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Introduction

Acute myeloid leukemia (AML) is a progressive and 
malignant cancer characterized by the rapid proliferation 
and accumulation of clonal leukemia cells, which disturbs 
normal hematopoiesis and causes marrow failure (Ferrara 
and Schiffer 2013). AML commonly occurs in the bone 
marrow, and several cells participate in the pathogenesis 
of AML, such as mesenchymal stromal cells (MSCs), adi-
pocytes, endothelial cells (EC), monocytes and fibroblasts 
(Huang et  al. 2015). Among them, MSCs are important 
non-hematopoietic progenitors with the capacity to dif-
ferentiate toward multiple mature cell types (Dominici 
and Blanc 2006). In addition, MSCs have been shown to 
protect tumor cells against the effects of chemotherapy 
(Houthuijzen et al. 2012). However, the mechanisms of the 
alterations observed in MSCs from patients with leukemia 
remain unclear.

Recent studies have revealed that T cell immunode-
ficiencies are common characteristics in hematological 
malignancies and play an important role in leukemia pro-
gression and promote the expansion of malignant clones 
(Shi et  al.  2015). In addition, immunosuppressive micro-
environment in the bone marrow where both innate and 
adaptive immune responses are profoundly dysregulated 
sustains and modulates the proliferation, survival and drug 
resistance of AML (Isidori et al. 2014). Mounting evidence 
indicated that regulatory T cell (Treg) which comprises 
5–10 % of peripheral CD4+ T cells mediates vigorous sup-
pression via contact-dependent and contact-independent 
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mechanisms (Szczepanski et  al. 2009). It has been shown 
that the prevalence of CD4+, CD25high and Treg in the 
peripheral blood of AML patients is increased in compari-
son with normal individuals (Wang et al. 2005).

To date, increasing research has demonstrated that 
various microRNAs (miRNAs) expression signatures are 
involved in the clinical heterogeneity of AML. The dys-
regulation of miRNAs generally contributes to multiple 
processes including cell apoptosis, proliferation, cell-cycle 
regulation and invasion in various diseases. Recently, miR-
10a was found to have significantly different expression 
levels in nucleophosmin-mutated AML patients (Havelange 
et  al. 2014). Through analysis of the association of miR-
10a expression with the clinical characteristics at diagnosis 
in AML patients, miR-10a might be served as a biomarker 
for AML (Zhi et al. 2015). Hayato Takahashi et al. (2012) 
indicated that miR-10a attenuated phenotypic conversion of 
regulatory T cells to helper T cells through targeting BCL-
6. In this study, we measured the effect of CD4+ T cell 
from AML patients on the growth of MSCs from healthy 
control and investigated the significances of miR-10a in 
this process.

Materials and methods

Isolation and expansion of patients’ MSCs from bone 
marrow

The study was approved by the Ethic Committee of Qilu 
Hospital of Shandong University, and written informed 
consent was obtained from subjects. MSC cultures were 
obtained from BM aspirates of 20 AML patients and 20 
healthy donors following marrow harvests. Total nucle-
ated cells were obtained and washed, and then cells 
were resuspended in low-glucose Dulbecco’s modi-
fied Eagle’s medium containing 15 % FBS and seeded at 
1.3 × 105 cells/cm2 in T-75-cm2 plastic tissue flasks. Cell 
cultures underwent medium change weekly and were main-
tained in the same culture dish until plastic-adherent spin-
dle-shaped cells were observed. When cell cultures reached 
80 % confluency, cells were trypsinized and harvested for 
further passaging. Cell numbers and viability were checked 
after every passage using trypan blue and a hemocytometer 
under an inverted light microscope.

Flow cytometry

The surface expression on BM-MSC was tested by flow 
cytometry using R-phycoerythrin-conjugated anti-CD14, 
anti-CD73, allophycocyanin-conjugated anti-CD90, 
CD34 or CD45, biotin-conjugated anti-CD19, PerCP 

Cy5-5-conjugated anti-CD105 and PerCp-conjugated anti-
HLA-DR. Surface markers of CD4+ T cells were evalu-
ated by FACS Canto, Calibur or Verse (BD).

MTT assay

The MTT (3-(3,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide) assay was performed as described previ-
ously (Stölzel et al. 2010). The absorbance was measured 
with a spectrophotometer (Bio-Rad Laboratories, CA, 
USA).

Western blot analysis

Proteins were isolated and separated on 12 % acrylamide 
gels. Nitrocellulose membranes (Takara, Dalian, China; 
diluted 1:500) were incubated with primary antibodies spe-
cific for BCL6 overnight at 4  °C. Blots were washed and 
incubated with horseradish peroxidase-goat anti-mouse 
secondary antibodies (Takara, Dalian, China; diluted 1: 
2000). Western blots were developed by chemilumines-
cence using the ECL Plus chemiluminescence detection kit 
(Takara, Dalian, China).

