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Abstract. The purpose of the present study was to assess 
whether urinary soluble T-cell immunoglobulin and mucin 
domain-containing protein 3 (sTim-3) could be adopted as 
a novel non-invasive biomarker for acute rejection (AR) 
following renal transplantation. A total of 156 patients 
were enrolled between January 2006 and December 2009, 
comprising 49 patients with biopsy-proven AR, 58 patients 
with stable grafts and no abnormal histological findings 
(NO-AR), 10 patients with subclinical rejection (SCR) in 
protocol biopsies, 10 patients with acute tubular necrosis 
(ATN) and 29 patients with chronic allograft nephropathy 
(CAN). Additionally, urine samples from 40 healthy individ-
uals were also collected as controls. The urinary concentration 
of sTim-3 was determined by ELISA in the 156 renal allograft 
recipients and 40 healthy controls. Compared with NO-AR 
and healthy controls, patients with AR excreted urinary 
sTim‑3 at a significantly higher level (4,356±440.4, 95% CI: 
3,473-5,242 ng/mmol creatinine). Likewise, patients with 
ATN exhibited a significantly lower level of urinary sTim‑3 
(2,060±217, 95% CI: 1,679‑2,680 ng/mmol creatinine) than 
patients with AR. The discriminatory value was measured 
by the area under the receiver operating characteristic curve 
(ROC), which had a value of 0.88 (95% CI: 0.809‑0.951), 
demonstrating that sTim-3 was a suitable marker for the diag-
nosis of AR. At a cut-off point of 1,836 ng/mmol creatinine, the 
sensitivity was 89.8% and the specificity was 82.8% (P<0.001). 
Amongst the patients with AR, patients with steroid-resistant 
acute rejection (n=31) had significantly higher urinary sTim‑3 
concentrations than patients with steroid-sensitive acute 
rejection (n=18; 5,548±613.5, 95%CI: 4,287‑6,809 ng/mmol 

creatinine vs. 2,653±391.7, 95% CI: 1,830‑3,476 ng/mmol 
creatinine; P=0.0002). No significant difference in urinary 
sTim-3 was found between patients with AR and CAN 
(3,920±543.5, 95% CI: 3,473‑5,242 ng/mmol creatinine), and 
a significantly higher level of Tim‑3 was excreted by patients 
with CAN compared with patients with NO-AR and healthy 
controls (P<0.001). The present study, therefore, suggests 
that urinary sTim-3 may be used as a valuable non-invasive 
biomarker for the detection of AR. In addition, urinary sTim-3 
levels were demonstrated to be associated with the response 
to anti-rejection therapy. The results of the present study may 
provide support future research into the screening of novel 
immune suppressants.

Introduction

Renal transplantation currently represents the best treatment 
option for most patients with end-stage organ failure, due to 
improved cardiovascular and mortality outcomes and quality 
of life compared with dialysis (1,2). Nevertheless, despite 
advances in immunosuppression, almost 35% of renal trans-
plant recipients have an episode of acute rejection (AR) in the 
first year following transplantation (3). The presence of AR 
results in a 20% reduction in the first year survival rate (3). The 
intensity of the rejection and the therapeutic response may have 
a direct impact on the long-term outcome of the graft. Early 
diagnosis is important in order to allow appropriate treatment 
to be initiated (4). Histopathological examination of renal 
biopsy tissue is regarded as the gold standard for diagnosing 
acute rejection; however, due to an inability to repeatedly 
obtain samples within short time frames to eliminate concur-
rent complications, the development of a noninvasive method 
as a substitute for histopathological examination is impera-
tive (5). A noninvasive test that could be used for monitoring 
acute rejection would, therefore, be of considerable value.

Approximately 70% of urinary proteins are generated 
in the kidney, with the remainder generated in plasma (6,7), 
therefore, small changes in urinary protein excretion may 
reflect kidney state; previous studies have consistently revealed 
significant differences between transplant recipients with acute 
rejection and recipients with stable graft functions (8-10). In 
addition, several urinary proteins and chemokines have been 
identified as biomarkers of acute rejection following renal 
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transplantation, including increased levels of urinary fractal-
kine, vascular endothelial growth factor, inducible protein-10 
or monokine induced by interferon γ (11,12).

