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Abstract: Objective: This study aimed to assess the clinical efficacy of tacrolimus and cyclophosphamide in the 
treatment of Henoch-Schonlein purpura nephritis (HSPN) and to investigate their effects on immune function and 
prognosis of patients. Methods: A total of 104 patients with HSPN who were treated in our hospital from January 
2014 to June 2018 were recruited. Patients treated with tacrolimus were served as group A (n=57), and those 
treated with cyclophosphamide as group B (n=47). The 24 h urine protein (24 h Upro), urine red blood cell (RBC) 
count, blood lipid indexes, liver and kidney function indexes, immune function, clinical efficacy, as well as compli-
cation rate between the two groups were compared. Results: After treatment, the 24 h Upro and urine RBC count 
were reduced in both groups, and the reduction in group A was more significant than that in group B (P<0.05). 
The cholesterol decreased in both groups after treatment (P<0.05). The albumin was remarkably elevated in both 
groups after treatment, and the elevation in group A was more significant than that in group B. The serum creatine 
(SCr), blood urea nitrogen (BUN), and immunoglobulins (IgA, IgG, IgM) decreased significantly in the two groups after 
treatment, and the SCr and BUN as well as IgA in group A were significantly lower than those in group B (P<0.05). 
The patients in group A showed significantly higher total effective rate and complication rate than those in group B 
(P<0.05). Conclusion: Although both tacrolimus and cyclophosphamide are effective in treating HSPN, tacrolimus is 
superior to cyclophosphamide, which induces more adverse reactions, however. Therefore, it is necessary to assess 
the patient’s condition comprehensively in order to select the right treatment.
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Introduction

Henoch-Schonlein purpura nephritis (HSPN) is 
a circulatory disease with vascular inflammato-
ry responses, mainly manifested as skin pur-
pura, abdominal and joint pain, as well as 
decreased renal function [1, 2]. Due to the 
defects in autoimmune system, the patients 
may present with allergic reactions such as 
immunoglobulin (IgA) complex deposition on 
the vessel wall after being stimulated by bacte-
rial or viral infection [3]. Long-term renal func-
tion involvement may lead to purpuric nephritis. 
And renal injury is aggravated in disease pro-
gression due to the increase of urine protein 
and prolonged time; purpuric nephritis may 
develop into chronic renal disease and eventu-
ally end-stage renal disease [4, 5]. Because of 
the low specificity of existing methods, symp-
tomatic treatment and protection of renal func-

tion are still preferred initiatives [6]. The poor 
prognosis and high difficulty in treatment make 
early and effective intervention crucial for 
patients with HSPN.

With the advancement of medical and molecu-
lar science, the long-term efficacy and drug 
safety control of immunosuppressive therapies 
have been significantly improved in the treat-
ment of nephritis [7]. Tacrolimus is a novel 
immunosuppressive agent regulating the activ-
ity of calcineurin, which inhibits T cell prolifera-
tion in vivo by regulating tyrosine hydroxylase 
synthesis and releasing interleukin-1 (IL-2), and 
directly acts on the immune response induced 
by decreased antigen. These characteristics 
determine that tacrolimus can be applied in 
reliving rejection reaction after transplantation 
[8, 9]. Cyclophosphamide, a cytotoxic alkylating 
agent, exerts a drug action of interference with 
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deoxyribonucleic acid (DNA) and ribonucleic 
acid (RNA) by preventing cell proliferation and 
survival of antigen-sensitive small lympho-
cytes, as well as inhibiting the transformation 
of immunoblasts, and its potency generally 
lasts for a long time [10, 11].

Both tacrolimus and cyclophosphamide are 
effective in the treatment of HSPN, so this 
study compared their efficacy and effects on 
the immune function and prognosis of patients. 

