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ABSTRACT

Mantle cell lymphoma (MCL) is an aggressive B-cell hon-Hodgkin’s lymphoma
(NHL). In cancers, tumor suppressive microRNAs may be silenced by DNA
hypermethylation. By microRNA profiling of representative EBV-negative MCL cell
lines before and after demethylation treatment, miR-155-3p was found significantly
restored. Methylation-specific PCR, verified by pyrosequencing, showed complete
methylation of miR-155-3p in one MCL cell line (REC-1). 5-aza-2'-deoxycytidine
treatment of REC-1 led to demethylation and re-expression of miR-155-3p. Over-
expression of miR-155-3p led to increased sub-G1 apoptotic cells and reduced
cellular viability, demonstrating its tumor suppressive properties. By luciferase assay,
lymphotoxin-beta (LT-B) was validated as a miR-155-3p target. In 31 primary MCL,
miR-155-3p was found hypermethylated in 6(19%) cases. To test if methylation of
miR-155-3p was MCL-specific, miR-155-3p methylation was tested in an additional
191 B-cell, T-cell and NK-cell NHLs, yielding miR-155-3p methylation in 66(34.6%)
including 36(27%) non-MCL B-cell, 24(53%) T-cell and 6(46%) of NK-cell lymphoma.
Moreover, in 72 primary NHL samples with RNA, miR-155-3p methylation correlated
with miR-155-3p downregulation (p=0.024), and LT7T-B upregulation (p=0.043).
Collectively, miR-155-3p is a potential tumor suppressive microRNA hypermethylated
in MCL and other NHL subtypes. As miR-155-3p targets LT-$, which is an upstream
activator of the non-canonical NF-kB signaling, miR-155-3p methylation is potentially
important in lymphomagenesis.

INTRODUCTION non-Hodgkin’s lymphomas (NHLs) [1-4]. It is
distinguished from other NHLs by the genetic hallmark of

Mantle cell lymphoma (MCL) is a rare but t(11;14)(q13;32) translocation which leads to constitutive
aggressive B-cell tumor accounting for 4%-6% of all over-expression of cyclinD1 (CCNDI) [1, 2, 5]. Other
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chromosomal losses reported in MCL include del(9p21),
which encodes two tumor suppressive genes p 6™k and
ARF crucial for regulating cell cycle, in aggressive MCL
cases [6, 7].

Unlike inactivating mutation of tumor suppressive
genes, DNA methylation leads to reversible gene
silencing mediated by the addition of a methyl group
to the carbon 5 position of the cytosine ring in a CpG
dinucleotide without changing of DNA sequence. Cancers
are characterized by global DNA hypomethylation
but locus-specific hypermethylation, particularly in
promoter-associated CpG islands, leading to silencing of
the downstream genes or non-protein-coding microRNAs
[8-11]. Moreover, DNA methylation of genes or
microRNAs may carry prognostic impacts in certain
cancers including NHL [12, 13].

MicroRNAs are short, single-stranded, and non-
protein-coding RNAs of 19-25 nucleotides [14]. Sequence-
specific binding of a microRNA to 3’-untranslated region
(3’-UTR) of its target protein-coding gene mRNA will
result in translational block, and hence gene repression. We
have previously reported methylation-silencing of several
tumor suppressive microRNAs including miR-129-2, miR-
203 and miR-124-1 in different types of haematological
neoplasms, including B-, T- and NK-cell lymphoma
[15-17]. However, data on the role DNA methylation-
mediated silencing of tumor suppressive microRNA in
MCL and other NHL subtypes remains scanty.

In this study, we attempted to identify tumor
suppressive microRNAs potentially hypermethylated
in MCL by studying microRNA expression profiles
of representative EBV-negative MCL cell lines before
and after treatment with 5-azadC, in which miR-155-3p
emerged as an important candidate. Subsequent studies
verified methylation of miR-155-3p in MCL cell lines
and primary MCL samples, resulting in upregulation of
lymphotoxin-beta (LT-f), which is a miR-155-3p direct
target. To test if miR-155-3p methylation is MCL-specific,
miR-155-3p methylation was studied in an additional 191
B- (other than MCL), T- and NK-cell lymphomas, which
showed prevalent miR-155-3p methylation across multiple
NHL subtypes. Moreover, in primary NHL samples with
both DNA and RNA, miR-155-3p methylation correlated
with repression of miR-155-3p and upregulation of
LT-f. Since LT-§ is a positive regulator of non-canonical
NF-kB signaling, miR-155-3p methylation is implicated in
lymphomagenesis.

RESULTS

Methylation-mediated silencing of miR-155-3p
in MCL cell lines

MINO and JEKO-1 cells, before and after
treatment with 1.5uM of 5-azadC, were subjected to high-

throughput microarray detecting a total of the 754 known
microRNAs. Upon 5-azadC treatment, expression of 26 and
44 microRNAs were found upregulated by > 2.5-fold in
MINO and JEKO-1 respectively (Supplementary Table 1).
One of the most upregulated microRNAs was miR-155-
3p, which showed a 33-fold upregulation in MINO. By
studying methylation status of the promoter region of its
host gene, MIR155HG (Figure 1A), methylation was absent
in healthy buffy coat and tonsil controls by MSP (Figure
1B). By MSP, complete methylation was detected in REC-
1, one of the four MCL cell lines. Moreover, the methylation
status detected by MSP was verified by quantitative
pyrosequencing, which showed an average methylation
frequency of <10% in completely unmethylated normal
controls (buffy coat from healthy blood donor and normal
tonsils) and completely unmethylated cell lines. By
contrast, an average methylation frequency of >90% was
detected in REC-1 which was completely methylated by
MSP (Figure 1C). Since REC-1 was completely methylated,
this cell line was treated with different concentrations of
5-azadC for 3 days to investigate if demethylation could
restore expression of miR-155-3p. Treatment with 5-azadC
resulted in a dose-dependent demethylation as measured
by pyrosequencing (Figure 2A) and emergence of U-MSP
amplification by MSP (data not shown). Importantly, miR-
155-3p expression was restored accordingly upon treatment
indicating the reversible gene silencing of this microRNA
(Figure 2B).

