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Abstract
The objective of this study is to detect the number of different subsets of TFH and B cells in renal transplant recipients
(RTR) with antibody-mediated acute rejection (AMR), acute rejection (AR), chronic rejection (CR), or transplant stable
(TS). The present study was a prospective study. The numbers of ICOS +, PD-1+ and IL-21+ TFH, CD86+, CD38+,
CD27+, and IgD- B cells in 21 patients with end-stage renal disease (ESRD) and post-transplant times were measured by
flow cytometry. The level of serum IL-21 was detected by ELISA. The numbers of circulating CD4+CXCR5+,
CD4+CXCR5+ICOS+, CD4+CXCR5+PD-1+, CD4+CXCR5+IL-21+ TFH, CD19+CD86+, and CD19 +CD86+CD38+
B cells as well as the level of serum IL-21 in the AMR, AR, and CR groups at post-transplantation were significantly higher
than those at pre-transplantation. In contrast, the number of circulating CD19+CD27+IgD B cells was significantly in-
creased in the TS groups in respect to the other groups. Moreover, the numbers of circulating CD4+CXCR5+IL-21+ TFH
cells, CD19+CD86+CD38+ B cells as well as the level of serum IL-21 were positive related to the level of serum Cr while
showing negative correlated with the values of eGFR in the AMR groups at post-transplantation for 4 and 12 weeks.
Circulating TFH cells may be a biomarker in RTR with AMR, which can promote the differentiation of B cells into plasma
cells by activating B cells, thereby promoting disease progression.
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Introduction

Renal transplant is the preferable choice for patients with
end-stage renal disease (ESRD), as it improves survival
and quality of life.1 However, renal rejection episodes
still are one of the major causes of the differential di-
agnosis of graft dysfunction. Previous studies have
shown that the alloimmune response mediated by anti-
HLA antibodies is the main cause of late allograft
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dysfunction.2 Moreover, there has been a growing
awareness that a variety of immune mechanisms play a
critical role in acute and chronic allograft damage, in
particular T and B cells.3–6 Therefore, understanding the
influence of immune factors on allograft function is
important for reducing graft rejection and improving
graft survival rate.

Follicular helper T cells (TFH cells), a subset of CD4+T
lymphocytes, which provide help to antigen-primed B cells,
particularly within germinal centers (GCs), to produce high-
affinity antibodies and develop immunological memory in
response to foreign antigens.7 TFH cells were defined as
surface-expressing CXCR5, inducible T-cell co-stimulator
(ICOS), programmed cell death protein 1 (PD-1), and reg-
ulatory cytokine interleukin (IL)-21.8,9 IL-21, despite its roles
in other systems, is a cytokine secreted by TFH cell and is one
of the most necessary stimulators of B cell proliferation,
differentiation, and generating high-affinity antibodies.10,11

Previous experiments have confirmed that CD4+T cells are
essential for the generation of DSA, and TFH is also regarded
as one of the most promising targets to prevent DSA gen-
eration.12 Although, Th1, Th2, and Th17 cells are instru-
mental in initiating allograft rejection after renal
transplantation, little is known concerning the involvement of
TFH cells in renal transplant rejection.13–17 Existing research
has suggested that circulating TFH cells can play a role in
predicting DSA generation. 18 However, little is known of the
quantity, functionality, and subset composition of TFH cells in
different types of rejection in renal transplant recipients
(RTR). Consequently, a better understanding of what the
number of circulating TFH cells is and the association with
clinical measures between pre- and post-transplant will be
instrumental for the development of effective strategies for
clinical renal transplantation rejection.

Many studies have shed light on the emerging role of B
cells subsets in the tolerance and rejection of renal trans-
plant, although more attention has been focused on reg-
ulatory cells function.19–24 It is generally believed that B
cell is recognized as a major determinant of long-term graft
survival of renal transplant. Alternatively, Viklicky et al.25

have found that the expression of peripheral blood B cell
signatures are higher in the rejection-free patients and in
patients with borderline changes compared to patients with
acute rejection. The fractions of the B cell compartment
were shown to play a key role in determining graft out-
come. Plasma cells play an important role in the secretion
of antibodies. TFH cells and their secreted IL-21 can
stimulate the activation of B cells and differentiate into
plasma cells. Circulating plasma cells can be identified as
CD19+CD38+. CD86 is a marker of B cell activation.
However, little is known about the expression of activated
circulating B cell in different types of rejection in RTR and
the relationship between circulating TFH cells and acti-
vated circulating B cells.

