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Background: Berberine (BBR) is a natural alkaloid derived from a traditional Chinese herbal medicine. However, the
exact mechanisms underlying the different effects of berberine on MM cells have not been fully elucidated. Methods: A
systematic analysis assay integrated common signaling pathways modulated by the 3 miRNA clusters and mRNAs in
MM cells after BBR treatment. The role of the mir-99a»125b cluster, an important oncomir in MM, was identified by
comparing the effects of t-anti-mirs with complete complementary antisense locked nucleic acids (LNAs) against
mature mir-125b (anti-mir-125b). Results: Three miRNAs clusters (miR-99a»125b, miR-17»92 and miR-106»25) were
significantly down-regulated in BBR-treated MM cells and are involved in multiple cancer-related signaling pathways.
Furthermore, the top 5 differentially regulated genes, RAC1, NFkB1, MYC, JUN and CCND1 might play key roles in the
progression of MM. Systematic integration revealed that 3 common signaling pathways (TP53, Erb and MAPK) link the 3
miRNA clusters and the 5 key mRNAs. Meanwhile, both BBR and seed-targeting t-anti-mir-99a»125b cluster LNAs
significantly induced apoptosis, G2-phase cell cycle arrest and colony inhibition. Conclusions: our results suggest that
BBR suppresses multiple myeloma cells, partly by down-regulating the 3 miRNA clusters and many mRNAs, possibly
through TP53, Erb and MAPK signaling pathways. The mir-99a»125b cluster might be a novel target for MM treatment.
These findings provide new mechanistic insight into the anticancer effects of certain traditional Chinese herbal
medicine compounds.

Introduction

Berberine (BBR), a clinically important natural isoquino-
line alkaloid derived from the Berberis species, has been
reported to exhibit multiple pharmacological activities includ-
ing anti-cancer effects.1-3 Recent studies indicated that BBR
down-regulates both the mRNA and protein levels of IL-6,
which is a key factor in the proliferation of multiple mye-
loma (MM) cells.4,5 Thus, it is possible that BBR may be
effective in suppressing MM cells. However, the exact mecha-
nisms underlying the different effects of berberine on MM
cells have not been fully elucidated.

MM is a malignant clonal B cell proliferation of bone marrow
plasma cells, characterized by profound genomic instability
involving both numerical and structural chromosomal aberra-
tions of potential prognostic relevance.6 Nearly half of MM

tumors are hyperdiploid with multiple trisomies of nonrandomly
odd-numbered chromosomes and a low prevalence chromosome
13 deletion and chromosomal translocations involving the
immunoglobulin heavy chain (IgH) locus at 14q32.7 It has been
suggested that chromosomal abnormalities and other types of
genetic or epigenetic alterations might contribute to miRNA
deregulation in cancer.8-10

Accumulating evidence suggests that miRNAs that are signifi-
cantly overexpressed in tumors may represent a novel class of
oncogene. Termed “oncomirs,” these oncogenic miRNAs usually
promote tumor development by negatively regulating tumor sup-
pressor genes that control various biological processes. Therefore,
altering oncomir expression is a promising cancer treatment
strategy.11,12

Recently, differential expression of miRNA clusters has been
found in MM. These miRNA clusters are usually oncomirs with
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high levels of expression, including miR-17»92, mir-99a»125b
and miR-106»25.10

To characterize miRNAs in the context of the major MM
molecular types, Lionetti et al.10 generated miRNA expression
profiles of highly purified malignant plasma cells from 40 pri-
mary tumors. Multiclass analysis identified a set of 26 miRNAs
showing highly significant differential expression across the 5 TC
(translocation/cyclin D) groups. In particular, 10 (38%) miR-
NAs (including miR-99a, miR-125b, and let-7c) were expressed
at higher levels in TC5 than in the other classes and belong to a
paralogous cluster on 21q21.1.