Tumor suppressive function of miR-155-3p
in MCL

To study the biological function of miR-155-3p in
MCL, miR-155-3p was over-expressed in REC-1 followed
by trypan blue exclusion assay (Figure 3A) and cell
cycle analysis (Figure 3B). Restoration of miR-155-3p
expression led to decreased number of viable cells by
10% (p=0.004) as detected by trypan blue staining and
increased Sub-G1 apoptotic cells by 4.4-fold (p=0.007)
as demonstrated by cell cycle analysis compared with
cells transfected with non-targeting scramble control.
Therefore, miR-155-3p might function as a tumor
suppressive microRNA in MCL.

LT-p targeted by miR-155-3p

To identify protein-coding genes (PCGs) targeted
by miR-155-3p, bioinformatic analysis of the 3’-UTR
of PCGs using 3 databases (miR-DB, RNA22 and
miRanda) was performed. In brief, the putative target
fulfilled the following criteria: (1) it was detected as
putative target in all three databases, (2) it has been
reported to play a role in B-cell development and was
found overexpressed in MCL, other NHL subtypes or
other cancers, (3) it was a positive regulator that led to
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Figure 1: Methylation of miR-155-3p in mantle cell lymphoma (MCL) cell lines. (A) Schematic diagram showing the exons
(solid box) and CpG island (black lollipop) located 190bp upstream to the transcription start site (TSS) of MIR155HG which is the host
gene for miR-155-3p. Primers for methylation-specific PCR (MSP) and quantitative pyrosequencing were designed to study that CpG
island. (B) Methylation pattern in 6 normal buffy coats, 15 normal tonsils and 4 MCL cell lines by MSP detecting methylated [M] and
unmethylated [U] allele separately. Complete methylation in REC-1 was detected by presence of M-MSP signal only. (C) Pyrograms of
normal buffy coat, normal tonsil and 4 MCL cell lines measuring average methylation percentage of 6 consecutive CpG sites.
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Figure 2: Tumor-specific methylation leads to silencing of miR-155-3p in REC-1 cells. (A) Pyrograms of 5-azadC treated
REC-1 cells for three days at concentrations of 0, 0.5 or 1uM. (B) RT-qPCR of REC-1 receiving 5-azadC treatment measuring expression
of miR-155-3p.
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Figure 3: Tumor suppressive function of miR-155-3p. REC-1 cells overexpressed with miR-155-3p for 24hours (A) Trypan blue

staining to measure cell viability and (B) 7-AAD staining for cell cycle analysis.

activation of signaling pathways that were activated in
MCL (e.g. NF-kB, ERK and AKT) or in other cancers,
and (4) the target had a typical 7-8mer (8mer, 7mer-mS,
7mer-A1l) match to the miR-155-3p seed region as
predicted by the databases. L7-f appeared in all
3 databases as one of the best targets for the miR-155-3p.

at the 5’-end of the mature microRNA) (Figure 4A).
Restoration of miR-155-3p in REC-1 led to
downregulation of LT-f expression at both RNA (by
RT-qPCR; Figure 4B) and protein level (by flow
cytometry; Figure 4C), suggesting that LT-f3 expression
was repressed by miR-155-3p.

By studying the sequence alignment, the 3’-UTR of
LT-p contains 1 sequence motif that perfectly matched
with the seed region of the miR-155-3p (i.e. nts 2-9

Therefore, luciferase reporter assay was performed
to validate if L7-f is a direct target of miR-155-3p.
Co-transfection of a luciferase reporter construct,
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Figure 4: Direct regulation of LT-§ by miR-155-3p through complementarity to 3’-UTR of LT-$. (A) Sequence alignment
of miR-155-3p seed sequences with the binding region of the L7-§ 3’-UTR. The 3’-UTR sequence of the wild-type (LTB 3’-UTR Wild-
type) or the 7bp-deletion mutant (LTB 3'-UTR Deletion) cloned into luciferase plasmid was depicted. Expression analysis of LT-p in REC-1
cells overexpressed with miR-155-3p by (B) RT-qPCR and (C) flow cytometry. (D) Luciferase reporter assay using luciferase plasmid
carrying wild-type (WT) or deleted binding site (LTB-Deleted) of L7- 3’'UTR co-transfected with miR-155-3p as compared with scramble

nucleotide control in HeLa cells.

containing a wild-type 3"-UTR sequence of the L7-f, with
miR-155-3p resulted in loss of luciferase activity by 40%
as compared with non-targeting scramble oligonucleotides
(Figure 4D). Conversely, the luciferase activity was fully
rescued when a mutant luciferase reporter, which carried
a deletion of the seed region binding site of miR-155-
3p, was co-transfected with miR-155-3p. These findings
collectively suggested the direct binding and inhibition of
the LT-f 3’-UTR by miR-155-3p.

Methylation-mediated silencing of miR-155-3p in
MCL and other NHL patients

In the 31 primary MCL samples, aberrant
methylation was also found in 6(19.4%) cases,
suggesting a pathological relevance of methylation-
mediated silencing of miR-155-3p (Figure 5A).
To study if miR-155-3p methylation was restricted
to the MCL, which carried the -characteristic
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Figure 5: Overexpression of L7-f resulted from methylation-mediated silencing of miR-155-3p. (A) Representative cases
showing methylation of miR-155-3p in 31 MCL and 133 non-MCL B-NHL, 45 T-NHL and 13 NK cell lymphoma biopsies using M-MSP.
(B) Expression analysis of miR-155-3p atotal of 72 NHL patient biopsies with or without methylations as detected by M-MSP. (C) Expression
analysis of miR-155-5p the same 72 NHL patient biopsies with or without methylation as detected by M-MSP. (D) Expression analysis of
LT-$ in a random cohort (n=34) of NHL patient biopsies with or without miR-155-3p methylation.

