplant, maintained on primary plan of
immunosuppression, and did not have recurrence of
original kidney disease. 

Management of proteinuria

Renal biopsy was carried out in those who first
present with nephrotic range proteinuria (> 3 g/d),
non-nephrotic range proteinuria, which is associated
with rise of serum creatinine (25% increase from the
baseline) or progressive proteinuria that had not
responded to routine measures.

Routine measures included addition of
angiotensin converting enzyme inhibitor after
exclusion of graft artery stenosis. Combination of
angiotensin converting enzyme inhibitor with
angiotensin receptor blockers was indicated for
nonresponders provided that serum creatinine and
potassium were not affected. Moreover, hypertensive
and proteinuric patients were aggressively treated,
targeting blood pressure value of 130/80 according
to the Joint National Committee 7 report (15). 

De novo and recurrent cases of focal segmental
glomerulosclerosis were treated with variable
number of plasma exchange sessions plus change of
basal immunosuppression to cyclosporine and

cyclophosphamide. De novo and recurrent cases of
membranoproliferative glomerulonephritis were
treated conservatively (as above) plus addition of
antiplatelets after exclusion of active hepatitis C viral
infection.

Cases of acute transplant glomerulopathy
associated with acute rejection were treated
accordingly (methyl prednisolone pulse therapy and
antithymocyte globulin for steroid resistant cellular
rejections) while cases of progressive proteinuria
associated with chronic allograft nephropathy
underwent replacement of sirolimus with tacrolimus
in the sirolimus/mycophenolate mofetil arm and
with mycophenolate mofetil in the
sirolimus/tacrolimus arm. 

Statistical analyses

The t test was used to compare differences between
the 2 groups in continuous data. The chi-square was
used to compare categoric variables. Survival of the
graft was computed using the Kaplan-Meier method
(21) on an intention-to-treat basis. Differences in
survival were calculated by the log-rank test (22). For
all the above tests, a value for P < .05 was considered
significant. 

Results

Demography

Demographic and baseline characteristics are
outlined in Table 1. They are comparable between
both groups.

ıncidence of proteinuria

Higher incidence with shorter time to onset of
proteinuria was encountered among the
sirolimus/mycophenolate mofetil group; however, it
was not statistically significant (Table 2).

Factors affecting the incidence of proteinuria

All patients of both groups were reclassified
according to the incidence of proteinuria into
proteinuric and nonproteinuric patients. Both classes
were compared for the following parameters:

Demographic factors

No significant difference, except for DR single-
matched patients who had statistically significant
higher incidence of proteinuria compared with full
matched patients (Table 3a).
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ımmunosuppressive drugs

Neither sirolimus dosage/level nor tacrolimus
dosage/level had an affect upon increased incidence
of proteinuria (Table 3b).

Adverse events

Neither posttransplant hypertension nor diabetes
mellitus were associated with increased incidence of
proteinuria. However, those with histopathologically
diagnosed acute rejection had significant higher
incidence of proteinuria irrespective of the degree of
rejection (Table 3c).

One-year protocol biopsy

Increased mesangial matrix, presence of
glomerulosclerosis and higher chronic allograft
damage index score (3, 4, 5, or 6) at 1-year
posttransplant protocol biopsies have positive

predictive value for the current and future incidence
of proteinuria (Table 3d).

ımpact of proteinuria upon patient and graft

outcome

Significantly higher incidence of graft failure was
encountered among proteinuric patients (Table 4a,
Figure 1). Moreover, significantly worse renal
allograft function as measured by calculated
glomerular filtration rate was detected among
proteinuric patients at all time periods (Table 4b).

Histopathology diagnosis

Patients with recurrent original kidney disease and
those with de novo glomerulopathy are shown (Table
5a and 5b). Three cases were complicated with acute
transplant glomerulopathy in each group as follows:
One (sirolimus/tacrolimus) group patient had early
(day 3) acute cellular rejection (grade 2, modified
Banff 97) associated with glomerulitis, he was treated
with antithymocyte globulin and plasma exchange,

Table 1. Demography and baseline characteristics. 

