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Abstract. Emerging evidence indicates that natural killer 
(NK) cells and NKT‑like cells may affect allograft outcomes 
following solid organ transplantation. However, the roles of these 
cells in allograft acceptance and dysfunction are controversial. 
To assess the changes in NK cell and CD3+CD56+ NKT‑like 
cell frequency and phenotype in renal allograft recipients and 
to explore their associations with acute T‑cell‑mediated renal 
allograft rejection (ACR), longitudinal changes in NK and 
NKT‑like cell frequency and phenotype were characterized 
using flow cytometry and immunohistochemistry in the 
peripheral blood and kidney allograft tissues in 142 recipients 
undergoing kidney transplantation. The serum concentrations 
of NK cell‑associated cytokines were also detected by cytokine 
multiplex immunoassay. In contrast to the healthy controls, 
recipients with stable graft function exhibited increased 
proportions of CD56brightCD16dim subsets and decreased 
proportions of NKT‑like cells in their peripheral blood 

mononuclear cells (PBMCs). Patients with ACR demonstrated 
increased proportions of NK cells, which were associated with 
increased CD3‑CD56bright subsets and decreased CD3‑CD56dim 
subsets, an increase in the CD56bright/CD56dim ratio in PBMCs 
and increased CD56+ NK cell infiltration in the kidney 
allograft, compared with the stable controls. In addition, there 
was a decreased proportion of NKT‑like cells in patients with 
ACR, and an increased ratio of CD56bright/NKT‑like cells 
compared with the stable controls. These differences appeared 
to be consistent with the increase in the serum concentrations 
of C‑C motif chemokine 19 and the decrease in the serum 
concentrations of interleukin‑15. These data indicate that 
CD56bright NK cells may promote the development of ACR, and 
that NKT‑like cells may have immunoregulatory function. The 
results also imply that the CD56bright/CD56dim ratio may affect 
the ACR signatures.

Introduction

In the context of kidney transplantation, the interactions 
between the innate and adaptive alloimmune responses 
have not yet been fully investigated. Cytotoxic type 1 innate 
lymphoid cells, NK cells and NKT cells may represent an 
interaction between innate immune activity and adaptive 
alloimmune response, as these cells have the ability to 
distinguish allogeneic cells from self‑cells. In previous 
studies, NK cells have also been demonstrated to serve a 
paradoxical role in allograft acceptance and dysfunction 
in solid organ transplantation through their effect on the 
immune pathways involved in allograft tolerance and 
rejection (1‑3). Several studies have also indicated that NK 
cells alone are not sufficient for direct rejection of a solid 
allograft, but that they participate in the acute rejection 
response by facilitating the action of alloreactive T cells, 
supporting the maturation of immature recipient dendritic 
cells and upregulating MHC class  II expression on the 
graft endothelium by producing interferon‑γ (IFN‑γ) (1). In 
addition, host NK cells have been demonstrated to contribute 
to the induction of transplant tolerance by limiting the 
persistence of donor‑derived dendritic cells through their 
killing of allogeneic antigen‑presenting cells (2,4).

Human NK cells are typically divided into two phenotypic 
subsets, based on the level of neural cell adhesion molecule 1 

Circulating NK cell subsets and NKT‑like cells in renal transplant 
recipients with acute T‑cell‑mediated renal allograft rejection

XIAOGUANG XU*,  YONG HAN*,  HAIYAN HUANG,  LILI BI,  XIANGRUI KONG,   
XIHUI MA,  BINGYI SHI  and  LI XIAO

Beijing Key Laboratory of Organ Transplant and Immune Regulation, Transplant Research Laboratory of 
Organ Transplantation Institute, The 309th Hospital of Chinese People's Liberation Army, Beijing 100091, P.R. China

Received March 22, 2018;  Accepted November 6, 2018

DOI:  10.3892/mmr.2019.10091

Correspondence to: Professor Bingyi Shi or Dr Li Xiao, Beijing Key 
Laboratory of Organ Transplant and Immune Regulation, Transplant 
Research Laboratory of Organ Transplantation Institute, The 309th 
Hospital of Chinese People's Liberation Army, 17 Heishanhu Road, 
Haidian, Beijing 100091, P.R. China
E‑mail: shibingyi666@126.com
E‑mail: xiaolilab309@163.com

*Contributed equally

Abbreviations: NK, natural killer cells; ACR, acute T‑cell‑mediated 
renal allograft rejection; early‑stage ACR, ACR occurring within the 
first month after transplantation; mid‑stage ACR, ACR occurring 
between 2 and 6  months after transplantation; late‑stage ACR, 
ACR occurring between 7 and 12  months after transplantation; 
AMR, antibody‑mediated allograft rejection; ST, stable control; 
IRI, ischemia‑reperfusion injury; CNI toxicity, calcineurin inhibitor 
toxicity; PBMC, peripheral blood mononuclear cell; DSA, donor 
specific antibody

Key words: CD56bright natural killer cells, natural killer T‑like cells, 
acute T‑cell‑mediated renal allograft rejection, kidney transplantation



