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Abstract

Several studies have analyzed the potential of T regulatory cells (Treg cells) as biomarkers of acute 
rejection (AR). The aim of the present multicenter study was to correlate the percentage of peripheral 
Treg cells in liver graft recipients drawn at baseline up to 12 months after transplantation with the 
presence of AR. The percentage of central memory (cm) Treg cells (CD4+CD25highCD45RO+CD62L+) 
was monitored at pre-transplant and at 1 and 2 weeks, and 1, 2, 3 and 6 months and 1 year post-
transplantation. The same validation standard operating procedures were used in all participating 
centers. Fifteen patients developed AR (23.4%). Hepatitis C virus recurrence was observed in 16 
recipients, who displayed low peripheral blood cmTreg levels compared with patients who did 
not. A steady increase of cmTregs was observed during the first month after transplantation with 
statistically significant differences between AR and non-AR patients. The high frequency of memory 
Treg cells allowed us to monitor rejection episodes during the first month post-transplantation. 
On the basis of these data, we developed a prediction model for assessing risk of AR that can 
provide clinicians with useful information for managing patients individually and customizing 
immunosuppressive therapies.

Keywords:  acute rejection, liver transplantation, receiver operating characteristic curves, Treg

Introduction

Orthotopic liver transplantation (OLT) is nowadays an 
accepted and viable therapeutic option for patients with end-
stage liver disease. Although allogeneic liver grafts are more 
readily accepted than other allografts (hepatic tolerogenic-
ity), up to 30% of OLT result in acute rejection (AR), leading 

to chronic graft dysfunction and decreased graft survival (1). 
Despite the excellent 1-year graft survival, immunosuppres-
sion-related morbidity, chronic rejection and hepatitis C virus 
(HCV) reinfection contribute to graft loss in the long term (2) 
and remain as obstacles to successful liver transplantation. 

International Immunology, Vol. 28, No. 2, pp. 55–64
doi:10.1093/intimm/dxv048
Advance Access publication 12 August 2015

D
ow

nloaded from
 https://academ

ic.oup.com
/intim

m
/article/28/2/55/2614111 by guest on 21 August 2022

mailto:manuel.muro@carm.es?subject=
mailto:manuel.muro@um.es?subject=


Moreover, HCV allograft reinfection after OLT affects 50 to 
80% of recipients, causing accelerated progression to graft 
cirrhosis and final graft loss (3).

The allo-immune response against grafts is a major focus 
of transplantation research, whose ultimate goal is to deepen 
our knowledge of transplant tolerance, which, in turn, can 
be described as a state of immunological non-responsive-
ness against donor antigens developed by recipients (4, 5). 
Interestingly, this state has been identified in a substantial 
number of transplant recipients who did not comply with the 
physician’s post-transplant recommendations and ceased to 
use the prescribed immunosuppressive drugs (6).

Research has shown that a particular subset of CD4+ T 
cells, named T regulatory cells (Treg cells), exert suppres-
sive functions under inflammatory conditions (7). Up to date, 
a variety of Treg subsets displaying different phenotypes and 
suppression mechanisms have been identified (8).

The most extensively characterized Treg cells are those that 
co-express CD4 and the α-chain of IL-2 receptor, also referred 
to as CD25 (9). These CD4+CD25+ T cells have been shown 
to express other biomarkers, which allow a more detailed 
characterization of their suppressive and regulatory func-
tions. Traditionally, Treg cells have been classified into rest-
ing Treg (rTreg) and memory Treg (mTreg) cells according to 
their surface marker expression (10, 11). Moreover, Sanchez 
Rodriguez et al. (12) have recently described a Treg cell sub-
set displaying memory markers on their surface and named 
them ‘central memory Treg cells’ (CD4+CD25highCD45RO+CD
62L+), hereafter referred to as cmTregs.

Recently, the role of Treg cells in the prevention of AR epi-
sodes after liver transplantation has been widely described 
in several reports. Patients who experienced AR or suffered 
HCV reinfection (HCVR) after OLT have been described to 
show decreased (13, 14) and increased number of circulat-
ing Treg cells (15), respectively.

Many research centers are nowadays focusing on the 
role of Treg cells as potential biomarkers of AR. However, 
these are single-center studies, restricted to a low number 
of patients. Therefore, we conducted a first-of-its-kind pro-
spective multi-center study in order to demonstrate the role 
of these cells in liver transplantation. We studied the role of 
cmTreg cells as potential biomarkers of AR and HCVR in liver 
transplant recipients who were monitored during the first year 
after transplantation.