t(11;14)(q13;32) translocation, miR-155-3p
methylation was also studied in a panel of NHLs other than
MCL, which comprised 133 non-MCL B-cell, 45 T-cell
and 13 NK-cell neoplasms. miR-155-3p was found to be
methylated in 36(27.0%) of non-MCL B-NHL, 24(53.3%)
of T-NHL and 6(46.2%) of NK-cell lymphoma (Table 2),
being more frequent in NK or T-NHL than B-NHL
(p=0.003). In 72 NHL patients with frozen tissues, miR-
155-3p expression correlated inversely with methylation
status, which was demonstrated by lower miR-155-3p
expression in patients with miR-155-3p methylation than
those without (Figure 5B) (p=0.024). Since both miR-
155-3p and miR-155-5p may be generated from the same
precursor, expression of miR-155-5p was also studied in
primary lymphoma samples in which both DNA & RNA
were available. In contrast to miR-155-3p, there was no
correlation between methylation status and expression
of miR-155-5p (Figure 5C) (p=0.805). Therefore, DNA

methylation was likely more important in regulating miR-
155-3p than miR-155-5p.

Overexpression of L7-# mediated by miR-155-3p
methylation in primary NHL samples

To validate if methylation-mediated silencing
of miR-155-3p could lead to overexpression of L7-f in
primary MCL and other NHLs, the expression of L7-f was
profiled in 34 patients with frozen specimens (Figure 5D).
Indeed, specimens methylated for miR-155-3p showed
higher L7-f expression compared with unmethylated
specimens (p=0.043).

DISCUSSION

MCL is a rare entity, and comprised only 4% of
all NHL in Hong Kong [3], hence only 31 cases were
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available for study here. Nonetheless, it is one of the
largest analyses of microRNA methylation in MCL.

In this study, we have shown that miR-155-3p might
be a novel tumor suppressive microRNA silenced in MCL
due to the aberrant DNA methylation. However, miR-155-3p
methylation is not restricted to MCL, and occurs in a
wide array of other B-, T- and NK-cell lymphoma, hence
suggesting a potential role in lymphomagenesis. This is
consistent with our previous studies of miR-203, miR-124-1,
miR-129-2 and miR-34a in NHLs, in which methylation of
these tumor suppressive microRNAs occurred in multiple
subtypes of NHLs [15-18]. Therefore, it is unlikely that
methylation of miR-155-3p and these microRNAs are
governed by the primary genetic translocation involved in the
pathogenesis of disease. Other microRNAs downregulated
by promoter DNA methylation includes miR-29a and
miR-146a [19, 20]. In anaplastic lymphoma kinase
expressing ALCL (ALK+ve ALCL) with t(2;5) translocation,
miR-29a has been shown to target, and hence downregulate
an anti-apoptotic protein, MCL-1 [19]. Similarly, miR-146a
has been shown hypermethylated in NK/T-cell lymphoma,
in which miR-146a was shown to target TRAF6 and hence
downregulate NF-kB signaling [20].

Secondly, we have demonstrated miR-155-3p
might function as a tumor suppressive microRNA in
MCL cells by regulating the expression of LT-f. Indeed,
the LT-B/LTPR axis has been shown to be important in
physiological development of secondary lymphoid tissues.
Interaction of LTa, 3, heterotrimer on immune cells with
LTBR on stromal cell results in activation of non-canonical
NF-kB signaling in stromal cells, with upregulation of
adhesion molecules and secretion of chemokines for
B- and T-cells, thereby attracting and retaining additional
immune cells for the growth of lymph nodes and Peyer’s
patches [21, 22]. Consistent with this notion, genetic
knockout of L7-f or LTSR gene in mice has been shown to
result in abnormal development or complete loss of lymph
nodes and Peyer’s patches [23, 24]. On the other hand, an
oncogenic role of LT-B/LTPR axis has been demonstrated
in a mouse model, in which disease progression was
associated tumor infiltration of LT-B-expressing B-cells,
which interacted with LTPR-expressing tumor cells led
to induction of IKK-a nuclear translocation and NF-kB
activation [25]. Moreover, both ligand (LT-f) and receptor
(LTBR) have been shown expressed in non-Hodgkin’s
lymphoma cells including MCL [26], which potentially
leads to constitutive activation of NF-kB signaling [27],
suggesting a pathogenic role of the LT-f/LTBR axis in
lymphomagenesis [28-30]. Using transgenic mouse
model which displayed an aggressive B-cell lymphoma
phenotype, LTPBR signalling has been shown to collaborate
with CCR7 signaling to maintain T-cell and B-cell
localization within the lymphoid microenvironment
hence contribution to lymphomagenesis. Inhibition of

LTPBR signaling by anti- LTPR antibody or knockdown
of LTa impaired cell interaction between lymphoma cell
and stromal cell, potentially by disrupting production of
CCL19 and CCL21 by stromal cells which are ligands
for CCR7 [31]. Furthermore, in this study, in primary
lymphoma samples with frozen tissue, which included
MCL and other lymphoma subtypes, L7-f expression
correlated inversely with miR-155-3p methylation, hence
consistent with LT-p as a direct target of miR-155-3p in
multiple lymphoma subtypes in addition to MCL. Taken
together, we have demonstrated a role of miR-155-3p
methylation in the regulation of LT-B/LTBR axis in MCL
and other NHL subtypes. Therefore, whether miR-155-3p
methylation leads to dysregulation of NF-kB signaling in
lymphomagenesis warrants further study.

