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Abstract: Long noncoding RNA (lncRNA) have been proved to participate in the oncogenesis or development of
gastrointestinal tumors. In this study, we aimed to identify the function of lncRNAs in the differentiation of peripheral
blood T cells especially the distribution of regulatory T cells (T-reg) in gastric cancer. The distribution of T-reg was
detected by flow cytometry. Peripheral blood T-reg cells were significantly up-regulated in plasma samples of gastric
cancer patients. LncRNA microarray detection indicated an aberrant expression profiling of lncRNAs in T-reg cells
between gastric cancer patients and controls in which linc-POU3F3 was selected as a potential biomarker with the
highest fold change value as well as the most stable expression level in each group. In addition, over-expression of
linc-POU3F3 elevated Treg distribution in vitro and promoted tumor cell proliferation in the co-culture system. We
further found that linc-POU3F3 could recruit TGF-beta which increased the phosphorylation of SMAD2/3. In conclusion, we found that linc-POU3F3 could promote the distribution of Tregs in peripheral blood T cell which caused
an enhanced cell proliferation of gastric cancer cells by recruiting TGF-beta as well as activating TGF-beta signal
pathway. This finding may provide a theoretical basis for the further exploration of lncRNAs function in immune cell
cells of gastric cancer.
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Introduction
Tumor cell-mediated immunity is generally held
to be the main mechanism of anti-tumor immunity [1]. Recent studies have revealed that a subset of CD4+ T cells, referred to as
CD4+CD25+Foxp3+ Treg cells, may accumulate
in the tumor microenvironment and suppress
tumor-specific T-cell responses, thereby hindering tumor rejection [2-4]. CD4+CD25+ Treg cells
have been shown to suppress the activity of
nearby T cells in a contact-dependent manner
and seem to have quite a dual role in host
immune responses [5, 6]. On the one hand,
Treg cell activity will have a positive effect on
autoimmune and graft-versus-host responses
in that they induce tolerance towards self and
foreign antigens [7, 8]. On the other hand, the
actions of Treg cells might lead to suppression
of tumor-specific T cell responses at the tumor
site [9].

Long non-coding RNAs (lncRNAs) are non-protein coding transcripts which are longer than
200nt in length [10, 11]. In functional genomics, they belong to a new type of regulatory
genes. The detailed function of majority of
lncRNA still remains unclear. More and more
evidences showed that lncRNAs play critical
roles in human disease, including stem cell
development, pluripotency, cell growth and
apoptosis in malignant tumors [12-14]. LncRNAs
was identified to regulate protein coding gene
through chromatin remodeling, transcriptional
control and post-transcriptional processing [15,
16]. Many researchers showed altered lncRNA
levels could affect the expression of gene products [17, 18]; however, majority was focused on
the function of lncRNAs on tumor cells, the further exploring of lncRNAs involved in the immune cells of cancer is rare.
In this study, we firstly determined the distribution of T-reg cells in gastric cancer patients and
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Table 1. Correlation between expression level
of linc-POU3F3 and clinical characteristic of
patients
Feather
All cases
Age
<60
≥60
Gender
Male
Female
Tumor size (cm)
≤5 cm
>5 cm
Tumor location
Middle
Lower
Tumor capsular
Incomplete
Complete
TNM stage (I:II:III)

Linc-POU3F3
Low
High
20
20
15
5

11
9

16
4

17
3

17
3

4
16

3
17

2
18

4
16
9:6:5

1
19
10:5:5

P value

0.185
0.677

0.006

0.633

Whole blood from both patients and healthy
controls was collected. PBMCs were separated
by Ficoll, and Ficoll-separated cells were used
as the reference samples. Isolated PBMC were
then resuspended in M200 medium with IL-2
(300 U/mL, PeproTech, USA) was added to
enable survival of the lymphocytes in vitro.
and cultured in TAKARA lymphocyte medium
(Takara, Dalian, China). Gastric cancer cells
were cultured in RPMI 1640 medium (Gibco,
Grand Island, USA) containing 10% fetal calf
serum (Gibco, Grand Island, USA). The detailed
correlation of linc-POU3F3 with clinical characteristic of gastric patients was presented in
Table 1.
Flow cytometric setup and analysis