Methods and materials

General data

A total of 104 patients 59 males and 45 
females, average age 4.69 ± 0.73 years, cour- 
se of disease 63.45±3.83 days with HSPN 
admitted to our hospital from January 2014 to 
June 2018 were enrolled, of which 57 patients 
treated with tacrolimus were assigned to group 
A, and 47 treated with cyclophosphamide to 
group B.

Inclusion and exclusion criteria

Inclusion criteria: (1) Patients meeting the diag-
nostic criteria and clinical classification of 
HSPN in Nephrology [12]; (2) Patients with 
abnormal hematuria and a 24 h urine protein 
(Upro) of 0.5~3.5 g/24 h. Exclusion criteria: (1) 
Patients with systemic lupus erythematosus, 
B-related nephritis and other primary or sec-
ondary renal diseases; (2) Patients receiving 
glucocorticoids or other immunosuppressive 
agents before treatment; (3) Patients with 
acute and chronic infection; (4) Patients with 
poor compliance. All patients and their families 
agreed to participate in the experiment and 
sign the informed consent form. The experi-
ment was conducted with the approval of the 
Medical Ethics Committee.

Experimental reagents and materials

Tacrolimus (Astellas Pharma Co., Ltd., China, 
approval number: H20150195); cyclophospha-
mide (Jiangsu Suncadia Medicine Co., Ltd., 
approval number: H32024654); plasma sepa-
rator (Shanghai Pudong Tianben Centrifugal 
Machinery Co., Ltd.); full-automatic biochemi- 
ca analyzer (Shenzhen Hongsen Environmen- 
tal Protection Technology Co., Ltd.); automatic 
urine analyzer (Shanghai Hanfei Medical Devi- 
ces Co., Ltd.); chemiluminescence analyzer 
(Beijing Beier Bioengineering Co., Ltd.).

Methods

Treatment methods: In group A, the patients 
were treated with tacrolimus 0.10~0.15 mg/
(kd.d) orally, 2 h after meal, twice a day, for 15 
days, while those in group B received shock 
therapy with continuous intravenous drip of 10 
mg/(kg.d) cyclophosphamide, two days for one 
course (once a day) for seven courses, with a 
cumulative dose of less than 170 mg/kg. 
According to the blood drug concentration and 
adverse drug reactions in vivo, drug concentra-
tion adjustment and hydration as well as alkali-
zation of urine were carried out.

Index detection methods: Fasting venous blood 
samples (2 mL) were extracted from all sub-
jects in the morning and kept standing at room 
temperature for 30 min. After complete coagu-
lation, the blood was centrifuged at 4,000 r/
min for 5 min. Then immunoglobulins (IgA, IgG, 
IgM) and other related indexes were detected 
with a full-automatic biochemical analyzer, 
serum creatine (Scr) and blood urea nitrogen 
(BUN) levels with a chemiluminescent analyzer, 
and 24 h Upro and red blood cell (RBC) count 
with an automatic urine analyzer. All operations 
were carried out in strict accordance with the 
instruction manual.  

Outcome measures: (1) Comparison of 24 h 
Upro and urine RBC count; (2) Comparison of 
blood lipid and liver and kidney function index-
es; (3) Observation of immune function; (4) 
Comparison of clinical efficacy: cure: 24 h Upro 
less than 0.2 g/24 h, RBC count of urine sedi-
ment less than 3/field of vision, and normal 
renal function; markedly effective: urine RBC 
and 24 h Upro decreased by ≥50%; effective: 
24 h Upro decreased by 25%~49%, and stable 
renal function; ineffective: failure to meet the 
above criteria. Total effective rate = (cure + 
markedly effective + effective) ×100% [13]. (5) 
Comparison of the total complication rate.

Statistical methods: Statistical analysis was 
carried out with SPSS 19.0 (Beijing NDTimes 
Science and Technology Co., Ltd.). The count- 
ing data were analyzed with chi-square test  
and the measurement data were expressed  
as means ± standard deviation. Comparison 
between the two groups was conducted with 
the t test, and comparison before and after 
treatment was conducted with the repeated 
measurement analysis of variance. Graphpad 
Prism8 was employed to plot the figures. The 
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difference was statistically significant with P< 
0.05.

