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Abstract
Background: Little is known about the shift of circulating lymphocyte subsets following liver
transplantation and thus, its relationship with acute rejection.  

Methods: Liver transplant recipients were enrolled to assess the effect of primary liver diseases, gender,
age, and follow-up periods on the shift of circulating lymphocyte subsets. Moreover, patients with
rejection were paired to assess the effect of the shift on rejection.

Results: When compared with patients from the middle-term group (29-180 d) and the long-term group
(>180 d), patients from the short-term group (< 29 d) had the lowest absolute counts of T cell subsets, NK
cells and NK T cells, and the lowest percentages of T cell subsets, B cells, NK cells and NK T cells but the
highest percentage of DC. However, other factors did not affect circulating lymphocyte subsets.
Percentages of T cells, CD4+T cells, B cells and NK T cells were higher in patients with acute rejection
while percentages of T cell subsets and NK cells decreased after anti-rejection treatment. The percentage
of NK T cells was identi�ed to be the only independent predictor for acute rejection. The predicted
probability was calculated using binary logistic with the area under the curve of 0.89, which had a
sensitivity of 70.6% and a speci�city of 94.1% at a cut-off value of 0.69.

Conclusions: Circulating lymphocyte subsets gained a global recovery over the post-transplant period,
leading to a sharp rise in percentages of circulating lymphocyte subsets, which was in close relation to
the occurrence of acute rejection.

Introduction
Following liver transplantation, patients are universally plagued by acute rejection, which dominates as a
major complication in the early post-transplant period [1]. Circulating lymphocyte populations play a key
role in the immune response against the allograft. Louis et al identi�ed circulating T helper cells
proliferating in the blood of patients undergoing antibody-mediated rejection [2]; Lemerle et al found
higher CD8+ T cells could increase the risk of acute rejection [3]; Schlößer et al reported acute rejection
was correlated with an increase of activated B cells and plasmablasts [4]; Koenig et al detected that
missing self-induced NK cell activation promoted endothelial damage leading to chronic vascular
rejection and graft failure [5]. However, previous studies mainly focused on a speci�c cell subpopulation;
in the meantime, our understanding of how the circulating lymphocyte subsets as a whole respond to a
transplant is lacking. Therefore, we performed the present study to examine dynamic changes of
circulating lymphocyte subsets following liver transplantation and thus, their relationship with acute
rejection.

Materials And Methods

Study design
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This is a cross-sectional study to investigate the changes of circulating lymphocyte subsets in liver
transplant recipients, who underwent a single liver transplant or were followed up at Beijing Chaoyang
Hospital between January 2018 and July 2020. This study consisted of two parts: 1) to evaluate the
effect of primary liver diseases, gender, age and follow-up periods on circulating lymphocyte subsets, liver
transplant recipients with stable liver function were investigated; 2) to evaluate the relationship between
acute rejection and the shift of circulating lymphocyte subsets, another observational group of liver
transplant recipients with acute rejection was enrolled and paired. Moreover, the �ndings would be
con�rmed by a before-after test after anti-rejection therapy.

There were not any signs of postoperative complications in all cases at the time of sampling except
acute rejection. The paired controls with normal liver function did not develop acute rejection if the follow-
up period was ≤ 6 months; otherwise, they did not have an episode of acute rejection for at least 6
months before sampling. The study was approved by the Institutional Review Board of Beijing Chaoyang
Hospital (No.2016-2-19-38) in accordance with the Helsinki declaration of 1975, as revised in 1983.
Written informed consent was obtained from all participants.

Immunosuppressive management
Immunosuppressive therapy consisted of induction with basiliximab (20 mg on day 0 and day 4) and
maintenance. As the tacrolimus-based regimen prevailed at our center, patients treated with cyclosporin A
were excluded in this study. Methylprednisolone (500 mg) was intravenously infused during operation.
After surgery, it was given by 240 mg/day, and daily reduced by 40 mg till the 7th postoperative day. Then
it was changed to prednisolone (20 mg/day). Prednisolone was gradually withdrawn within one month
afterward.

