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Abstract: Non-Hodgkin’s lymphoma (NHL) is a heterogeneous group of malignancies that originate in lymphatic hematopoietic tissue. Chemotherapy has been used as the main therapy for NHL all the time, and local radiotherapy
is also a necessary approach to supplementary treatment. However, resistance of tumor cells to chemo- and radiotherapy often prevent a successful long-term treatment of NHL. MicroRNAs (miRNAs) are a class of approximately
22-nucleotide endogenous non-coding RNAs that play an important regulatory role in gene expression, involving in
the process of cell proliferation and differentiation. Alterations of miRNAs have been reported in a variety of human
cancers, such as lymphomas, and will critically influence the tumor development and progression. Recently, there is
increasing evidence that miRNAs could also influence sensitivity of tumor cells to chemo- and radiotherapy, revealing a crucial role of microRNAs in resistance to anticancer treatment. Therefore, understanding the role of miRNAs
in chemo- and radio-resistance of tumor and targeting specific miRNAs will open novel avenues for lymphoma treatment and improve the prognosis of NHL patients. This review outlines the role of miRNAs associated with chemoand radiotherapy resistance in NHL.
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Introduction
Non-Hodgkin’s lymphoma (NHL) is a heterogeneous group of malignancies that originate in
lymphatic hematopoietic tissue. According to
different types of lymphoid cells, NHL is further
classified into B-cell lymphomas which account
for about 90% and T-cell lymphomas which is
about 10% [1]. Traditionally, chemotherapy has
been used as the main therapy for NHL.
According to local mass, regional radiotherapy
is also a necessary approach to supplementary
treatment [2]. However, resistance of tumor
cells to chemo- and radiotherapy often results
in the failure of treatment, and a substantial
population of patients will eventually relapse.
Relapsed lymphomas are refractory to subsequent treatment with the initial chemotherapeutics, moreover, the tumor cells may develop
across-resistance to multiple anticancer drugs
[3]. Therefore, new targets and more creative
methods are required to help overcome the difficulty of and improve the outcome of NHL.

MicroRNAs (miRNAs) are a class of approximately 22-nucleotide endogenous non-coding
RNAs, which could be found in almost any section of the DNA. Mature miRNA directs the RISC
complex by binding to the 3’ untranslated region
(UTR) of their target messenger RNA (mRNA),
leading to mRNA degration or protein translation repression. Through controlling gene expression at the post-transcriptional level, miRNAs have been shown to play key regulatory
roles in almost all biological process, including
cell proliferation, differentiation and apoptosis.
They also act as oncogenes or tumor-suppressive genes, involving in tumor development and
progression [4-6]. Dysfunctional expression of
miRNAs have been reported in several human
cancers, including lymphomas [7-9]. More recently, there is increasing evidence that miRNAs could also influence sensitivity of tumor
cells to chemo- and radiotherapy, which will
lead to the failure of anticancer treatment [1012]. Therefore, understanding the role of miR-
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Table 1. MiRNAs that have been reported associated with therapy resistance in NHL
MiRNAs

Targets

NHL Types

miR-15a/16-1

cyclinD1, MCL-1, BCL-2, BAI2A, RNF41, RASSF5, MKK3, LRIG1

CLL, MCL, NK/TCL

miR-181b

TCL-1, BCL-2, MCL-1, AID, XIAP, FOXP1

CLL, DLBCL

miR-29

MCL-1, TCL-1, CDK6, IGF1R, DNMT3A, PXND

CLL, DLBCL, MCL, NK/TCL

miR-34a

SIRT1, FOXP1

CLL, DLBCL, MCL

miR-155

SOCS1, SMAD5, SHIP1, PIK3R1

CLL, DLBCL, BL, CTCL, NK/TCL

miR-21

PTEN, PDCD4, CCND2, DPH1

CLL, DLBCL, CTCL, NK/TCL

miR-221/222

P27

CLL, DLBCL

miR-17-92cluster

PTEN, PHLPP2, BIM, ITIME2F5, T53INP1, TRIM8, IBTB4

CLL, DLBCL, MCL, BL

miR-148b

-

BL

Downregulation

Up-regulation

CLL: chronic lymphocytic leukemia; DLBCL: diffuse large B cell lymphoma; MCL: mantle cell lymphoma; BL: Burkitt’s lymphoma; CTCL: cutaneous
T-Cell Lymphoma; NK/TCL NK/T-cell lymphoma.