0.151

0.102

controls. We next focused on the aberrant
expressed lncRNAs in T-reg cells in gastric cancers. LncRNAs were screened by Arraystar
Human LncRNA Microarray v3.0. Finally, we
selected the linc-POU3F3 as the candidate
lncRNA to further analyze the function in regulating the distribution of T-reg.
Materials and methods
Clinical samples
40 cases of gastric cancer (GC) patients with
gastric cancer during February 2013 to December 2014 were recruited from the Second
Afﬁliated Hospital of Nanjing Medical University
(Nanjing, China). All patients had negative histories of exposure to either chemotherapy or
radiotherapy before, and there was no cooccurrence of diagnosed cancers. 40 healthy
controls were enrolled in this study. Healthy
blood donors were healthy physicians and postgraduate students from the Second Afﬁliated
Hospital of Nanjing Medical University. Whole
blood samples of donors were collected in
EDTA anti-coagulated evacuated tubes. This
study was approved by the Ethical Committee
of Nanjing Medical University, and every donor
had written informed consent.
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Cell isolation and culture

All samples were sorted using a BD FACS Aria
flow cytometer (BD, USA). Flow cytometric analysis was performed by using FACS Diva software (BD Bioscience). Fluorochrome-labeled
mouse anti-human monoclonal antibodies targeted against CD4-PerCP, CD25-APC, Foxp3-PE
(BD Phamingen) were used together with appropriate isotype controls to allow identification of
positive and negative cell populations.
Microarray analysis of lncRNA
Total RNA from each sample was quantified by
the NanoDrop ND-1000 (Thermo, CA, USA). For
microarray analysis, Agilent Array platform was
employed. The sample preparation and microarray hybridization were performed based on
the manufacturer’s standard protocols with
minor modifications. Then, each sample was
amplified and transcribed into fluorescent
cRNA along the entire length of the transcripts
without 3’ bias utilizing a random priming method. The labeled cRNAs were hybridized onto the
Human LncRNA Array v3.0 (8 x 60K, Arraystar).
After having washed the slides, the arrays were scanned by the Agilent Scanner G2505C
(Agilent, CA, USA).
Quantitative PCR and western blot
Total RNA from CD4+ and CD4+CD25+Foxp3+
cells was extracted by QianGen (QianGen,
Beijing, China) according to the manufacturer’s
protocol. cDNAs from all sample were synthesized from 1 mg of total RNA by PrimeScript
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Figure 1. Elevated T-reg in blood of gastric cancer patients harbored an ectopic expression of lncRNAs comparing
with control patients. A, B. The frequencies of CD4+CD25+Foxp3+ cells detected by flow cytometry are significantly
higher in patients (n = 40) than in the healty (n = 40). C, D. Different expression level of lncRNAs detected by lncRNA microarray presented as heatmap and scatter diagram (Fold change>2). E. Up-regulated linc-POU3F3 was
confirmed by qRT-PCR in 40 GC patients. Data was presented as the mean ± SD. *P<0.05.

RT Master Mix kit (Takara, Dalian, China).
Expression levels were calculated relative to
GAPDH. Data analyses were performed using
the 2-ΔΔCt method.
Total protein was extracted using cell lysis buffer for western and IP (Beyotime, Shanghai,
China) in accordance with the manufacturer’s
instruction. Typically, 20 mg of the protein was
loaded per lane. he membranes were blocked
with 5% non-fat dry milk for one hour at room
temperature and incubated at 4°C overnight
with primary antibody (Abcam, London, UK).
GAPDH (Abcam, London, UK) was used to normalize the quantity of the protein.

pore, Bedford, MA), according to the manufacturer’s instructions. Antibody for RIP assays of
TGF-beta (Cell Signaling Technology, Beverly,
MA) was used as described before. Co-precipitated RNAs were detected by RT-PCR.
Transwell co-culture system and EDU assay

RNA immunoprecipitation assay

To investigate the interaction of T cell and cancer cell, the Transwell chambers were used to
co-culture T cell and cancer cell. According to
the experimental groups, T cells were seeded
onto the upper insert of a 6-well Transwell
(with 0.4 µm pores; Millipore) at a density of
5×105/ml placed above the cancer cells. After
5-day culture, cell proliferation was measured
by EDU.

