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Abstract. Operational tolerance of an allograft kidney is the 
optimal condition in patients following kidney transplanta-
tion and recipient-mediated immunological rejection still 
remains the primary challenge following transplantation. In 
the present study, a case of long-term survival is reported in a 
patient following kidney transplantation without maintenance 
immunosuppression therapies for >10 years. Although the 
pathological conditions of the transplanted kidney revealed 
a degree of impaired kidney function, the patient exhibited 
a serum creatinine level of 119.2 µmol/l and no significant 
changes were observed in T or B cell biomarkers associated 
with immunologic tolerance. Notably, the patient's allograft 
was functioning normally. Consequently, further studies may 
need to elucidate the development of operational tolerance.

Introduction

Although kidney transplantation is currently considered as 
the preferred therapy for end-stage renal disease, morbidity 
induced by the use of immunosuppressive regimens and 
recipient-mediated immunological rejection remain the 
primary challenge following transplantation (1). It has 
previously been demonstrated that graft function may be 
affected by immunologic and non-immunologic factors, 
including race, height, age, sex and weight (2). Although the 
application of immunosuppressive agents is able to reduce 
pathological autoimmune reactions, it may also interfere 
with normal immune response, thus increasing the incidence 
of side effects, such as cardiovascular diseases, infection, 
malignancies, diabetes and other metabolic disorders (3,4). 
Therefore, the development of novel immune tolerance 
protocols is required for transplantation, so that the long-term 

immunosuppression induced by currently used agents does 
not occur. However, the mechanisms associated with the 
induction and maintenance of immune tolerance remain 
elusive. The present case report presents one case of potential 
immunological tolerance following kidney transplantation 
from a living donor and transient immunosuppressive therapy.

Case report

A 58-year-old female patient with end-stage renal disease 
secondary to chronic nephritis underwent living-donor kidney 
transplantation at the 251st Hospital of People's Liberation 
Army of China (Hebei, China) in February 2005. The kidney 
was donated by the patient's sister with ABO compatibility 
(blood type of donor and recipient were Type B) and human 
leukocyte antigen (HLA) incompatibilities (2/6 mismatch of 
HLA typing). De novo donor‑specific antibodies were negative. 
Immunosuppression was performed following transplantation 
via a standard method including FK506 (0.1 mg/kg/day), 
mycophenolate mofetil (1,000 mg/kg/day) and prednisone 
for five days (500 mg/kg/day), and normal graft function was 
observed 3 days following transplantation. However, due to 
the side effects of the immunosuppressive therapy, including 
thoracalgia and diarrhea, 7 days following transplantation, the 
patient refused to take mycophenolate mofetil capsules on the 
8th day of treatment and the dosage of FK506 was decreased 
to 2 mg per day, which resulted in hypouresis, edema and 
ascites. Therefore, the patient was obliged to start and main-
tain hemodialysis 40 days following kidney transplantation.

Following hemodialysis for two months, the patient's urine 
output increased to 500 ml/day; therefore, she stopped using 
all immunosuppressive agents and subsequently stopped 
hemodialysis five months later. Notably, graft function subse-
quently normalized with a baseline serum creatinine level of 
170-180 µmol/l (normal range, 57-97 µmol/l), accompanied 
by urine output increasing to 1,200 ml/day (normal range, 
1,000-3,000 ml/day) (5,6). In the last decade, the patient's graft 
function has been relatively stable, except for occasional body 
chills, joint pain (suspected rheumatoid arthritis) and renal 
pain.

The patient first attended Beijing Chao-Yang hospital 
(Beijing, China) for consultation as she often experienced pain 
around the area of transplanted kidney in the last four years. 
The medical history showed that her blood pressure was stable, 
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at ~130/90 mmHg. She seldom had a fever, although laboratory 
tests indicated the presence of urinary tract infection [white 
blood cell (WBC) count, 287.7/µl; bacteria count, 18,996.1/µl]. 
The serum creatinine level was 119.2 µmol/l and urea nitrogen 
was 8.66 µmol/l, whereas a high cystatin C level was observed 
(2.24 ng/l). Negative results were obtained for panel reactive 
antibodies class I and II screening, and 24-h urinary protein 
quantity was 88 mg. The level of fasting blood-glucose was 
5.46 mmol/l, whereas glycated albumin and glycosylated 
hemoglobin were 16.7 and 7.2%, respectively. Other 
laboratory findings, including cholesterol, glutamic‑oxalacetic 
transaminease, glutamic-pyruvic transaminase and total 
bilirubin were normal.