Results

Comparison of general data

There was no difference between the two 
groups in terms of sex, age, course of disease, 
appearance of rash and arthralgia (P>0.05). 
See Table 1 for details.

group A showed significantly lower Scr and  
BUN than the group B (41.15±8.93 vs. 46.23± 
9.12, and 4.34±0.67 vs. 4.62±0.72), and they 
were reduced in the both groups after treat-
ment (P<0.05). See Figure 3 for details.

Comparison of immune function indexes

There was no significant difference in IgA, IgG, 
IgM between the two groups before treatment 
as well as in IgG and IgM after treatment (P> 

Table 1. Comparison of general data 

Group Group A 
n=57

Group B 
n=47 t/X2 P

Sex (cases) 0.018 0.894
    Male 32 (56.14) 27 (57.45)
    Female 25 (43.86) 20 (42.55)
Age (years) 4.46 years 4.71 years 0.221 0.825
Course of disease (days) 63.43±3.87 63.49±3.82 0.079 0.937
Rash (cases) 5.963 0.994
    Yes 23 (40.35) 19 (40.43)
    No 34 (59.65) 28 (59.57)
Arthralgia (cases) 0.207 0.649
    Yes 13 (22.81) 9 (19.15)
    No 44 (77.19) 38 (80.85)
Lymphadenectasis (cases) 0.292 0.589
    Yes 16 (28.07) 11 (23.40)
    No 41 (71.93) 36 (76.60)
Hepatosplenomegaly (cases) 0.878 0.349
    Yes 14 (24.56) 8 (17.02)
    No 43 (75.44) 39 (82.98)
Headache (cases) 0.150 0.699
    Yes 19 (33.33) 14 (29.79)
    No 38 (66.67) 33 (70.21)

Figure 1. Comparison of 24 h Upro and urine RBC count. A. 24 h Upro de-
creased significantly in both groups after treatment, and group A was lower 
than group B. B. Urine RBC count decreased significantly in both groups after 
treatment, and group A was lower than group B. Note: * indicated P<0.05.

Comparison of 24 h Upro and 
urine RBC count

Before treatment, there was 
no significant difference be- 
tween group A and group B in 
terms of 24 h Upro and urine 
RBC count (P>0.05). Whereas 
after treatment, both of them 
decreased significantly in the 
two groups, and the decrease 
in group A was more signifi-
cant than group B (24 h Upro: 
0.08±0.03 vs. 0.12±0.06, uri- 
ne RBC count: 22.45±10.24 
vs. 37.24±17.43) (P<0.05). 
See Figure 1 for details.

Comparison of blood lipid 
indexes

There was no significant dif-
ference in cholesterol and tri-
glyceride levels between the 
two groups before and after 
treatment (P>0.05), but they 
decreased significantly after 
treatment (P<0.05). See Fig- 
ure 2 for details.

Comparison of liver and kid-
ney function indexes

There was no significant dif-
ference in liver and kidney 
function indexes between the 
two groups before treatment 
(P>0.05). Moreover, ALT show- 
ed no significant differences 
before and after treatment 
(P>0.05). While the group A 
showed significantly higher 
albumin than the group B 
(51.34±7.43 vs. 45.34±7.12), 
which was elevated in both 
groups after treatment. The 



Tacrolimus and cyclophosphamide in patients with Henoch-Schonlein purpura nephritis

1272 Int J Clin Exp Med 2020;13(2):1269-1276

0.05). While after treatment, IgA, IgG, IgM 
decreased significantly in both groups, and IgA 
in group A was lower than that in the group B 
(1.34±0.42 vs. 1.72±0.47) (P<0.05). See Fig- 
ure 4 for details.

such as infection, leukopenia, elevated blood 
sugar, femoral head necrosis and myelosup-
pression. Moreover, a sudden interruption of 
the treatment may result in rapid relapse of 
HSPN [20]. Therefore, exploring reasonable 

Figure 2. Comparison of blood lipid indexes. A. Cholesterol decreased signifi-
cantly in the two groups after treatment. B. Triglycerides decreased signifi-
cantly in the two groups after treatment. Note: * indicated P<0.05.

