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Abstract: Immune dysregulation plays an important role in the pathogenesis of rheumatoid arthritis (RA). Bcl2 like
protein 12 (Bcl2L12) has the ability of immune regulation. This study aims to investigate the role of Bcl2L12 in
interfering with Foxp3+ regulatory T cell (Treg) development and function in RA patients. In this study, RA patients
were recruited in RA clinic. The peripheral blood samples were collected from RA patients and healthy (HA) subjects.
Treg status was analyzed by a variety of immune assessing approaches. We observed that the frequency of Tregs
in RA patients was significantly lower than that in HA subjects. The expression of Bcl2L12 was detected in CD4+ T
cells, which was markedly higher in the RA group than that in HA group. Naive CD4+ T cells from RA patients were
refractory to develop as Tregs. Inhibition of Bcl2L12 in CD4+ T cells from RA patients promoted Treg generation.
Tregs isolated from RA patients showed functional defects, which could be restored by knocking down of Bcl2L12. In
conclusion, Bcl2L12 plays a role in suppressing Treg development and function in RA patients. Inhibition of Bcl2L12
may have therapeutic potential in the treatment of RA.
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Introduction
The rheumatoid arthritis (RA) is a long-term,
chronic, multifactorial immune-mediated disease in joints [1]. RA is characterized by systemic and chronic joint inflammation that leads
to structural damage in joints. The pathogenesis of RA is not fully understood [2]. Although
the aberrant immune responses in RA have been rather clear, many advances in RA research
in the recent years, the causative factors of RA
remain elusive and need to be further investigated [2-4]. The therapeutic effects of RA are
quite poor currently [5].
Autoimmunity plays an important role in the
development of RA [6, 7]. An autoimmune disease is characterized by abnormal immune
responses against normal body parts [8]. Two
known antibodies, including rheumatoid factor
and anti-citrullinated peptide antibody (ACPA),
have been identified in the RA. These two antibodies react with common autoantigens in
joints and can be detected in and outside the

joints [9]. The mechanism by which autoantibodies are overproduced in the body is unclear.
In general, several immune cells are involved in
producing specific antibodies, including dendritic cells (DC), T helper 2 (Th2) cells, B cells
and plasma cells [10, 11]. The activities of these cells are tightly regulated in the body. Regulatory T cells (Treg) are one of the major components of the immune regulatory system [12].
By expressing immune regulatory molecules,
such as interleukin (IL)-10 and transforming growth factor (TGF)-β, Tregs suppress other immune cell activities to maintain the immune
response within proper levels [12, 13]. The over
production of autoantibodies suggests defects
of the immune regulatory system in the body
[14, 15].
Recent studies indicate that the Bcl2 like protein 12 (Bcl2L12), one of the members of the
Bcl2 family, has immune regulatory functions.
Bcl2L12 is an anti-apoptotic protein; it inhibits
p53, caspase 3 and caspase 7 to compromise
the apoptotic machinery in cancer cells, such
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Table 1. Demographic data of human subjects in this tudy
RA
HA
(n=20)
(n=20)
Sex (male/female)
10/10
10/10
Age, mean (range)
42.5 (29-58) 41.6 (27-57)
Disease duration (y), mean (range) 6.3 (2-15)
Smoking, number (%)
2 (10%)
2 (10%)
ESR (mm), mean
54 ± 16.6
15.9 ± 6.5
CRP (mg/dL), mean
3.8 ± 1.5
0.8 ± 0.6
Positive rheumatoid factor, n (%)
17 (85%)
0
Positive anti-CCP antibody, n (%)
12 (60%)
0
Medication, n (%)
0
0

NJ). Bcl2L12 RNAi kits were obtained
from Santa Cruz Biotech (Santa Cruz,
CA). Immune cell isolation kits were
obtained from Miltenyi Biotech (San
Diego, CA).
Human subjects