Sirolimus/tacrolimus Sirolimus/mycophenolate P value

group mofetil group

Number of patients 65 67

Recipients’ age (y) 32 ± 10.3 31.8 ± 8.6 .799

Recipients’ sex 

(male:female) 52:13 47:20 .191

Recipients’ 

body weight (kg) 65.7 ± 13.5 68.9 ± 15.6 .238

Pretransplant 

hypertension    48 52 .614

History of urinary 

bilharziasis 19 16 .435

Positive recipient hepatitis 

C virus antibody 30 29 .799

Donors’ age (y) 35.6 ± 10.3 36.2 ± 10.2 .767

Tissue matching:

Number of HLA matches

4 Mismatches 2 2

3 Mismatches 8 7

2 Mismatches 36 43 .818

1 Mismatch 8 8

Zero mismatches 11 7

Number of DR matches

1 Mismatch 48 53 .476

Zero mismatches 17 14

Abbreviations: DR, genetic mismatches; HLA, human leukocyte antigen 

Table 3. Factors affecting the incidence of proteinuria.
Table 3a. Demographic parameters.

Proteinuric Nonproteinuric P value

patients patients

(n=45) (n=87)

Mean follow-up (mo) 65.44 ± 10.99 61.85 ± 11.69 .090

Recipients’ age (y) 32.23 ± 9.88 32.36 ± 9.86 .943

Recipients’ sex:

male:female 37:8 62:25 .168

Recipients’ basal 

body weight (kg) 66.23 ± 12.57 68.11 ± 15.39 .482

Recipients’ body weight 

(last follow-up) 72.13 ± 13.57 77.48 ± 17.09 .095

Original kidney disease

Glomerular 9 8 .79

Tubulointerstitial 11 27 .356

Congenital hereditary 5 5 .27

Toxemia of pregnancy 1 4 .443

Systemic lupus erythematosus 1 1 .567

End-stage renal disease 18 42 .33

Related/unrelated 38:7 75:12 .785

Recipient’s positive hepatitis 

C virus antibody test 19 40 .761

Pretransplant recipient 

hypertension 34 66 .969

Recipient bilharziasis 15 20 .216

Donors’ age 36.16 ± 9.97 35.86 ± 10.81 .88

HLA matching:

0 Matches 3 1

1 Match 8 7

2 Matches 26 53 .125

3 Matches 4 12

4 Matches 4 14

DR matching

1 Match 40 61

2 Matches 5 26 .016*

Ischemia time (min) 51.93 ± 18.13 48.13 ± 14.14 .191

Table 2. Incidence of proteinuria. 

Sirolimus/tacrolimus Sirolimus/mycophenolate P value

group (n=65) mofetil group (n=67)

Mean follow-up 

(mo) 62.6 ± 13 63.5 ± 9.9 .337

Number of proteinuric 

patients 19 (29.2%) 26 (38.8%) .246

Degree of proteinuria:

1-3 g/d 6 14

More than 3 g/d 13 12 .138

Time to onset (mo): 25.00 ± 23.8 16.19 ± 16.2 .147

Abbreviations: d, day; mo, month(s)

Abbreviations: DR, genetic symbol; HLA, human leucocyte antigen
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and rejection was reversed; however, the condition
was complicated by nephrotic range proteinuria 2
weeks later, and graft rebiopsy revealed no
abnormalities by light microscope while widespread
fusion of epithelial cell foot processes was found on
electron microscopy. The second patient had
thrombotic microangiopathy, 15 days after
transplant. Subsequent nephrotic range proteinuria
mandates graft rebiopsy revealed superadded
glomerulosclerosis and increased mesangial matrix
with splitting of glomerular basement membrane on
electron microscopy. The third patient had acute
presentation of proteinuria following an attack of
lobar pneumonia. Graft biopsy revealed segmental
mesangial thickening.

Table 3b. Posttransplant immunosuppressive drugs.