In summary, in this study, we examined the numbers of
circulating TFH and B cells in RTR with AMR, AR, CR, or
TS at post-transplant for 4 and 12 weeks, as well as the
potential association with the renal function measures in
the 21 patients. In this study, we attempt to show the role of
circulating TFH and B cells in the tolerance and rejection of
renal transplant.

Materials and methods

Subjects

The present study was a prospective study. Total 21 patients
(13 males, eight females; 32–49 years old, median 36.3)
with end-stage renal disease (ESRD) and 19 healthy
controls (HC) were recruited in the study between 2013 and
2017 from the First Hospital of Jilin University (Chang-
chun, China). Patients and controls are matched for age,
gender, and ethnic (Table 1). According to the criteria,26

patients with ESRD were diagnosed. All patients had
compatible HLA gene matches. Exclusive criteria: 1)
Participants had a history of surgical procedure, 2) Par-
ticipants received renal transplants developed malignancy
and infective complications. The study protocol was ap-
proved by the ethics review board of the Human Ethics
Committee of Jilin University, China (No. 2013-250). All
enrolled patients signed informed consent. All of the
procedures were performed in accordance with the Dec-
laration of Helsinki and relevant policies in China. No
executed prisoners were used in any part of this study.

Study groups

In this study, we collected samples from all renal transplant
patients before transplant, 4 weeks and 12 weeks after
surgery. All individuals were divided into four groups in

Table 1. The demographic and clinical characteristics of
subjects.

Parameters HC ESRD

Number 19 21
Age (years) 37.2 (30–47) 36.3 (32–49)
F/M (n) 8/11 8/13
BUN (mmol/L) 4.4 (3.5–7.0) 17.1 (7.2–31.6)*
Cr (μmol/L) 88 (65–112) 846 (499–1790)*
eGFR (mL/min) 115 (98–124) 11 (6–13)*
WBC (×109/L) 6.7 (3.7–9.3) 10.4 (8.5–13.2)*
PBMCs (×109/L) 2.6 (0.9–4.5) 2.7 (1.1–4.3)

Data shown are median (range) of each group of subjects. ESRD: end-stage
renal disease; BUN: blood urea nitrogen (normal range: 3.2 –6.0 mmol/L);
Cr: serum creatinine (normal ranges: men: 44–133 μmol/L; women: 70–
108 μmol/L); eGFR: glomerular filtration rate (normal value: 125 mL/min);
WBC: white blood cell (normal range: 4–10×109/L); *p < 0.05 vs. HC.
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which those data were grouped according to the patho-
logical results and analyzed uniformly the Banff Classi-
fication.27 (a) Transplant Stable (TS) (n = 5): There are no
clinical or laboratory features to suggest rejection in re-
cipients (serum creatinine (scr): <150 μmol/L; eGFR: ≥50)
in 12 weeks. (b) Acute antibody-mediated acute rejection
(AMR) (n = 6): Recipients’ graft function deteriorated (scr:
≥150 μmol/L; eGFR: <50) within 1 week; (c) Acute re-
jection (AR) (n = 6): Recipients’ graft function deteriorated
(scr: ≥150 μmol/L; eGFR: <50) within 2–12 weeks; (d)
Chronic rejection (CR) (n = 4): Recipients’ graft function
deteriorated (scr: ≥150 μmol/L; eGFR: <50) after
12 weeks. The AMR, AR, and CR group of patients were
confirmed by biopsy. The clinical information of the four
groups is shown in Table 2.

Clinical measurements

The clinical data including age, sex, and laboratory tests
were collected from hospital records. Blood samples were
harvested by standard procedures from individual partic-
ipants. The laboratory investigations included full blood
counts, the levels of serum Cr, BUN, and estimated glo-
merular filtration rate (eGFR) were determined by neph-
elometry using a Siemens special protein analyzer
(Siemens, GmbH, Germany).