In general, biogenesis of microRNA results in
generation of two mature microRNAs, which are denoted
as 5p and 3p, with different sequences from a same primary
transcript [32]. Despite that majority of cancer studies
focused on 5p microRNAs, recent studies demonstrated
tumor suppressor property associated with several
3p microRNAs including miR-574-3p, miR-219-2-3p
and miR-338-3p in various solid cancers [33-37]. For
instance, under-expression of miR-574-3p correlated
with advanced pathological stage in prostate cancer. In
cell lines, restoration of miR-574-3p in vitro induced
apoptosis. Moreover, mice injected with prostate cancer
cells overexpressed with miR-574-3p had retarded tumor
growth compared to mice injected with untransfected
tumor cells, testifying the tumor suppressive role of
miR-574-3p [36]. Similarly, miR-219-2-3p has been
shown to induce apoptosis, inhibit cell proliferation and
metastasis in gastric cancer in vitro, and hence a bona fide
tumor suppressor microRNA [34]. Moreover, in primary
gastric cancer samples, downregulation of miR-219-2-3p
associated with DNA methylation, also correlated with
advanced tumor stage and grade. In addition, tumor
suppressive function of miR-338-3p, downregulated in
neuroblastoma, gastric and colorectal cancer, has been
demonstrated in these tumors [33, 35, 37, 38]. Similar
to miR-219-2-3p, miR-338-3p has been shown to be
hypermethylated in gastric cancer, and restored miR-338-
3p expression induces apoptosis in vitro and inhibits tumor
development in vivo [39]. Finally, miR-338-3p targets
PREX2a, which plays an oncogenic role in activating AKT
signaling in gastric cancer and neuroblastoma [33, 37].
Collectively, these studies illustrate the tumor suppressive
function of 3p microRNAs through regulation of cell
survival and signaling pathway.

In conclusion, we have identified miR-155-3p
might be a novel tumor suppressive microRNA silenced
in MCL due to promoter hypermethylation of its host
gene MIRI55HG, resulting in upregulation of LT-B. In
addition to MCL, miR-155-3p methylation is prevalent
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in other B-, T- and NK-cell NHLs, which correlated with
over-expression LT-B, and hence potentially important in
pathogenesis of lymphoma.

MATERIALS AND METHODS

Patient samples

Thirty-one primary MCL samples were obtained
from the Department of Pathology from Queen Mary
Hospital since 1997. Diagnosis of MCL was based on
morphologic criteria. Immunophenotyping was performed
on cryostat sections or paraffin sections with standard
immunoperoxidase technique. Paraffin sections of formalin-
or B5-fixed tissue were stained with hematoxylin-eosin to
confirm the diagnosis of lymphoma and examined for the
expression of B- and T-cell markers. The panel of antibodies
used included CD3 (Leu4; Becton Dickinson, San Jose, CA),
CD3 (polyclonal; Dako, Glostrup, Denmark), CDS5 (Dako),
CD10 (J5; Coulter, Hialeah, FL), CD19 (Leu 12; Becton
Dickinson), CD20 (L26; Dako), CD22 (Dako), CD23
(Dako), and cyclin D1 (Zymed, San Francisco, CA). All 31
cases of MCL were classic-variant, with the phenotype of
CD5+, CD10—, and CD23—, and immunoreactive for cyclin
D1[40]. Moreover, an additional 191 diagnostic lymph
node biopsies were obtained from five major hospitals
(Queen Mary Hospital, Pamela Youde Nethersole Eastern
Hospital, United Christian Hospital, Kwong Wah Hospital
and Princess Margaret Hospital) including 133 B-NHL
other than MCL, 45 T-NHL and 13 NK-cell lymphomas.
Diagnoses of NHLs were made according to WHO
(World Health Organization) classification [41]. Among
the non-MCL B-NHL cases, 57 each were diffuse large
B-cell lymphoma (DLBCL) and follicular lymphoma (FL)
respectively, 6 cases were Burkitt-like lymphoma (BL),
5 cases were mucosa-associated lymphoid tissue lymphoma
(MALT), and 8 were marginal zone B-cell lymphoma
(MZBCL). Of the 45 T-NHL cases, 21 were classified as
peripheral T-cell lymphoma (PTCL) while 24 were classified
as angioimmunoblastic T-cell lymphoma (AITL). Formalin-
fixed, paraffin-embedded (FFPE) tonsils from 15 healthy
individuals undergoing tonsillectomy were also collected.
Moreover, frozen tissues, in which both DNA and RNA were
extracted, were available in 72 patients including 4 MCLs,
5 BLs, 34 DLBCLs, 8 FLs, 7 MZBCLs and 14 AITLs.
Informed consents were obtained from all patients and the
study was approved by Institutional Review Board of Queen
Mary Hospital.

Plasmid constructs

The LT-f 3’-UTR cDNA sequence (NM_002341.1
or NM_009588.1) of a total of 157bp flanking the seed
region binding site of mature miR-155-3p was cloned into
Sacl and Xbal restriction sites of pmirGLO luciferase

reporter (Promega, Madison, WI, USA), encoding both
firefly luciferase for reporter signal and renilla luciferase
for assay normalization. A L7-f 3’-UTR mutant control
construct, in which the sequence complementary to the
seed region binding site of miR-155-3p was deleted,
was generated using QuikChange XL Site-Directed
Mutagenesis Kit (Stratagene, La Jolla, CA, USA)
following manufacturer’s instruction. Primer sequences
used were listed in Table 1.

Cell culture

Four MCL cell lines (REC-1, GRANTA-519, MINO
& JEKO-1) were used in this study. REC-1 was kindly
provided by Prof Raymond Lai (Department of Laboratory
Medicine and Pathology, University of Alberta and
Cross Cancer Institute). Other cell lines were purchased
from Deutsche Sammlung von Mikroogranismen und
Zellkulturen (DSMZ) (Braunschweig, Germany). All cell
lines were maintained in RPMI-1640 supplemented with
15% fetal bovine serum, S0U/mL of penicillin and 50ug/
mL streptomycin in a humidified atmosphere of 5% CO,
at 37°C.