Proteinuric Nonproteinuric P value

patients (n=45) patients (n=87)

Sirolimus dosage (mg/d)

6 Months 4.05 ± 2.11 4.00 ± 1.89 .99

1 Year 3.34 ± 2.21 3.37 ± 1.78 .925

3 Years 2.41 ± 1.17 2.49 ± 1.12 .747

5 Years 2.39 ± 1.07 2.22 ± 1.14 .647

Sirolimus level (ng/mL)

6 Months 14.53 ± 7.39 12.31 ± 4.73 .119

1 Year 9.37 ± 3.38 10.74 ± 3.29   .81

3 Years 9.68 ± 3.80 8.95 ± 3.86 .536

5 Years 8.20 ± 3.80 6.49 ± 2.22 .199

Tacrolimus dosage (mg/d)

6 Months 2.73 ± 1.20 3.69 ± 2.67 .187

1 Year 2.46 ± 1.23 3.37 ± 2.53 .28

3 Years 2.22 ± 1.06 3.04 ± 2.62 .326

5 Years 2.00 ± 1.29 2.62 ± 2.48 .537

Tacrolimus level (ng/mL)

6 Months 5.90 ± 2.63 5.29 ± 2.10 .417

1 Year 5.64 ± 2.10 5.58 ± 2.09 .953

3 Years 2.80 ± 1.59 4.62 ± 1.59 .29

5 Years 3.90 ± 1.44 3.87 ± 1.02 .98

Table 3c. Posttransplant adverse events.

Table 3d. Posttransplant 1-year protocol biopsy.

Proteinuric Nonproteinuric P value

patients (n=45) patients (n=87)

Mesangial matrix increase

Present 12 14 .015*

Absent 13 50

Glomerulosclerosis

Present 10 9 .014*

Absent 16 54

Tubular atrophy

Present 19 40

Absent 8 23 .529

Interstitial inflammation

Present 9 10 .063

Absent 18 53

Interstitial fibrosis

Present 22 50

Absent 5 13 .818

Vascular proliferation

Present 5 9 .656

Absent 22 52

.Chronic allograft damage index score

0 and 1 and 2 4 37

3 and 4 and 5 and 6 and 7 22 25 .000*

Table 4a. Impact of proteinuria upon graft and patient outcome.

Proteinuric Nonproteinuric P value

patients (n=45) patients (n=87)

Living with functioning graft 30 (66.6%) 83 (95.4%)

Living on dialysis 14 0 .001*

Died with functioning graft 1 4 .443

Table 4b. Effect of proteinuria on graft function as estimated by calculated
glomerular filtration rate (mL/min).

Proteinuric Nonproteinuric P value

patients (n=45) patients (n=87)

1 Year 74.5 ± 20.2 95.1 ± 24.9 .000*

2 Years 71.5 ± 21.9 91.3 ± 25.2 .000*

3 Years 68.0 ± 24.5 88.3 ± 26.5 .000*

4 Years 64.9 ± 26.0 85.7 ± 24.1 .000*

5 Years 57.6 ± 26.7 78.0 ± 21.0 .000*

Figure 1. Graft outcome and survival functions.
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Graft survival (months)

Proteinuric

1.00-censored

Non-proteinuric

.00-censored

Proteinuric Nonproteinuric P value

patients (n=45) patients (n=87)

Posttransplant hypertension 31 59 .74

Posttransplant diabetes mellitus 14 23 .67

Acute rejection

1) Number:

No rejection 30 74

1 Episode 9 10

2 Episodes 6 3 .039*

2) Grade (1st episode):

Borderline 8 10

Grade 1 3 1

Grade 2 4 2 .416

3) Grade (2nd episode):

Borderline 0 1

Grade 1 4 2

Grade 2 2 0 .223
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Table 5a. Histopathologic diagnosis of patients with nephrotic range proteinuria sirolimus/tacrolimus group.