Table 2. Other miRNAs expressed in NHL
MiRNAs
CLL
miR-106b
miR-650
miR-130a
miR-9-3
DLBCL
Let-7b
miR-125b
miR-129-5p
miR-142, 146-5p, 146a, 223, 200c
MCL
miR-101, 26a/b
miR-10a, 20b, 363, 127-3p, 615-3p
BL
miR-155, 98, let-7a, hsa-mir-34b
Has-mir-127
miR-150
CTCL
miR-122
NK/TCL
miR-146a

Targets

Functions

ITCH
CDK1, ING4, EBF3
ATG2B, PICERI
NF-κB Protein

Inhibit p53-dependent mechanism
Inhibit cell cycle progression
Inhibit cell autophagy and trigger killing
Inhibit activation of NF-κB

PRDM1
INFAIP3, MAD4
CDK6
-

Overexpression in DLBCL
Up-regulation associated with chemoresistance
Result in less G arrest and cell death
Associated with survival of patients

STMN1
-

Decrease expression of STMN1
Associated with survival of patients

MYC
BLIMP1, XBP1
c-MYB

Associated with ETF2357 cytotoxic
Block B cell differentiation
Reduce cell proliferation

-

Up-regulation associated with chemoresistance

TRAF6

Enhance cell chemosensitivity

CLL: chronic lymphocytic leukemia; DLBCL: diffuse large B cell lymphoma; MCL: mantle cell lymphoma; BL: Burkitt’s lymphoma; CTCL: cutaneous T-Cell Lymphoma; NK/TCL NK/T-cell lymphoma.

NAs in the mechanism of chemo- and radioresistance of tumor and targeting specific miRNAs
could help overcome the problem of NHL resistance to anticancer therapy, which will improve
the overall response rate and progression-free
survival time of NHL patients. This review elaborates the miRNAs that have been reported
associated with chemo-and radio-resistance in
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NHL and other miRNAs expressed in NHL
(Tables 1, 2).
MicroRNAs associated with chemoresistance
in NHL
CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) has been used as the

Int J Clin Exp Med 2014;7(11):3818-3832

MicroRNAs and therapy resistance
standard treatment for NHL, however, large
population of patients undergo relapse, resulting in only about 30% of 3-year overall survival
rates [13]. In NHL cells undergoing chemotheraputics, miRNAs can function either as tumorsuppressive genes to inhibit tumor proliferation
or oncogenes to promote tumor escape from
apoptosis induced by chemotherapy. Expressions of tumor-supressive genes including
miR-15a/16-1, miR-34a, miR-181, miR-29, and
oncogenes miR-155, miR-21, miR-221/222 as
well as other miRNAs in different types of NHL
and their crucial roles in resistance to chemotherapy of NHL patints will be elaborated
hereinafter.
MicroRNAs in chemoresistance of chronic
lymphocytic leukemia (CLL)
MiR-15a/16-1 cluster are demonstrated to be
deleted or down-regulated in about 68% of CLL
cases, which are located at chromosome
13q14, a 30-kb region of loss in CLL and
encodes the DLEU2/miR-15a/16-1 cluster, and
that both genes deletion in mice of the region
causes proliferation of both human and mouse
B cells by modulating the expression of genes
controlling cell-cycle progression, leading to
CLL [14, 15]. Experiments in the New Zealand
Black mouse cell line showed cyclin D1, a cell
cycle regulator of G1/S transition, was downregulated in protein levels following miR15a/16-1 addition [16]. In addition, HDAC inhibition induced expression of miR-15a/16 and
miR-29, decreasing the levels of the survival
protein MCL-1. Mouse model with TCL1-Tg: p53/- genotype exhibited higher proliferation, higher survival capacity, and more resistance to
drug treatment with fludarabine. It was found
that p53 deletion resulted in a decrease of miR15a/16-1, leading to an elevated expression of
MCL-1, which was further confirmed in primary
leukemia cells from CLL patients with chromosome 17p deletion [17, 18]. Expression of miR15a/16-1 also down-regulated expression of
anti-apoptosis protein BCL-2 in CLL, and that
enhanced the susceptibility of tumor cells to
apoptosis in vitro, loss of mitochondrial function, and activation of cell death [19]. Moreover,
genes BAZ2A and RNF41 were found significantly been up-regulated while genes RASSF5,
MKK3 and LRIG1 were found significantly
down-regulated in CLL patients with down-regulated expression of miR-15a/16-1 [20], however, much work remains to be done to further
understand their contributions to CLL.
3820

