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The proportion of CD19+CD24hiCD27+ regulatory B cells predicts 
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Background: Regulatory B cells (Bregs) play an essential role in inflammation and transplant tolerance. 
Several studies have reported a decreased number of Bregs in renal transplant patients with graft rejection. 
However, little is known about their role in the liver alloresponse.
Methods: To investigate whether the circulating Bregs have been associated with acute allograft rejection 
(AR) in liver transplantation patients, 19 patients receiving liver allografts from donation after cardiac death 
(DCD) donors were retrospectively studied.
Results: The postoperative proportions of circulating CD19+CD24hiCD38hi transitional Bregs (tBregs) and 
CD19+CD24hiCD27+ memory Bregs (mBregs) in patients diagnosed with AR (AR group) and other patients 
with stable allograft liver function (SF group) were evaluated using flow cytometry (FCM) analysis. Results 
showed that while no significant changes were found regarding both the tBreg and mBreg, proportions 
across all time points in the SF group, the AR group showed significantly decreased proportions of mBregs. 
All of the five AR patients responded fine to the treatments, and the proportions of mBregs increased 
significantly after anti-rejection therapies. In addition, AR was suspected in four recipients, but gradually 
they were diagnosed with hemolytic or obstructive jaundice and showed no decrease in the proportion of 
mBregs.
Conclusions: For the first time, our results suggested the potential role of a decreased proportion of 
circulating mBregs in predicting AR in patients with post liver transplantation.
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Introduction

Acute allograft rejection (AR) still remains a major cause of 
early allograft loss and an obstacle for long-term allograft 

survival after liver transplantation, despite the usage 

of modern immunosuppressive agents. Thus, the early 

diagnosis and treatment of AR are very important for patients 
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undergoing transplantation. Although the percutaneous liver 
biopsy is currently preferred as the gold standard diagnosis 
for AR, still it is an invasive tool with a risk of related 
complications post biopsy. Despite the increasing interest in 
the study of potential biomarkers and risk factors for AR, few 
of these factors are used routinely in clinical practice (1-3).  
Currently, the immunological monitoring after liver 
transplantation relies completely on clinical evaluation 
and the measurement of serum immunosuppressant levels. 
Pro-inflammatory and immunoregulatory cytokines are 
the most studied biomarkers of AR (4). However, many of 
these cytokines are unable to differentiate between AR and 
infections.

While B cells play an important role in the pro-
inflammatory immune responses, the immunoregulatory 
roles of B cells have also been reported recently (5). A 
subset of IL-10-secreting B cells with regulatory functions, 
the so-called regulatory B cells (Bregs), have been identified 
in recent years. Emerging evidence has shown the critical 
role of Bregs in regulating various diseases including 
autoimmune diseases, inflammation, chronic infections, 
cancer and graft rejection (6-9).

In humans, CD19+CD24hiCD38hi transitional Bregs 
(tBregs) and CD19+CD24hiCD27+ memory Bregs (mBregs) 
are two subsets of Bregs enriched for IL-10 expression. In 
patients with systemic lupus erythematosus, tBregs were 
defective in IL-10 expression and unable to suppress helper 
T cell 1 (Th1) responses in vitro. By contrast, another study 
showed increased IL-10 expression in human mBregs from 
patients with autoimmune disorders. Several studies have 
reported a decreased number of Bregs in renal transplant 
patients with graft rejection (10,11). However, little is 
known about the relationship between the number of Bregs 
and AR in patients post liver transplantation.

In the present study, the perioperative number and 
proportion of Bregs were tracked in patients undergoing 
liver transplantation with or without AR.

