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Abstract
B cell subsets have been found to exhibit a negative regulatory function, like Tregs. The present
study investigates the effects of CD5+CD19+ interleukin (IL)-10 (B10) on the occurrence and development of oesophageal carcinoma by analysing B10 levels in the peripheral blood of patients with
oesophageal carcinoma. Peripheral blood of 120 oesophageal cancer patients and 120 healthy controls
were collected, and regulatory B cell counts were determined by flow cytometry. The level of B10 cells
in the peripheral blood of patients with oesophageal carcinoma was significantly higher than that in
healthy controls (p < 0.05). In addition, B10 levels in stage III-IV patients (3.5 ±0.7%) were higher than
those in stage I-II patients (2.5 ±0.6%), which were in turn higher than those in the healthy controls
(1.3 ±0.3%). The level of B10 increased with clinical progression of oesophageal cancer, suggesting
that B10 cells may influence the development or progression of oesophageal cancer.
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Introduction
Oesophageal carcinoma is a common malignant tumour, accounting for 1/8th of all cancer mortality [1, 2].
Previous studies have shown that subsets of regulatory
T cells (Tregs) play important roles in immune suppression in cancer patients [3]. In recent years, B cell subsets, specifically regulatory B cells (Bregs), have also
been found to exhibit a negative regulatory function, like
Tregs. Research has shown that this group of cells are B
cells (CD5+CD19+) that express CD5+ [4]. CD5+ B cells
produce autoantibodies and pro-inflammatory cytokines,
increase antigen presentation, and play an important role
in autoimmune diseases [5]. Based on the production of
different cytokines, CD5+B cells are divided into Br1, Br3,
and Breg, of which those responsible for the production of
interleukin (IL)-10 and for exerting a negative regulatory
effect on the immunity are referred to as Br1 (B10) [6, 7].
Recently, Noh et al. found that CD5+CD19+ Bregs secrete
IL-10 in peripheral blood of patients with allergic diseases [8]. Chen found that expression of CD5+CD19+ IL-10
Bregs in the peripheral blood of patients with hepatocellular carcinoma was higher than that in healthy controls,
suggesting that Bregs play a crucial role in the develop-

ment and prognosis of carcinogenesis [9]. To investigate
the relationship between B10 and oesophageal cancer by
defining the role of B10 in the diagnosis, treatment, and
prognosis of patients with oesophageal carcinoma, levels
of B10 were examined at different stages in oesophageal
cancer patients in this study.

Material and methods
Ethics statement
This study was approved by the Ethics Committee of
The Second People’s Hospital of Lianyungang, China.
The participants provided their verbal informed consent to
participate in this study, and this consent was recorded in
an electronic spreadsheet as approved by the Ethics Committee of The Second People’s Hospital of Lianyungang,
China.

Subjects
We collected peripheral blood from 120 oesophageal
cancer patients from the departments of thoracic surgery
and radiotherapy of Lianyungang Hospital Affiliated to
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Bengbu Medical College between December 2011 and
December 2013. All patients had no other complications
and did not accept operations before admission or chemotherapy. The patients (69 males, 51 females; age range:
50-70 years old, average age: 63.5 years) were grouped
according to the standard of staging set by the American
Cancer Coalition (Edge and Compton, 2010): I-II stage:
58 cases; III-IV stage: 62 cases. A total of 120 healthy
age- and sex-matched control subjects from the hospital
medical centre were included in the study.

Sample collection
The venous peripheral blood from patients (5 ml per
person) were extracted between 6 a.m. and 8 a.m. by using
heparin lithium anticoagulant tubes. The bloods were tested within three hours after collection.

Extraction and culture of peripheral blood
mononuclear cells
Two millilitres of whole blood was uniformly mixed
with 2 ml of phosphate buffered saline (PBS) and added to
a 3 ml lymphocyte extraction Ficoll centrifugal tube (GC,
America). The mixture was centrifuged at 1,500 × g for 30
minutes. After centrifugation, the contents of the tube were
divided into five layers: the top layer was a plasma layer,
followed by a mononuclear cell layer, separation liquid
layer, granule cell layer, and red cell layer. The mononuclear cells were transferred into another centrifuge tube
and 6 ml of PBS was added. The mixture was centrifuged
at 1,500 × g for 10 minutes and the supernatant was discarded. This operation was repeated twice. The washed
mononuclear cell number was adjusted to 2 × 106/ml by
adding RPMI1640. The mononuclear cell solution (0.5 ml)
was transferred into a Falcon flow tube (GC, America),
into which 2 µl of the stimulator (consisting of concanav4.0
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Ten microlitres of CD5-FITC (BD, America) and 10 µl
of CD19-PE (BD, America) were added to a Falcon tube,
mixed, and allowed to stand in the dark at room temperature for 15 minutes. Then, 100 µl of FIX & RERM Reagent
(A, ADG, Australia) was added, mixed, and left in the dark
at room temperature for 15 minutes. Three millilitres of
PBS was added to the Falcon tube and the mixture was
centrifuged at 1,500 × g for 5 minutes, after which the
supernatant was discarded. Then, 5 µl of IL-10 APC (BD,
America) was added, mixed, and left in the dark at room
temperature for 15 minutes. Next, 3 ml of PBS was added
to the Falcon tube and the mixture was centrifuged at 1,500
× g for 5 minutes, discarding the supernatant at the end.
Finally, 500 µl PBS was added, and the stained cells were
detected by flow cytometry (BD, America).

Statistical analysis
All data are presented as mean ± SD. Statistical analysis was performed using Statgraphics Centurion XV version 15.1.02. Multifactor ANOVA with posterior multiple
range test was used to determine significant differences
between groups.