Acute allograft rejection is predominantly a Th1-driven 
cellular response, mediated by infiltrating lymphocytes that 
produce specific cytokines and cytotoxic effector molecules, 
culminating in tissue injury and ultimately graft dysfunc-
tion (13). Recently, a new molecule has been described as a 
hallmark of Th1‑specific differentiated cells, T‑cell immu-
noglobulin and mucin domain-containing protein 3 (Tim-3; 
officially known as hepatitis A virus cellular receptor 2) (14). 
Tim-3 is a type I membrane protein that is preferentially 
expressed on terminal differentiated Th1 cells (15). It exists 
as either a membrane bound form (fTim-3) or in soluble form 
(sTim-3) (16). Along with the other Tim family members, 
Tim-3 is involved in several immune process, including the 
development of autoimmune diseases, tolerance induction and 
the regulation of Th1 immune responses (17,18). To the best of 
our knowledge, there are currently no data concerning levels 
of urinary sTim-3 in acute renal allograft rejection.

In the present study, urinary sTim-3 excretion at the time 
of acute rejection was evaluated and whether urinary sTim-3 
levels were associated with a response to anti-rejection treat-
ment. In addition, the value of this non-invasive method for the 
assessment of renal allograft rejection was assessed.

Materials and methods

Patients and sample collection. Urine samples from 
156 patients who received renal transplants between June 
2006 and December 2009 were examined in our center. A 
total of 49 patients had biopsy-confirmed phenotypes of 
acute rejection (AR) with an elevated serum creatinine level 
of ≥25% above baseline within 6 months of transplant, while 
58 patients had stable grafts and no abnormal histological 
findings (NO‑AR) in protocol biopsies performed 2‑3 months 
following transplantation. Fresh first‑morning mid‑flow urine 
samples from patients were collected every 2 weeks during the 
first 2 months following transplantation. Urine samples were 
similarly collected from the 10 patients with biopsy-proven 
acute tubular necrosis (ATN), 29 patients with chronic allograft 
nephropathy (CAN) and 10 patients with subclinical rejection 
(SCR). Urine samples were not collected on the day of biopsy. 
All subjects received primary grafts from deceased donors. 
Detailed demographic characteristics of these groups are 
summarized in Table I, with no significant differences identi-
fied between groups (P>0.05; Table I). Patients with signs of 
infection or malignant tumor were excluded from the study. 
Urine samples were also collected from 40 healthy individuals 
as controls (average age: 39.6±6.8 years; male/female: 24/16). 
Normal controls were recruited from the medical examination 
center of our center. The study was approved by the Ethics 
Committee of The First Affiliated Hospital of College of 
Medicine of Zhejiang University (Zhejiang, China) in accor-
dance with the Declaration of Helsinki, and all of the study 
participants provided written informed consent.

Details of immune suppressive protocols used in Chinese 
renal allograft recipients have been previously reported by 
this group (19). All subjects who were recruited to participate 
in the present study were receiving a combination of three 

immunosuppressive drugs at the time of transplantation, 
composed of a calcineurin inhibitor (tacrolimus or cyclo-
sporine, tacrolimus: trough level 5-10 ng/ml, or cyclosporin: 
Trough level 200-300 ng/ml for six months following the 
transplant), prednisone (in tapering doses from 80-10 mg/day 
within the first month after transplant), and azathioprine or 
mycophenolatemofetil. A3 day course of intravenous meth-
ylprednisolone (6 mg/kg) was used as anti-rejection therapy 
following clinical and biopsy-proven diagnosis of acute rejec-
tion. Steroid-resistant acute rejection (SRAR) was defined 
as lack of response to steroid treatment (graft function had 
no improvement or worsened) and was treated with OKT3 
(5 mg/day) for 5-7 days. In addition, plasma exchange therapy 
was performed in patients diagnosed with humoral rejection. 
A single experienced renal pathologist who was unaware of 
the results of the study used Banff 97 classification (20,21) to 
evaluate all biopsy specimens.

