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 Background: Regulatory B (Breg) cells are a group of B cells with immunomodulatory function, which mainly exert negative 
immunomodulatory function by secreting IL-10 and other cytokines. Due to their immunoregulatory proper-
ties, Breg cells may participate in the pathogenesis of acute myeloid leukemia (AML). This study was designed 
to explore the frequency of Breg cells and the relationship between the Breg cells and clinical data in patients 
with AML.

 Material/Methods: A total of 46 (36 in peripheral blood, 10 in bone marrow) AML patients and 15 healthy donors (HD) were in-
cluded for detection of Breg cells frequency by multicolor flow cytometry. All cases were divided into different 
groups according to FAB subtypes of leukemia, white blood cell count (WBC) levels, age, cytogenetic character-
istics, and molecular abnormalities, and were compared the differences of Breg cell frequency. Survival curve 
analysis was performed to estimate the value of Breg cell frequency in prognosis among cases with AML.

 Results: We found that the frequency of Breg cells was higher in AML patients both in peripheral blood (PB) and in 
bone marrow (BM) compared with those in HDs. The AML patients with high WBC levels had higher Breg cell 
frequency compared with those with low WBC levels. Low-risk patients with had lower Breg cells frequency 
compared to the medium-risk patients. The patients with high WBC and high Breg cells frequency showed a 
shorter overall survival. Similarly, the overall survival of AML patients in the older group with high Breg cells 
frequency was significantly shorter than in the younger group with low Breg cell frequency.

 Conclusions: For AML patients, the frequency of Breg cells was elevated, and high frequency of Breg cells may reveal poor 
prognosis.
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Background

Regulatory B (Breg) cells are a group of B cells with immuno-
modulatory function, which mainly exert negative immuno-
modulatory function by secreting IL-10 and other cytokines. 
IL-10-secreting Breg cells are involved in the pathogenesis of 
systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), 
and multiple sclerosis (MS) and play an important role in pre-
venting the occurrence of autoimmune diseases [1]. Studies 
have also reported that Breg cells could improve graft-versus-
host disease (GVHD) by secreting IL-10 or TGF-b [2,3]. Breg 
cells were also found to be involved in the pathological pro-
cess of oesophageal carcinoma, gastric cancer, and human he-
patocellular carcinoma [4–6]. Breg cells can inhibit the immune 
response of effector T cells to breast cancer, prostate cancer, 
and skin cancer and may participate in the immune regula-
tion of tumors [7,8].

Acute myeloid leukemia (AML) is a hematological malignancy 
with excessive proliferation of immature myeloid cells, which 
results in impaired differentiation and maturation. High white 
blood cell (WBC) index is a prognostic factor for AML [9]. High 
percentages of CD19+ B cells in newly diagnosed AML patients 
were reported to be unrelated to DFS and OS [10]. However, it 
has been reported that the transitional B cell frequency of pa-
tients with AML was higher than that of healthy controls, and 
patients sampled further from the end of chemotherapy had 
lower transitional B cell frequency [11]. The pathogenesis of 
AML is not yet fully elucidated and it is well recognized that 
abnormalities in the immune system are involved in the patho-
genesis of AML. It is generally believed that immune cells af-
fecting cancer mainly include regulatory T cells, effector T cells, 
and B cells. Due to their immunoregulatory properties, Breg 
cells participate in the pathogenesis of AML. Nevertheless, the 
expression profile of Breg cells in AML has so far been poor-
ly explored. The purpose of our study was to assess the fre-
quency of Breg cells and the relationship between the Breg 
cells and clinical data of patients with AML.

Material and Methods

Patients and controls

A total of 46 cases newly diagnosed AML patients at Sheng 
Jing Hospital of China Medical University from November 2017 
through February 2018 were enrolled in our study. We exclud-
ed acute promyelocytic leukemia patients. Diagnoses were 
carried out on the basis of the French-American-British (FAB) 
classification system.

We enrolled 15 healthy donors (HD) as healthy controls. 
Samples were obtained from the healthy donors only if they 

were not in abnormal immune status. Our study was autho-
rized by the local Ethics Committee.

Procedures of specimen collection and conduct

Peripheral blood mononuclear cells (PBMC) and bone marrow 
mononuclear cells (BMMC) were separated with lymphocyte 
separation reagents by density gradient centrifugation accord-
ing to the manufacturer’s recommendations.

Specific human anti-CD38- fluorescein isothiocyanate (cat. no. 
A07778), anti-CD24-phycoerythrin (cat. no. IM1428U), and an-
ti-CD19- phycoerythrinCy-5 (cat. no. A07771) monoclonal anti-
bodies were used to identify the phenotypes of cells. Antibodies 
were obtained from BECKMAN COULTER (Brea, CA).