Patients with RA at relieving period (not
on medication in recent 2 months) were recruited into this study at the outpatient clinic of the Yantaishan Hospital
(Yantai, China). The diagnosis and management of RA were carried out by
RA: Rheumatoid arthritis. HA: Healthy subjects. ESR, erythrocyte sediphysicians of our department. Age- and
mentation rate; CRP, C-reactive protein; anti-CCP, anti-cyclic citrullinated
gender-matched healthy subjects were
peptide antibodies.
also recruited at the same hospital into
this study using as controls. The demographic data of human subjects are presented
as glioma, colon cancer and carcinomas in the
head and neck [16-18]. Bcl2L12 is also involvin Table 1. The exclusion criteria include: Immed in the pathogenesis of immune inflammaune disorders besides RA, using immune suption. Xue et al reported that patients with allerpressors for any reason, cancers, allergic disgic rhinitis had higher expression of Bcl2L12 in
eases and severe organ diseases. The using
peripheral B cells [19]. Guo et al showed that B
human tissue in the present study was apprcells in patients with inflammatory bowel disoved by the Human Ethics Committee of Yanease expressed higher levels of Bcl2L12 [20].
taishan Hospital. An informed written consent
Li et al found that Bcl2L12 is required during
was obtained from each human subject.
development of skewed Th2-biased inflammaPreparation of peripheral blood mononuclear
tion [21]. Based on the information above, we
cells (PBMCs)
hypothesize that Bcl2L12 may be involved in
the pathogenesis of RA by interfering with Treg
Blood samples were collected from each huactivities. To test this, we collected blood samman subject by an ulnar vein puncture. PBMCs
ples from RA patients. The role of Bcl2L12 in
were isolated from the samples by Percoll graTreg activities and the development of Treg was
dient density centrifugation.
investigated. The results showed that Bcl2L12
plays a role in suppressing Treg development
Immune cell isolation
and function in RA patients.
Materials and methods
Reagents
Reagents and materials for RT-qPCR and Western blotting were obtained from Invitrogen
(Carlsbad, CA). Reagent kits and materials for
immunoprecipitation (IP) and chromatin IP (ChIP) were obtained from Sigma Aldrich (St. Louis.,
MO). Antibodies of Bcl2L12 antibody (ab108346), Foxp3 (ab450), RNA polymerase II (Pol II;
ab240740) and transforming growth factor
(TGF)-β (ab64715) were obtained from abcam
(Cambridge, MA). Fluorochrome-labeled antibodies of CD3, CD4, CD25 and Foxp3 were
obtained from BD Biosciences (Franklin Lakes,
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The immune cells of interest were isolated from
PBMCs by magnetic cell sorting with commercial reagent kits following the manufacturer’s
instructions. Purity of isolated cells was assessed by flow cytometry. If the purity was less
than 90%, MACS was repeated with the cells.
Cell culture
RPMI1640 medium was used in cell culture.
The medium was supplemented with 10% fetal
calf serum, 100 U/ml penicillin, 0.1 mg/ml streptomycin and 2 mM glutamine. The medium
was changed every 2-3 days. The Trypan blue
exclusion assay was performed to check the
viability of cells, which was greater than 99%.
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Flow cytometry
To stain Foxp3, cells were stimulated with PMA
(50 ng/ml), ionomycin (1 μg/ml) and BD Golgi
plug (a protein transport inhibitor, BD Pharmingen) for 4 hours before harvesting cells. After
cell surface staining, cells were fixed and permeabilized with Fixation/Permeabilization (Triton X-100, 0.1%) solution and intracellular Foxp3 was stained. Flow cytometric analysis was
carried out using a FACSCanto II flow cytometer
(BD Biosciences). The data were analyzed by
Flow Jo (FlowJo, LLC).
Quantitative RT-PCR (RT-qPCR)
Cells were lysed with TRIzol reagent, and RNA
was extracted from the cells. cDNAs were synthesized from 1 μg of total RNAs using a reverse
transcription kit following the manufactory’s
instructions. The expression levels of genes of
interest were assessed by the CFX96 Touch
Real-Time PCR Detection System (Bio-Rad) using SYBR Green Master Mix. Relative expression levels of target gene are presented as fold
change against the housekeeping gene β-actin.
The sequences of primers used in this study
include Bcl2L12 (tctcctgttccaactccacc and gggccaggctctaaaccata) and TGF-β (tacagcaacaattcctggcg and gtgaacccgttgatgtccac).
Protein extraction
Cells were lysed with a lysis buffer. The lysates
were centrifuged for 10 min at 10,000 g. The
supernatant was collected and used as cytosolic protein. The pellets were incubated with a
nuclear lysis buffer for 30 min and centrifuged
for 10 min at 10,000 g. The supernatant was
collected and used as nuclear protein. All the
procedures were carried out at 4°C. The protein
levels were determined by the BCA method.
Western blot
50 μg of protein per sample were fractioned by
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to
nitrocellulose membranes. The membranes were incubated with primary antibodies (1:1000)
at 4°C overnight. After washing with TBST (Trisbuffered saline containing 0.1% Tween 20) for
3 times, membranes were incubated with secondary antibodies (labeled with peroxidase) for
1 h at room temperature. Immunoblots on the
membrane were visualized using a chemilumi3050