Fresh urine samples were immediately centrifuged for 
10 min at 1,600 x g at 4˚C, then the supernatant was aliquoted 
and stored at ‑80˚C until required. Urinary creatinine and 
protein were measured for the purpose of calibration; sTim-3 
levels determined by ELISA were expressed per millimole of 
urinary creatinine to correct for differences in urine concen-
tration.

Determination of sTim‑3 in urine by ELISA. sTim-3 was 
measured in urine samples using a commercial human sTim-3 
ELISA kit (catalog no. T133-90; Groundwork Biotechnology 
Diagnosticate, Ltd., San Diego, CA, USA). Undiluted urine 
samples were tested in duplicate according to the manufac-
turer's protocol.

Statistical analysis. Statistical analysis was performed using 
SPSS version 16.0 (SPSS, Inc., Chicago, IL, USA). Parameters 
between groups were compared using the Mann-Whitney 
or Kruskal-Wallis test and post hoc tests for nonparametric 
continuous data. To measure the sensitivity and specificity of 
urinary sTim-3 in distinguishing between AR and NO-AR 
patients, a conventional receiver operating characteristic 
(ROC) curve was generated. ROC curves were also used 
to determine the sensitivities and specificities for sTim‑3 
measurements to diagnose SCR and predict the outcome 
following acute rejection. The diagnostic and predictive value 
of this model was investigated by the area under the ROC 
curve. Youden's index, defined as sensitivity + specificity‑1, 
was used for the computation of the diagnostic threshold. 
Results were expressed in the text as mean ± standard error 
of the mean unless otherwise stated. P<0.05 was considered to 
indicate a statistically significant difference.

Results

A total of 156 patients, enrolled between January 2006 and 
December 2009 in our single-center, were studied, including 
49 with biopsy-proven AR. Among the 49 patients with AR, 
37 were diagnosed as cellular rejection and 12 were humoral 
rejection according to antibody-mediated rejection criteria. 
For 37 patients with cellular rejection, 20, 14 and 3 were 
diagnosed as grade I, grade II and grade III, respectively. Of 
the remaining patients, 58 patients had NO-AR, 10 patients 
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had SCR in protocol biopsy, 10 patients had biopsy-proven 
ATN and 29 patients had biopsy-proven CAN. Additionally, 
urine samples from 40 healthy individuals were collected as 
controls.

Urinary sTIM‑3 in patients with stable renal function. 
In the 58NO-AR patients, the level of urinary sTim-3 did 
not change significantly during the first 8 weeks following 
transplantation, with a value of 1,732±182 ng/mmol 
creatinine at 2 weeks, 1,504±154.1 ng/mmol creatinine at 
4 weeks, 1,515±87.2 ng/mmol creatinine at 6 weeks and 
1,415±144.4 ng/mmol creatinine at 8 weeks (Fig. 1).

Urinary sTIM‑3 in patients with acute renal allograft rejection. 
All patients diagnosed with AR (n=49) were treated with 
intravenous methylprednisolone. Among them, 18 patients 
with reversible creatinine increases were classified as SSAR, 
while 31 patients showing no improvement following steroids 
were classified as SRAR. Patients with SRAR were further 
treated with OKT3, plasma exchange or both. A total of 
47 patients were successfully controlled. Anti-rejection treat-
ment appeared to be unsuccessful in 2 patients. In these cases, 
graft function deteriorated rapidly, with grafts failing within 
3 months of the transplant procedure.

A total of 31 of the 49 patients with AR also had urine 
samples taken before or after the occurrence of AR. The 
concentration of urinary sTim-3 in patients during the period 
of AR (4,221±529.6, 95%CI: 3,123‑5,266 ng/mmol creatinine) 
was significantly higher than during stable renal function, 
both before the occurrence of AR (1,507±229.3, 95%CI: 
1,239‑2,065 ng/mmol creatinine; P<0.001) and after AR rever-
sion (1,493±210, 95%CI: 1,267‑1,960 ng/mmol creatinine; 
P<0.001).