We show that BBR significantly down-regulates the
expression level of some members of the miRNAs clusters,
including miR-17»92, mir-99a»125b and miR-106»25
(Fig. 1). Bioinformatic analysis shows that these 3 clusters

are involved in multiple cancer-related signaling pathways in
BBR-treated MM cells, and mir-125b participates in all sig-
naling pathways. Therefore, the mir-99a»125b cluster can be
considered as one of the most important oncomirs in MM
cells treated with BBR. Furthermore, 5 differentially
expressed genes after BBR treatment (RAC1, NFkB1 MYC,
JUN and CCND1) might play a key role in pathogenesis
and progression of MM.

MicroRNAs (miRNAs) have critical roles in the regulation of
gene expression. miRNA activity requires base pairing with only
7–8 nucleotides of a mRNA; therefore, the 8-mer seed sequence
of miRNAs is a key feature in mRNA target recognition 13 and
plays a critical role in miRNA activities. Therefore, the seed
sequence is a novel target of anti-miRNAs (anti-mirs).14 A seed-
directed 8-mer antisense locked nucleotide acid (LNA), termed

Figure 1. Unsupervised clustering analysis of miRNA cluster expression in BBR-treated MM cells and miRNA cluster chromosomal loci. (A) Heat maps illus-
trating unsupervised clustering of the 3 miRNA clusters that were weakly expressed after BBR treatment. The red and green colors indicate relatively low
and high fold expression changes, respectively. (B) The 3 miRNA clusters (miR-17»92, 105»25 and 99a»125b) are located on different chromosomes.
(C) Real-time RT-PCR analysis of miR-99a»125b cluster was performed in multiple myeloma cell lines (RPMI-8266 and U266) and normal bone marrow-
derived CD138C plasma cells from healthy donors. The data are shown as mean § SD. *P< 0.05 vs control group.
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t-anti-mir, has been successfully applied to the functional identi-
fication of miRNAs.14

In this work, we present a systematic integration of common
signaling pathways modulated by the 3 miRNA clusters and
mRNAs identified in MM cells after BBR treatment. We also
identify the role of the mir-99a»125b cluster, an important
oncomir in MM, by comparing the effects of t-anti-mirs with
complete complementary antisense LNAs against mature mir-
125b (anti-mir-125b). Our findings provide new insight into
anti-cancer mechanisms of traditional Chinese herbal medicines.

Results

BBR modulates miRNA cluster expression in MM
Among the 1152 probes, 87 miRNAs were differentially

expressed between control and BBR-treated cells. Of these, 49
were downregulated and 38 were up-regulated compared with
the control. Further analysis revealed that the miR-17»92,
105»25 and 99a»125b clusters [located on different chromo-
somes (Fig. 1B)] were down-regulated by BBR treatment
(Fig. 1A). Among these clusters, mirFocus software identified 7
miRNAs that are involved in p53 signaling, the cell cycle and
other cancer pathways. Of these, miR-125b has the most identi-
fied target genes and participates in all of the above signaling
pathways (Table S1). Thus the mir-99a»125b cluster can be
considered as one of the most important oncomirs. Figure 1C
showed that miR- 99a»125b cluster expression level were mod-
erately higher in MM cells (RPMI-8266 and U266) than in nor-
mal CD138C plasma cells. These results imply that miR-
99a»125b cluster might also function as an oncomir in MM.
These results suggest that BBR suppression of MM cells might
involve miRNA cluster-mediated gene expression.

BBR modulates the mRNA expression profile in MM cells
Of the 25,100 genes represented on the microarray, 1893

were differentially expressed between BB-treated and control cells
(Fig. 2A); 820 were downregulated, and 1073 were upregulated
compared with the control. Integrative analysis of the 1893
mRNA expression profiles was used to reconstruct a gene regula-
tory network using R software with the gplots package (Fig. 2B).
Among these genes, Rac1, NFkB1, MYC, JUN and CCND1
had the most nodes and are, therefore, indicated as key genes in
BBR-induced pathways. Integrative analysis showed that the 5
genes are involved in p53 signaling, the cell cycle and other can-
cer pathways (Table S2).