nescent kit and photographed with an imaging
device.
Co-immunoprecipitation (co-IP)
Proteins were precleared by incubation with
Protein G agarose beads at 4°C for 60 min.
The beads were removed by centrifugation. The
remained samples were used for co-IP by incubating with antibodies of interest or isotype IgG
at 4°C for 90 min. Immune complexes in the
samples were precipitated by incubating with
Protein G agarose beads at 4°C for 60 min.
The beads were collected by centrifugation and
washed. Proteins on the beads were eluted
with an eluting buffer and analyzed by Western
blotting.
Chromatin IP (ChIP)
Cells were fixed in 1% formalin for 15 min. The
fixation was quenched with glycine. After rinsing with cold PBS, cells were collected and
lysed. The lysates were sonicated into small
pieces (200-700 base-pair DNA fragments) and
treated with IP procedures as described above.
Chromatin-antibody complexes on the beads
were eluted. DNA in the sample was purified
with a DNA recovering reagent kit following the
manufacturer’s instructions. The DNA was analyzed by qPCR in the presence of primers for
TGFB promoter (agggtgttgagtgacaggag and
agagggtctgtcaacatggg). The results are presented as fold change against the input.
Expression of recombinant Bcl2L12
To over express Bcl2L12, HEK293 cells or CD4+
T cells were transfected with Bcl2L12-expressing plasmids (provided by Sangon Biotech;
Shanghai, China) following the manufacturer’s
instructions. The effects of Bcl2L12 plasmid
transfection were assessed 48 h later.
RNA interference (RNAi) of Bcl2L12
To inhibit the expression of Bcl2L12, CD4+ T
cells or Tregs were treated with Bcl2L12 RNAi
reagent kit following the manufacturer’s instructions. The cells were collected 48 h later and
analyzed by Western blotting to assess the
effects of RNAi.
Generation of tregs in vitro
CD4+ CD25 - T cells were isolated from HA subjects and cultured in the presence of TGFβ1 (10
Am J Transl Res 2019;11(5):3048-3055
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independent groups were
compared using the Student’s t-test. ANOVA was used in multiple comparisons
followed by Dunnett’s t test
or SNK test. P<0.05 was
considered statistically significant.
Results
Frequency of peripheral
Treg is lower RA patients
Figure 1. Peripheral Treg frequency is lower in RA patients. Blood samples were
collected from RA patients (n=20) and HA subjects (n=20). PBMCs were isolated from the samples and analyzed by flow cytometry. (A) Gated dot plots
indicate frequency of CD4+ CD25+ T cells. (B) Gated dot plots indicate frequency
of Foxp3+ Tregs in the gated CD4+ CD25+ T cells of (A). (C) Summarized Treg
frequency of (B).

Figure 2. Expression of Bcl2L12 by CD4+ T cells negatively correlates with peripheral Tregs in RA patients. CD4+ T cells were isolated from PBMCs by MACS.
Total RNA and proteins were extracted from the cells and analyzed by RT-qPCR
and Western blotting. (A) Foxp3 mRNA levels in CD4+ T cells. (B) Foxp3 protein
levels in CD4+ T cells. (C) Bcl2L12 mRNA levels in isolated CD4+ T cells. (D)
Bcl2L12 protein levels in isolated CD4+ T cells. Protein extracts of 20 RA patients and HA subjects were pooled, respectively. Data of (B and D) are from
one experiment represent 3 independent experiments. (E) Negative correlation
between Bcl2L12 mRNA and Foxp3 mRNA in CD4+ T cells of RA patients.

ng/ml), anti-IL-4 (10 μg/ml), anti-IL-12 (10 μg/
ml), and anti-IFN-γ (10 μg/ml) for 96 h. The cells
were assessed by flow cytometry.
Statistical analysis
The data were analyzed using the GraphPad
Prism Package version 7. The results of two
3051

To understand the immune
tolerance status in RA, peripheral blood samples were
collected from RA patients
and healthy (HA) subjects.
Peripheral blood mononuclear cells (PBMCs) were isolated from the samples
and analyzed by flow cytometry. The results showed that in the CD4+ CD25+ T cell
compartment (Figure 1A),
the frequency of Foxp3+ Tregs was much less in the
RA group than that in HA
group (Figure 1B, 1C). Since Tregs are an important
component in the immune
regulatory system, the data
imply that the low frequency of peripheral Tregs may
contribute to the immune
dysregulation in RA.
Expression of Bcl2L12 is
negatively correlated with
Foxp3 expression in CD4+ T
cells of RA patients