MiR-34a is a member of the miR-34 family and
is regulated by the tumor suppressor p53 [21].
Deletion of 17p was associated with low basal
expression of miR-34a and failure to induce
expression of miR-34a after DNA damage, and
at the same time low expression of miR-34a in
CLL was associated with p53 inactivation but
also chemo-therapy-refractory disease and
apoptosis resistance. Cases with fludarabine
-refractory disease had a significantly lower
baseline miR-34a expression [22, 23]. B-CLL
cases carrying the SNP309 G/G polymorphism
had significantly lower miR-34a levels even
when no other mutations or deletions within
the p53 gene were present, indicating microRNA-34a expression correlated with MDM2
SNP309 polymorphism [24]. In addition, DNAdamaging chemotherapeutics, such as etoposide, activate a functional loop linking the main
member of the sirtuin family SIRT1 and p53
through the induction of miR-34a, thus identified SIRT1 as part of a p53/miR-34a tumor suppressor network, and nicotinamide enhanced
this pathway by negatively regulating SIRT1
[25]. However, details of the underlying mechanisms behind miR-34a pro-apoptotic effect are
needed further investigated.
MiR-181b was down-regulated in therapyrefractory CLL cases and its expression levels
significantly predicted a good treatment-free
survival of CLL patients [26]. MiR-181b and
miR-29 were found significantly down-regulated
the expression of TCL-1, which was coactivator
of the Akt oncoprotein, and high expression of
that correlated with aggressive B-CLL phenotype and 11q deletions [27]. MiR-181b targeted the antiapoptotic genes BCL-2 and MCL-1,
which were up-modulated in CLL cells of patients with progressive disease. MiR-181b also
targeted activation-induced cytidine deaminase (AID), and loss of miR-181b leading to
overexpression of AID and genomic instability
as well as cancer progression. Furthermore,
miR-181a/b inhibiting X-linked inhibitor of
apoptosis protein (XIAP), significantly sensitizes
CLL cells to fludarabine-induced apoptosis,
which might provide a possible therapeutic avenue and a sensitive indicator of the activity of
the p53 axis in CLL [28, 29]. On the other hand,
miR-29 expression is down-regulated in aggressive CLL as compared with indolent CLL. In
addition to MCL-1 [17] and TCL-1 [27], CDK6
and DNMT3A are observed down-regulated in
miR-29 transgenic mice, however, they are not
proved to be tumor suppressors. Interestingly,
Int J Clin Exp Med 2014;7(11):3818-3832
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peroxidasin (PXDN), a p53-responsive gene,
whose expression was found be down-regulated in CLL samples compared with normal
CD19+ B cells, was suggested to be associated
with oncogenic role of miR-29 in B cells [30].
These results may provide candidates for therapeutic agents in CLLs.
MiR-155, miR-21 and miR-221/222 expression
levels were found significantly higher in patients
with poor prognosis and decreased overall survival or with fludarabine treatment resistance,
which validated the prognostic value of the
three miRNAs in patients with B-CLL [31-34].
MiR-21 was reported to be involved in downregulation of phosphatase and tensin homologue (PTEN) in CLL [35], in addition, CCND2
and DPH1, which might act as regulators of cell
cycle progression, were also possibly the targets of miR-21 [32]. Furthermore, MDM2 small
molecule inhibitor nutlin-3-induced up-regulation of SOCS1 was paralleled and probably
mediated by a concomitant down-regulation of
miR-155 in nutlin-3 treated primary B-CLL cells,
suggesting the existence of the miR-155/
SOCS1 axis in the cytotoxic response to nutlin-3 in B-CLL and a potentially important therapeutic target of nutlin-3 in B-CLL[36]. On the
other hand, the enforced expression of miR221/222 in the CLL cell line MEC1 induced a
significant decreased expression of p27 protein and exhibited faster progression into the S
phase of the cell cycle, indicating a regulatory
loop between miR-221/222 and p27 that
helped maintaining CLL cells in a resting condition [37]. Although the previous work support
miR-155, miR-21 and miR-221/222 as potential therapeutic targets, further study are necessary to be found for the exact mechanism by
which they act.
In most recent years, more and more other
miRNAs were found to be associated with treatment free survival in patients with CLL or were
showed affecting the biologic course of CLL
cells. For example, low levels of miR-18, miR19a and miR-19b as well as high expression of
miR-17-5p, miR-92 and miR-223 were showed
associated with poor survival in patients with
CLL [38, 39]. By targeting the ubiquitin ligase
Itch, miR106b could initiate a p53-independent
mechanism that targets CLL cells [40]. MiR650 targeted proteins which were important in
cell proliferation and survival such as cyclin