Urinary sTim‑3 is an indicator of acute renal allograft rejec‑
tion. Compared with those without rejection (patients with 
NO-AR, ATN or healthy controls), patients with AR had signif-
icantly higher levels of urinary sTim-3 (Fig. 2): 4,356±440.4, 
95%CI: 3,473‑5,242 ng/mmol creatinine in patients with 
AR; 1,430±106.2, 95%CI: 1,118‑1,548 ng/mmol creatinine in 
patients with NO‑AR (P<0.001 vs. AR); 2,060±217, 95% CI: 
1,679-2,680 ng/mmol creatinine in patients with ATN (P=0.02 
vs. AR); and 1,269±99.3, 95% CI: 1,068‑1,469 ng/mmol creati-
nine in healthy controls (P<0.001 vs. AR).Urinary sTim‑3levels 
in patients with AR were also higher than in patients with 
CAN (3,920±543.5, 95%CI: 3,473‑5,242 ng/mmol creati-
nine), however, the difference was not statistically significant 
(P=0.058 vs. AR; Fig. 2). Urinary sTim-3 concentrations in 

Table I. Demographic characteristics of patients with renal transplants.

Variable AR (n=49) ATN (n=10) CAN (n=29) SCR (n=10) NO-AR (n=58)

Mean age (years) 36.9±9.6 37.3±5.8 45.8±9.5 37.3±10 39.8±10.1
Sex, [n(%)]
  Male 34 (69.4%) 7 (70%) 20 (68.9%) 6 (66.7%) 36 (62.1%)
  Female 15 (30.6%) 3 (30%) 9 (31.1%) 4 (33.3%) 22 (37.9%)
Cause of ESRD [n(%)]
  Glomerulonephritis 38 (77.6%) 8 (80%) 24 (82.7%) 8 (80%) 44 (75.9%)
  Hypertension 2 (4.1%) 0 1 (3.4%) 0 2 (3.4%)
  Obstructive uropathy 1 (2.1%) 0 0 0 1 (1.7%)
  Diabetes 4 (8.1%) 1 (10%) 2 (6.9%) 1 (10%) 4 (6.8%)
  Others 4 (8.1%) 1 (10%) 2 (7%) 1 (10%) 7 (12.1%)
  Dialysis time (months) 6.5±4.1 5.3±2.8 6.3±4.7 5.5±6.2 6.9±7.1
  HLA mismatch 3.6±1.3 3.5±1.2 3.9±1.5 3.3±1.4 3.2±1.3
  Cold ischaemia (h) 8.3±1.9 8.6±2.0 8.5±2.1 8.4±1.8 8.1±1.6
Panel reactive antibody [n(%)]
  <10% 44 (89.8%) 9 (90%) 26 (89.7%) 9 (90%) 54 (93.1%)
  >10% 5 (10.2%) 1 (10%) 3 (10.3%) 1 (10%) 4 (6.9%)

AR, acute rejection; ATN, acute tubular necrosis; CAN, chronic allograft nephropathy; SCR, subclinical rejection; NO-AR, no acute rejection; 
ESRD, end‑stage renal disease; HLA, human leucocyte antigen. Data are presented as the mean ± standard deviation.

Figure 1. Levels of urinary sTim‑3during the first 8 weeks following trans-
plantation in the 58 patients without acute rejection and with stable renal 
function. Data are presented as the mean ± standard error of the mean. No 
significant differences in urinary sTim‑3 were observed. sTim‑3, soluble 
T-cell immunoglobulin and mucin domain-containing protein 3.
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patients with NO-AR and in the 40 healthy controls were 
extremely similar, both remaining at relatively low levels, as 
depicted in Fig. 2.

A ROC curve was performed to determine the 
discriminatory power of sTim-3 levels for diagnosis of 
acute rejection (Fig. 3). The area under ROC curve was 0.88 
(95% CI: 0.809‑0.951). The optimal cutoff level for sTim‑3 was 
1,836 ng/mmol creatinine, with a sensitivity and specificity 
of 89.8 and 82.8%, respectively (P<0.001). When the cutoff 
level was set at 2,764 ng/mmol creatinine, the corresponding 
specificity was 91.4%.

