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Abstract. Tacrolimus (TAC) has been shown to improve 
remission from proteinuria in patients with refractory IgA 
nephropathy (IgAN); however, the efficacy and safety of 
TAC in such patients have not been fully explored. Therefore, 
the present study was conducted to evaluate the tolerance to 
and efficacy of TAC combined with low‑dose corticosteroids 
in patients with refractory IgAN. This was a single-center 
retrospective study. A total of 28 patients with refractory 
IgAN were randomly included and received TAC plus corti-
costeroid; 26 patients received TAC and prednisone, and 
2 patients received TAC and methylprednisolone. In addition, 
all patients were treated with an angiotensin inhibitor. Total 
urinary protein excretion, serum albumin, blood glucose, 
complete remission (CR), partial remission (PR), cholesterol, 
low-density lipoprotein (LDL), serum creatinine (Scr) and 
estimated GFR (eGFR) were tested at baseline and at 3, 6 and 
12 months after the initiation of treatment in all patients. The 
primary endpoints were CR and PR. Secondary endpoints 
included changes of Scr, eGFR, clinical data and adverse 
events. After 12 months, CR was achieved in 40.1% of patients 
and PR in 43.4%, yielding a total response rate of 83.5%, and 
the total urinary protein excretion, serum albumin, cholesterol 
and LDL results were improved significantly compared with 
those at baseline. Proteinuria and serum albumin results were 
significantly improved by month 3 of treatment. Two patients 
relapsed during months 3-6 of follow-up. At the 12-month 
follow-up, renal function was improved compared with the 
baseline level as evidenced by eGFR and Scr, respectively. 
The blood glucose level was stable. One case of pneumococcal 
pneumonia developed in a patient treated with TAC plus 
low-dose methylprednisolone and one case of upper gastroin-
testinal hemorrhage was found in a patient treated with TAC 

plus low-dose prednisone; both cases completely recovered 
after treatment. In conclusion, TAC combined with low-dose 
corticosteroids may be an effective and safe therapeutic option 
for the treatment of refractory IgAN. However, given the small 
number of patients in this study, further prospective random-
ized controlled trials are required with a larger sample of 
participants and longer follow-up period.

Introduction

IgA nephropathy (IgAN) is an immune-complex-mediated 
glomerulonephritis, and is the most common form of primary 
glomerular disease worldwide (1). A substantial number of 
patients with IgAN succumb to end-stage renal disease, a 
condition that requires renal-replacement therapy (2). IgAN 
occurs in individuals at any age, predominantly among males, 
with Caucasian and Asian populations being more prone to 
IgAN than individuals of African descent in the United States 
and South Africa (3,4). Renal prognostic factors have been 
found to include impaired renal function, proteinuria, hyper-
tension and advanced histological lesions (5). Atherosclerotic 
metabolic factors, including fasting triglyceride levels, insulin 
resistance, obesity and uric acid have also been shown to be 
associated with the renal prognosis of IgAN (6,7). 

Previous studies have shown that tacrolimus (TAC), a 
potent calcineurin inhibitor, is effective in the treatment 
of nephritic syndrome, particularly in refractory nephritic 
syndrome in children and adult patients (8,9). TAC was first 
applied as an immunosuppressant in transplant patients, and 
has been successfully used in heart, liver, kidney and pancreas 
transplantation, with excellent short-term outcomes (10-12). 
For example, TAC treatment does not disturb lipid metabolism 
or the antioxidant status of the body; furthermore, it protects 
neuronal tissue from hypoxic insults (13,14). The immuno-
modulatory action of TAC is dependent upon its ability to 
disrupt the activation of T cells and the expression of cyto-
kines (15). Significantly, calcineurin inhibitors may have an 
anti-proteinuric action through an effect on the stability of the 
podocyte cytoskeleton (16,17). 

Corticosteroids are a critical component of immunosup-
pressive regimens, yet the prolonged use of corticosteroids may 
reduce defensive responses among patients in the high-rele-
vance region and result in various side effects, including 
hyperlipidemia, hypertension and diabetes mellitus (18). 
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Elimination of the negative effects of corticosteroids from 
immunosuppressive regimens was therefore necessary during 
the treatments administered in the present study. 

Although TAC is able to provide improved remission from 
proteinuria in patients with refractory IgAN (19), the effec-
tiveness of TAC combined with low-dose corticosteroids in 
Chinese patients with Lee class III, IV or V IgAN and the 
tolerance to the treatment are unclear. The present study was 
conducted to evaluate the tolerance to and efficacy of TAC 
combined with low-dose corticosteroids in reducing protein-
uria and preserving renal function in Chinese patients with 
Lee class III, IV and V IgAN.