For surface staining, cells from PBMC or BMMC were stained for 
30 min at 4° away from light with CD19- phycoerythrinCy-5, CD24-
phycoerythrin, and CD38- fluorescein isothiocyanate for extracel-
lular markers of Breg cells. After staining, cells were washed once 
in normal saline and resuspended in 340 ul normal saline, and the 
lymphocytes were gated according to FSC/SSC criteria. To confirm 
the specificity of the monoclonal antibody, homotypic controls 
were set for each fluorochrome. The results for Breg cells analy-
sis are expressed as percentages of total CD19+ B lymphocytes.

For immunophenotypic analysis, we used Kaluza Analysis 
Software version 2.0. (BECKMAN COULTER). Breg cells were 
described as CD19+CD24+CD38+. For each sample, a mini-
mum of 2×105 events in the gate of live cells were computed.

Chemotherapy regimens

Patients were treated with induction chemotherapy (7 days 
of continuous infusion cytarabine with 3 days of anthracy-
cline) and consolidation therapy (medium/high-dose cytara-
bine based chemotherapy) and no patients underwent allo-
geneic transplantation during our research.

Statistical analysis

Quantitative data are expressed as the mean plus or mi-
nus the standard. Differences in the frequency of Breg cells 
were assessed using Wilcoxon’s test or Mann-Whitney U test. 
Correlations between Breg cells and clinical data were assessed 
by Spearman’s correlation test. We considered all tests to be 
double-tailed with an a level of 0.05, which was statistically sig-
nificant. Analyses were carried out using the GraphPad PRISM 
5.0 software. Kaplan-Meier method was used for survival anal-
ysis. We used the log-rank and Breslow-Gehan-Wilcoxon tests 
to compare survival curves. The initial time for survival was 
the time of blood collection. All patients who survived were 
reviewed at the time of last follow-up for survival analysis.
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Results

The demographic characteristics of the patients with AML and 
the HD included in the study are given in Table 1. A total of 
46 patients and 15 healthy donors (as a control group) were 
included in the study.

The mean ±SD age of these patients with Bregs in peripher-
al blood (PB) was 49.64±15.02 years, and 23 (63.9%) patients 
were women. The mean ±SD age of these patients with Bregs 
in bone marrow (BM) was 42.60±23.50 years, and 5 (50.0%) pa-
tients were women. The mean ±SD age of HDs was 46.67±17.01 
years, and 11 (73.3%) healthy donors were women. There was 
no statistically significant difference between the patient group 
and the HD group in terms of demographic findings.

Frequency of Breg in AML patients and HDs

As exhibited in Figure 1, the frequency of Bregs was higher in 
AML patients, both in PB and in BM, compared with that in HDs. 
Nevertheless, no differences between the PB and BM were dis-
covered. A mean value of Breg cells of 25.29±10.68% (range, 
4.980–44.70%) in PB and 26.74±15.76% (range, 12.50–64.20) 
in BM was observed in patients compared with 11.16±9.601% 
(range, 1.050–38.20%) in HDs (P<0.0001, P=0.0242, respec-
tively). In summary, our data suggest that the AML patients 
have a significant rise in the frequency of Breg cells when 
compared to controls.

Association between Breg cells and clinical data

As shown in the Figure 2, there was no statistically significant 
difference in FAB subtypes of leukemia (Figure 2A). The AML 
patients were divided into 2 groups by the median of WBC. 
The AML patients with high WBC had higher frequency of Breg 
cells compared with the low WBC group (P=0.0251) (Figure 2B). 
The frequency of Breg cells was comparable between the old-
er and younger groups (P=0.6622) (Figure 2C).

The patients with good prognosis had a decreasing trend of 
Breg cells frequency compared to the medium prognosis group, 
poor prognosis group, and unknown prognosis group, but no 
significant differences were found (Figure 3A). The low-risk 
patients had lower Breg cells frequency compared to the me-
dium-risk patients (P=0.0097) (Figure 3B).

To investigate whether Breg cells affect clinical outcome, the 
survival of AML patients was examined. There were no sig-
nificant differences between the high WBC group and the 
low- WBC group (P=0.3778) (Figure 4A). When the high WBC 
group was further classified into 2 groups using the median 
of Breg cells positivity, cases in the high-Breg group showed 
a shorter overall survival compared with the low-Breg group 
(P=0.0119) (Figure 4B). We also assessed the influence of age 
and Breg cells frequency on patient survival. There was sim-
ilar overall survival between the younger group and the old-
er group (Figure 5A). Next, the patients were divided into 4 
groups based on the median frequency of Breg cells and the 

Characteristic

Finding

P valueAML (n=46)

PB (n=36) BM (n=10) HD (n=15)

Age (mean ±SD) (y) 49.64±15.02 42.60±23.50 46.67±17.01 0.7309

Female, No. (%) 63.9% 50.0% 73.3% 0.7455

FAB subtypes

M1 No. 2 1

M2 No. 11 4

M4 No. 8 2

M5 No. 15 3

Table 1. Demographic characteristics of patients with AML and HD.