dependent kinase 1 (CDK1), inhibitor of growth
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4 (ING4), and early B-cell factor 3 (EBF3), and
inhibited CLL cell cycle progression by regulating p16INK4-mediated pathway [41]. MiR-130a
had an effect on cell survival in CLL by targeting
ATG2B and DICER1 to inhibit autophagy and
trigger Killing of CLL cells [42]. MiR-9-3,which
act as a tumor suppressor, was associated with
down-regulation of NF-κB protein, and hence
might contribute to constitutive activation of
NF-κB signaling pathway in CLL [43]. These
researches indicate that the expression of
these microRNAs in CLL may have an effect on
response to chemotherapy of CLL patients, but
a more detailed description of these findings is
beyond the limits of this review.
MicroRNAs in chemoresistance of diffuse large
B cell lymphoma (DLBCL)
As has been described in CLL, miR-34a also
has been found to be one of the miRNAs downregulated in high-grade gastric diffuse large
B-cell lymphoma (gDLBLC), which could be
directly regulated by myc. Moreover, FOXP1, a
hematopoietic oncoprotein overexpressed in
gDLBCL, was predicted as a target of miR-34a
and (an indirect target) of myc in DLBCL cell
lines. Aberrant expression of myc resulted in
repression of miR-34a, thus promoted highgrade transformation of B-cell lymphoma by
dysregulation of FOXP1. Systemic miR-34a
delivery induced apoptosis and abrogated
growth of diffuse large B-cell lymphoma in vivo
[44, 45]. In addition, miR-181a and miR-222
levels were correlated with progression-free
survival of DLBCL patients treated with R-CHOP.
It was concluded that FOXP1 was also a direct
target of miR-181a, and downregulation of
FOXP1 expression by miR-181a might at least
could in part explain the association between
miR-181a and improve survival of DLBCL
patients [46]. It might be as well as that miR181a significantly be decreased NF-κB reporter
activity in DLBCL cell lines and also decreased
NF-κB reporter activity induced by anti-IgM and
TNF-α stimulation by regulating the expression
of multiple components of this pathway. MiR181a expression significantly increased cell
death and apoptosis of ABC versus GCB DLBCL,
which was associated with a more pronounced
G1 phase growth arrest in the ABC DLBCL cells,
and miR-181a down-regulation may contribute
to the pathogenesis of ABC DLBCL [47]. Interestingly, Epstein-Barr virus encoded latent
membrane protein1 (LMP1) transfectants sh-
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owed that miR-29b was up-regulated among
others. Further miR-29b locked nucleic acid
(LNA) antisense oligonucleotide transfection
into LMP1-expressing cells decreased miR-29b
expression and consequently reconstituted
oncogene TCL-1, suggesting that LMP1 might
negatively regulated TCL-1 through miR-29 upregulation and presented lymphoma growth
antagonistic property [48]. Therefore, replacement therapy of these miRNAs could be considered for the treatment of DLBCL patients with
the miRNA-negative, oncogene-overexpressing
cases.
In contrast, miR-155, miR-21 and miR-222
were found up-regulated in DLBCL cells. Inositol
phosphatase (SHIP1) and PIK3R1 (P85α), two
negative regulators of the PI3K-AKT pathway,
were both showed down-regulated by miR-155,
and consequent diminished SHIP1 expression
was further demonstrated to be the result of
autocrine stimulation by the pro-inflammatory
cytokine tumor necrosis factorα (TNFα). Thus
the PI3K-AKT signaling pathway was highly activated in DHL16 cells by overexpression of miR155, whereas knockdown of miR-155 in OCILy3 cells diminished AKT activity. All above
revealed a novel molecular mechanism by
which miR-155, through direct targeting and
repressing SHIP1 and p85α, activated oncogenetic Akt signaling in DLBCL, resulting in proliferation of tumor cells [49, 50]. In addition, miR155 directly down-regulated the bone morphogenetic protein (BMP)-responsive transcriptional factor SMAD5. And further study in the
DLBCL models showed expression of miR-155
blocked TGF-β1-mediated activation of the retinoblastoma protein (RB), reducing the abundance of the inhibitory pRB-E2F1 complex and
resulting in G0/G1 transition. Thus miR-155
overexpression lead DLBCL cells resistant to
the growth-inhibitory effects of both TGF-β1
and BMPs, through defective induction of p21
and impaired cell cycle arrest, enhancing tumor
aggressiveness and facilitating an advantageous survival behavior [51, 52].
Tumor suppressor gene phosphatase and tensin homologue (PTEN) and programmed cell
death 4 (PDCD4) have been identified as direct
targets of miR-21. It was also demonstrated
that miR-21 affected the PI3K/AKT pathway
through the regulation of PTEN to exert biological effects. Caspase-3 and caspase-9 activity
were found significantly increased in miR-21
ASO transfection group compared to the con3822