XU et al:  CIRCULATING NK CELL SUBSETS AND NKT-LIKE CELLS IN RENAL TRANSPLANT RECIPIENTS 4239

(CD56) and low affinity immunoglobulin gamma Fc region 
receptor III (FcγRIII/CD16) expression: CD56dimCD16+ and 
CD56brightCD16−/+. The CD56dimCD16+ population is cytotoxic 
and forms at least 90% of all peripheral blood NK cells. By 
contrast, CD56bright NK cells, which express low levels of CD16, 
are less cytotoxic but produce immunoregulatory cytokines, 
including IFN‑γ, following activation in response to stimula-
tion with cytokines, including interleukin (IL)‑2, IL‑12 and 
IL‑15, and are less cytotoxic compared with CD56dim NK cells. 
By contrast, NK cells from secondary lymphoid tissues and 
from other tissues, including the liver and uterus, primarily 
exhibit the CD56bright phenotype (5). Increasing evidence has 
indicated that alloantibodies may trigger NK cell activation 
via FcγRIIIA and contribute to antibody‑mediated rejection 
via antibody‑dependent cell‑mediated cytotoxicity and cyto-
kine production (3). Additionally, lower NK cell numbers and 
increased proportions of CD56bright NK cells were identified 
in donor‑specific antibody (DSA)‑positive kidney transplant 
recipients; this may indicate improved antibody‑dependent 
turnover following activation via CD16  (6). Similarly, 
increased percentages of the CD56bright NK subset were iden-
tified in kidney transplant recipients with progressive chronic 
allograft dysfunction (7). However, studies examining the 
frequency and phenotype of NK cells in acute T‑cell‑mediated 
renal allograft rejection (ACR) is rare. Assessment of the 
circulating NK cell subsets in renal allograft recipients may 
contribute to defining signature alloreactive responses.

CD56bright NK cells are enriched in the majority of human 
tissues, with the exception of blood, and represent the majority 
of NK cells. CD56bright NK cells appear to be outnumbered 
by CD56dim NK cells in the lung, kidney, mammillary tissue, 
bone marrow and spleen, but this may be a reflection of the 
high rate of blood perfusion in these organs (8,9). In addition, 
unique subsets of tissue‑resident CD56bright NK cells have 
been described in the lymphoid tissue, liver and uterus (9). 
Shin et al (10) demonstrated that CD56+ cell infiltration in 
kidney allografts is associated with poor death‑censored graft 
survival. However, studies concerning the distribution of 
tissue‑resident CD56+ NK cells in kidney allografts with ACR 
are limited.

NKT cells constitute a conserved T cell sublineage with 
unique properties, including reactivity against a synthetic 
glycolipid presented by cluster of differentiation 1 (CD1)d, 
expression of an invariant T cell antigen receptor α chain and 
unusual requirements for thymic selection. NKT cells have 
been indicated to serve key roles in the maintenance of 
allograft tolerance by producing IL‑10, and interacting with 
regulatory T cells (Treg) cells by altering Treg cell func-
tion  (2,11). For example, Hongo  et  al  (11) identified that 
IL‑4 produced by NKT cells may affect IL‑10 production in 
Tregs (12‑14). However, there are few studies on the role of 
NKT‑like cells in ACR. As CD3+CD56+ NKT‑like cells are not 
classical invariant NKT cells, but represent a broader group of 
T cells matching the original definition of NKT cells (15,16), 
the present study measured the levels of CD3+CD56+ NKT‑like 
cells and considered them to be indicative of the levels of NKT 
cells.

Acute rejection (AR) is an allograft‑destructive immune 
response that usually occurs in the first month following 
transplantation, but may arise at any time during the life‑span 

of a renal transplant. Depending on the dominant mechanism, 
morphological characteristics and the primary site of injury, 
AR is sub‑categorized into ACR and antibody‑mediated 
allograft rejection (AMR). Quite often, a combination of 
several mechanisms with different types graft damage 
occur simultaneously or consecutively, which result in AMR 
coexisting with ACR. The Banff classification schemes have 
evolved for the assessment and grading of allograft rejection: 
The diagnosis and grading of ACR is based on the presence 
and degree of interstitial inflammation, tubulitis and endo-
thelialitis in the renal allograft. Present criteria require the 
presence of all 3 of the following elements for a confirmed 
diagnosis of AMR: i) Evidence of antibody interaction with 
vascular endothelium, in particular complement 4 molecule 
C4d deposition; ii) morphologic evidence of acute tissue injury 
(capillaritis, fibrin thrombi and tubular injury/necrosis); and 
iii) donor‑specific antibodies (17,18).

In the present study, longitudinal changes in NK cell 
and NKT‑like cell frequency and phenotype in the blood 
and kidney allograft tissue in the first year following trans-
plantation were assessed, and their associations with ACR 
were explored. Furthermore, the serum concentrations of 
the NK‑ and NKT‑associated chemokines and cytokines 
C‑C motif ligand (CCL) 19, CCL21, IFN‑γ, tumor necrosis 
factor‑α (TNF‑α), IL‑2, IL‑10, IL‑12 and IL‑15 were assessed 
in patients at different stages of ACR and stable controls, as 
CD56bright NK cells have been demonstrated to produce high 
levels of the pro‑inflammatory cytokines IFN‑γ and TNF‑α, 
and notably, IL‑12 (19,20). In addition, IL‑15 is a key cyto-
kine involved in the expansion, survival and function of NKT 
cells (21,22), and IL‑10 may function as an effector cytokine of 
NKT‑cell‑mediated transplant tolerance (12). Finally, CCL19 
and CCL21 are ligands of C_C chemokine receptor type 7 
(CCR7), which is homing receptor of CD56bright NK cells.