Methods

Study design
This prospective study was conducted at four Spanish cent-
ers (University Hospital ‘Virgen de la Arrixaca’ in Murcia, 
Hospital ‘Clinic’ in Barcelona, Hospital ‘12 de Octubre’ in 
Madrid and Hospital ‘Marques de Valdecilla’ in Santander) 
from 2010 to 2012. The study group consisted of 64 consecu-
tive primary liver graft Caucasian recipients [liver graft recipi-
ents (LGR), n = 64], who were subjected to transplant from 
deceased donors. The study was approved by the Ethics 
Committee of all participating centers, and all patients pro-
vided written informed consent for the collection and storage 
of blood samples. Pediatric, re-transplanted and combined 
transplant patients were excluded.

The inclusion criteria were primary whole liver transplan-
tation without prior history of other organ transplants, ABO 
compatibility, immunosuppressive therapy with tacrolimus 
(TRL) with or without mycophenolate mofetil (MMF) and HIV 
negativity.

Demographic, clinical and immunological characteristics
The mean donor age was 57.5  years (ranging from 25 to 
79 years) and the mean recipient age was 55 years (rang-
ing from 20 to 70 years). The recipients were classified into 
two groups according to whether they had experienced 
AR episodes (AR, n  =  15, 23.4%) or not [non-AR (NAR), 
n  =  49, 76.6%]. AR episodes occurred at an average of 
15 ± 10.5  days after transplantation. Most of the recipients 
were males (n = 49, 76.6%), 24.5% (n = 12) of whom suffered 
AR episodes. Three out of the 15 (20%) female patients expe-
rienced at least one AR episode.

All patients underwent a standardized treatment protocol. 
Immunosuppressive therapy consisted of either monother-
apy, including TRL and corticosteroids, or double therapy, 
based on TRL, MMF and corticosteroids. The initial TRL dose 
was 6.62 mg/day administered orally, and the drug level 
ranged between 2.6 and 17.3 ng/ml. The initial dose of MMF 
was 1300 mg/day and the drug level ranged between 0.40 
and 4.15 µg/ml. The initial doses were modified in cases of 
adverse or side effects, such as diarrhea or leucopenia. All 
demographic, clinical and immunological data are summa-
rized in Table 1.

In our cohort, the primary indications for transplant were 
as follows: cirrhosis due to HCV (n = 16, 25%), to hepatitis 
B virus (n  =  5, 7.8%) or to alcoholism (n  =  9, 15.6%); pri-
mary biliary cirrhosis (n  =  2, 3.13%); cryptogenic cirrhosis 
(n = 1, 1.6%); hepatocellular carcinoma (n = 15, 23.4%); and 
other diseases (n = 15, 23.4%), e.g. hepatorenal polycystic 
disease, hemangioendothelioma and Budd–Chiari syndrome 
(Table 2). All 16 patients with cirrhosis caused by HCV devel-
oped HCVR after OLT; this group was considered as the 
hepatitis C positive group with active viral disease. The fre-
quency of cmTreg cells was compared between liver recipi-
ents who suffered HCVR (HCVR, n = 16, 25%) and the rest of 
the patients, who were HCV negative before transplantation 
[non-HCV-recurrence (NHCVR), n = 48, 75%].

AR diagnosis
The primary clinical endpoint of the study was AR, diag-
nosed by clinical and laboratory findings and confirmed by 
histological evaluation of graft biopsies. We assessed the 
levels of bilirubin and transaminase enzymes (glutamic-
oxaloacetic transaminase, glutamate pyruvate transaminase, 
alkaline phosphatase and gamma glutamyl transferase) 
in patients presenting clinical signs of rejection, including 
jaundice. When the levels of liver enzymes were found to be 
high, Doppler ultrasound was performed in order to exclude 
hepatic ischemia, caused by occlusion of the hepatic artery 
or portal vein, and to decide whether liver biopsy should be 
indicated or not. The histological diagnosis of AR was based 
on the presence of at least two of the following characteris-
tics: presence of a mixed cellular infiltrate in the portal tracts, 
infiltration and biliary epithelial damage intra-hepatic bile 
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ducts, and venous endothelium inflammation in portal tracts. 
The severity of AR was graded according to the Banff clas-
sification (16, 17). Severe AR was treated with steroid boluses 
(500–1000 mg methylprednisolone/day, for 3 days) showing 
a good response to them, moderate AR was treated with 
increased baseline immunosuppression and mild AR was 
usually not treated.