Levels of urinary sTim‑3 in cellular and humoral rejection. 
Among the 49 patients with AR, 37 were diagnosed as 
cellular rejection and 12 were humoral rejection according 

to antibody-mediated rejection criteria. Patients with 
cellular rejection excreted sTim‑3 (4,010±490.7, 95% CI: 
3,010-4,985 ng/mmol creatinine) less than those with 
humoral rejection (5,091±961.5 ng/mmol creatinine, 95% CI: 
3,012-7,210 ng/mmol creatinine), but this effect was not statis-
tically significant (P=0.15).

High levels of urinary‑3 are predictive of SRAR and 
graft loss. The 31 patients with SRAR had significantly 
greater urinary sTim‑3 concentrations (5,660±616.5,  
95% CI: 4,387‑6,890 ng/mmol creatinine) than the 18 patients 
with SSAR (2,753±386.7, 95% CI: 1,930‑3,576 ng/mmol 
creatinine) and 58 patients with NO‑AR (P<0.001; Fig. 4).  
Patients with SSAR excreted significantly more urinarys 
TIM-3 than NO-AR patients (P=0.009; Fig. 4). The 
ROC curve demonstrated the sensitivity and specificity 
of various cutoff levels for urinarys Tim-3 to predict the  
incidence of SRAR (Fig. 5). The area under the ROC curve 
was 0.86 (95% CI: 0.744‑0.976, P<0.001). The cutoff point 
that optimized the combined sensitivity and specificity for 
sTim-3 was 3,242.9 ng/mmol creatinine. At this threshold, the 
sensitivity was 83.9% and the specificity was 88.9% (P<0.001).

The 2 patients with graft loss appeared to have higher 
urinary sTim-3 concentrations than the 47 patients 
with reversible acute rejection (6,496±1,488, 95% CI: 
2,981‑10,065 ng/mmol creatinine vs. 4,252±445.1, 95% CI: 
3,356-5,249 ng/mmol creatinine), but the difference between 
these two groups was not statistically significant (P=0.17). A 
negative association between urinary sTim-3 concentration 
and estimated glomerular filtration rate (eGFR) was also 
identified (Fig. 6). As demonstrated in Fig. 6, patients with a 
high average urinary sTim-3 concentration within 2 months 
of transplantation (>4,000 ng/mmol creatinine; n=99) had a 
significantly lower eGFR than the group with low average 
sTim‑3 levels (<2,000 ng/mmol creatinine; n=57): 3 months 
after transplantation, eGFR in the group with lower average 
sTim‑3 was 80.2±2.2 ml/min 1.73 m2 vs. 59.4±5.9 ml/min 
1.73 m2 in the group with higher sTim‑3 levels (P<0.001); 
85.2±2.6 ml/min 1.73 m2 in the group with lower average 
sTim‑3 vs. 60.9±8.6 ml/min 1.73 m2 in the group with higher 
sTim‑3 levels 6 months after transplantation (P<0.001); 

Figure 4. Average concentration of urinary sTim-3 in renal transplant 
patients with SRAR compared with urinary sTim-3 in patients with SSAR 
and NO-AR. **P<0.01 and ***P<0.001, with comparisons indicated by lines. 
sTim-3, soluble T-cell immunoglobulin and mucin domain-containing 
protein 3; SRAR, steroid-resistant acute rejection; SSAR, steroid-sensitive 
acute rejection; NO-AR, no acute rejection.

Figure 2. Average concentration of urinary sTim-3 in renal transplant patients 
with NO-AR, AR, ATN or CAN, and healthy controls. nsP>0.05, *P<0.05 
and ***P<0.001 vs. AR. sTim‑3, soluble T‑cell immunoglobulin and mucin 
domain-containing protein 3; NO-AR, no acute rejection; AR, acute rejec-
tion; ATN, acute tubular necrosis; CAN, chronic allograft nephropathy.

Figure 3. ROC curve analysis of sTim-3 as a marker for diagnosis of acute 
rejection. The area under the ROC curve was 0.874 (95% CI:0.80‑0.948; 
P<0.001), which demonstrated that sTim‑3 was a suitable marker for the 
diagnosis of acute rejection. ROC, receiver operating characteristic; sTim-3, 
soluble T-cell immunoglobulin and mucin domain-containing protein 3.
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and 86.6±3.6 ml/min 1.73 m2in the group with lower  
average sTim‑3 vs. 60.9±8.6 ml/min 1.73 m2 in the group with 
higher sTim‑3 levels 12 months after transplantation (P<0.001).