Materials and methods

Patients. The present study was conducted on 142  renal 
transplant recipients [72 patients with ACR, 9 patients with 
AMR, 3 patients with ACR and AMR, 52 recipients with stable 
renal allograft function, 3 patients with ischemia reperfusion 
injury (IRI) and 3 patients with calcineurin inhibitor (CNI) 
toxicity] who underwent renal transplant procedures at The 
309th Hospital of the Chinese People's Liberation Army 
(Beijing, China) and 20 healthy volunteers. The patients 
with ACR were divided as follows: Early‑stage ACR, when 
ACR occurred within the first month after transplantation; 
mid‑stage ACR, between 2 and 6 months after transplantation; 
and late‑stage ACR, between 6 and 12  months after 
transplantation. Recipients with stable renal allograft function 
were classified into two groups: Patients who were in the first 
month following transplantation (n=47) and patients who were 
between 2‑6 months following transplantation (n=5). These 
were recruited as the stable controls for the early‑stage ACR 
and mid‑stage ACR groups, respectively (Fig. 1) (23). Healthy 
control subjects were recruited from staff from The 309th 
Hospital of the Chinese People's Liberation Army, and were 
age‑ and sex‑matched to the transplant cohort. All protocols 
were approved by the Ethics Committee of The 309th Hospital 
of the Chinese People's Liberation Army, and all patients and 
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the healthy volunteers provided informed consent for the use 
of samples for research. All donors provided informed consent 
for kidney tissue donation. All patients received standard 
triple therapy that consisted of cyclosporin A (CsA) or FK506 
and mycophenolate mofetil and steroids. CsA was initiated 
at 6‑8 mg/kg/d and FK506 at 0.05‑0.25 mg/kg/d. The drug 
dosage was adjusted according to the plasma concentration. 
The target plasma concentration for CsA and FK506 was 
200‑350 and 10‑15 µg/l, respectively, during the first month 
following transplantation; 150‑300 and 8‑15 µg/l, respectively, 
from the second to the third month; 100‑250 and 5‑12 µg/l, 
respectively, from the fourth to the twelfth month; and around 
50 and 5‑10 µg/l, respectively, after the first year. MMF was 
started at 1.5‑2 g/d for half a month and maintained at 1 g/d 
thereafter. Methylprednisolone, 8‑10 mg/kg/day for 3 days 
and prednisone gradually reduced to 10  mg/day. Patient 
characteristics are summarized in Table I.

Tissue sampling and patient information. Tissues were 
obtained from patients with early‑stage ACR (n=3), mid‑stage 
ACR (n=3), late‑stage ACR (n=3), early‑stage AMR (n=3), 
mid‑stage AMR (n=3), late‑stage AMR (n=3), ACR and AMR 
(n=3), IRI (within 1 month after kidney transplantation; n=3) 
and CNI toxicity (2‑6 months after kidney transplantation; 
n=3). Kidney transplant biopsy samples were obtained from 
The 309th Hospital of the Chinese People's Liberation Army 
between 2013 and 2016. Graft rejection was assessed based on 
the Banff 2013 classification (17).

Flow cytometry. Peripheral blood samples were obtained 
from patients with early‑stage ACR (n=5), mid‑stage ACR 

(n=5), recipients with stable renal allograft function within the 
first month after transplantation (n=9), recipients with stable 
renal allograft function between 2‑6 months after transplan-
tation (n=5) and healthy volunteers (n=20). Peripheral blood 
mononuclear cells (PBMCs) were separated from heparinized 
venous blood samples by density gradient centrifugation 
(Centrifuged at 400  x  g for 30‑40  min at 18‑20˚C) over 
Ficoll‑Uropoline (Ficoll Paque Plus; GE Healthcare, 
Uppsala, Sweden). Subsequently, cell viability was assessed 
with fixable viability stain450 (FVS450; cat. no. 562247) 
and PBMCs were stained for 30 min at 4˚C extracellularly 
with anti‑human CD3‑fluorescein isothiocyanate (1:5; cat. 
no. 340542), anti‑human CD56‑allophycocyanin (1:5; cat. 
no. 555518), anti‑human CD16‑phycoerythrin‑cy7 (1:20; cat. 
no. 557744) or the respective isotype control antibodies such as 
mouse IgG1‑FITC (1:100; cat. no. 554679), mouse IgG1‑APC 
(1:5; cat. no.  555751), and mouse IgG1‑PE‑Cy™7 (1:20; 
cat. no. 557872; all from BD Pharmingen; BD Biosciences, 
Franklin Lakes, NJ, USA). NK cell and NKT‑like cell subset 
distribution was then assessed by flow cytometry using 
FACSCantoII Plus™ and FACSCalibur (BD Biosciences) and 
analyzed with the FlowJo software (vX.0.7; Tree Star, Inc., 
Ashland, OR, USA). The gating strategy used to identify 
subsets was performed according to a previously described 
protocol (24). Representative images of the gating strategies 
used to identify subsets are presented in Fig. 2. NK cells were 
identified as CD3‑CD56+ cells, and NKT‑like cells were iden-
tified as CD3+CD56+ cells. PBMCs from healthy controls and 
the stable controls were analyzed again independently from 
the ACR group using the same gating strategies (Fig. 2). The 
frequency of NK and NKT‑like cells was expressed as the 