RNA immunoprecipitation (RIP) experiments
were performed using a Magna RIP RNA-Binding Protein Immunoprecipitation Kit (Milli-

Cell proliferation was assayed using CCK8 and
EDU (5-ethynyl-2’-deoxyuridine). (Roche, Basel,
Switzerland) as described previously [19].
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Figure 2. Up-regulated linc-POU3F3 promoted T-reg differentiation resulting in increasing cancer cell proliferation
in vitro. A. The efficiency of lentivirus to up-regulate linc-POU3F3 was confirmed by both fluorescence intensity and
qRT-PCR. B, C. The ratio of T-reg cells was detected by FACS in cell treated with linc-POU3F3 lentivirus and empty
control. D. Schematic diagram of co-culture system. E. Cell proliferation ability was measured by EDU assay. All tests
were performed in triplicate and presented as the mean ± SD. *P<0.05.

Statistical analysis
The results of qRT-PCR and other variables
were expressed as the mean (S.D.). The Stu-
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dent’s t-test and Mann-Whitney unpaired test
analysis of variance were used to evaluate statistical differences in patients and controls.
Statistical analysis was performed using STATA
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Figure 3. Linc-POU3F3 activated TGF-beta signal
pathway by recruiting TGF-beta. A. RIP assay was performed to detected the binding ability of linc-POU3F3
to TGF-beta in both T cells isolated from patients and
Jurkat cell line. Input was used as positive control
while IgA as negative control. B. Expression level of
TGF-beta and the phosphorylation of SMAD2/3 were
detected by western blot. All tests were performed
in triplicate.