Integration of signaling pathways common to the 3
differentially expressed miRNA clusters and key mRNAs

To explore the connections among miRNAs and mRNAs, we
integrated signaling pathways in which the 3 miRNA clusters
and the differentially expressed mRNAs are involved. The results
showed 3 common pathways (TP53, ErbB and MAPK signaling
pathways) for these 2 groups (Fig. 3A). Western blot confirmed
that BBR downregulated P65, Rac1 and Myc protein level
(Fig. 3B).

BBR and t-anti-miR-99a»125b cluster LNAs induce
apoptosis and G2-phase arrest

To investigate whether BBR treatment or miR-99a»125b
cluster inhibition could induce apoptosis in MM cells, RPMI-
8266 cells were treated with BBR or transfected with t-anti-
miR-99a»125b cluster LNAs. The cells were then stained with
annexin V and propidium iodide (PI), and assessed with flow
cytometry. As shown in Figures 4A and C, treatment with
75 mM BBR significantly induced cell apoptosis. Similar results
were also observed when miR-125b was knocked down by t-
anti-miR-125b or anti-miR-125b, suggesting that seed-targeting
with t-anti-miR-125b has a similar effect to anti-miR-125b,
whereas t-anti-mir-99a and t-anti-mir-let7c did not have such
an effect.

To elucidate the influence of BBR treatment or inhibition of
the miR-99a»125b cluster on the cell cycle, RPMI-8266 cells
treated with BBR or transfected with t-anti-mir LNAs against the
miR-99a»125b cluster were subjected to flow cytometry cell
cycle analysis. As shown in Figures 4B and C, BBR treatment
resulted in an accumulation of cells in the G2/M phase. Interest-
ingly, miR-99a»125b cluster inhibition by t-anti-mir LNAs pro-
duced almost identical effects on the cell cycle.

Effect of miR-99a»125b cluster inhibition on cell colony
formation

Cell colony growth is closely related to neoplastic capacity.
The effect on neoplastic capacity of the miR-99a»125b cluster
in RPMI-8266 cells was assessed by the methylcellulose colony
formation assay. Inhibition of the miR-99a»125b cluster signifi-
cantly reduced colony number 1 week post-transfection in com-
parison to the control t-SCR groups (Fig. 5). An identical result
also was seen for the BBR and anti-miR-125b groups.

Inhibition of the miR-99a»125b cluster in RPMI-8266 cells
promotes B-lineage cell differentiation

To investigate the effect of anti-miR-125b and t-anti-miR-
99a»125b cluster LNAs toward B-lineage differentiation capac-
ity, CD19 expression on the cell surface was measured in RPMI-
8266 cells. There was a significant increase in CD19-positive cells
transfected with antimiR-125b and t-antimiR-99a»125b cluster
LNAs, compared with cells in the control t-SCR or SCR groups.
BBR had no such effect (Fig. 6).

Discussion

In our study, systematic integration analysis showed that 3
common signaling pathways (TP53, Erb and MAPK) are affected
by the differential expression of miRNA clusters and their target
genes in response to BBR (Fig. 3A). MAPK signaling pathway
affected by BBR has been comfirmed in breast cancer.15 NFkB,
Rac1 and MYC in 3 common signaling pathways have been vali-
dated to be significantly downregulated using western blot
(Fig. 3B).