Figure 1. Patient grouping and assessment. The entire cohort consisted of 162 patients, divided into two groups: Healthy volunteers (n=20); and renal allograft 
recipients (n=142). The recipient group was divided into the following subgroups: The ACR group (n=53) and the stable control group (n=38). Sera from 
91 patients, including the patients with ACR (n=53) and the stable controls (n=38), were used to assess cytokine expression profiles by multiplex immunoassay. 
The ACR group was divided into the early‑stage ACR group (ACR occurred within the first month after transplantation), the mid‑stage ACR group (ACR 
occurred between 2‑6 months after transplantation); and the late‑stage ACR group (ACR occurred between 7‑12 months after transplantation). Peripheral 
blood mononuclear cells from 44 subjects, including healthy volunteers (n=20), patients with ACR (n=10) and stable controls (n=14), were used for flow cyto-
metric identification of the cell subsets. Biopsy samples (n=27) from patients with ACR (n=9), AMR (n=9), ACR and AMR (n=3), patients with IRI (n=3) and 
patients with CNI toxicity (n=3) were used to determine the expression of CD56 by immunohistochemistry. ACR, patients with acute cellular renal allograft 
rejection; AMR, antibody‑mediated allograft rejection; IRI, ischemic reperfusion injury; CNI toxicity, calcineurin inhibitor toxicity.
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percentage of total cells by sequential gating of lymphocyte 
populations.

Serum chemokine and cytokine analysis. Serum samples 
were separated from peripheral blood samples, which were 
collected from 38 recipients with stable graft function, 
32 patients with early‑stage ACR, 12 patients with mid‑stage 
ACR and 9 patients with late‑stage ACR. Peripheral blood 
samples were taken at several time points and frozen at ‑80˚C 
until subsequent use. For the present study, pre‑ACR samples 
prior to rejection (serum creatinine, <103 µM), and at the 
time of ACR, prior to the initiation of antirejection therapy, 
and following the reversal of rejection (serum creatinine, 
<103 µM) were selected. For patients with stable graft func-
tion, follow‑up time points matching the rejection time points 
were selected. Serum samples were assayed to measure the 
levels of IL‑4, IL‑10, IL‑12p70, IL‑15, CCL19, CCL21, IFN‑γ 
and TNF‑α using a human cytokine multiplex immuno-
assay (MILLIPLEX® MAP kit; Merck KGaA, Darmstadt, 
Germany) with the Luminex 200 system (Luminex Corp., 
Austin, TX, USA), as described previously (25). The observed 
intensities of duplicate samples were averaged and mapped to 
a fitted curve derived from a serial dilution series of known 
cytokine standards (26). In addition, recipients with stable 
graft function were considered as negative controls.

Immunohistological analysis. The renal cortex of freshly 
explanted allograft or control kidneys was dissected and fixed 
in 10% neutral buffered formalin for 24 h at room temperature, 
then embedded in paraffin. Paraffin sections were each cut at 
a thickness of 2 µm and mounted on positively‑charged slides. 
All slides were stained with hematoxylin (cat. no. ZLI 9608) 
and eosin (cat. no. ZLI 9613; both OriGene Technologies, 
Inc., Beijing, China) for 3‑5 min at room temperature and 
used for grading of acute rejection and the controls (IRI and 
CNI toxicity). Histopathological evaluations were performed 
by two pathologists who specialized in rejection diagnosis 
according to the Banff 2013 classification (17), by observation 
through an Olympus CX51 light microscope (original magni-
fication, x100, x200 or x400, Olympus Corporation, Tokyo, 
Japan). Indirect immunoperoxidase staining was performed 
with the following primary antibodies: Mouse anti‑human 

protein tyrosine phosphatase, receptor type, C (clone UCHL1; 
OriGene Technologies, Inc.), rabbit anti‑human CD56 (clone 
UMAB83; OriGene Technologies, Inc.) and rabbit anti‑human 
C4d (polyclonal; Biomedica Medizinprodukte GmbH & Co 
KG, Vienna, Austria). Incubation with the primary antibody 
was followed by single‑antigen detection with a biotin‑free 
polymer‑based system (PV‑9000 Detection System OriGene 
Technologies, Inc. Negative control experiments were 
performed by omitting the primary antibody.

Statistical analysis. The levels of cytokines and chemokines 
were expressed as the median and interquartile range (pg/ml). 
Receiver operating characteristic (ROC) curves were created 
to determine the diagnostic value of the ratios of CD56bright 
NK/NKT‑like cell and CD56bright/CD56dim cell in distinguishing 
between patients with ACR and the control group. To compare 
serum concentrations of cytokines and chemokines between 
groups, the Kruskal‑Wallis test followed by Mann‑Whitney 
post‑hoc tests with a Bonferroni adjustment to the level of 
significance (P=0.05/k=0.05/6=0.008, where k represents 
the number of pairwise comparisons) was utilized (27). For 
all other data in which statistics were performed, including 
the proportions of the cell subsets and the ratios, two‑tailed 
nonparametric Mann‑Whitney U‑tests were used to evaluate 
the differences in variables between patients with ACR and the 
control groups. P<0.05 was considered to indicate a statistically 
significant difference. All statistical analyses were performed 
using SPSS 13.0 software (SPSS Inc., Chicago, IL, USA).