Sirolimus/tacrolimus group (n=13)

Type Time to Fate Time to graft/

diagnosis (mo) failure (mo)

Early

Recurrent disease FSGS 0.3 CKD 5 7

De novo glomerulopathy MPGN type 1 2 CKD 2 –

FSGS 12 CKD 5 28

FSGS 27 CKD 3 –

Acute transplant glomerulopathy -ACR grade 2 A 0.3 CKD 5 24

+ glomerulitis

Thrombotic microangiopathy 0.5 CKD 5 5

Segmental mesangial thickening 1 (reversible) CKD 2 –

Late

Chronic allograft nephropathy Moderate 27 CKD 5 42 

Mild 29 CKD 4 –

Moderate 42 CKD 3 –

Moderate 44 CKD 4 –

Moderate 45 CKD 4 –

Moderate 48 CKD 5 60

Table 5b. Histopathologic diagnosis of patients with nephrotic range proteinuria sirolimus/mycophenolate-mofetil group.

Sirolimus/mycophenolate mofetil group (n=12) 

Type Time to Fate Time to graft/

diagnosis (mo) failure (mo)

Early

Recurrent disease FSGS 0.25 CKD 5 8

MPGN 7 CKD 5 43

De novo glomerulopathy FSGS 3 CKD 3 –

FSGS 12 CKD 5 21

Acute transplant glomerulopathy Glomerulitis + 0.5 CKD 3 –

Mesangial expansion

Glomerulitis + 1.3 CKD 1 –

Mesangial expansion

ACR grade 1+ 2 CKD 5 7

Mesangial expansion

Late

Chronic allograft nephropathy Moderate 10 CKD 5 19

Moderate 24 CKD 5 57

Moderate 36 CKD 3 –

Moderate 48 CKD 3 –

Moderate 48 CKD 5 60

Abbreviations: ACR, acute cellular rejection; CKD, chronic kidney disease; FSGS, focal segmental glomerulosclerosis; MPGN,
membranoproliferative glomerulonephritis

Among sirolimus/mycophenolate mofetil group,
2 patients had an isolated glomerulitis (no full Banff
stigma of acute rejection) and mild mesangial
expansion, 14 and 40 days posttransplant for which
they received no specific treatment and sirolimus
was not discontinued. The third patient had
nephrotic range proteinuria plus a Fanconi syndrome
after an episode of acute cellular rejection (grade 1,
modified Banff 97); the biopsy revealed associated
mild mesangial expansion.

Most cases with late presentations of proteinuria
(later than 24 months) were attributed to chronic
allograft nephropathy (moderate degree).

Discussion

Relative high incidence of proteinuria reported
among our enrolled patients at 2-years’ follow-up
(14), mandate further evaluation at long term. We
report on further rise of the number of posttransplant
patients complicated by proteinuria up to 29.2% and
38.8% among sirolimus/tacrolimus and
sirolimus/mycophenolate mofetil regimens after a
mean follow-up of 62.6 and 63.5 months respectively.

In addition to several reports of high incidence of
proteinuria following conversion of calcineurin
inhibitor-regimen to sirolimus (7, 8, 9), evidence of a
high rate of proteinuria among de novo sirolimus-

Abbreviations: ACR, acute cellular rejection; CKD, chronic kidney disease; FSGS, focal segmental glomerulosclerosis; MPGN,
membranoproliferative glomerulonephritis
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based regimens (37.8%) have also been reported at
12-month follow-up (23). Moreover, quantitative
proteinuria was found to be significantly higher
among sirolimus-based regimen compared to
steroid/mycophenolate mofetil regimen among
renal transplant patients with advanced-age donors
(24). 

Evaluation of different pretransplant and
posttransplant factors that may be associated with a
higher incidence of proteinuria among our enrolled
patients revealed that single DR-matched patients 
(P = .016) and the incidence of acute rejection 
(P = .039), irrespective of its degree, were significant
predictive variables, suggesting an immunologically
mediated insult rather than drug toxicities. This was
further evidenced by absence of any correlation of
proteinuria with the administered immuno -
suppressive drug dosages or levels.

One-year protocol biopsies among our patients
had revealed highly significant association of
mesangial matrix increase (P = .015) and
glomerulosclerosis (P = .014) with proteinuria
indicating a glomerular mechanism of proteinuria
rather than a tubular one. 