Materials and methods

Patient selection. This was a retrospective study performed 
in Chinese patients with primary refractory IgAN. The study 
was approved by the Ethics Committee of Shenzhen Second 
People's Hospital (Shenzhen, China) and all participating 
patients gave written, informed consent. All experiments 
conformed to the guidelines outlined by the 1964 Declaration 
of Helsinki.

Included subjects were 18-65 years old when a diagnosis of 
IgAN was confirmed by renal biopsy in the previous 3 months 
at Shenzhen Second People's Hospital. All patients were 
without a diagnosis of hepatic, cardiac, pulmonary or intes-
tinal disease; had a glomerular filtration rate (GFR) within 
30-60 ml/min/1.73 m2, estimated by the Cockroft-Gault 
formula (20); proteinuria >1 g/day; and hypertension defined as 
systolic blood pressure >140 mmHg or diastolic blood pressure 
>90 mmHg associated with proteinuria between 0.3-1 g/day. 
All cases were reported as Lee class III, IV or V with renal 
dysfunction according to Lee's classification and histo-
logical assessment (21,22). Exclusion criteria were as follows: 
i) Patients who were confirmed to have human immunodefi-
ciency virus or hepatitis B/C virus infection; ii) treatment with 
any other immunosuppressant in the previous 2 years; iii) use 
of other medication under research; iv) evidence or suspicion 
of renovascular disease, diabetes mellitus or poor control of 
hypertension; v) GFR <30 ml/min/1.73 m2 and serum bilirubin 
>2 mg/dl.

Treatment protocol. All patients with IgAN (male/female, 9:19; 
mean age, 48.32±10.06 years) who were registered for 
a follow-up examination at Shenzhen Second People's 
Hospital received intravenous TAC (Astellas Pharma, Inc., 
Shenyang, China) combined with oral low-dose corticoste-
roids (GlaxoSmithKline Co., Ltd., Brentford, UK). After 
obtaining informed consent from each subject, all patients 
were treated with TAC and corticosteroid. In total, 28 patients 
were included in the study. Among them, 26 cases received 
TAC and prednisone, and the remaining 2 cases received 
TAC and methylprednisolone. In addition, all patients 
received the angiotensin inhibition medication, in the form 
of oral enalapril (2.5 mg once daily; Hisun Pharmaceutical 
Co., Ltd., Zhejiang, China) . TAC was started at a dose of 
0.05 mg/kg/day, titrated to achieve a trough blood level of 
5 -10 ng/ml for the first 6 months, and then reduced to 4-6 ng/ml 
for the subsequent 6 months. Corticosteroids were started at a 
dose of 0.5 mg/kg/day for the first 2 months, and then slowly 

tapered by 5 mg every 2 weeks until discontinuation. Patients' 
records were reviewed from the start of the treatment through 
the time when the chart was reviewed and until the drug was 
discontinued or severe infection appeared (final time point).

Data collection and evaluation. Baseline characteristics 
including 24-h total urinary protein excretion, serum albumin, 
complete remission (CR), partial remission (PR), cholesterol, 
low-density lipoprotein (LDL), serum creatinine (Scr), blood 
glucose level and estimated GFR (eGFR) according to the 
modified Modification of Diet in Renal Disease (MDRD) 
equation for Chinese patients (23) were recorded and 
measured using a fully automated biochemical analyzer 
(Mindray, Shenzen, China). These data were collected at 3, 6 
and 12 months after the initiation of treatment. The primary 
endpoints were complete remission (CR) and partial remis-
sion (PR). CR was defined as the disappearance of all known 
targeted initial spots, and normal laboratory and imaging 
parameters. PR was defined as a decrease of ≥30% (but not 
100%) of the sum of the longest diameters of the predeter-
mined target lesions with no novel or enlarging lesions. 
Secondary endpoints included change of Scr, eGFR, clinical 
data and adverse events.

Histological diagnosis. Histological diagnosis of IgAN 
was based upon the demonstration of mesangioproliferative 
changes on light microscopy and the concomitant presence 
of predominant or codominant mesangial deposition of 
IgA. The pathological diagnosis was made by pathologists 
from Guangzhou KingMed Centre for Clinical Laboratory 
Co., Ltd. in accordance with the classification described by 
Lee et al (21).