Sample collection
The frequency of cmTreg cells from fresh whole peripheral 
blood (WPB) was determined using flow cytometry. This 
biomarker was evaluated at baseline, within 1 month before 
transplantation (pre-transplant profile was performed in 65% 
of patients during the week before transplantation), before 
starting immunosuppressive treatment.

According to the protocol of the participating centers, 
transplantation cannot be performed if a patient has an infec-
tion or inflammatory process. For this reason, a complete set 
of analyses is performed on each potential transplant patient 
just before transplantation, and if any anomaly is detected, 
transplantation is postponed until it is resolved.

At post-transplantation, the biomarker panel was analyzed 
at the first and second week and on the first, second, third, 
sixth month and 1  year after transplantation. Furthermore, 
whenever rejection episode or HCVR cases were detected, 
an extra peripheral blood (PB) sample was taken before the 
resolving treatment was supplied in order to identify varia-
tions on cmTreg cell levels during the clinical event.

Peripheral blood samples were collected at all time points 
in every center by venipuncture into sterile sodium heparin-
ized tubes (Becton-Dickinson-BD, San Diego, CA, USA). 
These samples were used immediately after recollection in a 
flow cytometry assay, using the same standardized method-
ology and equipment in all centers.

Monoclonal antibodies and flow-cytometric analysis
The frequency of cmTreg cells in anticoagulated whole blood 
samples was analyzed by flow cytometry analysis within 1 
hour after blood collection. Blood cells were stained with the 
following panel of fluorochrome-labeled monoclonal anti-
bodies (mAb): anti-CD62L-fluorescein isothiocyanate, clone 
DREG56; anti-CD45RO-phycoerythrin (PE), clone UCHL-1; 
anti-CD25-PE, clone 2A3; and anti-CD4-peridinin chlorophyll 
protein (PerCP), clone L200. All mAb were purchased from 
Becton-Dickinson Biosciences (BD®). All centers used the 

same panel of mAb and flow cytometry method to reduce the 
variability between centers. The panel had been previously 
tested and validated by the center in Santander (18, 19) with 
an expertise in Treg cell analysis.

Cells were stained with mAb for 30 minutes in the dark, 
at room temperature. Erythrocytes were lysed by adding 
FACS lysing solution (BD). Cells were then washed twice 
with phosphate buffered saline. Afterwards, 50 000 events 
were acquired within the lymphocyte gate, as determined 
by forward-scattered light/side-scattered light, using a 
FACScanto™ II flow cytometer (BD). Data were analyzed 
with BD FACSDiva™ Software 6.0. cmTreg cells were identi-
fied based on the staining of different cell surface biomark-
ers (Fig. 1). The frequencies (%) of cmTreg cells with respect 
to the total number of CD4+ peripheral blood T cells were 
calculated.

Statistical analysis
Demographic data and results of the prospective analysis 
were collected in a unified database. Statistical analysis was 
performed using SPSS 18.0 software (SPSS Inc, Chicago, IL, 
USA). To confirm if the samples followed a Gaussian distribu-
tion, we performed the non-parametric Kolmogorov–Smirnov 
test. Samples were adjusted to a non-parametric distribution. 
Thus, Mann–Whitney test was used to determinate if there 
were any significant differences between cmTreg cell pheno-
type and clinical events. Data were presented as the mean ± 
standard deviation of mean (SD). A two-tailed P value < 0.05 
was considered significant.

Receiver operating characteristic (ROC) curves were con-
structed to determine the optimal cutoff points for biomarkers 
when comparing patients with and without AR episodes [i.e. 
the cutoff resulting in the highest Youden-index (sensitivity + 
specificity-1)] (20). The discrimination capacity was deter-
mined by calculating the area under the ROC curves (AUC): 
an area of 0.7–0.8 was considered acceptable; an area of 
0.8–0.9, excellent; an area >0.9, outstanding (21).