Figure 3. Comparison of liver and kidney function indexes. A. There was 
no significant statistical difference in ALT between the two groups before 
and after treatment. B. Albumin increased significantly in the two groups 
after treatment, and group A was significantly higher than group B. C. SCr 
decreased significantly in the two groups after treatment, and group A was 
significantly lower than group B. D. BUN decreased significantly in the two 
groups after treatment, and group A was significantly lower than group B. 
Note: * indicated P<0.05.

Comparison of therapeutic 
effects

After treatment, the group A 
showed a remarkably higher 
total effective rate than the 
group B (80.70% vs. 59.57%) 
(P<0.05). See Table 2 for 
details.

Comparison of total complica-
tion rate

After treatment, the group A 
showed a remarkably higher 
total complication rate than 
the group B (21.05% vs. 
6.38%) (P<0.05). See Table 3 
for details.

Discussion

Kidney damage caused by 
Henoch-Schonlein purpura th- 
at involves multiple organs 
during the progression is 
called HSPN, which is com-
mon in children with an annu-
ally increasing incidence in 
recent years [14, 15]. At pres-
ent, there is no unified direc-
tion for the specific treatment 
of nephritis at home and ab- 
road, and the treatment plan 
is mainly determined accord-
ing to the individual condi-
tions, pathological diagnosis, 
and clinical classification of 
patients [16, 17]. Patients 
with III-IV HSPN is found to 
have a worse prognosis than 
those in the early stages,  
so early and reasonable im- 
munotherapies can effective-
ly prevent disease from ad- 
vancing to end-stage renal 
disease [18, 19]. However, 
the application of long-term 
and large-dose immunosup-
pressive agents may also in- 
duce serious complications, 
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application of immunosuppressive agents, su- 
ch as tacrolimus and cyclophosphamide, is of 
great significance for elevating treatment of 
HSPN and improving immune function and 
long-term prognosis of the patients.

In our study, both 24 h Upro and urine RBC 
count decreased significantly in the two gro- 
ups after treatment, and group A was signifi-
cant lower than group B, which indicated that 
tacrolimus was more effective than cyclophos-
phamide in reducing 24 h Upro and urine RBC 
count. Besides, we found that the blood lipid 
indexes (cholesterol and triglyceride) decreas- 
ed in the two groups after treatment. A study 

than group B, the Scr and BUN decreased sig-
nificantly in the two groups, and group A was 
significantly lower than group B. Persistently 
decreased plasma albumin levels might lead  
to infection in patients with HSPN, and the  
long-term infection was more likely to develop 
into hypoalbuminemia, which was not condu-
cive to the prognosis of patients [22]. There 
was a report that slower organism operation 
induced by reduced renal perfusion might lead 
to a decrease in glomerular filtration rate and 
an increase in Scr; meanwhile, enhanced oxida-
tive stress triggered injuries of renal cells and 
tubules [23]. A study demonstrated that BUN 
was an end product of human protein metabo-

Figure 4. Comparison of immune function indexes. A. IgA decreased significantly in the two groups after treatment, 
and group A was significantly lower than that in group A. B. IgG decreased significantly in the two groups after treat-
ment. C. IgM decreased significantly in the two groups after treatment. Note: * indicated P<0.05.