The graft outcome was significantly lower among
proteinuric in comparison to nonproteinuric patients.
This was reflected by significantly lower graft
survival (66.6% vs 95.4%; P = .001) and significantly
worse graft function at all time points.

Among patients complicated with nephrotic
range proteinuria (25 patients), the histopathologic
diagnosis was greatly dependent on time of
presentation. In earlier presented patients (first 24
months), the cause was divided into 3 main
categories: recurrent original kidney disease (3
patients), de novo glomerulopathy (5 patients), while
acute transplant glomerulopathy was encountered
among 6 patients in both groups. All cases of acute
transplant glomerulopathy showed, in a
retrospective manner, the presence of an acute
glomerular injury that was followed by persistent
proteinuria, except for 1 patient who had sirolimus
temporarily discontinued immediately after the
glomerular insult with subsequent recovered
proteinuria. Almost all patients (n=11) who have late
presentation of nephrotic range proteinuria were
attributed to chronic allograft nephropathy
characterized by presence of transplant
glomerulopathy (duplication of glomerular
basement membrane), but unfortunately, C4d

staining and detection of circulating anti-HLA
antibodies were not routinely performed, which
could have been of help in ruling out chronic
vascular rejection.  

Several mechanisms of sirolimus-associated
proteinuria have been proposed; however, no
evidence is currently conclusive. A case report of a
patient who developed proteinuria 10 days after
transplant suggested that sirolimus can induce
severe proteinuria, and that reduced tubular protein
reabsorption contributes to the protein loss (25). An
experimental study of rats with induced protein
overload nephropathy, demonstrated that sirolimus
caused a specific pattern of acute renal injury
characterized by increased intratubular cast
formation. This was attributed to disruption of a
potentially important compensatory mechanism in
nephrotic glomerular diseases involving tubular
epithelial cell protein endocytosis and proliferation
(26). Most recently, markers of podocyte
differentiation were studied in kidney biopsies of 8
sirolimus-treated patients. Immunohistochemistry
showed that some podocytes in focal segmental
glomerulosclerosis lesions had absent or diminished
expression of the podocyte-specific epitopes
synaptopodin and p57, reflecting dedifferentiation,
and had acquired expression of cytokeratin and
PAX2, reflecting an immature fetal phenotype.
Interestingly, a decrease in vascular endothelial
growth factor expression was observed in some
glomeruli (27). 

Vascular endothelial growth factor regulates
angiogenesis through endothelial cell proliferation
and plays an important role in capillary repair in
damaged glomeruli. The expression of mRNA for
vascular endothelial growth factor and its 2 receptors
were found to be markedly up-regulated in the rat
glomeruli of bovine serum albumin-induced
glomerulonephritis compared with controls (28).
Sirolimus has been shown to inhibit vascular
endothelial growth factor expression and vascular
endothelial growth factor-mediated endothelial cell
proliferation. Mammalian target of rapamycin
inhibitors may reduce vascular endothelial growth
factor expression in different cell types in part by
inhibiting the expression of HIF-1α, which is well-
recognized to function in vascular endothelial
growth factor gene transactivation (29). Alternatively,
several reports revealed increased expression of
vascular endothelial growth factor with both Tac and
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cyclosporine use (30, 31, 32), a finding that may
explain lower incidence of proteinuria among our
sirolimus/tacrolimus regimen compared with the
sirolimus/mycophenolate mofetil regimen (Table 2).

Conclusions

This study represents clinical evidence that primarily
sirolimus-treated renal transplant patients are
vulnerable to be complicated with high incidence of
proteinuria that is most probably of glomerular
origin. It also was shown that proteinuria is a
significantly bad prognostic index of graft function
and subsequent graft survival at 5-year follow-up.

Sirolimus-treated patients should be strictly
evaluated at each follow-up for the presence of
proteinuria, a complication that should be dealt with
as early as possible to avoid long-term effects on graft
survival. Further prospective evaluation and study
of possible involvement of vascular endothelial
growth factor in the pathogenesis is warranted.
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