Statistical analysis. The response rate, total urinary protein 
excretion, serum albumin, LDL, cholesterol, Scr and eGFR 
results were compared at baseline and every follow-up time 
point (3, 6 and 12 months) in all patients. The total urinary 
protein excretion, serum albumin, LDL, cholesterol, Scr, blood 
glucose level and eGFR are presented as the mean ± standard 
deviation, and differences from baseline were evaluated 
using a Student's t-test. The response rate is presented as the 
percentage of patients exhibiting CR or PR. The response 
rate results for total urinary protein excretion were compared 
between baseline and each follow-up time using the χ2-test. In 
all analyses, SPSS version 13.0 software (SPSS, Inc., Chicago, 
IL, USA) was used. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Changes in clinical findings over time. Changes in total 
urinary protein excretion, serum albumin, cholesterol, LDL, 
response rate and blood glucose level were investigated at 
various times after the initiation of treatment. At different 
time points of follow-up, the total urinary protein excretion, 
response rate of proteinuria, and serum albumin, choles-
terol and LDL levels were each improved, (Table I). After 
12 months, CR was achieved in 40.1% of patients and PR in 
43.4%, yielding a total response rate of 83.5%. Total urinary 
protein excretion (0.40±0.38 vs. 1.94±1.45 g/day; P=0.002), 
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serum albumin (39.82±3.68 vs. 33.28±3.75 g/l; P=0.023), 
cholesterol (4.68±2.23 vs. 5.88±3.21 mmol/l; P=0.043) 
and LDL (1.83±1.02 vs. 2.35±1.23 mmol/l; P=0.041) were 
improved significantly compared with the respective baseline 
values. Proteinuria (urinary protein excretion, 0.64±0.36 vs. 
1.94±1.45 g/day; P=0.024) and serum albumin (38.89±4.31 vs. 
33.28±3.75 g/l; P=0.043) were already significantly improved 
by month 3 of treatment. The blood glucose level was stable 
over time. 

Preservation of renal function. At month 12 of follow-up, the 
renal function remained stable or was improved compared 
with the baseline level as evidenced by serum eGFR 
(80.17±32.33 vs. 71.32±44.71 ml/min/1.73 m2; P=0.027) 
and Scr (106.33±53.88 vs. 136.57±73.71 µmol/l; P=0.023) 
(Table II). The serum Scr levels decreased as the time after 
the start of treatment increased, with a significant difference 
from the baseline value at each time point, while the eGFR 
increased significantly over time in comparison with the 
baseline levels value (all P<0.05).

Relapse following the discontinuation of TAC and cortico-
steroids. Two cases (7.1%) of relapse were observed after 
cessation of the regimen within 6 months. The time to relapse 
ranged from 3 to 6 months.

Adverse events. One case of pneumococcal pneumonia devel-
oped in a patient treated with TAC combined with low-dose 
methylprednisolone at ~6 months after the initiation of this 
regimen, and one case of upper gastrointestinal hemorrhage 
(duodenal ulcer) was found in a patient treated with TAC 
plus low-dose prednisone at ~4 weeks after the initiation of 
treatment. The two patients with side effects were completely 
recovered following timely treatment of TAC combined with 
low-dose methylprednisolone.

Discussion

Proteinuria has been shown to be an adverse prognostic factor 
in renal diseases, including IgAN; previous studies have 
established the importance of achieving a PR of proteinuria in 
patients with IgAN (24,25). Blockade of the renin-angiotensin 
system (RAS) can be considered the most important strategy 
for the treatment of proteinuria in patients with IgAN (26). In 
patients with proteinuria >1 g/day following a full dose of an 
RAS blocking agent, steroids and/or immunosuppressive agents 
are suggested (27). However, some patients continue to present 
with massive proteinuria following therapy with steroids and/or 
immunosuppressive agents combined with RAS blockade (28). 
The identification of an effective therapeutic strategy for IgAN 
patients with refractory proteinuria is extremely important.

TAC (also known as FK506 or fujimycin) inhibits the activa-
tion of a transcription factor essential for the transcription of 
cytokine genes in T cells, causing the production of cytokines 
such as IL-2 and IFN-γ to be reduced, and ultimately resulting 
in immune suppression (29). Since the activation of T cells plays 
a crucial role in the pathogenesis of inflammatory glomerular 
diseases (30). TAC has been used as a therapeutic agent in 
various glomerular diseases, particularly refractory nephrotic 
syndrome. In a clinical trial, the efficacy and safety of a combi-
nation of TAC and a moderate dose of steroids were observed in 
a group of 14 patients who were confirmed as having refractory 
IgAN (19). However, the safety and efficacy of TAC combined 
with low-dose corticosteroids in patients with refractory IgAN 
has not been fully evaluated.