Quantitative real‑time PCR

Total RNA was extracted with the miRNeasy RNA iso-
lation kit following the manufacturer’s protocol. For 
miRNA quantitative analysis, RNA was reverse-tran-
scribed using the miscript system with NCode™ SYBR 
® Green miRNA quantitative real-time PCR (qRT-PCR) 
kit (Invitrogen, Carlsbad, CA, USA). All qRT-PCR was 
performed with the Bio-Rad CFX96. Real-time PCR 
arrays were acquired from SABiosciences and performed 
according to manufacturer’s instructions. Each sample 
was analyzed by the comparative threshold cycle (Ct) 
method. The expression levels of miR-10a were normal-
ized to U6, and the expression levels of BCL6 were nor-
malized to GAPDH.

Cell transfection and luciferase reporter assays

Cells were transfected with miR-10a mimic/inhibitor or 
control with Lipofectamine 2000 (Invitrogen, CA, USA) 
according to the manufacturer’s instruction. Cells were 
harvested after 48 h for following experiments. For lucif-
erase reporter assays, BM-MSC cells were seeded in 
24-well plates and transfected with recombinant vectors 
plus miR-10a mimic/inhibitor with Lipofectamine 2000. 
Firefly and Renilla luciferase activities were measured 
24 h later using the dual-luciferase reporter assay system 
from cell lysates.
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Statistical analysis

Data were expressed as mean ± SD. Statistical significance 
was determined by Student’s t test. A p value  <0.05 was 
considered significant.

Results

The growth of AML BM‑MSCs and healthy BM‑MSCs 
was compared

As BM-MSCs play a fundamental role in AML pathogen-
esis, we compared the morphology and characterization 
of BM-MSCs from AML patients and healthy control. 
According to the results in Fig.  1a, we found that AML 
BM-MSCs appeared to be more sparse and heterogene-
ous in morphology under light microscopy compared with 
healthy BM-MSCs. Surface marker expression of AML 
BM-MSCs and healthy BM-MSCs was measured by flow 
cytometry, such as the positive makers of CD73, CD90 and 
CD105, and the negative makers of CD45, CD14, CD19, 

CD34 and HLA-DR. As shown in Fig. 1b, BM-MSCs from 
AML patients and healthy donors expressed comparable 
amounts of these surface markers. The positive rates of 
both were over 98 %, and negative rates of both were below 
2  %. In addition, we observed that BM-MSC from AML 
grew slower than that from healthy people (Fig. 1c). How-
ever, the reason is unknown.

CD4+ T cells from AML patients secrete miR‑10a 
and inhibit the proliferation of BM‑MSCs

CD4+ T cells from AML patients were separated and puri-
fied with magnetic beads and analyzed by flow cytometry. 
It has been shown that 86.5 % of the cells were CD4+ T 
cells (Fig. 2a). To explore the effect of CD4+ T cells from 
AML patients on the proliferation of BM-MSCs, CD4+ 
T cells from AML patients and BM-MSCs from healthy 
donors were co-cultured in different ratio (0:1, 5:1, 10:1 
and 20:1). After removing the suspended T cells, cell pro-
liferation of BM-MSCs was detected by MTT assay. As 
shown in Fig.  2b, the concentration of BM-MSCs treated 
with CD4+ T cells was considerably lower than that treated 

Fig. 1   Growth of AML BM-MSCs and healthy BM-MSCs was com-
pared. a The morphology of AML BM-MSCs and healthy BM-MSCs 
was detected. b Surface marker expression of AML BM-MSCs and 

healthy BM-MSCs was determined by flow cytometry. c Cell prolif-
eration curve of AML BM-MSCs and healthy BM-MSCs was ana-
lyzed. Data represent the mean ± SD. **p < 0.01 versus control
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with none. In addition, this reduction was in a concentra-
tion-dependent manner of T cells. We further detected the 
expression of miR-10a in T cells from AML patients and 
healthy donors. MiR-10a was highly expressed in T cells 
from AML patients (Fig. 2c). To analyze the effect of miR-
10a on the growth of BM-MSCs from healthy donors, BM-
MSCs were transfected with miR-10a mimic or miR-10a 
inhibitor or the corresponding control. It has been shown 
that miR-10a mimic strongly inhibited the growth of BM-
MSCs and miR-10a inhibitor highly enhanced its growth 
(Fig. 2d).