Methods

Patients

Nineteen patients received liver allografts from cardiac 
death (DCD) donors ,  who were included in this 
retrospective study. A biopsy of allograft tissues with Banff 
score ≥5 was used to further confirm the diagnosis of AR 
in patients with postoperative elevated transaminases and 

suspected AR. The kinetic changes of the perioperative 
proportion of Bregs were retrospectively analyzed in patients 
diagnosed with AR (AR group, n=5) and other patients 
with stable allograft liver function (SF group, n=10) from 
Jan. 2015 to Dec. 2016 in our single center. Additionally, 
proportions of Breg in four AR recipients were suspected 
to be present but eventually diagnosed with hemolytic or 
obstructive jaundice were properly analyzed. This study was 
performed in accordance with the recommendations of the 
Institutional Review Board of the First Affiliated Hospital of 
Nanjing Medical University with written informed consent 
from all subjects. All subjects submitted written informed 
consent in accordance with the Declaration of Helsinki. The 
protocol was approved by the Institutional Review Board of 
the First Affiliated Hospital of Nanjing Medical University 
(approval number 2015-SRFA-095).

All patients received conventional immunosuppressive 
agents after liver transplantation, including tacrolimus, 
cyclosporin A, mycophenolate mofetil (MMF) and steroids 
(prednisone). The dose of tacrolimus was adjusted to 
maintain the serum concentration at 5–10 ng/mL. Patients 
with HBV infection received nucleoside analogs plus 
hepatitis B immunoglobulin (HBIG) as prophylaxis. The 
clinical data and proportion of Bregs at different time 
points starting from 0 (pre-transplantation), 1, 2, 4, 6 and  
8 weeks post-transplantation were collected and evaluated 
for analysis.

Flow cytometric analysis

Fresh peripheral blood after lysis of red blood cells was 
surface stained with monoclonal antibodies purchased 
from Biolegend for flow cytometer assay (tBregs: CD19-
APC-Cy7, CD24-Percp-Cy5.5 & CD38-FITC; mBregs: 
CD19-APC-Cy7, CD24-Percp-Cy5.5 & CD27-FITC). 
After cells were incubated with cell surface antibodies for  
30 minutes at 4 ℃ in the dark, they were washed with PBS 
and then analyzed by flow cytometer. Sample acquisition 
was performed by a CATON II (BD Bioscience) and data 
were analyzed with FlowJo software (TreeStar).

Statistical analysis 

The results are shown as the mean ± SD. Two-way analysis 
of variance was used to compare the mean proportions of 
mBregs or tBregs across different time points and different 
groups. A two-sample t-test was used to compare the mean 
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proportions of mBregs or tBregs in the different groups at 
each time point. All analyses were performed using Stata 
software (version 11.0, StataCorp LLC, College Station, 
Texas, USA). P values less than 0.05 (two-tailed) was 

considered statistically significant.

Results

Kinetic changes in the CD19+CD24hiCD27+ Bregs of liver 
transplant recipients with stable allograft liver function 
and AR

Initially, we analyzed the proportion of Bregs in patients 
with stable allograft liver function after liver transplantation. 
Figure 1 show a representative plot demonstrating tBregs 
as a CD19+CD24hiCD38hi population and mBregs as a 
CD19+CD24hiCD27+ population. We investigated both the 
tBregs and mBregs at different time points including pre- 
and post-liver transplantation. No significant changes were 
found regarding both the tBreg and mBreg proportions 
across all time points in ten patients with stable allograft 
function (Figure 2A,B, SF group). 

The clinical data and proportions of Bregs were analyzed 
in five patients developed AR as indicated by persistently 
elevated serum levels of bilirubin, glutamic pyruvic 
transaminase (ALT) and glutamic oxalacetic transaminase 
(AST). A biopsy of allograft tissues with Banff score ≥5 was 
used to further confirm the diagnosis of AR. The clinical 

Figure 2 Kinetics changes of Bregs in liver transplant recipients with stable allograft liver function and acute rejection are shown. 
CD19+CD24hiCD38hi transitional Breg (A) and CD19+CD24hiCD27+ memory Breg (B) cell frequencies are expressed as a percentage of the 
total CD19+ B cell population. Representative flow cytometry readout demonstrating CD19+CD24hiCD27+ memory Breg in one patient 
from AR group (C). *, P<0.05 SF vs. AR, at time points of 1w, 2w & 4w.
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Figure 1 Representative flow cytometry readout demonstrating 
tBreg and mBreg cell populations within CD19+ B lymphocytes. 
Lymphocytes were gated according to forward and side scatter. 
CD19+ cells were further analyzed by CD24/CD38/CD27 gating.
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characteristics of the five patients are listed in Table 1. 
As shown in Figure 2A, the frequencies of tBregs did not 
significantly change post transplantation. In contrast, the 
frequencies of mBregs decreased significantly in all five 
patients diagnosed with AR (Figure 2B,C).