The diagnosis of acute rejection was made using clinical and laboratory parameters and graft biopsy.
The latter was performed whenever necessary for diagnosis and assessed according to the Banff
schema [6]. Liver transplant recipients with acute rejection were �rst treated by adding the dosage of
tacrolimus. If failed, a new round of steroids was given.

Antibodies and �ow cytometric measurement
The following reagents were all obtained from BD Biosciences: FITC-anti-CD3, CY5.5-anti-CD4, CY5.5-anti-
CD8, PE-anti-CD19, APC-anti-CD16, PE-anti-CD56, PE-anti-CD4, FITC-anti-Lin1, PerCPCY5.5-anti-CD123,
and APC-anti-CD11C. 5 mL of whole blood for �ow cytometric measurement was taken from liver
transplant recipients. Peripheral blood mononuclear cells (PBMC) were isolated by �coll density gradient
centrifugation and resuspended in phosphate-buffered saline (PBS). Then, PBMC were stained with
antibodies mentioned above at 4℃ in the dark for 20 min. After that, PBMC were washed once with 2 mL
PBS and resuspended in 400 µl PBS for �ow cytometry analysis.

Flow cytometry was performed in NovoCyte D2060R (ACEA Biosciences Inc). NovoEXpress software (San
Diego, CA, USA) was used for analysis. The lymphocytes evaluated were T (CD3+), TCD4 (CD3+CD4+),
TCD8 (CD3+CD8+), B (CD19+), NK (CD56+CD16+), NKT (CD3+CD56+CD16+) and DC (lin1−CD11c+ and
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lin1−CD123+). Flow cytometry characterization of circulating lymphocyte subsets was presented in Suppl
Fig. 1.

The absolute numbers of lymphocyte subsets were calculated using the percentages obtained in �ow
cytometry and the lymphocyte counts obtained in routine blood tests on the same day.

Statistical analysis
Data analyses were carried out by using SPSS 19.0 computer software (IBM Corp., Armonk, NY, USA). All
values compared were expressed as mean ± standard deviation. The Kolmogorov–Smirnov test was used
to test for normal distribution of continuous variables. The independent samples t-test was employed for
quantitative variables as well as paired samples t-test when appropriate. Signi�cance for the difference
between unpaired groups was determined using the Mann-Whitney U test due to non-normal distribution.
The Chi-square or Fisher’s exact test was used to compare nominal variables. Binary logistic was used for
calculating the predicted probability based on the positive parameters. Receiver operating characteristic
curve (ROC) analysis and comparison of the area under the curve (AUC) was performed. The cut-off value
for positive parameters was further determined by optimal sensitivity and speci�city on ROC curve
analysis. Multivariable conditional logistic regression was performed to determine independent risk
factors for acute rejection. Relative risk was expressed as an odds ratio with a 95% con�dence interval. A
p-value < 0.05 was considered statistically signi�cant. Prism was used for �gures.

Results

Dynamics of circulating lymphocyte subsets changes
following liver transplantation
As circulating lymphocyte subsets have been reported to be affected under physiological and
pathological conditions [7–9], we selected liver transplant recipients in the absence of any postoperative
complications to minimize the potential impact. A total of 78 liver transplant recipients with stable liver
function were enrolled in this study. There were 65 males and 13 females with a median age of 53 years
(26–68 years). 22 patients and 56 patients were diagnosed with malignant and benign diseases,
respectively. The follow-up period ranged from 4 to 709 days with an average of 137 days after surgery.