Results

Clinical characteristics and background variables. Patients 
with stable graft function and acute renal allograft rejection 
did not differ with respect to age, sex or the immunosuppres-
sive protocol employed (Table I).

Increased proportions of CD56bright cells and decreased 
proportions of CD56dim cells in the peripheral blood of kidney 
transplant recipients. To evaluate the immune status of kidney 
transplant recipients, the proportions of lymphocytes, T cells 
and NK cell subsets were analyzed. In contrast to the healthy 
controls, the kidney transplant recipients exhibited increased 

Table I. Clinical characteristics and parameters associated with renal transplantation.

Characteristics	 ST	 ACR	 AMR	 HC	 P‑valuea

Number of patients, n	 52	 72	 9	 20	‑
Sex ratio (F/M)	 23/29	 21/51	 3/6	 10/10	 0.101
Age, years	 40.5±11.7	 39.3±11.1	 41±13.6	 38.1±6.8	 0.878
Pre‑sensitized patients (PRA >10%)	 1	 4	 9	 0	 0.303
Serum creatinine, µM	 74.3±15.9	 238.6±123.6	 254.5±113.9	 69.9±12.7	 0.141
CNI at the time of biopsy					     0.537
  Cyclosporine A	 25	 38	 6	‑
  FK506	 27	 34	 3	‑

aP‑values represent the differences between the ACR and stable graft function group. ST, recipients with stable allograft function; ACR, acute 
cellular rejection; IRI, ischemia reperfusion injury; CNI, calcineurin inhibitor; HC, healthy control; PRA, panel reactive antibody.
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proportions of CD56bright subsets (P=0.018), in particular the 

CD56brightCD16dim cells (P=0.029), and decreased proportions 
of CD56dim subsets (P=0.0001). However, the proportion of 
lymphocytes and CD3‑CD56+ NK cells was similar between 
the two groups. In addition, the CD56bright/CD56dim ratio 

was significantly increased in the transplant recipients 
(P=0.002; Fig. 3).

Increase in the CD3‑CD56bright subset frequency and decrease 
in the CD3‑CD56dim subset frequency in PBMCs from recipients 

Figure 2. Gating strategy for the identification of NK cell subsets and NKT‑like cells. The peripheral blood mononuclear cells were stained with fluorescein 
isothiocyanate‑labelled anti‑human CD3 antibody, allophycocyanin‑labelled anti‑human CD56 antibody and phycoerythrin‑cy7‑labeled anti‑human CD16 
antibody. (B) Lymphocyte populations were identified based on FSC and SSC characteristics. (A) Time gating and (E) single gating for the samples were 
routinely performed using FACSCanto II Plus™; lymphocytes were additionally gated as (C) FVS450‑ cells (live lymphocytes), (D) CD3+CD56+ cells (NKT‑like 
cells) and (F) CD3‑ lymphocytes, which were then subsequently gated according to (G) CD16 and CD56 expression, as CD56bright CD16‑, CD56bright CD16dim 
and CD56dim CD16+. A total of 3 representative plots of (H) CD16 and CD56 expression and (I) NKT‑like cells for HC and renal allograft recipients with stable 
function using FACSCanto II Plus™ and for renal allograft recipients with ACR and renal allograft recipients with stable function using FACSCalibur of 
(J) CD16 and CD56 expression and (K) NKT‑like cells are presented. FSC, forward scatter; SSC, side scatter; FVS450, fixable viability stain 450; HC, healthy 
controls; ST‑1, recipients with stable allograft function (occurring within the first month after transplantation); ACR‑1, early‑stage acute cellular rejection 
(occurring within the first month after transplantation); ACR‑2‑6, middle‑stage acute cellular rejection (occurring between 2 and 6 months after transplanta-
tion); ST‑2‑6, recipients with stable allograft function (occurring between 2 and 6 months after transplantation); CD3, cluster of differentiation 3; CD56, neural 
cell adhesion molecule 1; CD16, low affinity immunoglobulin gamma Fc region receptor III.
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with middle‑stage ACR. The proportions of peripheral 
blood NK cell subsets in the 24 kidney transplant recipients 
(5 patients with early‑stage ACR, 5 patients with middle‑stage 
ACR, 9 recipients with stable renal allograft function within 
1 month after transplantation and 5 recipients with stable renal 
allograft function between 2‑6 months after transplantation) 
and 20 healthy volunteers were analyzed by flow cytometric 
detection of CD56 and CD16 expression. Compared with the 
recipients with stable graft function, patients with early‑stage 
ACR exhibited increased proportions of NK cells (P=0.026). 
In addition, an increase in the percentage of CD56brightCD16dim 
cells was observed in transplant patients with early‑stage ACR 
compared with the controls (P=0.071), but the increase was 
not statistically significant (Fig. 2). There was a significant 
increase in the percentage of CD56dimCD16+ cells in transplant 
patients with early‑stage ACR compared with the controls 
(P=0.014). Notably, compared with the recipients with stable 
graft function, patients with middle‑stage ACR exhibited 
a greater proportion of CD56brightCD16‑ (P=0.016) and 
CD56brightCD16dim subsets (P=0.045), which was associated 
with an increase in the CD56bright/CD56dim ratio compared with 
the controls (P=0.008). In addition, a decreased frequency 
of CD56dimCD16+ cells (P=0.079) and CD56‑/CD16+ 

cells (P=0.071) was observed in transplant patients with 
middle‑stage ACR compared with the controls (Fig. 3).