Healthy donor AML-PB AML-BM

Breg frequency of CD19+ cells

***

*
80

60
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Figure 1.  Expression of Breg cells between AML and healthy 
donors. PB – peripheral blood; BM – bone marrow; 
NS – no significance. * Means P<0.05; *** means 
P<0.0001.
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median age. The overall survival in the older group with high 
Breg frequencies were significantly shorter than in the young-
er group with low Breg cell frequency (P=0.0272) (Figure 5B), 
suggesting that increased Breg cell frequency reflects poor 
prognosis in AML patients.

Discussion

Recent studies have found that there is a group of B cells 
with immunomodulatory function, which mainly exert neg-
ative immunomodulatory function by secreting IL-10 and 
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Figure 2.  Breg frequency of AML in PB. (A) Breg frequency in different FAB subtypes of leukemia; (B) Breg frequency with different 
WBC levels; (C) Breg frequency with different age groups; PB – peripheral blood. * Means P<0.05.
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Figure 3.  Breg frequency of AML in PB. PB – peripheral blood. (A) The frequency of Bregs in different SWOG groups of leukemia. 
(B) The frequency of Bregs with different prognosis. ** Means P<0.01.
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Figure 4.  Overall survival of AML. (A) The overall survival in different WBC groups. (B) The overall survival in different WBC and Breg 
groups.
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other cytokines. Studies have found that in autoimmune dis-
eases such as SLE, RA, MS, and myasthenia gravis (MG), Breg 
cells frequency was decreased [1,12,17] indicating that IL-10-
secreting Breg cells are involved in the pathogenesis of auto-
immune diseases and play an important role in preventing au-
toimmune diseases. Chang et al. [2] found that donor-derived 
CD19+CD24highCD38high Breg cells inhibit CD4+T cells by se-
creting TGF-b and IL-10, thereby regulating acute GVHD after 
hematopoietic stem cell transplantation (HSCT). Peng et al. [3] 
found mesenchymal stem cells (MSC) infusion upregulated Breg 
cells, which consequently improved chronic GVHD by secret-
ing IL-10. Breg cell also play an important role in the course 
of tolerance induction and maintenance of kidney transplan-
tation and islet allotransplantation [18,19]. The level of Breg 
cells of patients with oesophageal carcinoma and gastric can-
cer was significantly higher than that in healthy controls [4,5]. 
Boulassel et al. [20] found the levels of Breg cells were low-
er in patients with B cell non-Hodgkin lymphoma (NHL) com-
pared with that of healthy controls, and the frequency of Breg 
cells was remarkably increased after R-CHOP chemotherapy. 
Previous research has shown that Breg cells promote human 
hepatocellular carcinoma (HCC) growth and invasiveness [6].

Li et al. [21] found that a decrease in the percentage of Breg 
cells indicated a better prognosis in patients with advanced 
gastric cancer. Shao et al. [6] revealed that human Breg cells 
promoted human hepatocellular carcinoma tumor growth in se-
vere combined immune deficiency (SCID) mice. Song et al. [22] 
reported that an increased number of IL-10-producing Breg cells 
might play important roles in human hepatocellular carcinoma 
progression. In our study, the frequency of Breg cells markedly 
increased in patients with AML compared with HDs. We also 
found that the patients with high WBC and high Breg cells fre-
quency showed a shorter overall survival, and the overall surviv-
al of AML patients in the older group with high Breg frequency 

was significantly shorter than those in the younger group with 
low Breg cells frequency. Previous studies have reported the 
elevated WBC was associated with shorter survival [9,23,24]. 
The raised WBC might include abnormal granulocytes derived 
from leukemic precursors, which result in a poor prognosis. 
On the other hand, we found that the AML patients with high 
WBC levels had higher Breg cells frequency. Our results sug-
gested that immune factors were involved in the prognosis of 
AML. We also found that patients with low risk or good prog-
nosis had lower Breg cells frequency. From this point of view, 
Breg cells can be used to screen high-risk AML patients and 
provide a theoretical basis for future immunotherapy.

Our research has some limitations. The study had a relative-
ly small sample size. Moreover, because the sample avail-
ability was limited, we did not perform functional cellular as-
says. Further studies on the specific functions of Breg cells 
are warranted.

Conclusions

In conclusion, our findings suggest that AML patients had high-
er frequency of Breg cells, which predicted a shorter overall 
survival and poor prognosis, suggesting that Breg cells are in-
volved in AML pathogenesis. All these results open a new av-
enue in the study of tumor immunotherapy. Further studies 
are needed to clarify their specific roles in the pathophysiolo-
gy of AML occurrence and development, finally providing ad-
vances in clinical treatment.
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Figure 5.  Overall survival of AML. (A) The overall survival in different age groups. (B) The overall survival in different age and Breg 
groups.
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