Among three pathways, TP53 acts as a potent transcription
factor and can be activated in response to diverse stresses, leading
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to cell cycle arrest, apoptosis and senescence in MM.16 Monoal-
lelic deletion of TP53 in MM, which often occurs without muta-
tion to the other allele, is associated with an extremely poor
prognosis.17 This supports the idea that a decrease in TP53 levels
is associated with tumor progression and numerous reports have
shown that therapeutic induction of TP53 might be particularly
suitable for the treatment of hematological malignancies,18

including MM.19,20

Recent research shows that alteration of miRNA expression
during progression from monoclonal gammopathy of

undetermined significance (MGUS) to newly diagnosed MM
could be partially responsible for TP53 inactivation in MM
patients.21 Some reports have revealed that several miRNAs are
important components of the TP53 tumor suppressor network
with miR-125b directly targeting TP53.22,23 Dexamethasone is a
key front-line chemotherapeutic for B-cell malignant MM that
modulates MM cell survival signaling, but which fails to induce
marked cytotoxicity as a monotherapy. However, use of antisense
miR-125b transcripts enhanced expression of pro-apoptotic p53
and significantly promoted dexamethasone-induced cell death

Figure 2. Unsupervised clustering analysis of mRNA expression in BBR-treated MM cells. (A) Heat maps illustrating unsupervised clustering of mRNAs
that were differentially expressed after BBR treatment. The red and green colors indicate relatively low and high fold expression changes, respectively.
(B) Integrative analysis of mRNA expression profiles to reconstruct a gene regulatory network. Among all genes, these 5, each having the most nodes,
are considered key genes in BBR-induced pathways: (Rac1, NFkB1, MYC, JUN and CCND1).
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responses in MM. Indeed, epigenetic cross-talk between miR-
125b and TP53 has also been demonstrated.24

It is well known that the bone marrow microenvironment
plays a prominent role in the biology of MM. Of the 5 identified
key genes (NFkB, Rac1, MYC, JUN and CCND1), 3 are down-
graded by BBR: NFkB, Rac1 and MYC (Fig. 2, Table S2).
These three genes act a critical role in the MM microenviron-
ment. NFkB activation plays a crucial role in anti-apoptotic
responses following apoptotic signaling during tumor necrosis
factor (TNFa) stimulation in MM. Specific drugs, used alone or
in combinations to treat MM have inhibitory effects on the
NFkB pathway.25,26

The interaction of MM cells with the bone marrow milieu
plays a crucial role in MM pathogenesis. Stromal cell-derived fac-
tor-1 (SDF1) regulates homing of MM cells to the bone marrow.
We found that Rac1 acts key roles in SDF1-induced adhesion of
MM cells to bone marrow stromal cells, and Rac1 inhibitors
reduced SDF1-induced polymerization of actin and activation of
LIMK, SRC, FAK, and cofilin.27 Therefore, Rac1 GTPases
might be novel MM therapeutic targets by inducing the homing
of MM cells to bone marrow niches27 Furthermore, the
DOCK2–Rac1 pathway activated by CXCL12 and S1P was
required for stimulation of myeloma cell adhesion involving
a4b1.28

Recent studies have suggested that c-Myc over-expression may
be a factor indicating poor prognosis in MM.29 Myc rearrange-
ments are found in nearly 50% of MM, including smoldering
MM, and they are heterogeneous in some cases. Rearrangements
reposition Myc near a limited number of genes associated with
conventional enhancers, but mostly with super-enhancers. These
data suggest that Myc rearrangements, regardless of when they
occur during MM pathogenesis, contribute to tumor
autonomy.30

miRNAs from the mir-99a»125b cluster are transcribed
together on the same miRNA polycistron, and are over-expressed

in multiple hematological malignancies. The mir-99a»125b
cluster is able to function as an oncomir in leukemia31,32 and
prostate cancer.33 Recent studies report that miR-125b is multi-
faceted and able to function as an oncomir or a tumor suppressor,
depending on the cellular context.34 Our work shows that BBR
could silence mir-125b, mir-99a and let 7c in MM cells. How-
ever, in response to BBR, the exact role of the mir-99a»125b
cluster in MM is elusive. Here, seed sequence-targeting t-anti-
mirs were used to antagonize mir-99a»125b cluster function.