Decreased CD3+CD56+ NKT‑like cell proportions in patients 
with middle‑stage ACR. Analysis of the distribution of 
CD3+CD56+ NKT‑like cells in the PBMCs of kidney trans-
plant recipients indicated that there was a significant decrease 
in the proportion of NKT‑like cells in the PBMCs of kidney 
transplant recipients compared with the healthy controls. In 
addition, there was a trend towards increase in the percentage 
of NKT‑like cells (P=0.092) in transplant patients with 

early‑stage ACR compared with the controls. However, there 
was a significant decrease in the percentage of NKT‑like cells 
in transplant patients with middle‑stage ACR compared with 
recipients with stable graft function (P=0.042; Fig. 3).

Increase in CD56bright NK/NKT‑like cell ratios in ACR. As 
it has been demonstrated that CD56bright NK cells may be 
involved in destructive immune reactions while NKT‑like 
cells may participate in transplant tolerance  (10,12), 
the ratios of CD56bright NK/NKT‑like cells in PBMCs 
were analyzed to determine whether they are useful 
indexes for the diagnosis or prognosis of ACR. The ratio 
of NK/NKT‑like cells (P=0.025), CD56brightNK/NKT‑like 
cells (P=0.002), CD56brightCD16dimNK/NKT‑like cells 
(P=0.005), CD56dimNK/NKT‑like cells (P=0.040), and 
CD56dimCD16+NK/NKT‑like cells (P=0.045) in kidney 
transplant recipients was markedly increased compared 
with that in the healthy controls. However, there was 
no significant difference in the ratios between patients 
with early‑stage ACR and recipients with stable allograft 
function. Notably, the ratio of CD56bright NK/NKT‑like 
cells (P=0.043) and CD56brightCD16‑ NK/NKT‑like cells 
(P=0.014) in the PBMCs of patients with middle‑stage ACR 
exhibited a significant increase compared with the stable 
controls. In addition, there was a significant increase in 
the ratio of CD56brightCD16dim NK/NKT‑like cells in the 
PBMCs of patients with middle‑stage ACR compared with 
the stable controls (P=0.058; Fig. 4). Finally, the area under 
the ROC curve (AUC) for the CD56bright NK/NKT‑like cell 
ratios was 0.614, which is decreased compared with that for 
the CD56bright/CD56dim cell ratio (AUC=0.829; Fig. 5).

Altered serum concentrations of CCL19, IL‑15 and IL‑10 in 
patients with ACR at different stages. The serum concentrations 

Figure 3. Proportions of NK cell subsets and NKT‑like cells in the PBMCs of patients with ACR and controls at different stages. Mann‑Whitney U‑test 
was used for comparison between patients with rejection at different stages. *P<0.05. NK, natural killer; NKT, NK T‑like cells; CD56, neural cell adhesion 
molecule 1; CD16, low affinity immunoglobulin gamma Fc region receptor III; ACR‑1, early‑stage acute cellular rejection (occurring within the first month 
after transplantation); ST‑1, recipients with stable allograft function (occurring within the first month after transplantation); ACR‑2‑6, middle‑stage acute 
cellular rejection (occurring between 2‑6 months after transplantation); ST‑2‑6, recipients with stable allograft function (occurring between 2 and 6 months 
after transplantation).
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of CCL19 in patients with early‑stage ACR increased 
significantly in contrast with the controls who had stable 
graft function, while the serum concentrations of IL‑12p70, 

IL‑4 and IFN‑γ in patients with early‑stage ACR exhibited a 
decrease compared with the controls. No significant difference 
in the serum concentrations of TNF‑α and CCL21 between 
the ACR and control groups was observed. Notably, there was 
a marked decrease in the serum concentrations of IL‑12p70, 
IFN‑γ, IL‑15, IL‑4 and IL‑10 prior to rejection compared with 
the control (Fig. 6). In addition, the IL‑15 and IL‑10 levels 
were markedly decreased in the late‑stage ACR group. By 
contrast, no differences in the serum levels of CCL19, CCL21, 
IL‑12p70 and IFN‑γ among the ACR groups at different stages 
were observed (Fig. 7).

Increase in CD56+ NK cell infiltration in kidney allografts 
with early‑stage ACR. To analyze the local expression of 
CD56 in renal allografts, the expression levels of CD56 in graft 
biopsy specimens were detected from the following groups of 
recipients: Early‑stage ACR; mid‑stage ACR; late‑stage ACR; 
early‑stage AMR; mid‑stage AMR; late‑stage AMR; ACR 
and AMR; IRI; and CNI toxicity. Biopsy tissues from patients 
with early‑stage ACR, early‑stage AMR, late‑stage ACR 
and AMR were positive for CD56, while those from patients 
with late‑stage ACR, late‑stage AMR, IRI and CNI toxicity 
exhibited a decreased level of infiltration or complete absence 
of NK cells. Furthermore, in comparison with biopsy tissue 
from patients with early‑stage AMR, samples from patients 
with early‑stage ACR exhibited increased levels of infiltration 
of CD56+ NK cells (Fig. 8).