First, we wanted to determine whether primary liver diseases would affect the postoperative circulating
lymphocyte subsets. Primary liver diseases contained hepatitis-related cirrhosis and hepatitis-related
hepatic carcinoma. Female patients were excluded as they all had benign diseases. Since male patients
with hepatitis–related hepatic carcinoma were much older (58.05 ± 6.95 years v.s 50.51 ± 10.68 years, P < 
0.01), male patients with benign diseases of the same age group were selected. Male patients with
benign diseases (n = 32) and malignant diseases (n = 22) had similar age (55.50 ± 6.23 years v.s 58.05 ± 
6.95 years, P > 0.05) and the follow-up periods (146.78 ± 172.89 d v.s 197.05 ± 175.11 d, P > 0.05). There
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was no statistical difference between benign diseases and malignant diseases with respect to the
absolute counts and percentages of T, TCD4, TCD8, B, NK, NKT and DC (Suppl Table 1; Fig. 1).

Then, the effect of gender on circulating lymphocyte subsets was evaluated. Male patients with hepatitis-
related cirrhosis and of the same age group as female patients were selected. Male patients (n = 29) and
female patients (n = 13) had similar age (51.17 ± 4.85 years v.s 51.46 ± 4.58 years, P > 0.05) and the
follow-up period (153.90 ± 179.67 d v.s 82.77 ± 125.29 d, P > 0.05). After comparison, there was no
statistical difference between male patients and female patients with respect to the absolute counts and
percentages of T, TCD4, TCD8, B, NK, NKT and DC (Suppl Table 2; Fig. 2).

Next, we wanted to check whether age played an important role in circulating lymphocyte subsets.
Female patients were excluded to minimize potential affection. Subsequently, male patients were divided
into the young group (< 60 years) and the elderly group (≥ 60 years). Patients from the young group
(49.00 ± 8.69, n = 48) and from the elderly group (64.47 ± 2.40, n = 17) had similar percentages of
malignant diseases (13/48 v.s 9/17, P > 0.05) and follow-up periods (150.85 ± 164.39 d v.s 141.06 ± 
173.43 d, P > 0.05). There was no statistical difference between young patients and elderly patients with
respect to the absolute counts and percentages of T, TCD4, TCD8, B, NK, NKT and DC (Suppl Table 3;
Fig. 3).

After that, data from patients with different follow-up periods were analyzed. Female patients were still
excluded to minimize potential affection. The follow-up periods were divided into the short-term group (< 
29 d, n = 22), the middle-term group (29–180 d, n = 23) and the long-term group (> 180 d, n = 20). Patients
from the three subgroups (short v.s middle v.s long) had similar age (50.18 ± 11.65 years v.s 53.57 ± 
10.24 years v.s 55.65 ± 7.79 years, P > 0.05) and percentages of malignant diseases (5/22 v.s 8/23 v.s
9/20, P > 0.05). Of note, we found liver transplant recipients gained a global recovery over time. Patients
from the short-term group had the lowest absolute counts of T cell subsets (T, TCD4 and TCD8; P < 0.01),
NK (short v.s middle, P < 0.05; short v.s long, P < 0.01) and NKT (short v.s middle, P < 0.01; short v.s long, P 
< 0.01) and the lowest percentages of T cell subsets (T, TCD4 and TCD8; P < 0.01), B (P < 0.05), NK (P < 
0.05) and NKT (short v.s middle, P < 0.01; short v.s long, P < 0.05) but the highest percentage of DC (short
v.s middle, P < 0.05; short v.s long, P < 0.01). The rest results were similar among the subgroups (Suppl
Table 4; Fig. 4).

The Shift of circulating lymphocyte subsets during acute
rejection and after anti-rejection therapy
As most acute rejections reported in liver transplant recipients occur within the �rst year, especially the
�rst six months [10–12], we wanted to know whether a sharp increase in the absolute counts and
percentages of lymphocyte subsets was in close relation to acute rejection. Then, a total of 17 patients
who experienced acute rejection episodes were enrolled. There were 15 males and 2 females with a
median age of 47 years (25–69 years). 6 patients and 11 patients were diagnosed with malignant and
benign diseases, respectively. The occurrence time of acute rejection ranged from 22 to 107 days with an
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average of 56 days after surgery. To analyze the changes of lymphocyte subsets patients with rejection
were then matched by gender, age (± 3 years), primary liver diseases for transplantation (malignant or
benign), and follow-up periods (± 5 d). Data from patients with acute rejection and paired controls were
collected.