Logistic regression analyses were performed using 
the model-building strategy proposed by Hosmer and 
Lemeshow (22, 23). The combinations of potential biomark-
ers with the presence of AR and HCVR were considered as 
a binary dependent variable. Variables included gender of 
recipient, donor and recipient age, HLA mismatches, immu-
nosuppressive regimen, absolute number of leukocytes, fre-
quency and absolute number of total lymphocytes, doses 
of TRL and MMF, Cmin of TRL and MMF and the frequen-
cies of cmTreg cells. Each potential risk factor was tested 
independently. All the factors that reached a P  <  0.25 in 
univariate analysis were included in the multivariate model. 
All models were built using backward stepwise methods to 
identify possible candidates for the model. The assessment 
of the importance of each variable included in the model 
was performed with Wald statistics. In order to compare the 
models, we used the likelihood ratio test and the predicted 
probabilities of the model. A tolerance statistic was used to 
identify colinearity: values lower than 0.10 indicate a serious 
colinearity problem, and values lower than 0.20, a cause for 
concern (24). Finally, the variables that did not contribute to 
the model were deleted, and a new model was achieved.

Table 2. Indication for OLT

Pre-transplant disease (n, %)

Total (n = 64)
Cirrhosis HCV 16 (25.0)
Cirrhosis HBV 5 (7.8)
Alcoholic cirrhosis 10 (15.6)
Primary biliary cirrhosis 2 (3.1)
Cryptogenic 1 (1.6)
Hepatocellular carcinoma 15 (23.4)
Other diseases 15 (23.4)

Other diseases include hepatorenal polycystic disease, hemangi-
oendothelioma and Budd–Chiari syndrome. HBV, hepatitis B virus.
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Results

All the AR episodes occurred within the first month after OLT, 
and the results of graft biopsies revealed them to be cellular 
rejections. Of the 15 AR episodes, two were severe, five mod-
erate and eight mild. A clear tendency towards high levels of 
biomarkers was observed in patients with severe AR com-
pared with those with moderate or mild AR, but the difference 
was not significant. None of the patients showed multiple epi-
sodes of AR during the study follow-up.

No relationship could be established between AR or HCVR 
and the demographics, or clinical characteristics of patients. 
The statistically significant difference was found with respect 
to leukocyte count and immunosuppressant treatment based 
on TRL between patients who suffered or not HCVR. There 
was also a statistical difference between patients who devel-
oped or not AR with respect to double immunosuppressive 
therapy based on TRL + MMF (Table 1).

cmTreg cell monitoring in liver transplant recipients within 
the first year after transplantation
We monitored the frequency of cmTreg cells in WPB of 
patients who had undergone OLT within 1  year after trans-
plantation. The percentage of cmTreg cells significantly 
decreased during all time points tested compared with the 
baseline values before the OLT (Fig.  2A). Interestingly, the 
percentage of peripheral blood cmTreg cells peaked at the 
first week post-transplantation (Fig.  2A), decreased after-
wards and stabilized over the first year. The absolute number 

of cmTreg cells significantly increased within 15 days post-
transplantation, decreasing afterwards with a partial recovery 
of their numbers after the second month and going up at the 
end of the follow-up period (Fig. 2B).

Recipients who suffered early AR showed higher levels of 
Treg cells in peripheral blood
During the first year after OLT, the frequency of circulating 
cmTreg cells was higher in AR than that in NAR recipients. 
At baseline, the percentage of cmTreg cells was already 
higher in rejectors than in non-rejectors. Although these dif-
ferences were not significant (Table  3), the percentage of 
cmTreg cells in rejectors persistently increased within the first 
month after transplantation showing significantly higher lev-
els in AR patients at 1 month after transplantation (Fig.  3A; 
NAR = 2.84 ± 2.29; AR = 4.53 ± 2.70; P = 0.028). No signifi-
cant differences in the absolute number of cmTreg cells were 
observed between the study groups (data not shown). Since 
the frequency of cmTreg cells increased distinctively in rejec-
tors as compared with non-rejectors straight after the surgery 
up to first month, an additional study was performed consid-
ering the cmTreg cell percentages obtained at 1 week + 2 
week + 1 month as a single value to assess its overall increase 
within the first month. The differences on the frequency of 
cmTreg cells between rejectors and non-rejectors were sig-
nificant (P = 0.019; Fig. 4A).

During AR episodes, cmTreg cell levels were higher than 
observed before rejection or after successful anti-rejection 
treatment (P = 0.022; Fig.  4B). After AR cmTreg cell levels 

Fig. 1. Peripheral blood memory T regulatory cell gating strategy in orthotopic liver transplant recipients. Peripheral blood lymphocytes were 
stained with monoclonal antibodies to CD4, CD25, CD62L and CD45RO gated on CD4+ T viable cells.
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diminished as previously demonstrating a complete recovery 
of its levels after successful anti-rejection treatment.