Urinary sTim‑3 is an indicator of subclinical rejection. A 
total of 10 patients were diagnosed with subclinical rejection 
(SCR) in protocol biopsy according to Banff 97 classification; 
urinary sTim-3 levels were determined to be suitable as an 
indicator in these patients too. Patients with SCR excreted 
urinary sTim‑3 at a significantly higher level (3,783±760.9, 
95% CI: 2,087‑5,478 ng/mmol creatinine) than patients 
with NO‑AR (1,430±106.2, 95% CI: 1,118‑1,548 ng/mmol 
creatinine; P<0.001; Fig. 7). However, there was no significant 
difference in urinary sTim-3 concentrations between patients 
with SCR and AR (P=0.72; Fig. 7).

A ROC curve was used to present the sensitivity and speci-
ficity of urinary sTim‑3 levels as an indicator of SCR (Fig. 8). 
The area under the ROC curve was 0.934 (95% CI: 0.87‑0.99; 
P<0.001). The cutoff point that maximized the combined sensi-
tivity and specificity for sTim‑3 was 1,857 ng/mmol creatinine. 
At this threshold, the corresponding sensitivity and specificity 
was 90 and 82.8%, respectively (P<0.001).

Discussion

To the best of our knowledge, this is the first time it has been 
demonstrated that the level of sTim-3 in urine may predict the 
incidence of AR and the response to anti-rejection therapy. 
Despite progress in immune suppression, acute allograft 
rejection remains one of the biggest obstacles in renal 

Figure 7. Average concentration of urinary sTim-3 in renal transplant patients 
with SCR compared with urinary sTim-3 in patients with AR and NO-AR. 
nsP>0.05 and ***P<0.001, with comparisons indicated by lines. sTim‑3, soluble 
T-cell immunoglobulin and mucin domain-containing protein 3; SCR, 
subclinical rejection; AR, acute rejection; NO-AR, no acute rejection.

Figure 6. eGFR in patients with high (>4,000 ng/mmol creatinine; n=99) 
and low (<2,000 ng/mmol creatinine; n=57) average urinary sTim‑3 concen-
trations within 2 months of transplantation. ***P<0.001, with comparisons 
indicated by lines. eGFR, estimated glomerular filtration rate; sTim‑3, soluble 
T-cell immunoglobulin and mucin domain-containing protein 3.

Figure 5. ROC curve analysis of urinary sTim-3 as a marker for the diag-
nosis of SRAR. The area under the ROC curve was 0.77 (95% CI: 0.66‑0.88; 
P<0.001), which demonstrated that high levels of urinary sTim‑3 are predic-
tive of SRAR. ROC, receiver operating characteristic; sTim-3, soluble 
T-cell immunoglobulin and mucin domain-containing protein 3; SRAR, 
steroid-resistant acute rejection.

Figure 8. ROC curve analysis of urinary sTim-3 as a marker for the diagnosis 
of subclinical rejection. The area under the ROC curve was 0.858 (95% CI: 
0.738‑0.978; P<0.001), which demonstrated that sTim‑3 was a suitable marker 
for the diagnosis of subclinical rejection. ROC, receiver operating character-
istic; sTim-3, soluble T-cell immunoglobulin and mucin domain-containing 
protein 3.
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transplantation. At present, core needle biopsy represents the 
most reliable method to diagnose renal allograft rejection, 
although it is an invasive procedure with potential associated 
complications for the graft and the patient. Furthermore, once 
AR has been confirmed by biopsy, it is still difficult to predict 
therapeutic response accurately (12). It would be desirable 
to use a noninvasive technique tominimize the frequency of 
using biopsy for the diagnosis of acute rejection and to predict 
therapeutic response as much as possible. Some studies 
have identified some cytokines, such as adhesion molecules 
and chemokines (8), and reported that utilizing these cyto-
kines is of great value in the treatment of renal allograft 
recipients (11,12).