Hypomethylating treatment

JEKO-1, MINO and REC-1 were seeded at a
density of 1x10° cells/ml and cultured with 0.5-1.5uM of
5-aza-2’-deoxycytidine (5-azadC) (Sigma—Aldrich) for
3-5 days as previously described [15, 18, 42].

DNA and RNA extraction

DNA isolation from frozen patient biopsies was
performed by automated DNA extraction system (DNA
Tissue Kit from Qiagen) while FFPE fixed NHL samples
and the 15 normal tonsils were extracted with QIAamp
DNA FFPE Tissue Kit (Qiagen). For cultured cell lines,
DNA extraction was performed using DNA Blood Mini
(Qiagen). Extractions of microRNA were performed
by using mirVana™ miRNA Isolation Kit (Ambion)
following manufacturer’s instruction.

Microarray analysis

Total RNA isolated from MINO and JEKO-1 before
and after 5-azadC treatment were converted into cDNA
by Megaplex™ RT Primers and TagMan® MicroRNA
Reverse Transcription Kit. ¢cDNA was pre-amplified
using Megaplex™ PreAmp Primer and loaded onto
384-well format Tagman® human microRNA array A V2.0
& B V3.0. Real-time PCR was performed on 7900HT
Real-Time PCR system and raw data were analyzed
normalizing to mean of three endogenous controls
(U6snRNA, RNU44 and RNU48). Relative microRNA
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Table 1: Primer sequences for Methylation-specific PCR (MSP), Pyrosequencing, Real-time PCR

and luciferase reporter assay

Forward Primer

Reverse Primer Sequencing Primer

Methylation-specific PCR (MSP)

M-MSP TAG TCG ATT GAA AGT TCG GGC i(é”éTTC TCG TAAATC ATT
U-MSP TTT TAG TTG ATT GAAAGT TTG TTT CCC TTT CTC ATA AAT
GGT CAT TAC A
Quantitative Bisulfite Pyrosequencing
GGT TTT TTG TAA GGA GAG AGT [AATATTTTC CCCTTT CCC [ATATTT TTG TTATTT
AGA GAT TTTCT AGTTGTAAGA
Real-time PCR
LT-p GGT TTC AGA AGC TGC CAG AG TTC AGC GGA GCG CCT AT
GAPDH ACC ACA GTC CAT GCC ATC ACT TCCACCACCCTGTTG
CTGTA
Luciferase Reporter Plasmid
GCT CTA GAG CTC TAG ATT
LT-$ Wild-type CGA GCT CGG GGAATATGA GTG TAT CGG CAG CAC TGA
CGT GGT G
AGC
Lrp Detetion | CCCATG GCAGTG GGAAMAAGA | (et c0C ACT GCC ATG
P RECION TG TTT GGA AAT TG oG

Table 2: Frequency of miR-155-3p methylation in MCL and different types of NHLs as detected

by MSP

Disease Subtype

Sample Size Frequency Methylated (%)

Mantle cell lymphoma (MCL) 31 6 (19.4%)
Other B-NHL 133 36 (27.0%)
Diffuse large B-cell lymphoma (DLBCL) 57 18 (31.5%)
Follicular lymphoma (FL) 57 11 (19.3%)
Burkitt -like (BL)lymphoma 6 2 (33.3%)
Mucosa-associated lymphoid tissue lymphoma (MALT) 5 2 (40.0%)
Marginal Zone B-cell ymphoma (MZBCL) 8 3 (37.5%)
T-NHLs 45 24 (53.3%)
Peripheral T-cell Lymphoma (PTCL) 21 11 (52.4%)
Anaplastic T-cell lymphoma (AITL) 24 13 (54.2%)
NK cell lymphoma 13 6 (46.2%)

levels were determined by AACt using endogenous
controls and untreated controls using SDS 2.4 and RQ
manager 1.2. All experimental procedures and analyses
were performed according to manufacturer’s instruction,

using reagents, system and softwares acquired from
Applied Biosystems (Foster City, USA). Candidate
microRNAs were selected according to the following
criteria: (1) upregulated by > 2.5-fold in either or both
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cell lines after 5-azadC treatment, (2) localized outside
the X chromosome or imprinted regions (e.g. 14q32) due
to potential methylation in normal tissues, (3) presence
of CpG island, (4) absence of methylation in healthy
controls, and (5) showed complete methylation in any of
the MCL cell lines.

Methylation-specific polymerase chain reaction
(MSP)

DNA samples were treated to convert unmethylated
cytosine into uracil by EpiTect Bisulfite Kit (Qiagen). As
miR-155-3p is an exonic microRNA localized to the third
exon of and regulated by the same promoter of its host
gene, MIR155HG (previously known as B-cell integration
cluster, BIC), primers used for methylated-MSP (M-MSP)
and unmethylated-MSP (U-MSP) were designed at CpG
island upstream of its host gene of MIRI55HG (Table 1)
[43, 44]. All MSPs were conducted as previously described
[15, 18, 42]. DNA from 6 normal peripheral blood and 15
normal tonsils were used as unmethylated controls while
an enzymatically methylated control DNA purchased from
CpGenome Universal Methylated DNA (Chemicon) was
used as methylated control.

Quantitative bisulfite pyrosequencing

Using bisulfite converted DNA as template,
a segment of promoter region overlapping with the
amplicon of the MSP was amplified with a primer set,
which amplified both methylated and unmethylated
DNA sequences in an unbiased manner. Subsequently,
a stretch of DNA containing 6 consecutive CpG
dinucleotides on the PCR products was pyrosequenced
and quantified as previously described [17]. Quantitative
DNA methylation analysis was carried out on a PSQ
96MA system and results were analyzed using PyroQ-
CpG 1.0.9. Primer sequences for PCR amplification and
pyrosequencing were designed using PyroMark Assay
Design 2 (Table 1).