In order to establish whether cmTreg cells in rejectors inde-
pendently increased of the immunosuppressant regimen, 
since it is a well-known fact that, based on mTOR signaling, 
immunosuppressors control the differentiation and functions 
of Treg cells (25, 26); we performed a further study compar-
ing the frequency of cmTreg cells between AR patients who 
received TRL and MMF as well as with regard to average 
drug level with non-significant differences.

HCVR patients showed a low number of peripheral blood 
cmTreg cells after OLT
Sixteen patients developed HCVR during the first year after 
OLT. When we analyzed cmTreg cells with respect to the total 
number of CD4+ T cells, the data showed that the percent-
age of cmTreg cells was significantly higher in NHCVR than 
in HCVR patients at 1 month (3.7 ± 2 versus 1.9 ± 2; P = 0.005; 
Fig. 3B), 6 months (3 ± 1.8 versus 1.4 ± 0.8; P = 0.002; Fig. 3C) 
and 1 year (2.9 ± 1.8 versus 1.3 ± 0.2; P = 0.038; Fig. 3D) after 
OLT. Data are summarized in Table 3. cmTreg cell frequen-
cies did not discriminate patients at risk of HCVR and were 
not used for the subsequent analysis.

In patients with HCVR during the study period, 14 (87.5%) 
did not develop AR and only 2 (12.5%) suffered AR within 
the first month after transplantation. Although the AR rate in 
HCVR patients was small, we performed a further study to 

investigate whether the percentage of cmTreg cells on HCVR 
patients might have affected in both AR and NAR patients. No 
significant differences were found between them at all time 
points within the first month after transplantation.

Frequencies of peripheral blood cmTreg cells discriminate 
patients at high risk of early AR
The cmTreg cells showing significant differences in the afore-
mentioned tests were used in an additional analysis based 
on ROC curves. Cutoff values for early AR were determined 
based on the AUC for the percentage of cmTreg cells with 
significantly higher levels in patients who rejected. Cutoff val-
ues for the percentage of cmTreg cells with respect to the total 
number of CD4+ T cells within 1 month after transplantation 
accurately discerned between rejectors and non-rejectors 
(Fig. 5). The AUC for cmTreg cells expressed as total PB CD4+ 
T cells was 0.724 (P = 0.0106). ROC curve analysis showed 
that patients with a percentage of cmTreg cells higher than 
3.7%, sensitivity of 72.73% and specificity of 81.25% had high 
risk of early AR. Data are summarized in Table 4.

The high percentage of peripheral cmTreg cells had an 
associated increased risk for early AR within the first 
month after liver transplantation
On the basis of previous findings for the percentage 
of cmTreg cells at all time points within 1  month after 

Fig. 2. Longitudinal changes in cmTregs within the first year after OLT. (A) cmTreg cell frequency expressed as a % of total number of CD4+ T 
lymphocytes; (B) absolute number of cmTreg expressed as a number of CD4+ T-lymphocytes/mm3. The lines reflect the median and interquartile 
range at any time point. Only significant P values are shown. *P < 0.05; **P < 0.01 and ***P < 0.001.

Table 3. Frequency of cmTreg cells during the first year after liver transplantation

Biomarker % CD4+CD25highghCD45RO+CD62L+ % CD4+CD25highghCD45RO+CD62L+

Profile NAR (n = 44) AR (n = 15) P value NHCVR (n = 46) HCVR (n = 16) P value

Basal 3.19 ± 1.79 3.91 ± 1.94 0.144 3.60 ± 1.94 2.61 ± 1.21 0.100
First week 5.71 ± 4.09 8.47 ± 5.82 0.145 6.84 ± 4.63 5.00 ± 5.75 0.162
Second week 4.88 ± 3.15 5.95 ± 4.04 0.475 5.34 ± 3.19 4.43 ± 4.58 0.245
First month 2.84 ± 2.29 4.53 ± 2.71 0.028* 3.74 ± 2.49 1.91 ± 2.01 0.005**
Second month 1.80 ± 0.93 2.66 ± 1.85 0.376 2.18 ± 1.13 1.77 ± 1.47 0.141
Third month 2.12 ± 1.54 4.09 ± 2.87 0.166 2.90 ± 2.21 1.66 ± 1.29 0.176
Sixth month 2.36 ± 1.72 2.90 ± 1.78 0.433 3.03 ± 1.80 1.40 ± 0.82 0.002**
First year 2.59 ± 1.76 1.49 ± 0.50 0.201 2.86 ± 1.80 1.34 ± 0.22 0.038*