Tim-3 is exclusively expressed on the cell surface of fully 
differentiated CD4+ Th1 cells (14). The membrane bound form 
of Tim-3 includes an N-terminal immunoglobulin V domain, 
a mucin domain followed by a transmembrane domain and 
a short cytoplasmic tail. Although the soluble form (a splice 
variant) of Tim-3 lacks both the mucin and transmembrane 
domains, it still possesses the binding specificity of the 
membrane‑bound form. Galectin‑9 has been identified as 
a ligand for Tim-3; specific binding cross-talk between 
galectin-9 and Tim-3 causes an inhibitory signal, resulting 
in apoptosis of Th1 cells and negatively regulated Th1 type 
immunity (16). Previous studies have also revealed that Tim-3 
may participate in tolerance induction, and blockade of this 
molecule exacerbates experimental autoimmune encephalo-
myelitis as well as disease in the non-obese diabetic model of 
Type I diabetes (16,17). In studies using galectin-9 to modulate 
Tim-3 activity, the rejection of fully allogeneic skin grafts 
was remarkably delayed, by up to 6 days, in mice receiving 
galectin-9 (22). Furthermore, in another experimental model, 
Tim-3 blockage resulted in abrogation of tolerance induction 
by costimulation blockage (17). A preliminary study also 
suggested that urinary Tim-3 mRNA is highly expressed in 
renal acute rejection (23). However, to the best of our knowl-
edge, there are no data concerning the urinary sTim-3 in acute 
renal allograft rejection to date.

In the present study, a significant difference was discov-
ered in the urinary excretion of sTim-3 between patients with 
NO-AR and those with AR or ATN. Patients with NO-AR 
displayed a relatively steady level of sTim-3, which gener-
ated no significant difference in the urine at during the early 
period (8 weeks) following transplantation. In view of the 
phenomenon that the level of urinary sTim-3 changed along 
with the occurrence of AR, sTim-3 might be a promisingly 
suitable marker to monitor renal function following trans-
plantation. By non-invasive measurement of urinary sTim-3 
levels, AR could be easily differentiated from ATN, and 
would be a preferred method compared with total urinary 
protein (24-27). Furthermore, high levels of urinary sTim-3 
might effectively predict SRAR and graft loss. The urinary 
sTim‑3 levels in patients with SRAR had significantly higher 
urinary sTim-3 concentrations than those with SSAR. While 
a cutoff point of urinary sTim-3 concentration was set at 
3,242.9 ng/mmol creatinine, the sensitivity and specificity 
for the diagnosis of SRAR reached 83.9 and 88.9%, respec-
tively. Achieving a more appropriate therapy by utilizing 
these results at an early stage following AR may effectively 
helped to prevent the further deterioration of immune injury, 

as well as to avoid the side-effects of high-dose steroid treat-
ment. Furthermore, patients with subclinical rejection (SCR) 
were also demonstrated to excrete a significantly higher level 
of urinary sTim-3 than patients with NO-AR. At a urinary 
sTim-3 concentration of 1,857 ng/mmol creatinine, the sensi-
tivity and specificity for the diagnosis of SCR was 90 and 
82.8%, respectively. Therefore, by means of measuring the 
level of urinary sTim-3, the probable immune state of the 
patients following renal transplantation can potentially be 
easily assessed and predicted. These results, of higher levels 
of the potential Th1-regulatory molecule sTim-3 in patients 
with AR or SCR, indicate that sTim-3 might competitively 
bind to the ligand of Tim-3 with fTim-3, which may reduce 
the binding of fTim-3 with the ligand of Tim-3, resulting 
in reduced Th1 cell apoptosis and positive regulation of 
the general immune status toward Th1 type. However, the 
diagnostic and predictive value of urinary Tim-3 needs to be 
verified in prospective multicenter studies. Further studies 
are warranted to confirm this association and to investigate 
the underlying mechanism.

In conclusion, the monitoring of sTim-3 in urine may be a 
novel and promising non-invasive approach for the detection 
of AR. Furthermore, measurement of sTim-3 in urine may 
contribute to predict the response to anti-rejection therapy 
and a poor outcome following AR. Likewise, other common 
causes of renal dysfunction, including polyoma virus nephritis, 
urinary infections and nephrotoxicity, should also be investi-
gated prior to it becoming a non-invasive diagnostic test.
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