Flow cytometry analysis

Peripheral blood mononuclear cells (PBMCs) were sepa-
rated from peripheral venous blood of participants. PBMCs
at 5 ×106/tube were stained in duplicate with fluorescent-
labeled antibodies CXCR5 (Biolegend, San Diego, USA),
CD4, ICOS, PD-1, CD19, CD38, CD86, and CD27 using
IgG1 as the isotype-matched controls (BD BioSciences,
San Jose, USA). Flow cytometry analysis was performed
using BD FACSAria II.

Stimulation of PBMC and FACS

The function of TFH cells secrete IL-21 were determined
by flow cytometry. PBMCs (5 ×106/well) were stimulated
as previously described.28 The cells were stained in
CXCR5 for 30 min. And then, the cells washed and fixed
and permeabilized, followed by staining with IL-21 (BD
PharMingen).

Enzyme-linked immunosorbent assay (ELISA)

ELISA was used to measure the concentrations of serum
IL-21 (R&D system, USA). Individual sera from partici-
pants at 1:4 dilutions were tested by ELISA. The level of
serum IL-21 is based on the standard curve established. The
limitation of detection for IL-21 was 10 pg/mL.

Statistical analysis

Statistical differences between groups were analyzed by the
Kruskal–Wallis test for unpaired comparisons and Chi-
square test for unpaired and paired comparisons. Spearman
rank correlation test was adopted for two variables. All
survey data were analyzed by SPSS 16.0 software. If a two-
side p value < 0.05, a statistically significant was defined.

Results

Pre-transplant characteristics of renal candidates

21 patients (13 males, eight females; 32–49 years old,
median 36.3) with ESRD and 19 age and gender-matched
HCwere recruited. And demographics and clinical index of
those subjects are shown in Table 1. Compared with the
controls, those patients showed a higher level of serum Cr
and BUN as well as the values of WBC and lower levels of
eGFR.

Table 2. The demographic and clinical characteristics of subjects.

BUN (mmol/L) Cr (μmol/L) eGFR (ml/min) WBC (×109/L) PBMCs (×109/l)

AMR (n = 6) Pre- 29.8* (19.1–38.9) 1373* (1098–1790) 36* (18–48) 18.5* (11.2–20.8) 0.3* (0.1–0.7)
Post-4 weeks 21.2* (16.8–34.2) 972* (642–1024) 43* (29–61) 12.1* (9.13–13.6) 1.1* (0.2–1.4)
Post-12 weeks 20.3 (16.2–30.5) 896 (689–1145) 44 (31–60) 9.4 (8.6–14.2) 1.8 (1.0–3.4)

AR (n = 6) Pre- 25.9* (18.2–34.5) 1078* (794–1678) 41* (29–49) 13.3* (9.7–16.2) 0.9* (0.3–1.2)
Post-4 weeks 19.0* (14.3–31.7) 885* (545–1345) 51* (25–78) 10.8* (7.0–12.6) 1.2* (0.5–2.6)
Post-12 weeks 16.3 (11.4–28.4) 823 (678–1456) 47 (33–59) 9.5 (8.8–12.3) 1.5 (1.1–3.20)

CR (n = 4) Pre- 18.0 (11.4–27.1) 804 (597–1342) 53 (29–67) 9.7 (8.8–13.4) 1.6 (1.0–2.7)
Post-4 weeks 15.3* (9.5–23.5) 598* (502–754) 71* (48–85) 11.3* (9.5–14.1) 1.0* (0.7–1.2)
Post-12 weeks 13.0* (5.6–17.5) 462* (326–678) 73* (53–86) 10.4* (9.4–11.6) 1.1* (1.0–2.0)