Results
The CD5+B cell ratio in the peripheral blood of patients
with stage III-IV oesophageal cancer (3.49 ±1.08%, Fig. 1)
was higher than that of oesophageal cancer patients at stages I-II (2.53 ±0.86%, p < 0.05, Fig. 1), which was higher
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Fig. 1. The expression of CD5+B in the peripheral blood
of patients with oesophageal carcinoma and in the healthy
group. The different letters on the bars indicate significant
differences (p < 0.05). Data are shown as mean ± SD (n = 3)
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alin A, lipopolysaccharide, ionomycin, and staphylococcal
enterotoxin B) was then added. The mixture was incubated
at 37°C in a 5% CO2 incubator for 5 hours.
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Fig. 2. The levels of B10 in the peripheral blood of patients
with oesophageal carcinoma and in the healthy group. The
different letters on the bars indicate significant differences
(p < 0.05). Data are shown as mean ± SD (n = 3)
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still than that of healthy controls (1.57 ±0.81%, p < 0.05,
Fig. 1). The ratio of B10 subsets in the peripheral blood of
stage III-IV oesophageal cancer patients (3.5 ±0.7%) was
also higher than that of stage I-II oesophageal cancer patients (2.5 ±0.6%, p < 0.05, Fig. 2), which was in turn higher
than that of healthy controls (1.3 ±0.3%, p < 0.05, Fig. 2).

Discussion
The main functions of B10, which have recently attracted the interest of many scholars at home and abroad,
are inhibition of inflammation in autoimmune diseases
and anti-tumour activity [9-12]. In this study, B10 ratios
in the peripheral blood of oesophageal cancer patients and
healthy controls were compared. The results showed that
the B10 ratio in the peripheral blood between oesophageal
cancer patients increased significantly compared with the
healthy control group. These results are similar to a previous finding that the proportion of CD19+ IL-10B cells in
patients with liver cancer was higher than that in healthy
controls [9]. Inoue et al. proposed that the increased antitumor immune response in mice lacking B cells is related to
reduced secretion of IL-10 [13]. In addition, research has
shown that expression of CD19+ IL-10 gradually increases in patients with hepatocellular carcinoma on the first
day and one week after surgical operation, probably due
to removal of the suppressive effect of B10 by surgical operation [9]. Furthermore, experiments have shown that removal of Bregs is important for tumour clearance induced
in mice [14]. The current study found that expression of
CD5+ B cells is higher in oesophageal carcinoma patients
than in healthy controls. The results also showed that with
stronger inhibition of CD5+ B in oesophageal carcinoma
patients, expression of CD5+ B also became higher, and
this correlated positively with the stage of oesophageal carcinoma. This may be related to the amount of inhibition of
IL-10 secretion. We also found that as the amount of IL-10
increased, the inhibition became stronger.
In summary, the results showed that with higher clinical staging of oesophageal cancer, the immune function of
patients was lower, and B10 expression was higher. Thus,
our results suggest that B10 may be related to the development of oesophageal cancer.

2. Ferlay J, Shin HR, Bray F, et al. (2010): Estimates of worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer 127: 2893-2917.
3. Kandulski A, Malfertheiner P, Wex T (2010): Role of regulatory T cells in H. pylori-induced gastritis and gastric cancer.
Anticancer Res 30: 1093-1103.
4. Mizoguchi A, Bhan AK (2006): A case for regulatory B cells.
J Immunol 176: 705-710.
5. Duan B, Morel L (2006): Role of B-la cells in autoimmunity.
Autoimmun Rev 5: 403-408.
6. Hardy RR (2006): B-l B cell development. J Immunol 177:
2749-2754.
7. Noh G, Lee JH (2011): Regulalory B cells and allergic diseases. Allergy Asthma Immunol Res 3: 168-177.
8. Noh J, Noh G, Kim HS, et al. (2012): Allergen-specific response of CD19(+)CD5(+)Foxp3(+) regulatory B cells (Rregs)
and CD4(+)Koxp3(+) regulatory T cell (Tregs) in immune tolerance of cow milk allergy of late eczematous reactions. Cell
Immunol 274: 109-114.
9. Chen T, Song D, Min Z, et al. (2012): Perioperative dynamic
alterations in peripheral regulatory T and B cells in patients
with hepatocellular carcinoma. J Transl Med 25: 14.
10. Mauri C, Bosma A (2012): Immune regulatory function of
B cells. Annu Rev Immunol 30: 221-241.
11. Teichmann LL, Kashgarian M, Weaver CT, et al. (2012):
B cell-derived IL-10 does not regulate spontaneous systemic
autoimmunity in MRL.Fas(lpr) mice. J Immunol 188: 678685.
12. Mizoguchi A, Mizoguchi E, Takedatsu H, et al. (2002):
Chronic intestinal inflammatory condition generates IL-10
producing regulatory B cell subset characterized by CD1d
upregulation. Immunity 16: 219-230.
13. Inoue S, Leitner WW, Golding B, Scott D (2006): Inhibitory effects of B cells on antitumor immunity. Camel Res 66:
7741-7747.
14. Duan B, Morel L (2006): Role of B-la cells in autoimmunity.
Autoimmun Rev 5: 403-408.

The authors declare no conflict of interest.

References
1. Kamangar F, Dores GM, Anderson WF (2006): Patterns of
cancer incidence, mortality, and prevalence across five continents: defining priorities to reduce cancer disparities in
different geographic regions of the world. J Clin Oncol 24:
2137-2150.

Central European Journal of Immunology 2015; 40(2)

265