CD4+ T cells from AML patients inhibit the 
proliferation of BM‑MSCs through secreting miR‑10a

To detect the role of miR-10a in the suppressed effect of 
CD4+ T cells from AML patients on the BM-MSCs pro-
liferation, T cells from AML patients were transfected with 

miR-10a antagomir or its control. After 24  h, qRT-PCR 
revealed that miR-10a antagomir significantly reduced the 
expression of miR-10a in T cells comparing to the control 
(Fig. 3a). Then, we examined the MSCs growth which were 
treated with the supernatant of T cells from AML patients 
transfected with miR-10a antagomir or its control. As 
shown in Fig. 3b, T cells from AML patients highly inhib-
ited the growth of MSCs. Furthermore, the inhibited extend 
of T cells transfected with antagomir control was stronger 
than that with miR-10a antagomir. These data indicated 
that CD4+ T cells from AML patients inhibited the prolif-
eration of BM-MSCs through secreting miR-10a.

MiR‑10a targets to BCL6

Through the bioinformatics prediction, we found that 
miR-10a could bind to the 3′-UTR of BCL6 (Fig. 4a). To 
detect the effect of miR-10a on the expression of BCL6, 

Fig. 2   CD4+ T cells from AML patients secreted miR-10a and 
inhibited the proliferation of BM-MSCs. a Flow cytometry was 
performed to identify the purity of T cells separated from leukemia 
patients. b CD4+ T cells from AML patients co-cultured with healthy 
BM-MSCs in different ratio (0:1, 5:1, 10:1 and 20:1). Then, CD4+ 
T cells suspended in BM-MSCs were removed at 0, 12, 24 and 48 h. 

The proliferation of BM-MSCs was detected through MTT assay. 
c The expression of miR-10a was examined in CD4+ T cells from 
AML patients and healthy control. d The effect of miR-10a on the 
proliferation of healthy BM-MSCs. Data represent the mean ±  SD. 
**p < 0.01; #p < 0.01 versus mimic control
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BM-MSCs from healthy donors were transfected with 
miR-10a mimic, miR-10a inhibitor and the controls. After 
24  h, we analyzed the mRNA level of BCL6 and found 
that miR-10a mimic significantly decreased the mRNA 
level of BCL6 in BM-MSCs. In addition, miR-10a inhibi-
tor enhanced the mRNA level of BCL6 (Fig. 4b). We fur-
ther constructed the luciferase report containing 3′-UTR 
of BCL6 and co-transfected into BM-MSCs from healthy 
donors with miR-10a mimic or miR-10a inhibitor. The 
luciferase assay indicated that higher luciferase activity of 
3′-UTR of BCL6 was observed in BM-MSCs transfected 
with miR-10a inhibitor (Fig.  4c). The protein level of 
BCL6 was detected by Western blot and demonstrated that 
miR-10a mimic also reduced the protein level of BCL6 in 
BM-MSCs (Fig. 4d). These findings showed that miR-10a 
targeted to BCL6 and regulated its expression in transcrip-
tion and translation levels.

The level of miR‑10a in serum of AML patients  
is negatively correlated with BCL6 in BM‑MSCs

Based on the above results, we detected the mRNA level of 
miR-10a in serum from AML patients and healthy donors. 
Comparing to the miR-10a level in serum from the healthy 
donors, the miR-10a level was greatly higher in AML 
patients (Fig.  5a). On the other hand, the mRNA level of 
BCL6 in BM-MSCs from AML patients was highly lower 
than that from healthy donors (Fig.  5b). To further detect 
the relationship between miR-10a and BCL6 level, correla-
tion analysis was performed and revealed that the level of 

miR-10a in serum of AML patients was negatively corre-
lated with BCL6 in BM-MSCs (Fig. 5c).

Discussion

In the present report, we examined the morphologic char-
acteristics of MSCs derived from patients suffering AML in 
comparison with healthy MSCs. Consistent with the previ-
ous results, we found that the growth of healthy BM-MSCs 
was significantly faster than AML BM-MSCs (Huang et al. 
2015). In addition, the CD4+ T cells from AML patients 
could secrete miR-10a and suppressed the growth of BM-
MSCs from healthy. Moreover, we further observed that 
CD4+ T cells from AML patients inhibited the prolifera-
tion of BM-MSCs through secreting miR-10a.