TS (n = 5) Pre- 15.4 (7.4–31.7) 778 (513–1467) 54 (28–67) 9.9 (8.3–14.6) 1.5 (0.9–3.0)
Post-4 weeks 8.1* (3.5–16.4) 88* (56–145) 85* (59–103) 7.7* (6.1–9.8) 0.7* (0.4–1.1)
Post-12 weeks 6.4* (3.5–11.4) 79 (47–135) 85 (61–113) 7.3* (5.6–9.3) 1.6* (1.1–2.7)
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Figure 1. FACS analysis of the number of circulating CD19+ B cells profile; (a) flow cytometry analysis of B cells; (b) the numbers of
CD19+CD86+ B cells, CD19+CD86+CD38+ B cells, CD19+CD27+ B cells, and CD19+CD27+IgD-memory B cells in the four
groups patients with pre- and post-transplantation for 4 and 12 weeks, respectively.
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Alterations in the number of circulating
CD19+CD86+CD38+ B cells after
transplantation
RTR were divided into four groups. Those clinical characters
were shown in Table 2. Compared to those pre-transplant,
patients with TS showed a significant reduction in levels of
BUN and serum Cr and a significant increase in the valves of
eGFR. In addition, the concentration of serumCr and BUN in
the AMR, AR, and CR groups were significantly higher than
those in the TS or ESRD patients at post-transplant for 4 and
12 weeks.

We first compared the circulating CD86+, CD38+, CD27+,
and IgD+ B cells observed in the four groups RTR to evaluate
the alterations between pre- and post-transplantation (Figure 1).
We found that the number of circulating CD19+CD86+ and
CD19+CD86+CD38+ B cells in the four groups was greater at
post-transplantation than those at pre-transplantation as well as
significantly higher in the AMR, AR, and CR groups than
those in the TS groups. In contrast, the number of circulating
CD19+CD27+ and CD19+CD27+IgD-memory B cells was
significantly lower in the AMR,AR, andCR groups than those
in the TS groups. Furthermore, there were no significant
differences in the numbers of B cells subsets between the four
groups. These data indicate a significantly higher number of
circulating CD19+CD86+ and CD19+CD86+CD38+ B cells
were detected in RTR patients.

Alterations in the number of IL-21+ TFH cells after
transplantation

TFH cells are specialized in providing help to B cells and
are necessary for maturation of B cells into plasma cells and
memory B cells. Next, we compared the TFH cells observed
in the four groups RTR to evaluate the alterations between pre-
and post-transplantation (Figure 2). We found that the
number of circulating CD4+CXCR5+, CD4+CXCR5+I-
COS+, CD4+CXCR5+PD-1+, and CD4+CXCR5+IL-21+
TFH cells in the four group at post-transplant was greater than
those at the pre-transplant as well as the levels of serum IL-21.
On the other hand, the AMR, AR, and CR patients were all
significantly higher in comparison to the TS patients. These
results suggest that circulating TFH cells may be involved in
the pathogenesis of RTR.

The relationships between the number of circulating
CD19+CD86+CD38+ B cells and the
concentrations of eGFR or serum Cr in the AMR
groups

In order to determine which group did B cells play a more
significant role, we further analyzed the relationships be-
tween B cells and clinical values in different groups.
However, correlations between the number of circulating

Figure 2. FACS analyses of the number of circulating CD4+CXCR5+ TFH cells; (a) Flow cytometry analysis of TFH cells; (b) the
numbers of CD4+CXCR5+ T cells, ICOS+, PD-1+, or IL-21+ TFH cells and the concentrations of serum IL-21 in the four groups
patients with pre- and post-transplantation for 4 and 12 weeks, respectively.
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CD19+CD86+CD38+ B cells and the values of clinical
measures tested only in the AMR group (Figure 3). There was
not a statistically significant correction in the other three groups
(data not shown). Renal damage often arises from acute
antibody-mediated rejection, which has a bad effect on long-
term graft survival.29 Our data revealed that the number of
circulating CD19+CD86+CD38+ B cells was positively
correlated with the concentrations of serum Cr (R = 0.7695,
p = 0.0217, Figure 3(b) for 4 weeks; R = 0.8546, p = 0.0083,
Figure 3(c) for 12weeks) and negatively corrected with eGFR
(R = �0.8330, p = 0.0111, Figure 3(a) for 4 weeks) in the
AMR groups. There was not a statistically significant asso-
ciation between the number of memory B cells and the values
of clinical measures tested in this population (data not shown).
Collectively, these data suggest that increased number of
circulating CD19+CD86+CD38+ B cells may be responsible
for producing rejection in RTR patients with AMR.