In the present study, we showed that t-anti-mir-125b, like
BBR, induced apoptosis, whereas t-anti-mir-99a and t-anti-mir-
let7c did not. t-anti- mir-99a»125b cluster LNAs, similar to
BBR, lead to G2 phase arrest (Figs. 4A and B). Colony growth
was closely related to neoplastic capacity. We found that RPMI-
8266 cells treated with mir-99a»125b cluster LNAs, or BBR
produced fewer colonies compared with the control groups
(Fig. 5). Interestingly, inhibiting miR-99a and let-7c does not
induce apoptosis, but induces G2 arrest. Perhaps their target
genes are different from that of mir-125b.

CD19 is an antigen expressed at an early stage of B differentia-
tion and is always present on the majority of normal plasma cells.
Reactive plasma cells also express CD19; however, neoplastic
plasma cells show no or only a low level of CD19 expression.35,36

Enforced expression of CD19 in human myeloma cell lines
resulted in growth inhibition and reduced tumorigenicity,26 indi-
cating that CD19 has an inhibitory effect on MM. Our study val-
idated that CD19 is weakly expressed on the RPMI-8266 cell
surface, in agreement with a previous report.35,36 After transfec-
tion, t-anti-miR-99a»125b cluster LNAs significantly increased
numbers of positive CD19 cells (Fig. 6). Because of the loss of
CD19 expression in MM, CD19 is considered a most useful bio-
marker to discriminate neoplastic plasma cells from reactive
plasma cells.37 These data support the utility of tiny LNAs in elu-
cidating the functions of miRNA families in vitro and miRNAs
as molecular targets for natural product anticancer agents.38-40

Figure 3. Overlap of signaling pathways among those affected by differential expression of mRNAs and miRNA clusters in BBR-treated MM cells. (A) The
signaling pathways in which the 3 differentially expressed miRNA clusters and mRNA profiles are involved were integrated. The results showed that
TP53, ErbB and MAPK signaling pathways are common in BRB-treated MM cells. (B) Western blot confirmed that BBR suppressed protein expression of
TP53, ErbB and MAPK.
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In conclusion, BBR modulates the expression profile of miR-
NAs and mRNAs in MM cells, and the mir-99a»125b cluster
functions as an oncomir in MM cells. BBR suppresses MM cells,

in part by down-regulating
3 miRNAs clusters and
many mRNAs, possibly
through TP53, ErbB and
MAPK signaling pathways.
These findings may also
provide a new mechanistic
insight into the anticancer
effects of certain traditional
Chinese herbal medicine
compounds.

Materials and
Methods

Cell lines and normal
control samples

MM cell line RPMI-
8266 and U266, were
obtained from the Shang-
hai Institute of Cell Biol-
ogy. The cells were
cultured in RPMI contain-
ing 25 mM HEPES, 10%
fetal bovine serum (FBS),
0.05 mM 2-mercaptoetha-
nol, 1 mM sodium pyru-
vate, 2 mM L-glutamine,
100 U/mL penicillin, and
50 U/mL streptomycin at
37�C in a 5% CO2 humid-

ified atmosphere (Thermo FORMA 3110, USA). Normal con-
trol samples were obtained from 3 healthy donors. Plasma cells
were purified from BM aspiration using CD138

Figure 4. BBR and t-anti-
miR-99a»125b cluster LNA-
induced cell apoptosis and
G2 phase arrest. (A) RPMI-
8266 cells were treated with
75 mM BBR or 0.5 mM t-anti-
miR-99a»125b cluster LNAs
for 48 h, then stained with
FITC-conjugated annexin V
and PtdIns, followed by flow
cytometry analysis. (B) RPMI-
8266 cells were collected
48 h after treatment and
stained with PI solution. Cell
cycle was analyzed using
flow cytometry. (C) The
results are shown as the
average of 3 replicates for
apoptosis and cell cycle. One
asterisk (*) denotes a P-value
< 0.01 vs. blank or SCR
groups.
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immunomagenetic
microbeads (MidiMACS;
Miltenyi Biotec). The
purity of the positively
selected plasma cells
(� 90% ) was assessed by
flow cytometry.