The present study, with a long-term follow-up, showed that 
the combination of TAC and a low-dose of corticosteroid contrib-
uted to a CR of proteinuria in 40.1% of patients and PR in 43.4%, 
yielding a total response rate of 83.5%. One possible explanation 
is that this immunosuppressive regimen significantly limited 
glomerular epithelial cell proliferation and inhibited crescent 

Table I. Clinical and laboratory data at different follow-up time points. 

Clinical and laboratory data Baseline 3 months 6 months 12 months

UTP (g/day)   1.94±1.45   0.64±0.36   0.56±0.38   0.40±0.38
Serum albumin (g/l) 33.28±3.75 38.89±4.31 39.85±2.76 39.82±3.68
Cholesterol (mmol/l)   5.88±3.21   5.03±2.26   4.35±3.16   4.68±2.23
LDL (mmol/l)   2.35±1.23   2.33±1.46   2.01±1.16   1.83±1.02
Response rate (CR; PR) (%) - 71.4 (26.4; 45) 82.7 (30.9; 51.8) 83.5 (40.1; 43.4)
Blood glucose level (mmol/l)   5.11±2.23   5.08±1.96   5.28±1.83   5.33±2.16

UTP, urine total protein; LDL, low-density lipoprotein; CR, complete remission; PR, partial remission. 
 

Table II. Serum creatinine and eGFR levels at different follow-up time points (mean ± standard deviation).

Renal function data Baseline 3 months 6 months 12 months

Scr (µmol/l) 136.57±73.71 133.37±81.12a 116.91±36.98b 106.33±53.88c

eGFR (ml/min/1.73 m2)   71.32±44.71   71.89±38.57d   75.18±41.86e   80.17±32.33f

eGFR, estimated glomerular filtration rate; Scr, serum creatinine. aP=0.257, bP=0.039, cP=0.023;  dP=0.727, eP=0.396,  fP=0.027.
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formation in nephropathy (31). Urine total protein excretion, 
serum albumin, cholesterol and LDL results were improved 
significantly compared with those at baseline. Proteinuria and 
serum albumin were significantly improved by month 3 of treat-
ment. Two patients relapsed during the subsequent 3 months of 
follow-up. At the 12-month follow-up time point, renal function 
was totally stable compared with the baseline level as evidenced 
by eGFR and serum creatinine results. The blood glucose level 
was stable. Roberti et al (32) and Li et al (33) reported that TAC 
was able to reduce proteinuria rapidly in adults and children 
with steroid-resistant nephritic syndrome, and the results of the 
present study are consistent with this.

Until now, the safety of TAC in the treatment of patients 
with IgAN and chronic renal function impairment was not 
well known. The main side effects of TAC reported previously 
include gastrointestinal symptoms such as abdominal pain and 
nausea, hypertension and increased Scr (19). In the present 
study, one case of pneumococcal pneumonia developed in a 
patient treated with TAC combined with low-dose methyl-
prednisolone at ~6 months after the initiation of this regimen 
and one case of upper gastrointestinal hemorrhage (duodenal 
ulcer) was found in a patient treated with TAC plus low-dose 
prednisone at ~4 weeks after the initiation of treatment. The 
two patients with side effects were completely recovered after 
receiving appropriate treatment. TAC reduces insulin secre-
tion by damaging the ultra-structure of beta cells in a time- or 
dose-dependent manner. It also decreases insulin mRNA levels 
by the reversible inhibition of calcineurin after binding to 
FK506-binding protein 12 (34). With respect to this, TAC theo-
retically has the potential to induce transient diabetes mellitus 
via defective insulin secretion (35), even resulting in diabetic 
ketoacidosis (36). However, in the present study the blood 
glucose level was stable at the 12-month follow-up. In this study 
group, TAC combined with low-dose corticosteroids exhibited 
very few toxic side effects, and showed promising preliminary 
efficacy with a high safety profile in Chinese patients with IgAN. 
However, the adverse effects cannot be ignored, and close moni-
toring of blood drug concentration and blood glucose levels, as 
well as regular evaluation of renal function are all required in 
future courses of treatment.

This retrospective study showed that TAC combined with 
low-dose corticosteroids was able to reduce proteinuria and 
preserve renal function in Chinese patients with Lee class 
III, IV or V IgAN. However, given the limitation of the small 
number of patients in this trial, a further study with a larger 
sample of participants and longer follow-up of period is required 
to provide more conclusive results.
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