The frequency of cmTreg cells from patients with AR (n = 15) and NAR (n = 49) were monitored during the first year after OLT and are represented 
as mean ± SD. The frequency of cmTreg cells from patients who had suffered HCVR (n = 16) or NHCVR (n = 48) are represented as mean ± SD.
*P < 0.05; **P < 0.01.
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transplantation, we carried out a logistic regression model 
to evaluate the odd ratio (OR) for early AR, taking into 
account clinical parameters. The logistic regression coef-
ficients of these variables can be used to calculate the OR 
of AR for an individual patient, which can be used to deter-
mine the probability of AR with the formula elogit AR/1 + elogit 

AR. The model was constructed for the first month after OLT 
as well as within first month, when the incidence of AR was 
the highest of the study period. First, we modeled cmTreg 
cells individually at 1 week, 2 weeks and 1 month after OLT. 
Afterwards, we joined these time points together (first week 
+ second week + first month) into what we have called ‘first 
month post-transplantation’ profile.

A percentage of cmTreg cells, referred to as total CD4+ T 
cells, higher than 3.7% was associated with a 1.1-fold increase 
in the risk of AR (P = 0.05) at 1 month after transplantation. 
Similarly, the risk for early AR increased 1.3-fold (P = 0.008) 
when we evaluated the percentage of cmTreg cells through-
out the first month after transplantation. All the logistic regres-
sion model coefficients are summarized in Table 5.

The clinical, demographic and pharmacokinetic param-
eters, as assessed by univariate logistic regression model, 
were not significant (Table  6). Therefore, these parameters 
were not included in the multivariate regression model, 
because its predictive potential was not affected by these 
variables.

Fig. 3. Percentage of medium fluorescence intensity (MFI) as frequency of peripheral blood cmTreg cells with respect to the total number of 
peripheral blood CD4+ T cells in liver transplant recipients. (A) % of cmTreg cells in AR and NAR patients at 1 month after transplant. (B) % of 
cmTreg in HCV and NHCV patients at 1 month post-transplant. (C) % of cmTreg cells in in HCV and NHCV patients at 6 months post-transplant. 
(D) % of cmTreg cells in HCV and NHCV patients at 12 months post-transplant. Data show mean ± SD.

Fig. 4. (A) Changes in the frequency of cmTreg cells within the first month after transplantation. The differences in the peripheral levels of 
cmTreg cells between patients with AR (upper line) and without AR (lower line) were significant (P = 0.019) when comparing the levels together 
corresponding to the first week + second week + first month. (B) During acute allograft rejection episodes, cmTreg cell levels were higher than 
observed before rejection or after successful anti-rejection treatment (P = 0.022).
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Discussion

In recent years, Treg cells have been reported to have a posi-
tive effect on the induction of tolerance in animal models (27) 
and in kidney graft recipients (19). However, these reports are 
based in most cases either on animal experimental studies or 
on single-center studies with relatively small cohorts of patients.

This is the first prospective multi-center study in which 
variations in the number of cmTreg cells in LGR have been 
monitored at pre- and post-transplant times in order to dis-
criminate patients with high risk of early AR. Four Spanish 
centers have participated in the present study, following pre-
viously validated identical protocols in order to keep inter-
laboratory variability to a minimum.

Nowadays, LGR are assessed either at baseline or in 
the early post-transplant period in order to efficiently iden-
tify patients with high risk of AR and to adjust the immuno-
suppressive treatment. In our study, doses were adjusted 
according to blood concentration and clinical complications 
in order to overcome AR; however, the analysis of cmTreg 
cell frequencies was performed before diagnosing AR and 
before the immunosuppressive treatment was given in order 
to prevent changes in the cmTreg cell levels.

Although we could not find significantly different frequen-
cies of cmTreg cells able to discriminate patients for risk of AR 
before OLT, we observed that the percentage of cmTreg cells 
at baseline was already higher in patients who suffered AR. 
Then, cmTreg cells constantly increased straight after trans-
plantation and up to the first month with significantly different 
cmTreg cell kinetics for rejectors and non-rejectors. Moreover, 
we analyzed the cmTreg cell levels in both study groups, and 
we found that at 1 month after transplantation the differences 
were significant and also the highest of the period.