The relationships between the number of circulating
IL-21+ TFH cells or the level of serum IL-21 and the
concentrations of eGFR or serum Cr in the AMR group

To explore the significance of TFH cells, we analyzed the
relationships between the number of circulating TFH cells
and the values of clinical parameters in the AMR group
(Figure 4). The number of circulating IL-21+ TFH cells
showed a positive related with the levels of serum Cr (R =
0.7209, p = 0.0325, Figure 4(a) for 4 weeks; R = 0.07,511, p =
0.0255, Figure 4(b) for 12 weeks) and a negative related with
eGFR (R = �0.7801, p = 0.0197, Figure 4(c) for
4 weeks; R = �0.7162, p = 0.0336, Figure 4(d) for
12 weeks) in the AMR group. Furthermore, the levels of
serum IL-21 positively related with the concentrations of
serum Cr (R = 0.6839, p = 0.0423, Figure 4(e) for 4 weeks;
R = 0.6836, p = 0.0424, Figure 4(f) for 12 weeks) and a

Figure 3. The relationship between the number of circulating CD19+CD86+CD38+ B cells and the concentrations of eGFR or serum
Cr in the AMR group; (a–c) correlation between the numbers of CD19+CD86+CD38+ B cells and the valves of eGFR and the levels of
serum Cr for post-transplantation 4 weeks or 12 weeks, respectively.
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negative related with eGFR (R = �0.8274, p = 0.0119,
Figure 4(g) for 4 weeks; R =�0.6829, p = 0.0426, Figure
4(h) for 12 weeks). However, there was no significant
association between the number of circulating ICOS+
TFH cells, PD-1+ TFH cells and the values of other labo-
ratory test results (data not shown). Unfortunately, no sig-
nificant statistical significance was observed in other
groups (data not shown). In summary, these data suggest
that the alterations of the number of circulating IL-21+
TFH cells and the level of serum IL-21 may be involved in
production of rejection in AMR patients.

Conventional immunosuppression therapy not only
reduces the number of circulating IL-21+ TFH cells
and CD19+CD86+CD38+ B cells in the AMR, AR,
and CR groups, but may stabilize the TS group

The conventional immunosuppression therapy has been
recognized as a standard therapy for patients with renal
transplantation. We found that the number of circulating
CD19+CD86+CD38+ B cells and IL-21+ TFH cells were
significantly decreased at post-transplantation for 12 weeks
in comparison with 4 weeks and pre-transplantation in the
AMR, AR, and CR groups, while was no significant dif-
ferences between the post-transplantation for 4 and
12 weeks in the TS group (Figure 1). The number of
circulating IL-21+ TFH cells showed a positive related
with the number of circulating CD19+CD86+CD38+ B
cells (R = 0.7801, p = 0.0197, Figure 4(i) for 4 weeks).
Therefore, circulating TFH cells may promote the differ-
entiation of B cells into plasma cells by activating B cells,
and conventional immunosuppression therapy can improve
the rejection after renal transplantation.

Discussion

There has recently been an increasing interest in graft
rejection and the treatment after renal transplantation.30,31

Furthermore, it is now widely accepted that antibody-
mediated injury is a major factor of renal-allograft loss.32–34

However, little is known about whether B cells or TFH
cells are involved in the rejection after renal transplan-
tation and how the numbers of those cells change in the
ESRD and RTR.

Nickerson and Rush35 have indicated that de novo
donor-specific antibody (DSA) requires both B cell and
CD4+T cell activation, which this coordinate interaction
may lead to memory and effector T and B responses.35

Furthermore, DSA poses a significant barrier to successful
kidney transplantation because of the increased risk of both
early and late graft loss.36–38 Most importantly, TFH cell
has been regarded as one of the most promising targets to
prevent DSA generation.12 Indeed, in an effort to gain
understanding of the rejection response, we attempted to

assess the number of circulating TFH cells and B cells in
RTR with the AMR, AR, CR, or TS.