We found four patients had acute rejection within 28 d and 13 patients between 29–180 d (Fig. 5A),
which was in accordance with the reported studies. Notably, the trough levels of tacrolimus were similar
between the two groups indicating that the patients received similar immunosuppressive therapy
(Fig. 5B). After comparison, we found that percentages of T, TCD4, B and NKT were higher in patients
with acute rejection but there was no statistical difference concerning the absolute counts of any
circulating lymphocyte subsets (Suppl Table 5, Fig. 6). Next we assessed the ability of percentages of T,
TCD4, B and NKT to identify patients at risk for acute rejection. Multivariate Cox analysis showed the
percentage of NKT was the strong predictor of acute rejection (Table 1). The area under the curve (AUC)
of percentages of TCD4, B and NKT were 0.76, 0.73 and 0.77 on receiver operating characteristic curve
analysis, respectively. The predicted probability was calculated using binary logistic that combined
percentages of TCD4, B and NKT (AUC 0.89; Fig. 5C). At a cut-off value of 0.69, this new marker had a
sensitivity of 70.6% and a speci�city of 94.1%.

Table 1
Multivariate Cox analysis

Percentages HR (95% CI) P value

TCD4 0.981–1.214 0.109

B 0.962–1.749 0.088

NKT 1.059–2.971 0.029

TCD4, CD3+CD4+T cells; B, CD19+B cells; NKT, CD3+CD56+CD16+Natural killer T cells; CI, con�dence
interval; HR, hazard ratio.

Finally, in an attempt to con�rm the role that percentages of circulating lymphocyte subsets played in
acute rejection, these patients were sampled for a second time following anti-rejection therapy. All were
�rst treated by adding the dosage of tacrolimus. Subsequently, 9 patients were treated with steroids due
to uncontrollable rejection. All cases recovered gradually and �nally had a normal liver function. The
periods between before and after sampling ranged from 8 to 26 d. Data of before-after sampling were
collected and compared. Notably, the results showed that percentages of T, TCD4, TCD8 and NK were
lower after the treatment while the absolute counts of lymphocyte subsets remained similar between the
groups (Suppl Table 6; Fig. 7).

Discussion
In this study, we found that circulating lymphocyte subsets from liver transplant recipients gained a
global recovery over the post-transplant period, leading to a sharp rise in percentages of circulating
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lymphocyte subsets, which was in close relation to the occurrence of acute rejection.

Many studies described the changes of a speci�c cell subpopulation in various diseases [13–15]. However,
little is known about the shift of circulating lymphocyte subsets following liver transplantation. We found
that primary liver diseases, gender and age failed to impact on the circulating lymphocyte subsets, which
are not in agreement with others who described earlier. Grassberger et al found the number of circulating
T cells was higher in liver cancer patients with longer overall survival [16]. Freitas et al found patients with
benign renal diseases had lower absolute counts of T cell subsets and B cells when compared with
healthy controls [17]. Nevertheless, none of them compared malignant diseases with benign diseases.
Ravindran et al reported circulating NK cells in female patients were lower than in male patients but they
compared typical depression with atypical depression, which might be different from our results [18].
Freitas et al reported aging presented an effect on decreasing absolute numbers of B and T-lymphocytes
in patients as well as in healthy controls because their subjects were divided by ≤ 45 and > 60 years in
contrast to our < 60 and ≥ 60 years [17]. Typically, most lymphocyte subsets clonally expand and
differentiate at different rates over the follow-up period as we found in this study. Surprisingly, the
percentages of B cells and DC decreased over time. Similarly, it was also detected that circulating pDC
were reduced in renal transplant recipients although we collected data of pDC and mDC; both pDC and
mDC were functionally impaired which might affect their proliferation [19]. Moreover, decreased total B-cell
counts in renal transplant recipients have already been reported [20]. Additionally, the rapid growth of other
cell subsets might make their percentages relatively lower.