Figure 4. Ratio of NK subsets/NKT‑like cells in patients with ACR at different stages. The ratios of CD56brightNK/NKT‑like cells and CD56brightCD16‑NK/NKT‑like 
cells in the PBMCs of patients with middle‑stage ACR demonstrated a significant increase compared with those of the stable controls. The Mann‑Whitney 
U‑test was used for comparison between patients with rejection at different stages. *P<0.05. NK, natural killer; NKT, NK T‑like cells; CD56, neural cell 
adhesion molecule 1; CD16, low affinity immunoglobulin gamma Fc region receptor III; ACR‑1, early‑stage acute cellular rejection (occurring within the first 
month after transplantation); ST‑1, recipients with stable allograft function (occurring within the first month after transplantation); ACR‑2‑6, middle‑stage 
acute cellular rejection (occurring between 2‑6 months after transplantation); ST‑2‑6, recipients with stable allograft function (occurring between 2 and 
6 months after transplantation).

Figure 5. Difference in the CD56bright/CD56dim and CD56brightNK/NKT‑like 
cell ratios between patients with ACR and the control group. ROC curves 
were generated for the CD56bright/CD56dim and CD56brightNK/NKT‑like cell 
ratios. The AUC was increased for the CD56bright/CD56dim cell ratio compared 
with the CD56brightNK/NKT‑like cell ratio. NK, natural killer; NKT, NK 
T‑like cells; CD56, neural cell adhesion molecule 1; CD16, low affinity 
immunoglobulin gamma Fc region receptor III; ROC, receiver operating 
characteristics; AUC, area under the ROC curve.
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Discussion

The results from the present study indicated that recipients 
with stable graft function had increased proportions 
of CD56brightCD16dim subsets, and also an increased 
CD56bright/CD56dim ratio compared with the healthy controls. 
Similarly, patients with middle‑stage ACR exhibited increased 
proportions of NK cells, which were associated with an 
increase in the CD3‑CD56bright subsets (CD56brightCD16‑ and 
CD56brightCD16dim), a decrease in the CD3‑CD56dim subsets 

(CD56dimCD16+) and an increase in the CD56bright/CD56dim 
ratio compared with the controls. These data contrast those 
from that of Crespo et al (6) who observed that DSA and 
HLA non‑DSA patients exhibited decreased proportions of 
NK cells and increased proportions of CD56bright subsets 
compared with patients without HLA antibodies (6). These 
results may indicate that there are differences in the NK cell 
phenotype in the PBMCs of patients with ACR and AMR.

Notably, transplant patients with early‑stage ACR 
did not exhibit a significant increase in the proportion 

Figure 6. Serum concentrations of cytokines in recipients with early‑stage ACR and controls. The data demonstrate the serum concentrations of NK cell‑associated 
cytokines in recipients with early‑stage ACR and controls. Data are presented as the median concentrations and interquartile ranges. The Kruskal‑Wallis test 
followed by Mann‑Whitney U‑test with false discovery rate correction was used for comparison between patients with ACR at different timepoints. Following 
the false discovery rate adjustment, P<0.008 was considered to indicate a statistically significant difference. *P<0.008. ST, recipients with stable allograft 
function; ACR, acute cellular rejection; CCL, chemokine (C‑C motif) ligand; IL, interleukin; IFN‑γ, interferon γ; TNF‑α, tumor necrosis factor α.

Figure 7. Serum concentrations of cytokines in recipients during the different stages of ACR. The serum concentrations of NK cell‑associated cytokines in 
recipients during the different stages of ACR were detected. The Kruskal‑Wallis test followed by Mann‑Whitney U‑test with false discovery rate correction 
was used for comparison between patients with ACR at different timepoints. Following false discovery rate adjustment, P<0.008 was considered to indi-
cate a statistically significant difference. Data are presented as the median concentrations and interquartile ranges. *P<0.008. ACR, acute cellular rejection; 
early‑stage ACR, ACR occurring within the first month after transplantation; mid‑stage ACR, ACR occurring between 2 and 6 months after transplantation; 
and late‑stage ACR, ACR occurring between 7 and 12 months after transplantation; CCL, chemokine (C‑C motif) ligand; IL, interleukin; IFN‑γ, interferon γ; 
TNF‑α, tumor necrosis factor α.
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of CD3‑CD56bright subsets or the CD56bright/CD56dim ratio 
compared with stable controls. In addition, more CD56+ NK 
cells infiltrated the kidney allograft in patients with ACR 
and AMR in the first 1 month following transplantation, in 
contrast to stable controls or patients with rejection after 
1 month of transplantation. These data imply that CD56bright 

NK cells may serve important roles in the alloimmune 
response, which may be important for allograft function 
in the initiation stage of ACR and AMR, and that they 
primarily serve a role in the peripheral blood after 1 month 
post‑transplantation.