All five patients received anti-rejection therapies 
immediately post the diagnosis of AR, such as glucocorticoid 
pulse therapy and immunosuppressant modulation as shown 
in Table 1. Interestingly, all the AR patients responded well 
to the treatments. Of note, the proportions of mBregs 
increased significantly after treatment with the anti-
rejection therapies. Normal levels of mBregs were detected 
at 8 weeks post-transplantation in all these patients.  

The mBreg cell frequencies in the differential diagnosis of 
jaundice post transplantation

We also questioned whether a postoperative decrease in the 

proportion of mBregs could help to specifically predict the 
occurrence of AR. Four recipients experienced abnormal 
postoperative jaundice in our study, two of whom were 
diagnosed with hemolytic jaundice, and the other two were 
diagnosed with obstructive jaundice due to anastomotic 
stenosis. As shown in Figure 3A,B, unlike the results in the 
AR patients, the proportion of mBregs did not decrease in 
any of the four patients.

Discussion

AR is an important problem in post-liver transplantation, 
which may significantly impair liver function and long-term 
allograft survival. However, the risk factors of AR remain 
largely unknown, and early diagnosis is difficult. Our 
present study shows that decreased frequencies of mBregs 
are associated with an increased incidence of AR occurrence. 
The mBregs may also function as a key mediator of anti-

Table 1 Patient demographics

Parameters Case 1 Case 2 Case 3 Case 4 Case 5

Gender Female Male Male Male Male

Age 39 33 55 46 32

HIV – – – – –

HBV + + + + +

Blood type B A B A A

Primary diagnosis Decompensated cirrhosis Decompensated cirrhosis Decompensated cirrhosis HCC HCC

CTP class C C C A B

Initial IS regiments T + M + S T + S C + M + S T + M + S T + M + S

Anti-rejection treatment G pulse G pulse + M T + M + S G pulse G pulse

HCC, hepatocellular carcinoma; CTP, Child-Turcotte-Pugh; IS, immunosuppressive; T, tacrolimus; C, ciclosporin A; M, mycophenolate 
mofetil; S, steroids; G, glucocorticoid.

Figure 3 The mBreg cell frequencies in the differential diagnosis of jaundice post transplantation are shown. CD19+CD24hiCD38hi 
transitional Breg (A) and CD19+CD24hiCD27+ memory Breg (B) cell frequencies are expressed as a percentage of the total CD19+ B cell 
population.
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rejection therapies. To the best of our knowledge, this is the 
first study to indicate the predictive role of mBregs in acute 
liver rejection.

B cells have important functions in mediating the 
rejection of transplanted organs by producing donor-specific 
antibodies, secreting cytokines, and presenting antigens 
to T cells. However, B cells with regulatory properties, 
which are termed Bregs, have attracted increasing interest 
in various diseases including transplantation. With the 
regulatory functions, Bregs are involved in repressing 
inflammation (12,13), inhibiting autoimmune disorders 
(14,15), and inducing transplant tolerance (16,17). B cell 
depletion by rituximab promoted acute graft rejection 
in patients undergoing renal transplantation, which was 
potentially due to the loss of Bregs (18). In contrast, the 
adoptive transfer of Bregs resulted in an expansion of 
regulatory T cells and alleviated symptoms of experimental 
autoimmune encephalomyelitis (19).