Acute rejection is a combined response of cellular immunity and humoral immunity in combination with
the innate immune system [21–23]. Therefore, the circulating lymphocyte subsets should be regarded as a
whole as each cell subpopulation correlates with the other. With the recovery of circulating lymphocyte
subsets over time, the incidence of acute rejection is higher within 6 months in our study. Tacrolimus
levels were comparable between patients with and without acute rejection so they received similar
immunosuppression in addition to similar counts of lymphocyte subsets. Of note, percentages of
circulating lymphocyte subsets were much higher in the rejection group including T, TCD4, B and NKT.
CD4+T cells are critical to participate in acute rejection, whose development is promoted by antigen-
presenting cells. Subsets of CD4+ T cells were identi�ed based on the production of cytokines, mediating
cell-mediated immunity [24] and humoral immunity [25]. In heart transplantation, patients with acute
rejection had a higher proportion of circulating CD4+T cells [26]. van Besouw et al reported CD4+T cells are
associated with an increased risk of rejection via secretion of cytokines [27]. B cells are found to be
involved in antibody-mediated rejection via secreting cytokines to enhance or inhibit immune responses.
Circulating B cells decreased in patients without signs of rejection and were signi�cantly elevated in
patients with renal allograft rejection [4]. San Segundo et al even found an increased frequency of
circulating B cells before transplantation could identify patients at risk of acute rejection [28]. In this study
we identi�ed NKT cells to be the only independent predictor. NKT cells are a kind of innate immune cells,
which can release pro- and anti-in�ammatory cytokines upon TCR engagement and exhibit powerful
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regulatory properties [29]. NKT cells are believed to be responsible for tolerance induction [30], thus, the
increased frequency of NKT cells in our study may indicate an attempt to be involved in the local control
of acute rejection as reported in renal and heart transplant recipients [31, 32].

The role of circulating lymphocyte subset percentages was further validated in an independent before-
after test because percentages of T, TCD4, TCD8 and NK were signi�cantly lower after anti-rejection
therapy while the absolute cell counts remained the same. After the administration of prednisone or
tacrolimus, there was a profound lymphocytopenia, a selective decrease in T cells and NK cells [33–35].
Nevertheless, there was no relation between prednisone or tacrolimus dose and tacrolimus trough level on
B cells and DC as mycophenolate mofetil had an impact on suppression of B-cell functions [36, 37].

Abbreviations
PBMC, peripheral blood mononuclear cells; PBS, phosphate-buffered saline; T, CD3+T cells; TCD4,
CD3+CD4+T cells; TCD8, CD3+CD8+T cells; B, CD19+B cells; NK, CD56+CD16+Natural killer cells; NKT,
CD3+CD56+CD16+Natural killer T cells; DC, lin1-CD11c+ and lin1-CD123+Dendritic cells; AUC, area under
the curve
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Figures

Figure 1

Primary liver diseases failed to have an impact on absolute numbers and percentages of lymphocyte
subsets. Comparison of absolute numbers (A-C) and percentages (D-F) of T, TCD4, TCD8, B, NK, NKT, and
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DC between liver transplant recipients with malignant (n=22) and benign (n=32) diseases. Bars represent
mean and standard deviation. T, CD3+T cells; TCD4, CD3+CD4+T cells; TCD8, CD3+CD8+T cells; B,
CD19+B cells; NK, CD56+CD16+Natural killer cells; NKT, CD3+CD56+CD16+Natural killer T cells; DC, lin1-
CD11c+ and lin1-CD123+Dendritic cells.