One week after OLT, the frequency of cmTreg cells peaked, 
gradually went down and stabilized 2 months after OLT. In a 
recent report, Demirkiran et al. (28) suggested that functional 
CD4+CD25+ Treg cells are transferred with the donor graft 
and migrate from liver to PB soon after OLT. However, these 
CD4+CD25+ donor Treg cells that peak in the circulation at 
1 week after transplantation rapidly declined thereafter. This 
could explain the increased number of peripheral Treg cells 
observed 1 week after OLT.

Just after the first week after OLT, the number of cmTreg 
cells in LGR started to decrease rapidly until the second month 
after OLT and stabilized for the remainder of the study period. 
These results are consistent with several reports showing that 
the number of Treg cells decreases over the first year after liver 
or kidney transplantation (29, 30), which could be explained 
by the immunosuppressant therapy, since the use of certain 
immunosuppressive agents, such as calcineurin inhibitors, 
may lead to lower numbers of Treg cells, as compared with 
other immunosuppressants such as rapamycin (18, 31).

In addition, we have also observed higher post-transplant 
frequencies of circulating cmTreg cells in total peripheral blood 
CD4 T cells within as well as at 1 month after OLT in AR patients 
than in NAR recipients. We presume that higher peripheral 
cmTreg cell levels are an indication of risk of rejection. This 
has been recently suggested for lung (32) and kidney trans-
plant recipients (33), in which AR patients showed an increase 
in circulating Treg cells. Using the cutoff values based on the 
AUC of the ROC analysis, we have found that levels of cmTreg 
cells above 3.7% were associated with a 1.1- and a 1.3-fold 
increase in the risk of AR at 1 month as well as within 1 month, 
respectively, after transplantation. These data are in concord-
ance with data recently published by our group showing that 
the frequency of aTreg was able to discriminate patients under-
going kidney transplantation with high risk of AR at baseline 
(33). Although differences before OLT were not sustained, we 
found correlation between AR and the increment of circulating 
cmTreg cells within the first month after transplantation.

In our cohort, the number of cmTreg cells in HCVR patients 
after OLT displayed lower frequencies of Treg cells than NHCVR 
patients did. The reason for a low number in these patients could 
be that Treg cells are being recruited to the allograft. Recently, 
Riezu-Boj et al. (34) reported that intrahepatic levels of CCL17 
and CCL22 chemokines were higher in HCV patients than in 
controls and that these higher levels of chemokines enhanced 
Treg cell migration favoring the accumulation of Treg cells cell in 
liver. These results might suggest that cmTreg activity is lower in 
presence of viral infection as previously described (35).

We also investigated the potential role of cmTreg cell levels 
as a tool for predicting early AR episodes in patients who 
suffer HCVR. First, it has to be noted that should HCVR have 
an effect on the frequency of cmTreg cells, one would expect 
this to be decreased overall in rejectors, because patients 
are exposed to a response against HCV migrating out into the 
peripheral circulation, as previously described. In our study, 
however, we found no correlation between the frequency 
of cmTreg cells on HCVR patients and rejection episodes, 
which we believe is a further indication of the limited impact 
of cmTreg cell kinetics in other events different from rejec-
tion. Second, it is a well-known fact that the frequency of AR 
episodes in patients with HCVR is most times underestimated 

Fig. 5. Post-transplantation ROC curves for discriminating between 
rejectors and non-rejectors in liver transplant recipients. In liver 
patients, cutoff values for % cmTreg (represented as a percentage 
of total number of CD4+ peripheral blood T-cells) within 1 month after 
transplantation, AUC = 0.724 (95% CI: 0.567–0.849); P = 0.0106. CI, 
confidence interval.
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because clinical and laboratory manifestations of AR are usu-
ally nonspecific, and histopathologic assessment is one of 
the mainstays for its diagnosis and treatment. Nevertheless, 
diagnosis of AR may be hard, since the histological picture of 
AR may reflect a component of recurrent hepatitis C (36, 37).

In the field of post-transplantation immune-vigilance, an 
increasing number of studies are focusing on the potential 
role of certain molecules and cells in responses as pharma-
codynamic biomarkers of immune responses against grafts. 
Millán et al. (38) demonstrated in recent work that monitoring 
the intracellular expression of IFN-γ and IL-2 in liver transplant 

recipients within the first year after transplantation can help in 
managing patients with high risk of AR. Interestingly, not only 
IFN-γ or IL-2, but also IL-17 has been related with high risk of 
AR (39), indicating that these three cytokines can be used as 
predictive biomarkers of AR after kidney or liver transplantation.