trol when cells were exposed to 40 ng/mL
CHOP. Meanwhile knockdown of NF-κB decreased miR-21 expression and sensitized the
cells to CHOP treatment as well, which indicated that downregulation of miR-21 could significantly increase cell sensitivity to the CHOP regimens and that NF-κB is a key upstream signal
of miR-21 [53, 54]. As has been mentioned
before, expression of miR-222 was proved be
also associated with shorter progression-free
survival in patients treated with R-CHOP, via
inducing downregulation of p27 that might facilitate cell proliferation and survival [37, 46]. In
short, these miRNAs above could regulate
tumor cell proliferation, invasion, and apoptosis. It could be speculated that they have a
potential therapeutic application in DLBCL.
More recently, other miRNAs were further found
be associated with treatment free survival in
patients with DLBCL or were showed affecting
the biologic course of DLBCL cells. For instance,
high expression levels of miR-142, miR-146-5p,
and miR-223 as well as low expression of miR146a and miR-200c were showed associated
with longer relapse or progression-free survival
time in DLBCL patients treated with R-CHOP
[55-59]. In addition, tumor suppressors miR127 as well as oncogenes miR-195 and let-7g
were found to correlate with event-free and
overall survival in DLBCL patients in a multivariate analysis [60]. Let-7, in particular let-7b, was
overexpressed in DLBCL relative to normal GCB
cells, and overexpression of let-7 was demonstrated contributing to the down-regulation of
PRDM1 expression in DLBCL through translation repression [61]. MiR-125b, which were
commonly gained and/or overexpressed in
DLBCL, enhanced DLBCL aggressiveness via
direct down-regulation of TNFAIP3 expression
[62]. And miR-129-5p, whose low expression
was associated with shorter overall survival in
patients treated with R-CHOP, was attempted
to speculate that low miR-129-5p lead to upregulation of CDK6, which resulted in less G1
arrest and cell death [63]. The specific role of
these miRNAs in DLBCL is not defined as yet.
There remains considerable potential for
miRNA targets and functions to be examined in
clinical trials.
MicroRNAs in chemoresistance of Mantle cell
lymphoma (MCL)
It was the same as in CLL that miR-16-1 regulated the expression of cyclinD1 as well in MCL.
Int J Clin Exp Med 2014;7(11):3818-3832
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Truncated cyclin D1 mRNA expression lead to
deletion of miR-16-1 binding sites within the
cyclin D1 mRNA 3’-UTR and altered miR-16-1
regulation in MCL, resulting in increased total
cyclin D1 mRNA and protein expression, and
thus S-phase fraction in MCL cell lines [64]. In
addition, in Mino and Jeko-1 cells with oncogenic transcription factor MYC knockdown by
small interfering RNAs (siRNAs), there were significantly up-regulated pri-miR-15a/16-1 mRNAs, and it was further confirmed that MYC
downregulated the transcription activity of miR15a/16-1 promoter depended on HDAC3 [65].
The down-regulation of miR-15a/16-1 in MCL
has been demonstrated, however, to further
understand their role as possible therapeutic
targets in MCL, much remains to be done in the
future.
It was also shown that MCL patients with downregulated miR-34a or miR-29 both had short
survival and were associated with poor prognosis. Low expression of miR-34a was in cooperation with high expression of the MYC oncogene,
and down-regulation of miR-29 lead to frequent
overexpression of CDK6, which cooperated
with cyclin D1 to further promote cell-cycle progression and the development of MCL [66, 67].
In addition, expression of miR-29-c was found
inversely correlates with the expression of insulin-like growth factor (IGF-1R) in MCL. Overexpression of miR-29-c down-regulated IGF-R1,
inhibiting cell growth and inducing cell cycle
arrest in MCL cells, and thus suppressed MCL
growth and progression in NOD/SCID mouse
xenograft models, which indicated that miR29-c were implicated in MCL cell cycle control
and survival and its down-regulation likely contributed to the tumorigenesis of MCL [68].
However, the role of miR-34a as well as miR-29
in MCL cell survival, growth, and chemoresistance needs more cultural cells and animal
models to be further evaluated.
Unlike in CLL and DLBCL, miR-181a presented
a different role in MCL. Up-regulation of miR181a post-transcriptionally down-regulated the
proapoptotic protein, BIM, thus enhancing follicular dendritic cell (FDC)-mediated protection
against apoptosis in lymphoma cell lines and
primary lymphoma cells, leading to FDCdependent drug resistance [69], which provided us a novel angle of view about chemoresistance mechanism involved in FDC and miRNA.