Previous studies have described that marrow-derived 
MSCs have increased capacity to support hematopoiesis 
and express higher levels of HSC maintenance genes (Mén-
dez-Ferrer et al. 2010). Stromal progenitors can also protect 
leukemic cells and other tumor cells. Recently, Huang et al. 
(2015) have reported that BM-MSCs from AML patients 
demonstrated cytogenetic aberrations either distinct from 
or overlapping with their corresponding leukemic blasts. 
Through comparing the functions and gene expression pat-
terns of BM-MSCs from healthy donors and patients with 
AML, Chandran et al. (2015) found that MSCs from AML 
patients had heterogeneous morphology and displayed a 
wide range of proliferation capacity compared with MSCs 
from healthy controls. This evidence indicated that the 

Fig. 3   CD4+ T cells from AML patients inhibited the proliferation 
of BM-MSCs through secreting miR-10a. a The effect of miR-10a 
antagomir on the expression of miR-10a secreted by CD4+ T cells 
from AML patients. b The effect of supernatant of T cells transfected 

with miR-10a antagomir on the proliferation of BM-MSCs. Data rep-
resent the mean ± SD. **p < 0.01 versus MSC only; #p < 0.01 versus 
antagomir control
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abnormalities of MSCs in BM microenvironment may con-
tribute to AML pathogenesis.

T cell immunodeficiency plays an important role in can-
cer and leukemia progression and promotes the expansion 
of malignant clones. It has been demonstrated that T cells 
showed the cytotoxicity in AML patients ( 2015). They may 
also impair antitumor immune responses that are known to 
be directed at least partly against auto-antigens expressed 
by the tumor cells (Greiner et al. 2008). In this study, we 
investigated the effect of CD4+ T cells from AML patients 
on the proliferation of BM-MSCs from healthy. Through 
co-culturing CD4+ T cells from AML patients and BM-
MSCs from healthy, we observed that CD4+ T cells from 
AML patients significantly suppressed the proliferation of 
BM-MSCs from healthy. To elucidate the potential mech-
anism of the function of CD4+ T cells for inhibiting the 
growth of BM-MSCs from healthy, we detected the expres-
sion of miR-10a.

Altered expression of miR-10 family members is found 
to be implicated in malignant transformation of several 

human malignancies, such as breast cancer, glioblastoma, 
neurofibromatosis, hepatocellular carcinoma and pancre-
atic cancer (Zhang et  al. 2006; Ciafre et  al. 2005; Chai 
et al. 2010; Varnholt et al. 2008; Bloomston et al. 2007). In 
AML, miR-10a-5p which belonged to miR-10 family was 
identified as one of the six up-regulated miRNAs accord-
ing to the report of Zhi et al. (2013). Bryant et al. ( 2012) 
have suggested that highly overexpressed miR-10a-5p was 
observed in  nucleophosmin-1 mutated-AML. Moreover, 
the expression of hsa-miR-10a miRNA is down-regulated 
in chronic myeloid leukemia patients and that hsa-miR-10a 
regulates the expression of USF2 (Agirre et al. 2008). Here, 
in this study, miR-10a was secreted by CD4+ T cells from 
AML patients and inhibited the proliferation of BM-MSCs 
from healthy. In addition, miR-10a antagomir attenuated 
the suppressed effect of T cells on the growth of MSCs. 
To further elucidate the regulation of miR-10a in AML 
patients, bioinformatics prediction revealed that miR-10a 
could bind to the 3′-UTR of BCL6. BCL6 was also iden-
tified as the biomarkers and therapeutic targets in adult 

Fig. 4   MiR-10a targeted to BCL6. a The prediction of the binding 
of miR-10a to BCL6. b The effect of miR-10a mimic and miR-10a 
inhibitor on the expression of BCL6 in healthy BM-MSCs. c The 
luciferase activity of BCL6 3′-UTR reporter in healthy BM-MSCs 

transfected with miR-10a mimic or miR-10a inhibitor. d The protein 
level of BCL6 in healthy BM-MSCs transfected with miR-10a mimic 
or miR-10a inhibitor. Data represent the mean ±  SD. **p  <  0.01; 
#p < 0.01 versus mimic control
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B-acute lymphoblastic leukemia, whose blockade or loss 
of function suppressed proliferation and survival of MLL 
rearrangements leukemia cells (Geng et al. 2012). BCOR, 
the BCL6 corepressor, is a pivotal transcriptional regulator 
of early embryonic development, mesenchymal stem cell 
function and hemopoiesis (Zagaria et al. 2014). We showed 
that the level of miR-10a in serum of AML patients was 
negatively correlated with BCL6 in BM-MSCs.

In summary, our report describes the suppressed func-
tion of CD4+ T cells from AML patients on the prolifera-
tion of BM-MSCs from healthy. Further, these abnormali-
ties are implicated in the abnormal expression of miR-10a. 
Finally, we identified BCL6 to be a target of miR-10a in 
patients with AML. Based on these studies, the clinical 
impact of T cells and miR-10a in AML warrants further 
investigations. These findings may have implications in the 
understanding of AML, establishing management strategies 
and estimating prognosis.
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