Figure 2

Gender failed to have an impact on absolute numbers and percentages of lymphocyte subsets.
Comparison of absolute numbers (A-C) and percentages (D-F) of T, TCD4, TCD8, B, NK, NKT, and DC
between male patients (n=29) and female patients (n=13). Bars represent mean and standard deviation.
T, CD3+T cells; TCD4, CD3+CD4+T cells; TCD8, CD3+CD8+T cells; B, CD19+B cells; NK,
CD56+CD16+Natural killer cells; NKT, CD3+CD56+CD16+Natural killer T cells; DC, lin1-CD11c+ and lin1-
CD123+Dendritic cells.
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Figure 3

Age failed to have an impact on absolute numbers and percentages of lymphocyte subsets. Comparison
of absolute numbers (A-C) and percentages (D-F) of T, TCD4, TCD8, B, NK, NKT, and DC between liver
transplant recipients < 60 years (n=48) and ≥ 60 years (n=17). Bars represent mean and standard
deviation. T, CD3+T cells; TCD4, CD3+CD4+T cells; TCD8, CD3+CD8+T cells; B, CD19+B cells; NK,
CD56+CD16+Natural killer cells; NKT, CD3+CD56+CD16+Natural killer T cells; DC, lin1-CD11c+ and lin1-
CD123+Dendritic cells
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Figure 4

The shift of absolute numbers and percentages of lymphocyte subsets over the follow-up periods
Comparison of absolute numbers (A-C) and percentages (D-F) of T, TCD4, TCD8, B, NK, NKT, and DC
between liver transplant recipients with a follow-up period < 29 d (n=22), 29-180 d (n=23) and > 180 d
(n=20). Bars represent mean and standard deviation. T, CD3+T cells; TCD4, CD3+CD4+T cells; TCD8,
CD3+CD8+T cells; B, CD19+B cells; NK, CD56+CD16+Natural killer cells; NKT, CD3+CD56+CD16+Natural
killer T cells; DC, lin1-CD11c+ and lin1-CD123+Dendritic cells
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Figure 5

Recovery of percentages of lymphocyte subsets might promote the occurrence of acute rejection.
Incidence of acute rejection at different follow-up periods (A); Trough levels of tacrolimus compared
between patients with rejection and without rejection (B); Receiver operating characteristic curve analysis
for acute rejection (C). TCD4, CD3+CD4+T cells; B, CD19+B cells; NKT, CD3+CD56+CD16+Natural killer T
cells; PP, predicted probability; AUC, area under the curve
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Figure 6

Percentages of lymphocyte subsets increased in patients with acute rejection. Comparison of absolute
numbers (A-C) and percentages (D-F) of T, TCD4, TCD8, B, NK, NKT, and DC between liver transplant
recipients with (n=17) and without rejection (n=17). Bars represent mean and standard deviation. T,
CD3+T cells; TCD4, CD3+CD4+T cells; TCD8, CD3+CD8+T cells; B, CD19+B cells; NK, CD56+CD16+Natural
killer cells; NKT, CD3+CD56+CD16+Natural killer T cells; DC, lin1-CD11c+ and lin1-CD123+Dendritic cells



Page 18/18

Figure 7

Percentages of lymphocyte subsets decreased after anti-rejection therapy Comparison of absolute
numbers (A-C) and percentages (D-F) of T, TCD4, TCD8, B, NK, NKT, and DC before (n=17) and after
(n=17) anti-rejection therapy. Bars represent mean and standard deviation. T, CD3+T cells; TCD4,
CD3+CD4+T cells; TCD8, CD3+CD8+T cells; B, CD19+B cells; NK, CD56+CD16+Natural killer cells; NKT,
CD3+CD56+CD16+Natural killer T cells; DC, lin1-CD11c+ and lin1-CD123+Dendritic cells; Before, before
anti-rejection therapy; After, after anti-rejection therapy
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