T cells were isolated from peripheral blood mononuclear 
cells and determined by flow cytometry. A total of 5x107/ml 
peripheral blood mononuclear cells (PBMCs) were isolated 
from freshly heparinized whole blood by standard Ficoll 
density gradient centrifugation (room temperature; 800 x g 
for 30 min; GE Healthcare, Chicago, IL, USA). To determine 
the frequency and phenotype of myeloid derived suppressor 
cell; cluster of differentiation (CD)4 cells, CD8 cells, 
T regulatory and nature killer cells in PBMCs, multicolor 
fluorescence‑activated cell staining analysis was performed 
using the following antibodies sourced from BD Pharmingen; 
BD Biosciences (Franklin Lakes, NJ, USA): anti-CD3 
(cat. no. 557832; 1:10), anti-CD4 (cat. no. 562281; 1:10), 
anti-CD8 (cat. no. 555366; 1:10), anti-CD14 (cat. no. 557832; 
1:10), anti-HLA DR (cat. no. 555812; 1:10), anti-CD11b (cat. 
no. 340937; 1:10), anti-CD56 (cat. no. 556647; 1:10), anti-CD33 
(cat. no. 555450; 1:10), anti-CD34 (cat. no. 550761; 1:10), 
anti-CD25 (cat. no. 560990; 1:10), anti-CD127 (cat. no. 557938; 
1:10), anti-CD19 (cat. no. 555415; 1:10), anti-CD20 (cat. 
no. 563780; 1:10) and anti-forkhead box P3 (FOXP3 1:10; cat. 
no. 77‑5776‑40; eBioscience; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). For surface marker staining, PBMCs 
were incubated with the appropriate antibodies following three 
gentle washes with PBS. For intracellular marker staining, 
PBMCs were washed with PBS, then fixed and permeabilized 
with Cytofix/Cytoperm solution on ice for 1 h (BD 
Pharmingen; BD Biosciences), anti-FOXP3 antibodies were 
utilized for intracellular staining by incubating with PBMCs 
at 4˚C for 30 min in the dark. Flow cytometry was performed 
using a Beckman Coulter FC500 MPL (Beckman Coulter, 
Inc., Brea, CA, USA). Analysis of FACS-data was completed 
using FlowJo software 7.6.3 (Tree Star, Inc., Ashland, OR, 
USA). Isotype-matched antibodies were used with all the 
samples as controls. The CD3+ T cell count was 1,054/µl 
(59.4%), CD3+CD4+ was 643/µl (33%) and CD3+CD8+ was 
391/µl (22.1%). The proportions of regulatory B cells, T cells, 
suppressor T cells and nature killer cells were 12.0, 3.0, 13.4 
and 12.9%, respectively. The proportion of myeloid-derived 
suppressor cells was 1%, which was within the normal range 
(1-2%) (7).

Spiral abdominal computed tomography revealed that two 
native kidneys were atrophied and that the size, shape and 
density of the transplanted kidney, which was located on the 
right iliac fossa, showed no marked abnormalities (Fig. 1).

Color Doppler ultrasonography examination revealed 
that the size of the transplanted kidney was 9.9x4.8 cm, the 
thickness of kidney parenchyma was 1.6 cm, the blood supply 

of transplanted kidney was good and there was no pelviec-
tasis; however, kidney artery blood flow resistance index had 
increased to 0.74-0.78 (Fig. 2).

Graft biopsy for this patient was performed twice by 
nephrocentesis under guidance of ultrasound, as the initial 
pathological findings were contrary to the patient's clinical 
manifestation. The result revealed ischemic sclerosis in the 
glomerulus, the kidney tubular epithelial cells were flat and 
a number of kidney tubules were atrophied. Protein cast, cell 
cast and inflammatory cell infiltration were also observed 
in some kidney tubules. Kidney interstitial hyperplasia was 
also observed (Fig. 3A). To further confirm the pathological 
conditions of the transplanted kidney, graft biopsy was 
conducted for the second time. The results demonstrated 
few glomerulus ischemic sclerosis, partial renal tubular 
dilatation and infiltration of inflammatory cells (Fig. 3B). 
The patient was in stable condition without other dominant 
diseases.

The present study was approved by the Ethics Committee 
of Beijing Chao-Yang Hospital (Capital Medical University, 
Beijing, China). Written informed consent form was obtained 
from the patient. All procedures performed were in accordance 
with the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki declaration 
and its later amendments or comparable ethical standards.