RT-qPCR

For expression analysis of mature miR-155-3p or
miR-155-5p, RNA was reverse transcribed into cDNA by
TagMan® MicroRNA Reverse Transcription Kit, followed
by RT-qPCR using TagMan® MicroRNA Assays (Applied
Biosystems). RNU48 was used as endogenous control as
previously described [15, 18, 42]. Conventional RT-qPCR
was employed for the analysis of L7-4, using QuantiTect
Reverse Transcription Kit (Qiagen) and iQ™ SYBR®
Green Supermix (Bio-Rad) according to manufacturer’s
instructions. GAPDH was included as endogenous control.
For each sample, signals from triplicate wells were recorded
and calculated as mean of Ct for analysis. All data were

analyzed adopting the 2724 or 27 method and primer
sequences for L7-f and GAPDH were listed in Table 1.

miR-155-3p overexpression

Exponentially growing cells at a density of 1x10°
cells/ml were transfected with 50nM of either miR-155-3p
mimic oligonucleotide or a scramble negative control
(Ambion), using Lipofectamine 2000 transfection reagent
(Invitrogen) according to manufacturer’s instruction.

Trypan blue exclusion assay

Viable live cells were distinguished by the
exclusion of trypan blue staining as observed under
microscope. Five random microscopic fields were
counted and percentage of viable cells was calculated as

total number of live cells per microscopic field
x 100%

total number of cells per microscopic field

Cell cycle analysis

Harvested cells were fixed and permeabilized with
Cytofix/Cytoperm buffer (BD Biosciences) followed by
80% ethanol at -20°C for 2 hours. Cells were then washed
and stained with 7-AAD (BD Bio sciences) according
to manufacturer’s instruction. Fluorescence readings
were acquired using a BD LSR Fortessa analyser (BD
Biosciences). Quantitation of singlets at G1, S, G2 and
M phases in addition to Sub-G1 fractions was performed
using FlowJo 7.6.1 (Tree Star, Inc).

Flow cytometric staining

Harvested cells of 1x10° were washed with
PBS followed by fixation and permeabilization using
Cytofix/Cytoperm buffer (BD Biosciences) according
to manufacturer’s instruction. Cells were then stained
with anti-LT-B rabbit polyclonal antibody at a final
concentration of 4ng/mL (Abcam, Cat# ab64835)
followed by secondary incubation with Alexa Fluor
594 goat anti-rabbit IgG at a concentration of 10ng/mL
(Molecular Probe, Cat# A11072), as recommended by
manufacturer.

Luciferase reporter assay

Wild-type or mutant L7-f 3’-UTR luciferase reporter
construct was co-transfected with miR-155-3p oligo mimic
or scramble negative control (Ambion) into HeLa cells
(kindly provided by Dr Zou, at Department of Medicine,
The University of Hong Kong) using Lipofectamine
2000 (Invitrogen) [45]. After 24h, the luminescent signal
produced by Dual-Glo Luciferase Assay system (Promega)
was measured using FLUOstar OPTIMA (BMG Labtech),
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following the manufacturer’s instructions. A triplicate
reading was recorded for each exogenous transfection.

Statistical analysis

Mean expression of microRNAs or genes in
methylated and unmethylated NHL cases were compared
by the Student’s t-test. Frequency of miR-155-3p
methylation in different NHL subtypes was compared
by X? test. The means of three independent 5-azadC
treatments or exogenous transfections were compared by
Student’s t-test. All p-values were 2-sided and statistical
significance was defined as p-value < 0.05.

ACKNOWLEDGEMENTS

This work was supported by the Hong Kong
Research Grants Council General Research Fund (Ref.
764411) awarded to C.S.C. The funders had no role in
study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Disclosures

The authors have no financial or competing interests
to disclose.

Abbreviations

3"-UTR, 3’-untranslated region; 5-azadC, 5-aza-
2’-deoxycytidine; AITL, angioimmunoblastic T-cell
lymphoma; BL, Burkitt-like lymphoma; CCNDI1,
cyclin D1; DLBCL, diffuse large B-cell lymphoma;
DSMZ, Deutsche Sammlung von Mikroogranismen und
Zellkulturen; FFPE, formalin-fixed, paraffin-embedded;
FL, follicular lymphoma; L7-f, Ilymphotoxin-beta,
MCL, Mantle cell lymphoma; MSP, methylation-specific
PCR; M-MSP, methylated-MSP; MZBCL, marginal
zone B-cell lymphoma; NHL, non-Hodgkin’s lymphoma,;
NK, natural killer; PCGs, protein-coding genes; PTCL,
peripheral T-cell lymphoma; U-MSP, unmethylated-MSP;
WHO, World Health Organization

REFERENCES

1. Jares P, Colomer D, Campo E. Genetic and molecular
pathogenesis of mantle cell lymphoma: perspectives for
new targeted therapeutics. Nature Reviews Cancer. 2007,
7:750-762.

2. Pérez-Galan P, Dreyling M, Wiestner A. Mantle cell lym-
phoma: biology, pathogenesis, and the molecular basis of
treatment in the genomic era. Blood. 2011; 117:26-38.

3. AuW-Y,Ma S-Y, Chim C-S, Choy C, Loong F, Lie AKW,
Lam CCK, Leung AYH, Tse E, Yau C-C, Liang R,
Kwong Y-L. Clinicopathologic features and treatment

10.

11.

12.

13.

14.

outcome of mature T-cell and natural killer-cell lymphomas
diagnosed according to the World Health Organization clas-
sification scheme: a single center experience of 10 years.
Annals of Oncology. 2005; 16:206-214.

Chim CS, Chan ACL, Choo CK, Kwong YL, Lie AKW,
Liang R. Mantle cell lymphoma in the Chinese:
Clinicopathological features and treatment outcome.
American Journal of Hematology. 1998; 59:295-301.

Yim RLH, Kwong YL, Wong KY, Chim CS. DNA
Methylation of Tumor Suppressive miRNAs in Non-
Hodgkin’s Lymphomas. Frontiers in Genetics. 2012; 3.
Pinyol M, Hernandez L, Cazorla M, Balbin M, Jares P,
Fernandez PL, Montserrat E, Cardesa A, Lopez-Otin C,
Campo Ea. Deletions and Loss of Expression of P16INK4a
and P21Wafl Genes Are Associated With Aggressive
Variants of Mantle Cell Lymphomas. Blood. 1997; 89:
272-280.