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So far, there have been more miRNAs found to
be associated with overall survival and prognosis of patients with MCL. High expression of
miR-10a, miR-20b and miR-363 were observed
to be associated with a short overall survival
and poor prognosis in MCL. MiR-127-3p and
miR-615-3p were also proved to be significantly
related with overall survival in the MCL training
set [70, 71], however, more work need to be
done to detailed their functions in MCL.
MicroRNAs in chemoresistance of Burkitt’s
lymphoma (BL)
Observation of the cytotoxic activity of histone
deacetylase inhibitor ITF2357 on BL cell lines
found a decrease of the expression of miR-155
and miR-98, which exert oncogenic activity in
MYC-associated tumors, and a conversely
increase of let-7a and miR-146a, which target
the MYC mRNA stabilizer IMP-1 among its
tumor suppressive functions, suggesting that
cytotoxic activity of ITF2357 was associated to
miRNA modulation in BL [72, 73]. Let-7a and
hsa-mir-34b down-regulates MYC and reverts
MYC-induced growth has been demonstrated
in Burkitt lymphoma cells and vitro experiments
[74, 75]. Interestingly, in contrast to CLL and
DLBCL, very low levels of BIC (pri-miR-155) and
miR-155 are present in BL. Further study
showed protein kinase C (PKC) and nuclear
factor-κB (NF-κB) were the crucial involvement
in the regulation of BIC expression upon B-cell
receptor triggering. However, the mechanism
was as yet unknown [76].
In addition, there were still miRNAs that showed
expression and displayed important role in EBV
positive BL. Hsa-miR-127 was demonstrated
strongly up-regulated only in EBV-positive BL
samples and involved in B-cell differentiation
process through posttranscriptional regulation
of 2 master regulators of plasma cell differentiation BLIMP1 and XBP1. The overexpression
of this miRNA might thus represent a key event
in the lymphomagenesis of EBV positive BL,
through blocking the B-cell differentiation process [77]. BL cell lines showed an extremely
low expression of miR-150. Restored miR-150
expression at physiologic levels in 5 BL cell
lines showed the re-expression of miR-150 in
Daudi and Raji cells, which were both of EBVpositive germinal center B-cell origin. MiR-150
decreased c-MYB protein levels and reduced
proliferation of BL cells, and transduced with
Int J Clin Exp Med 2014;7(11):3818-3832
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miR-150 could be rescued to differentiate
toward B-cell terminal stage [78]. Nevertheless,
their more functions in BL deserved specific
recognition in the future.
MicroRNAs in chemoresistance of Cutaneous
T-Cell Lymphoma (CTCL)
Interestingly, other than the mechanisms previous mentioned, miR-181a was found to be
down-regulated after Notch activation γ-secretase inhibitors GSI treatment, for which the
explanation might be that miR-181a was
involved in the protective, pro-survival circuit,
and induced cancer cells in response to the
pro-apoptotic agents, thus up-regulation of
miR-181a should promote apoptosis induced
by GSI [79]. But it did not show the exact target
of miR-181a in CTCL.
The relationship between miRNAs and JAK/
STAT pathway has also been recently elaborated in CTCL. MiR-155 was found as well overexpressed in CTCL patients, and further study
showed that aberrant expression of miR-155
and its host gene BIC in CTCL were induced by
transcription factor STAT5 that signaled downstream of the IL-2 receptor family, indicating a
STAT5/BIC/miR-155 pathway which promoted
proliferation of malignant T cells, and therefore
would be a potential target for therapy in CTCL
[80]. In addition, chromatin immunoprecipitation showed that miR-21 was a direct STAT3
target in Sé zary cells. IL-21 stimulated Sé zary
cells resulting in a strong activation of STAT3,
and thus subsequent up-regulation expression
of miR-21. The results suggested a STAT3/miR21 pathway which induced anti-apoptosis of Sé
zary cells, and consequently might represent a
therapeutic target for the treatment of Sé zary
Syndrome [81]. However, the targets of miR155 and miR-21 in CTCL were not shown in
above studies.
MiR-122 was found over-expressed in CTCL
and decreased the sensitivity to the chemotherapy-induced apoptosis by a signaling circuit
involved in the activation of Akt and inhibition
of p53. Up-regulation of miR-122 was induced
post-transcriptionally by p53, and was thus an
amplifier of the antiapoptotic Akt/p53 circuit. It
is possible that a pharmacological intervention
in this pathway may provide a novel therapy for
CTCL [82]. New findings described a novel signaling by cMyc/miR-125b-5p that determined
sensitivity to bortezomib in preclinical model of
3824