Antisense LNAs and
transfection

The sequences of anti-
mir-99a»125b cluster
LNAs were designed
according to the principles
of sequences complemen-
tary to mature miRNAs.
The LNA sequences used
in this study were as fol-
lows: anti-miR-125b, 50-
AGG GAC TCT GGG
ATTT GAA CAC T-30

(22 bp); t-anti-miR-125b,
50-AGG GAC TC -30; t-
anti-miR-99a, 50-TTG
GGC AT -30; t-anti-miR-
let-7, 50-ACT CCA TC-30;
Scramble (SCR), 50 -TCA-
TACTA-30 (8 bp)
(Fig. S1). All LNAs were
chemically synthesized
and/or modified with fluo-
rescein isothiocyanate
(FITC) by the Shanghai
Sangon Bio-engineering
Company.

BBR was purchased
from Sigma-Aldrich.
RPMI-8266 cells in the
exponential phase of
growth were seeded in 96-
or 24-well plates (Costar)
and transfected with
0.5 mM t-anti-miR-
99a»125b cluster LNAs
using Lipofectamine 2000 reagent (Invitrogen) in serum-free
RPMI-1640.

Microarray analysis of miRNA and mRNA expression
Based on our preliminary study, 75 mM BBR was used to

treat RPMI-8266 cells for 48 h. Total miRNA from 1 £ 108

cells was isolated using mirVANATM miRNA Isolation kits
according to the manufacturer’s instructions. A total of 4 mg of
miRNA was labeled with Cy3/Cy5 using mirVANA miRNA
labeling kits and hybridized on an miRNA microarray (CSC-
GE-3, Chipscreen Biosciences, Shenzhen, China). Similarly,
RNA Samples (4 mg) labeled with Cy3/Cy5 were hybridized on

an mRNA microarray (CSC-GE-30, Chipscreen Biosciences)
containing 39,557 oligonucleotide probes. Each chip was
scanned with a Generation III array scanner (Amersham Pharma-
cia). Data analyses were performed using Imagequant 5.0 (Array
Vision 6.0).

Real time qRT-PCR analysis of miR-99a»125b cluster
expression level

Total RNA was isolated from RPMI-8266, U266 cells and
normal control cells using ENgeneTM RNA Miniprep Kit (Bio-
MIGA, USA) according to the manufacturer’s instructions.
cDNA was prepared from total RNA using a Hight Capacity

Figure 5. BBR and anti-miR-99a»125b cluster LNAs suppress colony formation. (A) Schematics of representative col-
ony formation. Colony growth capacity was assessed by the methylcellulose colony formation assay. RPMI-8266 cells
were treated with 75 mM BBR or 0.5 mM anti-miR-99a»125b LNAs and the number of colonies were observed and
counted under light microscopic observation after incubation for one week (B) The results are shown as the average
of 3 replicates. One asterisk (*) denotes the P-value< 0.01 vs. blank or SCR groups.
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cDNA Reverse Transcription Kit (Genepharma, shanghai,
China). The expression of mature of miR-99a»125b cluster was
quantified via real-time PCR using the Hairpin-itTM miRNAs
qPCR Quantitaion Kit (GenePharma, shanghai, China). Quanti-
zation of U6 was used as the endogenous control to normalize
miRNA expression level. qPCR was performed in the ABI

7900HT Sequence Detection System
(Applied Biosystems, Foster City, CA).
Independent experiments were per-
formed in triplicate. The quantity of
RNA expression was calculated using
the 2¡DDCt method of relative
quantification.