To corroborate the data,
CD4+ T cells were isolated
from PBMCs by magnetic
cell sorting (MACS) and analyzed by RT-qPCR and Western blotting. The results showed that the expression of Foxp3 was lower, expression of Bcl2L12 was higher, in the RA group than that in HA
group (Figure 2A-D). A correlation assay was
performed with the data of Foxp3 and Bcl2L12.
A negative correlation was identified between
expression of Bcl2L12 and Foxp3 in CD4+ T cells of RA patients (Figure 2E). The results imply
Am J Transl Res 2019;11(5):3048-3055
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Figure 3. Bcl2L12 forms a complex with Foxp3 in CD4+ T cells. A. Total proteins
were extracted from CD4+ T cells collected from HA subjects (n=20) and RA
patients (n=20). The proteins were pooled and analyzed by co-IP. The immunoblots show a complex of Bcl2L12 and Foxp3 in CD4+ T cells. B. HEK293 cells
were co-transfected with Flag-Bcl2L12-expressing plasmids and His-Foxp3-expressing plasmids. The extracts of HEK293 cells were analyzed by co-IP. The
immunoblots show the complex of Bcl2L12 and Foxp3 in HEK293 cells. The
data represent 3 independent experiments.

that the high expression of Bcl2L12 in CD4+ T
cells may associate with the lower expression
of Foxp3 in RA.
Bcl2L12 forms a complex with Foxp3 in CD4+
T cells
Next, CD4+ T cells were analyzed by co-immunoprecipitation (co-IP). A complex of Bcl2L12
and Foxp3 was detected in CD4+ T cells. The
amount of the complex was much more in the
RA group as compared to that of the HA group
(Figure 3A). Then, we confirmed the combination of Bcl2L12 and Foxp3 in HEK293 cells by
co-transfecting HEK293 cells with Foxp3-expressing plasmids and Bcl2L12-expressing plasmids. A complex of recombinant (r) Bcl2L12
and rFoxp3 was detected in HEK293 cells
(Figure 3B).
Bcl2L12 interferes with TGF-β gene transcription in CD4+ T cells
Extracts of CD4+ T cells from HA subjects and
RA patients were analyzed by chromatin IP
(ChIP). The results showed Foxp3 was detected
in TGFB promoter locus, which was much less
in the RA group as compared to HA group
(Figure 4A). The results imply that Bcl2L12 may
interfere with the binding between Foxp3 and
TGFB promoter. To test this, naive CD4+ T cells
were collected from HA subjects. The cells were
transfected with Bcl2L12-expressing plasmids
to make the cells over expressing Bcl2L12
(Figure 4B), and then treated with Foxp3+ Treggenerating procedures. The results showed
that the overexpression of Bcl2L12 significantly
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suppressed binding of Foxp3 to the TGFB promoter
(Figure 4C), TGF-β gene transcription activities (Figure
4D) and expression of TGFβ (Figure 4E, 4F) in CD4+ T
cells. The data demonstrate
that Bcl2L12 restricts TGFβ gene transcription in CD4+
T cells.
Bcl2L12 interferes with
Treg generation

Data reported above suggest that Bcl2L12 may interfere with the generation of
Treg in RA patients. To test
this, naive CD4+ T cells were collected from RA
patients and HA subjects. The cells were treated with Treg generation procedures and analyzed by flow cytometry. The results showed
that Foxp3+ Tregs were generated with CD4+ T
cells from HA subjects, which were significantly
less in CD4+ T cells from RA patients (Figure
5A, 5B). Considering CD4+ T cells from RA
patients expressing high levels of Bcl2L12,
which may interfere with the generation of Treg,
we knocked down Bcl2L12 expression in RA
CD4+ T cells by RNAi (Figure 5C); the cells were
then treated with Treg generation procedures.
Indeed, the generation of Treg was increased
significantly after knocking down Bcl2L12
expression (Figure 5A, 5B).
Inhibition of Bcl2L12 restores RA Treg immune
suppressor function
It is reported that Tregs from RA patients show
incompetent immune suppressor functions
[22]. In line with the reports, we also observed
that Tregs isolated from RA patients showed
incompetent immune suppressor function. Knockdown of Bcl2L12 by RNAi restored the immune suppressor functions (Figure 6).
Discussion
The present data indicate that, peripheral CD4+
T cells express Bcl2L12, which is negatively
correlated with peripheral Treg number in RA
patients. Compared to HA subjects, peripheral
Foxp3+ Tregs in RA patients are much less.
Foxp3+ Tregs are one of the major components
of the immune regulatory system. The normal
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Figure 4. Bcl2L12 interferes with TGFB gene transcription in CD4+ T cells. (A) Nuclear proteins were extracted from
CD4+ T cells collected from HA subjects (n=20) and RA patients (n=20). The proteins were pooled and analyzed
by ChIP. The bars indicate Foxp3 levels at TGFB promoter locus in CD4+ T cells of human subjects. (B) The results
of Bcl2L12 overexpression in CD4+ T cells. (C-F) Naive CD4+ T cells with or without Bcl2L12 overexpression were
treated with Treg generation condition (Treg gener-condi). (C, D) Levels of Foxp3 (C) and Pol II (D) at TGFB promoter
locus. (E, F) Expression of TGF-β in CD4+ T cells. The data represent 3 independent experiments.
treated with Treg generation
condition (Treg gener-condi)
and the procedures denoted
above each dot plot panel. (A)
The gated dot plots show frequency of generated Treg. (B)
The bars show summarized
data of generated Tregs in (A).
(C) Results of Bcl2L12 RNAi.
RNAi (cRNAi): RA CD4+ T cells
were treated with Bcl2L12
RNAi) or control RNAi). The data represent 3 independent experiments.