The specific chemotactic triggers for the movement of 
NK cells to the kidney allograft remain a topic of study at 
present. Peripheral CD56brightCD16dim/‑ NK cells home into 
tissues including the peripheral lymph nodes and the kidneys 
under certain physiological conditions via the homing 
receptor CCR7, through which it responds to the chemokines 
CCL19 and CCL21 (28). CCR7 has been demonstrated to 
localize in the blood vessel walls and tubular epithelial cells 
of renal allografts and to be increasingly expressed in patients 
with chronic/sclerosing allograft nephropathy in comparison 
with the normal controls  (29). Additionally, it has been 
suggested that the IFN‑γ/C‑X‑C chemokine receptor type 
3 (CXCR3)/C‑X‑C chemokine (CXCL)9/CXCL10/CXCL11 
axis is important for the recruitment of NK cells from storage 
organs including the bone marrow into blood circulation (28). 
In the present study, these CD56bright NK cell‑associated 
cytokines were examined in renal allograft recipients, and it 
was identified that the profiles of patients with ACR exhibited 
increased serum concentrations of CCL19 compared with 
those of recipients with stable graft function. There were 
no significant differences in the serum concentrations of 
CCL19 and CCL21 between patients at different stages of 
ACR. In addition, our previous study demonstrated that the 
serum concentrations of CXCL9, CXCL10 and CXCL11, the 
CXCR3‑specific ligands, measured during an episode of 
ACR, were significantly increased compared with those of 
patients with stable function, and that the number of CXCR3+ 

cells in the graft biopsy specimens from patients with ACR 
was significantly increased compared with the recipients 
with stable graft function (30). Therefore, the elevation in 
the serum concentrations of CCL19, CXCL9, CXCL10, and 
CXCL11 is consistent with the increase in the frequency of 
peripheral CD56bright NK cells.

It has been demonstrated that CD56bright NK cells often 
serve a regulatory role and are primary producers of inflam-
matory and regulatory cytokines, including IFN‑γ, TNF‑α 
and IL‑12 (19,20). In the present study, the serum concentra-
tions of IL‑12 and IFN‑γ were decreased in patients with 
ACR compared with recipients with stable graft function, 
but the TNF‑a concentration was similar. The reasons for the 
decreases in the serum concentrations of IL‑12 and IFN‑γ are 
complicated, and the present study was not able to determine 
whether they were secreted by CD56bright NK cells. However, 
decreases in the levels of IFN‑γ secreted from Th1‑like 
Treg cells in patients with ACR may partially explain these 
data (23).

The frequency of CD3+CD56+ NKT‑like cells in the 
PBMCs of kidney transplant recipients was decreased 
compared with that of the healthy controls. In addition, the 
percentage of NKT‑like cells in patients with middle‑stage 
ACR was decreased compared with that in recipients with 
stable graft function. Therefore, NKT‑like cells may serve a 
protective role from the alloimmune response, particularly 
1 month after post‑translation. Several previous studies have 
described the regulatory effects of antigen‑presenting glyco-
protein CD1d‑dependent NKT cells on alloantigens, and that 
these effects were IL‑10‑ or TGF‑β‑dependent  (12,31,32). 
In addition, NKT cells have been suggested to affect IL‑10 
production from Tregs via production of IL‑4 (12). The results 
of the present study indicated that there was a marked decrease 
in the serum concentrations of IL‑15, IL‑4 and IL‑10 prior 
to rejection compared with the control. The IL‑15 and IL‑10 
levels were also decreased markedly in the late‑stage ACR 
group. The decrease in IL‑15 levels prior to an episode of ACR 
appears to be consistent with the decrease in the circulating 

Figure 8. CD56+ NK cell infiltration in kidney allografts. Tissues from patients with early‑stage ACR (within the first month after transplantation), late‑stage 
ACR (8 months after transplantation), early‑stage AMR (within the first month after transplantation), late‑stage AMR (7 months after transplantation), ACR 
and AMR (1 year after transplantation), IRI (within 1 month after kidney transplantation) and CNI toxicity (1 year after kidney transplantation) are presented. 
Original magnification x100: c, h‑q, s, u; x200: a, b, f, r, t; x400: d, e, g, v‑iii. The arrows indicate the CD 56 positive cells. ACR, acute cellular rejection; AMR, 
antibody‑mediated allograft rejection; IRI, ischemia‑reperfusion injury; CNI toxicity, calcineurin inhibitor toxicity; CD56, neural cell adhesion molecule 1; 
H&E, hematoxylin and eosin; CD45RO, protein tyrosine phosphatase, receptor type, C.
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proportions of NKT‑like cells in patients with ACR, and may 
potentially explain the decrease in the proportion of NKT‑like 
cells. Furthermore, the decrease in the serum concentrations 
of IL‑4 and IL‑10 prior to an episode of ACR may be the result 
of decrease in the frequency of NKT‑like cells in patients and 
also be responsible for the occurrence of ACR.

The NK/NKT‑like, CD56bright NK/NKT‑like and CD56dim 
NK/NKT‑like cell ratios in the PBMCs of kidney transplant 
recipients were increased compared with those in the 
healthy controls. Additionally, the CD56brightNK/NKT‑like 
cell ratios in the PBMCs of patients with middle‑stage ACR 
also exhibited a significant increase compared with those in 
the stable controls. Finally, based on the AUC values for the 
different cell ratios, it appears that the CD56bright/CD56dim ratio 
and not the CD56brightNK/NKT‑like cell ratio may contribute 
to the ACR occurrence.

In summary, the results of the present study indi-
cate that CD56brightCD16 ‑/dim NK cells promote the 
development of ACR, and that NKT‑like cells may have 
immunoregulatory function. In addition, the data indicate 
that the CD56bright/CD56dim ratio may contribute to the ACR 
patterns. However, as the sample size was small, the results 
from the present study only provide a basis for subsequent 
larger‑scale and more in‑depth studies on the role of NK 
subsets and NKT cells in ACR.
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