Bioinformatic analysis
miRFocus software (http://mirfocus.

org), developed by LC Science USA,
was used for miRNA-target gene path-
way analysis and the related miRNA
annotations. R software with gplots
package was used to study PPI (protein-
protein interaction) and network con-
struction. the Kyoto Encyclopedia of
Genes and Genomes (KEGG) signaling
pathway is integrated by the Database
for Annotation, Visualization and Inte-
grated Discovery (DAVID) v6.7 tools as
the official gene symbol.

Western blot
Cellular lysates from RPMI-8266

cells were immunoblotted with mono-
clonal anti-RalA antibody. Breifly, after
treatment with 75 mM BBR for 48 h,
RPMI-8266 cells were lysed in RIPA
buffer in the presence of proteinase
inhibitor (Biocolor BioScience & Tech-
nology Company, Shanghai, China).
Cell lysates (30 mg) were denatured in
Laemmli sample buffer (Bio-Rad) for
5 min at 100�C, electrophoresed on
10% SDS-PAGE gel, and transferred to
a polyvinylidene fluoride membrane.
The membrane was blocked with 5%
(w/v) fat-free milk in Tris Buffered
Saline (TBS) and 0.5% (v/v) Tween-20
for 1 h. The blots were then incubated
with antibodies at 4�C for overnight.
Anti-NF-kappa B p65 and anti-Rac1
antibody were obtained from CST (Cell
Signaling Technologies. INC.). Anti-
MYC antibody was from Santa Cruz
Biotechnology), After washing, the blots
were then incubated with horseradish
peroxidase-conjugated secondary anti-
body. The signals were visualized with

enhanced chemiluminescence (ECL) (BeyoECL Plus, Beyotime
company), and analyzed using a BI-2000 system.

Flow cytometry
Flow cytometry was performed to analyze the cell cycle profile

and apoptosis. For analysis of the cell cycle, cells transfected with

Figure 6. miR-99a»125b cluster inhibition promotes B-lineage differentiation in RPMI-8266 cells. The
cells were immunostained for 30 min with PE-conjugated CD19 antibody. B-lineage differentiation
was evaluated by expression of CD19-PE. Inhibition of miR-99a»125b cluster promotes B-lineage dif-
ferentiation in RPMI-8266 cells.
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t-anti-miR-99a»125b cluster LNAs (0.5 mM) were collected,
rinsed twice with phosphate buffered saline, fixed in 70% ethanol
for 1 h at 4�C, stained with PtdIns solution (50 mg/ml) contain-
ing RNase A (200 mg/ml). The cell cycle was analyzed using
flow cytometry according to DNA content. To analyze apoptosis,
cells were stained with fluorescein isothiocyanate (FITC)-conju-
gated annexin V and PI. For each sample, data from approxi-
mately 10,000 cells were recorded in the list mode on
logarithmic scales. Apoptotic and necrotic cells were analyzed by
performing quadrant statistics on PtdIns-negative/annexin V-
positive cells and PI/annexin V double-positive cells, respectively.

Colony assay
The colony assay for dispersed single cells was performed to

measure the capacity for cell colony formation. After the harvest
of cells treated with BBR (75 mM) or anti-miR-99a»125b clus-
ter LNAs (0.5 mM), cells (1 £ 103) were seeded onto a 24-well
plate, and thoroughly mixed with 0.9% methylcellulose solution
in RPMI-1640 containing 20% FBS, 2 mM L-glutamine and
5 mM 2-mercaptoethanol. Single cells were randomly and evenly
distributed throughout the wells. Colonies were formed during
incubation for about 1 week at 37�C in an atmosphere of 5%
CO2. The colonies containing more than 50 cells were deter-
mined by light microscopic observation.

Flow cytometry immunophenotyping
RPMI-8266 cells were processed within 48 h of collection by

washing twice with phosphate buffered saline. The cells were
immunostained for 30 min with PE-conjugated CD19 antibody.

B-lineage differentiation was evaluated by expression of CD19-
PE. Specimens were examined using flow cytometry (Coulter
Elite, Beckman Coulter, Brea, CA, USA).
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