While the effector T or memory B cells during the 
early post transplantation period were unaffected by 
immunosuppressive, the Treg cells were significantly 
suppressed (20). Several studies have shown the effects 
of immunosuppressants on Bregs. Adoptive transfer 
of IL-10+ regulatory B cells decreases myeloid-derived 
macrophages in the central nervous system in a transgenic 
amyotrophic lateral sclerosis model (21). Tebbe et al. found 
that calcineurin inhibitors reduced the number of Bregs 
and the IL-10 production of Bregs in both renal transplant 
recipients and non-transplanted healthy subjects (22).  
In contrast, rapamycin decreased the development of 
bronchiolitis obliterans by inhibiting pro-inflammatory 
cytokines and increasing the infiltration of Bregs (23). 
However, no remarkable changes in Breg subsets were 
found in patients post liver transplantation in our study.

Although larger numbers of studies have shown the 
critical roles of Bregs in a wide variety of inflammatory 
conditions, the phenotype of Bregs has yet to be elucidated. 
Besides IL-10, many other surface markers have been 
used for identifying Bregs. Thus, different subsets of 
Bregs have been reported among different experimental 
settings both in mice and humans. In addition, whether 
and how subsets of Bregs are developmentally linked 
still remain unknown. In the present study, we mainly 
focused on the CD19+CD24hiCD38hi transitional B cells 
and CD19+CD24hiCD27+ memory B cells. However, the 
changes and functions of other subsets of Bregs such as 
CD19+CD25hiCD71hi Br1 cells were not analyzed and may 
need to be further studied.

Multiple Bregs cell subsets with many similar phenotypes 
and effector regulatory functions have been described 
(24,25). In humans, both CD19+CD24hiCD38hi Bregs (26) 
and CD19+CD24hiCD27+ Bregs (27) have been identified. 
Both CD19+CD24hiCD38hi transitional B cells and 
CD19+CD24hiCD27+ memory B cells are enriched for IL-
10 expression. Cherukuri A’s group found that in patients 
with graft rejection, CD24hiCD38hi transitional B cells 
had increased TNF-α expression (1). Patients with drug-
free long-term kidney graft function display increased 
numbers of peripheral B cells, particularly CD19+IgD-

CD38+CD27+ memory Bregs (28). An association between 
decreased Breg frequencies and cGVHD severity was 
reported. Patients with chronic graft-versus-host disease 
had fewer CD24hiCD27+ B cells and IL-10-producing 
CD24hiCD27+ B cells (29). Another study demonstrated 
that granzyme B-producing Bregs were significantly 
decreased in rheumatoid arthritis patients, suggesting that 
the impairment of this Breg subset was correlated with 
the pathogenesis of rheumatoid arthritis (30). A recent 
prospective study found that tBregs are associated with 
protection from kidney AR, indicating that transitional B 
cells may be a biomarker and therapeutic intervention in 
renal transplantation (2). However, in the present study, 
we found that CD19+CD24hiCD27+ mBregs, but not 
CD19+CD24hiCD38hi tBregs, were significantly decreased 
in all five patients diagnosed with AR. Interestingly, the 
proportion of mBregs increased markedly during the 
recovery period when anti-rejection therapy was initiated, 
indicating that the mBregs may function as a key mediator 
of anti-rejection therapies. Inconsistent with our findings, 
the proportion of CD19+CD24hiCD27+ B cells was 
significantly lower in patients with Graves’ disease than in 
healthy individuals. These Breg proportions were restored 
to normal levels in recovered patients (31).

The early diagnosis of AR is critical for treatment and 
patient outcomes. Continued jaundice post transplantation 
is an important sign for AR post liver transplantation. We 
found that a decrease in the proportion of mBregs was not 
detected in the four patients with jaundice that was not 
caused by AR. 

However, due to the low incidence of acute AR post liver 
transplantation, the number of patients with AR presented 
in this study is relatively low. This study was limited by 
a small sample size, which impaired the ability to draw a 
definitive conclusion about the role of mBregs in predicting 
the acute liver rejection. Studies with a larger sample size 
should be conducted to further confirm these preliminary 
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findings.
In conclusion, our study suggested for the first time 

that a decrease in CD19+CD24hiCD27+ mBregs may be 
correlated with an increased AR incidence among patients 
post liver transplantation. However, the sensitivity and 
specificity of mBregs in predicting acute liver rejection need 
to be further studied.
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