The relative roles of B lymphocytes and plasma cells
during allograft rejection remain obscure since B cells carry
out multiple functions in immune responses. Moreover, the
B cells are increasingly identified as a critical factor for
graft outcome.39 Consequently, we first examined the
role of B cells in RTR with the AMR, AR, CR, and TS.
We discovered that the number of circulating
CD19+CD86+CD38+ B cells in the four groups at post-
transplant was greater than those at pre-transplant as well
as was higher in the AMR, AR, and CR group than those
in the TS group, while the number of CD19+CD27+IgD-
memory B cells was lower in the AMR, AR, and CR groups
than those in the TS group. This indicates that B cells are in
an activated state and consume a large number of memory
cells andB cells can affect graft survival in a number ofways.
It is able to differentiate into plasma cells or memory B
cells.40,41 CD27 is expressed on somatically mutated B cells
and includes the post-switch memory CD27+IgD-B cells.42

The level of serum DSA can predict the occurrence of
rejection reaction, and the Banff score can indicate the
extent of damage to kidney rejection. However, eGFR is the
most direct indicator of renal function43 and can reflect the
long-term survival of the graft.44 Furthermore, the number
of circulating CD19+CD86+CD38+ B cells was also
positively correlated with the levels of serum Cr and
negatively the levels of eGFR in AMR patients. We next
found the numbers of circulating CD4+CXCR5+ T cells,
ICOS+ TFH cells, PD-1+ TFH cells, and IL-21+ TFH cells
in the four groups at post-transplant were greater than those
at pre-transplant as well as the level of serum IL-21.
Moreover, the AMR, AR, and CR groups were all sig-
nificantly higher in comparison with the TS group. The
number of circulating CD4+CXCR5+IL-21+ TFH cells
was positively correlated with the level of serum Cr, while
negatively correlated with the level of eGFR. In conclusion,
we speculate that these factors may be associated with the
progression of RTR.

TFH cells secrete a large amount of IL-21, which also
involves in the differentiation and function of TFH and acts
on B cells. We also found that the level of serum IL-21 was
positively correlated with the level of serum Cr in the AMR
group, while negatively correlated with the level of eGFR
in the AMR group. Our data confirms the previous research
that IL-21 is a key regulator of functional B cells differ-
entiation and promotes rejection production. Therefore, IL-
21 may be involved in RTR rejection, in particular AMR
patients.

It seems mean that during the rejection process of RTR
patients, TFH cells promote the differentiation of B cells
and mediated humoral immune, leading to the impairment
of renal function. Simultaneously, TFH cells secrete high
level of IL-21. In conclusion, TFH cell may be a crucial

Liu et al. 7



factor contributing to the progression of rejection in RTR
patients. Commonly used immunosuppressive drugs work
mainly by suppressing the helper signals of T cells.45 The
main reason for the large amount of DSA generated after
transplantation is also believed to be caused by insufficient
immunosuppression to prevent the function of TFH. Al-
though TFH plays an important role in post-transplant re-
jection, current immunosuppressive drugs do not adequately
block it.12 The molecular mechanism is also unclear. It also
provides us with the direction of future research.

In this study, we examined the numbers of circulating
TFH and B cells in RTR with AMR, AR, CR, or TS at post-
transplant for 4 and 12 weeks, as well as the potential
association with the renal function measures in the 21
patients. In summary, the numbers of circulating TFH cells

and B cells in RTR with AMR, AR, and CR showed in-
creased. However, the numbers of CD4+CXCR5+IL-21+
TFH and CD19+CD86+CD38+ B cells and level of serum
IL-21 were positively correlated with the level of serum Cr
while negatively related with eGFR in the RTR with AMR.
There are certain limitations to our study, such as the
sample size is insufficient, the lack of functional explo-
rations and molecular mechanisms research. In addition,
there is a lack of evidence about the direct causation be-
tween the B cell and cytokine profile and RTR rejections.

Conclusion

In summary, circulating TFH cells may be a biomarker in
RTR with AMR, and promote the differentiation of B cells

Figure 4. The relationship between the number of circulating IL-21+ TFH cells or the levels of serum IL-21 and the concentrations of
eGFR or serum Cr in the AMR group. (a–h) correlation between the number of IL-21+ TFH cells or the levels of serum IL-21 and the
valves of eGFR and the levels of serum Cr for post-transplantation 4 weeks or 12 weeks, respectively. (i) Correlation between the
number of IL-21+ TFH cells and CD19+CD86+CD38+ B cells for post-transplantation 4 weeks.
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into plasma cells by activating B cells, thereby promoting
disease progression. We think that it will bring new insights
into the pathogenesis of RTR with ARM.
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