Pinyol M, Cobo F, Bea S, Jares P, Nayach I,
Fernandez PL, Montserrat E, Cardesa A. Campo E.
pl6INK4a Gene Inactivation by Deletions, Mutations, and
Hypermethylation Is Associated With Transformed and
Aggressive Variants of Non-Hodgkin's Lymphomas. Blood.
1998; 91:2977-2984.

Okano M, Xie S, Li E. Cloning and characterization of a
family of novel mammalian DNA (cytosine-5) methyltrans-
ferases. Nat Genet. 1998; 19:219-220.

Baylin SB, Jones PA. A decade of exploring the cancer
epigenome—biological and translational implications.
Nature Reviews Cancer. 2011; 11:726-734.

Xie L, Ritz O, Leithduser F, Guan H, Férbinger J,
Weitzer CD, Gehringer F, Bruederlein S, Holzmann K,
Vogel MJ. FOXOIl downregulation contributes to
the oncogenic program of primary mediastinal B-cell
lymphoma. Oncotarget. 2014.

Asmar F, Hother C, Kulosman G, Treppendahl MB,
Nielsen HM, Ulrik R, Pedersen A, Mgller MB, Ralfkiaer E,
Brown PdN, Grenbzk K. Diffuse Large B-Cell Lymphoma
With Combined TP53 mutation and MIR34A methylation:
Another “double hit” Lymphoma With Very Poor
Outcome? Blood. 2013; 122:83-83.

Agirre X, Vilas-Zornoza A, Jimenez-Velasco A, Martin-
Subero J, Cordeu L, Garate L, San Jose-Eneriz E,
Abizanda G, Rodriguez-Otero P, Fortes P. Epigenetic
silencing of the tumor suppressor MicroRNA Hsa-miR-124a
Regulates CDK6 expression and confers a poor prognosis
in acute lymphoblastic leukemia. Cancer Res. 2009;
69:4443-4453.

Chim CS, Lau JS, Wong KF, Kwong YL. CDKN2B
methylation is an independent poor prognostic factor in
newly diagnosed acute promyelocytic leukemia. Leukemia.
2005; 20:149-151.

Lopez-Serra P, Esteller M. DNA methylation-associated

silencing of tumor-suppressor microRNAs in cancer.
Oncogene. 2012; 31:1609-1622.

www.impactjournals.com/oncotarget

11

Oncotarget



16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Chim CS, Wong KY, Leung CY, Chung LP, Hui PK,
Chan SY, Yu L. Epigenetic
hsa-miR-203 in haematological malignancies. Journal of
Cellular and Molecular Medicine. 2011; 15:2760-2767.
Wong K, So C, Loong F, Chung L, Lam W, Liang R,
Li G, Jin D-Y, Chim C. Epigenetic inactivation of the
miR-124-1 in haematological malignancies. PLoS One.
2011; 6:¢19027.

Wong K-Y, Yim RL-H, Kwong Y-L, Leung C-Y, Hui P-K,
Cheung F, Liang R, Jin D-Y, Chim C-S. Epigenetic
inactivation of the MIR129-2 in hematological malignancies.

inactivation of the

Journal of Hematology & Oncology. 2013; 6:16.

Chim C, Wong K, Qi Y, Loong F, Lam W, Wong L,
Jin D, Costello J, Liang R. Epigenetic inactivation of the
miR-34a in hematological malignancies. Carcinogenesis.
2010; 31:745-750.

Desjobert C, Renalier M-H, Bergalet J, Dejean E, Joseph N,
Kruczynski A, Soulier J, Espinos E, Meggetto F, Cavaillé J,
Delsol G, Lamant L. MiR-29a down-regulation in ALK-
positive anaplastic large cell lymphomas contributes to
apoptosis blockade through MCL-1 overexpression. Blood.
2011; 117:6627-6637.

Paik JH, Jang J-Y, Jeon YK, Kim WY, Kim TM, Heo DS,
Kim C-W. MicroRNA-146a Downregulates NFkB Activity
via Targeting TRAF6 and Functions as a Tumor Suppressor
Having Strong Prognostic Implications in NK/T Cell
Lymphoma. Clinical Cancer Research. 2011; 17:4761-4771.
van de Pavert SA, Mebius RE. New insights into the
development of lymphoid tissues.
Immunology. 2010; 10:664—674.
Mebius RE. Organogenesis of lymphoid tissues. Nat Rev
Immunol. 2003; 3:292-303.

Alimzhanov MB, Kuprash DV, Kosco-Vilbois MH,
Luz A, Turetskaya RL, Tarakhovsky A, Rajewsky K,
Nedospasov SA, Pfeffer K. Abnormal development

Nature Reviews

of secondary lymphoid tissues in lymphotoxin
B-deficientmice. Proceedings of the National Academy of

Sciences. 1997; 94:9302-9307.

Koni PA, Sacca R, Lawton P, Browning JL, Ruddle NH,
Flavell RA. Distinct Roles in Lymphoid Organogenesis
for Lymphotoxins o and  Revealed in Lymphotoxin —
Deficient Mice. Immunity. 1997; 6:491-500.

Ammirante M, Luo J-L, Grivennikov S, Nedospasov S,
Karin M. B-cell-derived lymphotoxin promotes castration-
resistant prostate cancer. Nature. 2010; 464:302-305.
Warzocha K, Ribeiro P, Renard N, Bienvenu J, Charlot C,
Coiffier B, Salles G. Expression of genes coding for the
tumor necrosis factor and lymphotoxin ligand-receptor
system in non-Hodgkin's lymphomas. Cancer Immunology,
Immunotherapy. 2000; 49:469—475.