CTCL. MiR-125b-5p increased cellular resistance to proteasome inhibitors through downregulation of MAD4, overexpression of cMYC
induced downregulation of miR-125b-5p and
sensitized lymphoma cells to bortezomib, whereas silencing of cMyc was associated with a
high miR-125b-5p expression level and tumor
growth and thus drug resistance [83].
Information obtained about miRNAs and their
targets in CTCL could lead us to develop new
therapeutic strategies for this disease, and
there remains much to be done to discover
more.
MicroRNAs in chemoresistance of NK/T-cell
lymphoma (NK/TCL)
MiR-15a was recently revealed that it expressed
at a much lower level in nasal NK/T-cell lymphoma (NNKTL) cells and regulated the expression of transcription factor myb and cyclinD1.
Reduced miR-15a expression, which correlated
with expression of myb and cyclin D1, resulted
in poor prognosis of NNKTL patients. Knockdown of LMP1 significantly increased miR-15a
expression, suggesting down-regulation of miR15a might possibly due to LMP1. MiR-15a thus
could be a potential target for antitumor therapy and a prognostic marker for NNKTL [84]. In
addition, T-lymphoblastic lymphoma/leukemia
(T-LBL/ALL) patients with higher expression
level of miR-16 had a better overall 1-year survival rate, indicating that miR-16 might be a
potential prognostic predictor for T-LBL/ALL
[85]. Furthermore, significantly negative correlation of expression between miR-29a and
MCL-1 in extranodal NK/T-cell lymphoma (ENKTCL) patients suggested that miR-29a might
participate in tumorigenesis and development
of ENKTL by targeted-regulating oncogene MCL1, providing a possible target for ENKTK treatment [86].
On the other hand, reducing expression of miR21 or miR-155 led to up-regulation of PTEN and
PDCD4, or SHIP1, and with down-regulation of
pAkt in NK/TCL. Whereas transduction with
either miR-21 or miR-155 resulted in down-regulation of PTEN and PDCD4, or SHIP1 and with
up-regulation of pAkt, which provided an important new insight into the pathogenesis of NK/
TCL and suggested a useful approach to treating NK/TCL by targeting miR-21 or miR-155
[87]. However, due to the limits of current
researches, the clinical applicability of miR-21
or miR-155 for NK/TCL still has a long way to
go.
Int J Clin Exp Med 2014;7(11):3818-3832
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Furthermore, miRNA-146a was found downregulated and might act as a tumor suppressor
in NK/TCL. In vitro studies with SNK6 and YT
cells showed that miR-146a over-expression
inhibited NF-κB pathway by targeted down-regulation of TRAF6, and thus suppressed cell proliferation, induced apoptosis, and enhanced
chemosensitivity of NK/TCL [88]. Moreover, By
using lentiviral vectors as an alternate method
to express miR-101, miR-26a, and miR-26b in
NK-YS cells resulted in a significant increase
expression of these miRNAs and a corresponding decrease expression of STMN1 [89]. Above
findings point out new targets and avenues for
the treatment of NK/TCL, more detailed
researches need to be done in the further.
Knock-down or re-expression of specific miRNAs using synthetic anti-miRNA oligonucleotides or pre-miRNAs to inhibit oncogenic miRNAs or replace tumor-suppressive miRNAs will
correct those specific miRNAs which dys-regulate in gene expression and restore the gene
regulatory network and signaling transduction
pathways, leading to increased inhibition of
lymphoma cell growth and invasion, thus sensitize the NHL cells to chemotherapeutics and
improve the NHL resistance to chemotherapy.
However, there is still a tough way for discovering more miRNAs as well as their clinical functions and targeted therapeutic applications for
NHL.
MicroRNAs associated with radio-resistance
in NHL
Radiotherapy is also an important method of
NHL anticancer treatment, large amount ofevidence found miRNAs regulate proliferation and
apoptosis of lymphoma cells after irradiation,
which supports a role for miRNA in regulating
key cell signaling pathways that mediates
response to radiation-induced lymphoma cellular courses induced by radiation. However, in
NHL, in addition to miR-17-92 in MCL and miR148b in BL cell lines Raji, relatively few miRNAs
have been found and studied in detail and the
biological relevance of majority remains uncovered. The role of miR-17-92 and miR-148b in
resistance to radiotherapy of NHL will be
expound then.
MicroRNAs in radio-resistance of MCL
High level expression of miR-17-92 cluster was
associated with poorer survival in patients with
3825