9.2 and presented with the GraphPad prism
software. In all cases, P<0.05 was considered
significant.
Results
Elevated CD4+CD25+Foxp3+ T-reg in blood of
gastric cancer patients
We first examined the distribution of T-reg
cells in peripheral blood of 40 gastric cancer
patients and 40 controls. We characterized
CD4+CD25+Foxp3+ cells as T-reg and determined the ratio of T-regs in total CD4+ cells as
the frequencies. CD4+CD25+Foxp3+ T-reg are
abundantly present in blood of gastric cancer
patients but nearly absent in healthy volunteers (Figure 1A, 1B).
Aberrant expression of lncRNAs in T-reg isolated from GC patients and controls
To determine whether lncRNA was involved in
the elevated distribution of T-reg in GC patients,
we applied a lncRNA microarray to detect the
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different expression level of lncRNA in these
T-reg cells. As presented in Figure 1C and 1D,
we found a significant aberrant expression profiling between the two groups which indicated
that lncRNA might participated in the aberrant
up-regulating ratio of T-reg in GC patients. We
further ranked the different expressed lncRNA
according to the fold change as well as the
detection density which indicated the detect
ability of the lncRNAs. We found that lincPOU3F3 presented the highest fold change
value and the most stable detection density.
Therefore, we selected linc-POU3F3 as candidate lncRNA to explore whether the different
distribution of T-reg was associated with lincPOU3F3. We first detected the expression level
of linc-POU3F3 in a larger samples mentioned
above. QRT-PCR confirmed the up-regulation of
linc-POU3F3 in peripheral blood T-reg cells of
GC patients comparing with the healthy controls (Figure 1E), further analysis showed that
increased linc-POU3F3 was highly associated
with tumor size as presented in Table 1 indicating that linc-POU3F3 might involve in the ectopic distribution of T-reg in GC patients.
Up-regulated linc-POU3F3 promoted T-reg differentiation resulting in increasing cancer cell
proliferation in vitro
To explore the affection of linc-POU3F3 on T
cell differenation especially on the distribution
of T-reg, we initially over-expressed linc-POU3F3
in Naive T cells isolated from GC patients. The
efficiency of over-expression assay by lentivirus
was confirmed (Figure 2A). T-reg subpopulation
detection indicated that up-regulated lincPOU3F3 could increase the ratio of T-reg in
vitro (Figure 2B, 2C). To further understand the
interaction of T-reg cell and cancer cell induced
by linc-POU3F3, we applied the transwell coculture system. As presented in Figure 2D, the
upper chamber was seeded with T cell treated
with linc-POU3F3 lentivirus and empty controls
while the bottom was supplied with GC cell line
(SGC-7901). After co-cultured for 5 days, the
proliferation of SGC-7901 cells was detected by
EDU assay. We obtained that co-cultured the T
cells with up-regulation of linc-POU3F3 could
promote the proliferation of cancer cells (Figure
2E).
Linc-POU3F3 activated TGF-beta signal pathway by recruiting TGF-beta
The differentiation of T-reg was known highly
associated with the TGF-beta signal pathway.
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Although linc-POU3F3 has been proved interacting with POU3F3 which could also increasing cell proliferation in cancer cells [20, 21], in
this study, we mainly focused on the function
role of linc-POU3F3 in immune cells instead of
cancer cells. Primary RIP assay has confirmed
that linc-POU3F3 could not bind with EZH2 in
human peripheral blood lymphocyte (data not
shown). Besides, The Human Protein ATLAS
database (http://www.proteinatlas.org) indicated that POU3F3 hardly expressed in human
lymphoid cells.
Accordingly, due to the essential role of TGFbeta, we next detected the interaction of lincPOU3F3 with TGF-beta. RIP assay was performed by using TGF-beta antibody in both
human peripheral blood lymphocyte and Jurkat
(known as T cell lines origin from acute lymphocytic leukemia). We found that linc-POU3F3
could directly binding with TGF-beta (Figure 3A)
and caused an up-regulation of TGF-beta was
confirmed by western blot as presented in
Figure 3B. We further analyzed whether the
TGF-beta was activated by determinded the
phosphorylation of SMAD2/3. We obtained
that both the phosphorylation of SMAD2
(Ser467) and SMAD3 (Ser423) was up-regulated following by the up-regulation of TGF-beta
(Figure 3B).
Discussion
T-reg is an important subpopulation of T lymphocytes. They were involved in many different
functions in immune processes and play crucial
roles in human disease, such as cancer, allergy
[22, 23]. It has been reported that the population of Treg cells in PBLs is significantly higher
than that in normal tissue in several malignancies [24]. T-reg cells could decrease the functions of innate and adaptive immune cells [6,
25]. Due to the important roles of T-reg in the
development of human malignant tumors, the
exploration of mechanism involved in the aberrant distribution of T-reg in human cancer was
very necessary.
In our research, we mainly focused on the
lncRNAs participating in T-reg cells of GC
patients. We showed that CD4+CD25+Foxp3+
Treg cells were increased in peripheral blood
of gastric cancer patients, as compared to
healthy donors. These results correlated well
with previous findings of increased frequencies
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of CD4+CD25+Foxp3+ Treg cells in tumor tissue,
detected by immunohistochemical analysis
[26]. Highthrought screening was applied to
explore the potential lncRNAs involved in GC
patients and healthy controls. Linc-POU3F3
was identified as the target lncRNA for further
investigation. We found that linc-POU3F3 could
promote the distribution of T-reg and further
increase the ability of cell proliferation. LincPOU3F3 was recently reported as an important
factor in the tumorigenesis of esophagus cancer by interacting with EZH2 and further influenced the expression of POU3F3 [20]. Thus,
we first determined to examine whether lincPOU3F3 could regulated POU3F3 as reported,
RIP assay indicated that linc-POU3F3 could not
directly bind with EZH2 which was not consistence with previous research. Further detection
obtained that POU3F3 hardly expressed in
human T cells as well as Jurkat cell line.
LncRNA is confirmed that could regulate gene
expression at different levels, including chromatin modification, transcription and post-transcriptional processing; however, according to
the function of linc-POU3F3, we first detected
the function of linc-POU3F3 in post-transcription level. Thus, we decided to examine whether linc-POU3F3 could interact with crucial factors involved in the differentiation of T-reg.
Antibody targeting TGF-beta was selected in
the next RIP assay, we found that linc-POU3F3
could recruit TGF-beta protein which caused a
up-regulation of TGF-beta and activation of
TGF-beta signal pathway.
In conclusion, the results demonstrated the
role of linc-POU3F3 in T-reg from peripheral
blood of gastric cancer patients. And furthermore, we preliminarily found that up-regulation
of linc-POU3F3 could promote the distribution
of T-reg resulting in increasing cell proliferation
by recruit TGF-beta. Our research might provide
a new foundation for the mechanism exploration of gastric cancer.
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