Table 2. Comparison of total effective rate (n [%])
Group Group A n=57 Group B n=47 X2 P
Cure 18 (31.58) 12 (25.53) - -
Markedly effective 22 (38.60) 11 (23.40) - -
Effective 6 (10.53) 5 (10.64) - -
Ineffective 11 (19.30) 19 (40.43) - -
Total effective rate 46 (80.70) 28 (59.57) 5.602 0.018

Table 3. Comparison of total complication rate (n [%])
Group Group A n=57 Group B n=47 X2 P
Respiratory tract infection 1 (1.75) 1 (2.13) - -
Shingles 2 (3.51) 0 - -
Gastrointestinal discomfort 3 (5.26) 1 (2.13) - -
Liver injury 3 (5.26) 1 (2.13) - -
Elevated blood sugar 1 (1.75) 0 - -
Myelosuppression 2 (3.51) 0 - -
Total complication rate 12 (21.05) 3 (6.38) 4.491 0.034

revealed that lipoprotein de- 
position and hemodynamic 
obstruction were often found 
in tubulointerstitium and me- 
sangial areas in patients with 
nephritis, causing high inci-
dence of hyperlipidemia and 
hypocalcemia [21]. This sug-
gested that tacrolimus was 
highly lipophilic and had bet-
ter control of blood lipid index-
es than cyclophosphamide, as 
well as indirectly protected 
kidney function by lowering 
blood lipid levels. Our study 
demonstrated that ALT show- 
ed no significant differences 
after treated with these two 
drugs. While the albumin was 
significantly elevated, and gr- 
oup A was significantly higher 
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lism excreted mainly through glomerular filtra-
tion, and its expression level could reflect kid-
ney injury degree [24]. According to the above 
references, tacrolimus is better than cyclo-
phosphamide in improving liver and kidney 
function. In our findings, the IgA, IgG and IgM in 
the two groups were significantly decreased 
after treatment, and the IgA in group A was sig-
nificantly lower than that in group B. Previous 
study showed that in patients with HSPN, the 
large accumulation of IgA immune complexes 
around glomerulus activated complements via 
the bypass pathway, leading to destruction of 
vascular endothelium, enhancement of vascu-
lar permeability, proliferation of mesangial 
matrix, as well as acceleration of crescent for-
mation, and eventually immunopathologic dam-
age of kidney [25]. It indicated that both tacroli-
mus and cyclophosphamide had the effect of 
improving the immune function of patients, 
avoiding the pathological changes, and enhanc-
ing the therapeutic effect, but tacrolimus was 
better than cyclophosphamide in patients with 
HSPN. It was also found in our study that the 
total effective rate and complication rate in 
group A were significantly higher than those in 
group B after treatment, suggesting that tacro-
limus was more effective than cyclophospha-
mide in the treatment of HSPN, but had more 
potential safety concerns. The prognosis of 
HSPN was closely associated with the histologi-
cal quantification of renal interstitial fibrosis 
and glomerulosclerosis [26]. Besides, tacroli-
mus was found to lead to a decrease in nitric 
oxide and vasodilators, thus shrinking renal 
vessels, resulting in irreversible damage to 
mitochondrial function after long-term oxygen 
deficiency, affecting renal tubular injury, and 
eventually leading to different degrees of inter-
stitial fibrosis and renal tubular atrophy [27]. 
Moreover, another study revealed that cyclo-
phosphamide participated in the inhibition of 
cellular and humoral immune responses, which 
helped to improve renal interstitium and avoid 
tissue fibrosis [28]. The validity of our experi-
mental results was further verified by above 
studies.

To sum up, although both tacrolimus and cyclo-
phosphamide are effective in treating HSPN, 
tacrolimus is superior to cyclophosphamide.  
It, however, induces more adverse reactions. 
Therefore, it is necessary to assess the pati- 

ent’s condition comprehensively in order to 
select the application. We explored the values 
of tacrolimus and cyclophosphamide by ana- 
lyzing the changes in liver and kidney function 
and immune function of patients with HSPN. 
However, not all liver function indicators have 
changed significantly in our study, and the rea-
sons have not been analyzed in depth, which 
will be explored in order to extend the applica-
tion of both drugs.
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