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The B cell lymphoproliferative malignancies (1) arise
from B cells that require interaction with non-malignant
cells and stromal cells during lymphomagenesis (2,3).
There has been improvement in overall survival in
these lymphomas (4), however, a significant proportion
(30-40%) of cases relapse even with the introduction of
rituximab in therapeutic regimens (3). Gene expression
profiling studies reveal signatures originating from the
microenvironment at diagnosis are significantly associated
with response to therapy in follicular lymphoma (FL) and
diffuse large B cell lymphomas (DLBCL) (5). Moreover,
the diffuse distribution of follicular dendritic cells (FDCs)
in mantle cell lymphoma (MCL) is associated with worse
clinical outcome (5,6). These observations indicate that
interaction between stroma and B cell lymphoma cells
contributes to drug resistance and support neoplastic
cell survival. A number of microRNAs (miRNAs) are
dysregulated when lymphoma cells adhere to lymph node
stromal cells in MCL and other B cell lymphomas (7).
The dysregulated miRNAs critically influence the tumor
development, progression and have been reported to be
the important prognosticators in human cancers including
lymphomas (8). Recently, prognostic miRNAs have
identified in several NHL including DLBCL, MCL, FL
and PTCL (8,9).

The interaction of FDC and B-cell plays an important
role in survival and neoplastic progression in MCL and
other non-Hodgkin lymphoma cells. This interaction
is associated with the upregulation of miR-181a, which
directly targets pro-apoptotic protein BIM, whereas miR-
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548m is down-regulated by stroma interaction (3). Knock
down of miR-181a causes the upregulation of BIM and
significantly increases apoptosis. Therefore, FDC protect
B cell lymphoma cells against apoptosis through activation
of miR-181a (6). The potential target of miR-548m
through target Scan shows that 3'-UTR of HDACG6 contain
sequence motif that perfectly matches with the “seed”
sequence of miR-548m. Bone marrow stroma cells (HS-5)
in in-vitro co-culture system induced the upregulation of
HDACO6 expression and down regulation of miR-548m
in HBL-2 and SUDHL-4 cells (3). These results indicate
that stromal cells use the HDACG6 pathway to promote
lymphoma cell survival (3). Interestingly, knockdown of
HDACG6 distinctly nullified stroma-mediated lymphoma
colony formation. Moreover, c-Myc activation has been
observed in lymphoma cells co-cultured with stromal cells.
Overexpression of miR-548m decreased c-Myc expression
and its knockdown with anti-miR-548m transfection up-
regulated c-Myc expression. In contrast, knock down of
c-Myc subsequently blocked stroma-induced miR-548m
downregulation. This clearly indicates that c-Myc/miR-
548m forms a feed-forward loop which contributes to
stroma-mediated c-Myc activation and miR-548m down-
regulation in lymphoma microenvironment (3). In the
current study (3), the authors have shown that adhesion of
MCL and other B cell lymphoma cells to stroma contributes
drug resistance, enhances lymphoma cell clonogenicity
and cell survival through histone deacetylase 6 (HDACG)
upregulation.

This stroma-mediated drug resistance can be reversed by
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enforced expression of miR-548m as well as inhibition of
c-Myc and HDACG ex vivo and in vive. These findings define
a novel mechanism by which the tumor microenvironment
alters specific miRNA and HDACG6 levels, leading to
drug resistance and lymphoma survival, with HDACG6 and
c-Myc as potential therapeutic targets to overcome drug
resistance in MCL and other B cell lymphomas. Histone
deacetylase inhibitors (HDACI) showed promising activity
against hematological malignancies in clinical trials (10).
Various studies have determined the downstream molecular
effector of HDACG6 in cell adhesion-mediated drug
resistance (CAM-DR) by using HDACG6 pan inhibitors
(3,10). These inhibitors show significant increase in the
protein levels of Bim in acute myeloid leukemia (3). In
addition, tubastatin A also abolished stromal cell-mediated
tumor growth of NOD/SCID mice bearing HBL-2 and
HK xenografts (3). When combined with mitoxantrone,
tubastatin A enhanced mitoxantrone-induced lymphoma
killing and disables stroma-mediated drug resistance in vivo.
Collectively, stroma-mediated HDACG6 induction through
unleashing of miR-548m repression is a novel therapeutic
target for MCL and other B cell lymphomas (3). A novel
small-molecule BET bromodomain inhibitor, JQ1, and
the EZH?2 inhibitor, DZNep, synergistically causes the
MYC activation and upregulation of miR-26a expression.
These inhibitors cooperatively suppressed lymphoma
growth and clonogenicity in aggressive lymphoma cells.
These findings signify a novel and promising approach
for silencing MYC-miRNA-EZH2 amplification loop for
combinatorial therapy of aggressive B-cell lymphomas (9).
FDA has already approved Vorinostat (Zolinza) for the
treatment of cutaneous T-cell lymphomas (10). Most of the
studies have shown that vorinostat also down regulates the
expression of Bel-xl in B-cell lymphomas by inducing cell-
cycle arrest, apoptosis and cooperate with the chemotherapy
agents (10,11), however, phase I and II trial (12,13) did not
find much success. Other HDAC inhibitors (LBH589 and
MS-275) with good prognostic features may define the
better role of HDAC inhibitors in B-cell lymphoma (13).
In addition, combination of c-Myc inhibitor (JQ1) and
cytotoxic drug may be a more ideal treatment for B
cell malignancies. Targeting c-Myc overcomes stroma-
mediated drug resistance, which cooperates with HDAC6
inhibition to synergistically suppress lymphoma survival and
growth (3). The lymphoma-stroma interaction in lymphoma
microenvironment directly affects the biology of lymphoma
through genetic and epigenetic regulation (3), with HDAC6
and c-Myc as prospective therapeutic targets.
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