Figure 5. Bcl2L12 interferes with Treg generation. Naive CD4+ T cells were isolated from PBMCs collected from HA subjects and RA patients. The cells were
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number and function of Treg are an important premise in the maintenance of
the homeostasis in the body. Insufficient number of Treg can be a sign of immune
dysregulation. RA is one of
the diseases with immune
dysregulation. Either reduction of Treg number or Treg
function defects can result
in immune dysregulation. Pr-
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panencephalitis [24]. Mao
et al found a significant decrease in the percentage of
circulating Foxp3+ Tregs in
untreated Graves’ disease
patients [25]. Wu et al observed lower frequency of
Tregs in intestinal tissue of
mice with immune inflammation [26]. Whether Tregs
in the subjects with those
immune disorders also express Bcl2L12 or whether
Bcl2L12 plays a role in restricting Treg development
in these disorders is worth
being investigated.
The functional defects of Treg are a common phenomenon in immune disorders.
As aforementioned, Tregs
isolated from RA patients
show incompetent immune
suppressor ability [22, 23].
Our data also show that RA
Tregs are less capable of
suppressing Teff proliferation, indicating these
Tregs also have functional defects. The results
reveal a novel aspect that Tregs from RA patients express high levels of Bcl2L12. This may
attribute to the Treg functional defects since
knockdown of Bcl2L12 can restore the immune
suppressive ability of the Tregs. The underlying
mechanism may be that Bcl2L12 restricts
TGF-β gene transcription activities by interfering with Foxp3 binding to TGFB promoter.

Figure 6. Inhibition of Bcl2L12 restores RA Treg immune suppressor function.
CD4+ CD25+ CD127lo/- Tregs (RA Treg) and effector T cells (Teff; CD4+ CD25-)
were isolated from RA patients. Teffs were labeled with CFSE and cultured with
RA Tregs [treated with Bcl2L12 RNAi (RNAi) or control RNAi (cRNAi)] at a ratio
of (5:1; Teff:Treg) in the presence of anti-CD3/CD28 antibodies for 3 days. The
cells were analyzed by flow cytometry. A. The gated histograms show frequency
of proliferating Teffs. B. The bars show summarized proliferating Teffs. C. Results
of Bcl2L12 RNAi in RA Tregs. The data represent 3 independent experiments.

evious reports indicate in RA patients, the functional defects of Treg are more often than the
reduction of Treg number. Nie et al found that
the number of Treg was not quite different
between RA patients and HA subjects, while
Tregs isolated from RA patients showed incompetent immune suppressor function [22]. Ji et
al also reported same phenomenon [23]. Our
data show both Treg number reduction and
functional defects in RA patients.
The life span of immune cell is limited. T cell’s
life span is from several hours to several
months. Thus, new T cells need to be generated constantly in the body. The data show that
naive CD4+ T cells of RA patients are refractory
to be generated into Tregs. Whether this is the
main reason resulting in less Tregs in the
peripheral system of RA patients is to be further investigated. Our in vitro experimental
data show that Bcl2L12 plays a critical role in
restricting Treg generation from naive CD4+ T
cells; knockdown of Bcl2L12 significantly increases Treg generation. Besides RA, the Treg number reduction was also found in other immune
diseases. Such as Yentur et al found Tregs
decreased markedly in patients with sclerosing
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In summary, the present data show less frequency of Treg in the peripheral blood system
of RA patients. Tregs isolated from RA patients
show functional defects. Knockdown of Bcl2L12 expression can promote Treg generation
and immune suppressor ability. We conclude
that Bcl2L12 in Tregs may be a therapeutic target to improve immune regulation.
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