In the present study, we decided not to perform intra-graft 
cmTreg cell analysis on biopsies since the aim of this study 
was to implement a non-invasive method; however, the intra-
graft expression might be included in future investigations in 
order to corroborate our findings in peripheral blood.

Regardless of the relatively low number of monitored trans-
plant recipients, although this is common to many reported trans-
plantation studies, and the lack of an external validation cohort 
preferably with non-Caucasian patients, we have obtained 
significant differences between tested groups. Despite all the 
limitations, this observational prospective multi-center study pro-
vides preliminary indications that the post-transplantation analy-
sis of the frequency of circulating cmTreg cells may help identify 
liver transplant recipients with high risk of AR. Nevertheless, our 
present study is based on phenotypic data, and it must be com-
pleted with functional data in our future studies.

The main aim of the present work was to establish the 
potential role of cmTreg cells as a concomitant factor for 
early AR in liver recipients. We found that the higher periph-
eral cmTreg cell levels could be useful for both predicting 
patients with high risk of early AR as well as for monitoring the 
immune-response against the graft within the first month after 
OLT in order to adjust immunosuppressive treatment.

Therefore, we conclude that although we did not find differ-
ences in cmTreg cell levels at baseline, patients who suffered 
AR during the first month after OLT also showed higher frequen-
cies of peripheral CD4+CD25highCD45RO+CD62L+, which could 
be useful for assessing the immune status of graft recipients.

Table 4. Post-transplantation cutoff value, sensitivity and specificity for potential biomarkers of AR allow discrimination between 
AR and NAR patients

Orthotopic liver transplant recipients AUC P value Cutoff Sensitivity (95% CI)a Specificity (95% CI)a +PV (%) -PV (%)

Profile: first month post-transplantation
(%)CD4+CD25highCD45RO+CD62L+ 0.724 0.0106 3.70 72.73 (39.0–94.0) 81.25 (63.6–92.8) 3.39 0.45

The percentage of cmTreg cells at 1 month after transplantation, with respect to the total number of CD4+ peripheral blood T cells accurately 
discriminated between AR and NAR patients. CI, confidence interval; +PV, positive predictive value; -PV, negative predictive value.
aUnits are expressed as percentages.

Table 5. Post-transplantation prediction model for assessing risk of AR in liver transplant recipients

Biomarker Coefficient P value OR 95% CI

Univariate logistic regression model
Profile: first month post-transplantation
CD4+CD25highghCD45RO+CD62L+ 0.261 0.05 1.131 1.233–1.363
Constant −2.001 0.002 0.135 −
Logit AR = −2.001 + (CD4+CD25highghCD45RO+CD62L+ × 0.261)
Profile: first week–first month post-transplantation
CD4+CD25highghCD45RO+CD62L+ 0.123 0.008 1.298 1.074–1.188
Constant −1.584 0.000 0.205 −
Logit AR = −1.584 + (CD4+CD25highghCD45RO+CD62L+ × 0.123)

The formula for logit AR derived from the coefficients is also shown. Logit AR can be used to predict the probability of AR with the formula elogit 

AR/1+elogit AR. CI, confidence interval.

Table 6. Univariate logistic regression analysis of the effect 
of demographic, immunological and pharmacynetic param-
eters on patients who developed AR after OLT

Variable Wald OR 95% CI P

Gender of recipient 0.488 0.520 0.083–3.259 0.485
Donor age, years 0.118 0.992 0.944–1.041 0.731
Recipient age, years 0.593 0.971 0.902–1.046 0.441
HLA-A mismatches 0.023 1.120 0.256–4.905 0.880
HLA-B mismatches 0.471 1.664 0.388–7.129 0.493
HLA-DR mismatches 1.145 2.400 0.483–11.931 0.285
Leukocytes (×109/ml) 0.002 1.004 0.826–1.221 0.968
Frequency of lymphocytes 1.074 0.926 0.800–1.071 0.284
Absolute lymphocyte 
number/mm3

1.149 0.998 0.996–1.000 0.188

TRL treatment 0.023 0.893 0.204–3.910 0.880
TRL + MMF treatment 0.618 1.857 0.397–8.689 0.432
Dose TRL, mg/day 0.422 0.935 0.764–1.145 0.516
Dose MMF, mg/day 0.031 1.000 0.998–1.002 0.861
Cmin TRL, ng/ml 0.664 1.026 0.964–1.092 0.415
Cmin MMF, μg/ml 0.617 1.261 0.707–2.249 0.432

CI, confidence interval.
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