Discussion

Following the discovery of immunologic tolerance by Ray 
Owen in 1945, who observed that placental interchange 
resulted in red cell chimerism between dizygotic bovine 
twins (8), there has been a great effort to establish tolerance 
through various different strategies. The original defini-
tion of tolerance was provided by Billingham et al in the 
1950s (9), which referred to non-responsiveness to antigens. 
At present, tolerance is categorized in three subtypes: 
Central tolerance, which is mediated by transplanted donor 
hematopoietic cells and concerns the recognition of donor 
antigens as self-antigens; peripheral tolerance, which is not 
inducted by hematopoetic cell transplantation, but by either 

Figure 1. Spiral abdominal computed tomography image demonstrating the 
location of the kidney allograft (white arrow) laterally in the right lower 
quadrant and the atrophy of two native kidneys, which are almost invisible.
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pharmacological immunosuppressive agents or biological 
agent-led deletion or suppression of self-reactive T cells; 
and operational tolerance, which is typically observed 
in patients who stopped immunosuppressive therapy for 
at least one year and in whom no destructive alloimmune 
response was observed (10). Notably, operational tolerance 
was more often observed following organ transplantation. 
Although kidney transplant recipients were prone to rejec-
tion following immunosuppressive withdrawal, >200 cases 
of operational tolerance persisting for at least one year have 
been reported (11). Therefore, elucidation of the operational 
tolerance-related molecular mechanisms and biomarkers 
may identify novel targets for kidney transplantation therapy.

The molecular basis of operational tolerance have 
been analyzed by gene-expression profiling in kidney 
transplant recipients, in which various genes, including 
tumor growth factor-β in the blood of kidney transplant 
recipients, were demonstrated to be minimally invasive 
monitoring tools for guiding operational tolerance 
titration (12). In 25 operational tolerant kidney transplant 
recipients, 30 differentially‑expressed genes were identified 
to be specific for B cells compared with those patients 
receiving immunosuppression by using peripheral blood 
microarrays (13). Increases of regulatory T cells were found 

in the maintenance of immunologic tolerance by suppressing 
aberrant or excessive immune responses (14). In addition, 
patients with operational tolerance were also characterized 
by a higher number of B cells in the blood compared with 
patients with stable graft function under immunosuppression 
and patients with antibody-mediated chronic rejection (15). 
Therefore, strategies for operational tolerance including 
the pharmacological, biological and cellular therapies were 
categorized by T cell agents, B cell agents and cellular 
therapies. Krepsova et al (16) reported that basiliximab 
induction may result in an increase of regulatory T cells 
and various biomarkers associated with operational 
tolerance expression. Additionally, long-term allograft 
acceptance was achieved by B cell depletion treatment 
in kidney transplant recipients (17). Mixed chimerism, 
defined as cells from different donor origins coexisting in 
the same organism, is another form of tolerance. In 1995, 
Kawai et al (18) developed a non-myeloablative regimen that 
induced mixed chimerism and kidney allograft tolerance in 
major histocompatibility complex-mismatched cynomolgus 
monkeys. Further clinical studies have demonstrated that 
operational tolerance may be achieved in HLA-mismatched 
recipients by induction of transient chimerism via donor 
bone marrow transplantation (19).

Figure 3. H&E staining of renopuncture biopsy. (A) H&E staining of the initial renopuncture biopsy indicated ischemic sclerosis of glomerulus, flat kidney 
tubular epithelial cells, atrophy of some kidney tubules and interstitial hyperplasia of transplanted kidney. (B) H&E staining of the second renopuncture biopsy 
indicated reduced glomerulus ischemic sclerosis, renal tubular dilatation and infiltration of inflammatory cells than the results of the initial examination. H&E, 
hematoxylin and eosin.

Figure 2. Doppler ultrasonography demonstrated the blood supply of transplanted kidney. (A) Duplex Doppler waveform showed high systolic arterial peaks 
with normal diastolic flow and high resistance arterial flow. (B) Longitudinal color Doppler image showed relatively abundant blood flow and normal size of 
transplanted kidney.
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In conclusion, the present case report primarily describes 
the immunologic tolerance observed in a kidney transplan-
tation recipient with minimal immunosuppressive agent 
induction. In the present case, although the pathological 
conditions of the transplanted kidney exhibited a degree of 
impaired kidney function, T or B cell biomarkers associated 
with immunologic tolerance were not observed; however but 
the patient exhibited normal kidney function. This suggests 
that this patient exhibited operational tolerance to some extent 
and that the underlying mechanism may be mixed chimerism. 
This condition may suggest that operational tolerance may be 
developed into a clinical reality when appropriate treatment 
is administered; however, the underlying mechanisms and 
biomarkers require further elucidation. The clinical application 
of operational tolerance may improve the prognoses of kidney 
transplant and other organ transplant recipients following 
successful immunosuppression withdrawal, and improve graft 
function and host defenses.
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