Remouchamps C, Boutaffala L, Ganeff C, Dejardin E.
of the
Lymphotoxin-af/LTBR system. Cytokine & growth factor
reviews. 2011; 22:301-310.

Biology and signal transduction pathways

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Odgqvist L, Sanchez-Beato M, Montes-Moreno S, Martin-
Sanchez E, Pajares R, Sanchez-Verde L, Ortiz-Romero PL,
Rodriguez J, Rodriguez-Pinilla SM, Iniesta-Martinez F,
Solera-Arroyo JC, Ramos-Asensio R, Flores T, Palanca JM,
Bragado FG, Franjo PD, et al. NIK Controls Classical
and Alternative NF-«kB Activation and Is Necessary for
the Survival of Human T-cell Lymphoma Cells. Clinical
Cancer Research. 2013; 19:2319-2330.

Wright CW, Rumble JM, Duckett CS. CD30 Activates
Both the Canonical and Alternative NF-xB Pathways
in Anaplastic Large Cell Lymphoma Cells. Journal of
Biological Chemistry. 2007; 282:10252—-10262.

Davis RE, Brown KD, Siebenlist U, Staudt LM.
Constitutive Nuclear Factor kB Activity Is Required for
Survival of Activated B Cell-like Diffuse Large B Cell
Lymphoma Cells. The Journal of Experimental Medicine.
2001; 194:1861-1874.

Rehm A, Mensen A, Schradi K, Gerlach K, Wittstock S,
Winter S, Biichner G, Dérken B, Lipp M, Hopken UE.
Cooperative function of CCR7 and lymphotoxin in
the formation of a lymphoma-permissive niche within
murine secondary lymphoid organs. Blood. 2011; 118:
1020-1033.

Diederichs S, Haber DA. Dual Role for Argonautes in
MicroRNA Processing and Posttranscriptional Regulation
of MicroRNA Expression. Cell. 2007; 131:1097-1108.
Guo B, Liu L, Yao J, Ma R, Chang D, Li Z, Song T,
Chen H. miR-338-3p suppresses progression of gastric
cancer through PTEN-AKT signaling pathways by targeting
P-REX2a. Molecular Cancer Research. 2013.

LeiH, ZouD, Li Z, Luo M, Dong L, Wang B, Yin H, Ma Y,
Liu C, Wang F, Zhang J, Yu J, Li Y. MicroRNA-219-2-3p
Functions as a Tumor Suppressor in Gastric Cancer and
Is Regulated by DNA Methylation. PLoS ONE. 2013;
8:¢60369.

Xue Q, Sun K, Deng H-J, Lei S-T, Dong J-Q, Li G-X.
MicroRNA-338-3p Inhibits Colorectal Carcinoma Cell
Invasion and Migration by Targeting Smoothened. Japanese
Journal of Clinical Oncology. 2014; 44:13-21.

Chiyomaru T, Yamamura S, Fukuhara S, Hidaka H,
Majid S, Saini S, Arora S, Deng G, Shahryari V, Chang I,
Tanaka Y, Tabatabai ZL, Enokida H, Seki N, Nakagawa M,
Dahiya R. Genistein Up-Regulates Tumor Suppressor
MicroRNA-574-3p in Prostate Cancer. PLoS ONE. 2013;
8:58929.

Chen X, Pan M, Han L, Lu H, Hao X, Dong Q.
miR-338-3p suppresses
invasion and migration through targeting PREX2a. FEBS
Letters. 2013; 587:3729-3737.

Guo J, Dong Q, Fang Z, Chen X, Lu H, Wang K, Yin Y,
Cai X, Zhao N, Chen J, Zen K, Zhang J, Zhang C-Y.
Identification of miRNAs that are associated with tumor
metastasis in Neuroblastoma. Cancer Biology & Therapy.
2010; 9:446-452.

neuroblastoma proliferation,

WWw

.impactjournals.com/oncotarget

12

Oncotarget



39.

40.

41.

42.

Li P, Chen X, SuL, Li C, Zhi Q, Yu B, Sheng H, Wang J,
FengR,Cai Q,LiJ, YuY, Yan M, Liu B, Zhu Z. Epigenetic
Silencing of miR-338-3p Contributes to Tumorigenicity in
Gastric Cancer by Targeting SSX2IP. PLoS ONE. 2013;
8:66782.

Chim CS, Wong KY, Loong F, Lam WW, Srivastava G.
Frequent epigenetic inactivation of Rb1 in addition to p15
and pl6 in mantle cell and follicular lymphoma. Human
pathology. 2007; 38:1849-1857.

Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA,
Stein H, Thiele J, Vardiman JW. 2008; WHO Classification
of Tumours of Haematopoietic and Lymphoid Tissues.
(Lyon, France: International Agency for Research on Cancer).
Wong KY, Yim RLH, So CC, Jin D-Y, Liang R, Chim CS.
Epigenetic inactivation of the MIR34B/C in multiple
myeloma. Blood. 2011; 118:5901-5904.

43.

44,

45.

Gatto G, Rossi A, Rossi D, Kroening S, Bonatti S,
Mallardo M. Epstein—Barr virus latent membrane
protein 1 trans-activates miR-155 transcription through
the NF-kB pathway. Nucleic Acids Research. 2008;
36:6608—6619.

Thompson R, Vardinogiannis I, Gilmore T. Identification
of an NF-kappaB p50/p65-responsive site in the human
MIRI155HG promoter. BMC Molecular Biology. 2013;
14:24.

Zou B, Chim CS, Zeng H, Leung SY, Yang Y, Tu SP,
Lin MCM, Wang J, He H, Jiang SH, Sun YW, Yu LF,
Yuen ST, Kung HF, Wong BCY. Correlation Between the
Single-Site CpG Methylation and Expression Silencing
of the XAF1 Gene in Human Gastric and Colon Cancers.
Gastroenterology. 2006; 131:1835-1843.

www.impactjournals.com/oncotarget

13

Oncotarget