MCL. MiR-17-92 cluster is consisted of six miRNAs (miR-17-5p, miR-18, miR-19a, miR-19b,
miR-20a and miR-92-1) and is transcribed as a
polycistronic unit from C13orf25, generally upregulating in malignant lymphomas with chromosome 13q31-q32 gain/amplification [90].
Overexpression of miR-17-92 cluster has been
found significantly promoting cell proliferation,
increasing survival cell number, and decreasing
cell death in human MCL after different doses
of radiation. And it was showed that the protein
phosphatase and tensin homolog PTEN and
phosphatase PHLPP2 were down-regulated
and thus the pAkt activity was enhanced with
overexpression of miR-17-92 cluster in MCL
cells after irradiation. These findings provide
the first direct evidence that overexpression of
miR-17-92 cluster increased radio-resistance
of human MCL cells, which offers a novel target
molecule for improving the radiotherapy of MCL
[91]. In addition, miR-17-92 cluster overexpression enhanced cell growth and inhibited chemotherapy induced apoptosis in MCL cell lines
via activated the PI3K/AKT pathway by downregulating multiple proteins such as PTEN,
PHLPP2, and the BH3-only pro-apoptotic protein BIM, which were all negative regulator of
the PI3K/AKT pathway. Conversely, inhibition of
miR-17-92 cluster expression in a xenograft
MCL mouse model showed suppressed the
PI3K/AKT pathway and inhibited tumor growth.
As a consequence, over-expression of miR-1792 may be associated with poorer survival in
MCL patients, which revealed a novel oncogenic pathway in MCL and suggested that targeting
the miR-17-92 cluster may provide a new therapeutic method for MCL [92, 93]. Existing
reports show that the miR-17-92 cluster plays a
crucial role in MCL chemo- and radiotherapy
resistance, and may be considered as a clinical
tool to improve the MCL treatment with current
chemotherapeutic regimens.
In addition, miR-17-92 cluster was proved also
been up-regulated in other malignant lymphomas including CLL, DLBCL and BL. The enforced
expression of miR-17-92 cluster in CLL reduced
the expression of the tumor suppressor genes
E2F5, TP53INP1, TRIM8 and ZBTB4, and thus
protected cells from serum-free-induced apoptosis, which was in part responsible for regulations in the genes expression profile of CLL
cells with unmutated IGHV genes that stimulated with the TLR9 agonist CpG [94]. MiR-1792 cluster was significantly overexpressed in
Int J Clin Exp Med 2014;7(11):3818-3832
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GC-DLBCL, and was a major regulator of B-cell
receptor (BCR) pathway components in DLBCL.
Inhibition of miR-17-92 cluster blunted the BCR
response in DLBCL cell lines by targeting ITIM
proteins CD22 and FCGR2B. Stimulation of the
BCR response by miR-17-92 cluster also resulted in the enhanced calcium flux and elevated
levels of MYC. The MYC-miR-17-92 cluster axis
amplified B-cell receptor signaling via inhibition
of ITIM proteins, which constituted a novel lymphoma genic feed-forward loop. Overexpression
of miR-17-92 cluster in GC-DLBCL in comparison with high-grade Follicular Lymphoma, further supported the oncogenic potential of these
miRNAs [95, 96]. As a MYC target, modestly
increased relative MYC transcript levels with
marked relative increases in miR-17-92 cluster
were showed in the BL cell lines Raji and
Ramos, and the Paediatric Burkitt Lymphoma
samples with 13q31 gain also showed higher
expression of miR-17, suggest the existence of
miR-17-92 cluster overexpression in pBL [97],
however, further studies in a larger sample set
should be performed to assess the possible
relationships between the expression level of
miR-17-92 cluster and patient outcomes.
MicroRNAs in radio-resistance of BL
In addition to miR-17-92 cluster, a quantitative
real-time polymerase chain reaction (PCR)
assay showed the up-modulation of miR-148b
after radiation. MiR-148b was located in
12q13, and generally down-regulated in various cancers as a tumor-suppressive gene [98].
It was confirmed that miR-148b could increase
the radio-sensitivity of Raji cells and inhibited
the proliferation. Further studies showed that
miR-148b probably increased the cells radiosensitivity by promoting radiation-induced cell
apoptosis. MiR-148b did not affect the cell
cycle profile of post-radiation Raji cells compared with controls, the concrete mechanism
involved in the enhanced radiation sensitivity
induced by miR-148b need further studies [99].
MiR-148b plays an important role in the
response of NHL to ionizing radiation, indicating that miR-148b may be another target associated with sensitivity of NHL cells to radiotherapy.
MiRNA offer potential novel avenues in overcoming the NHL cell resistance to apoptosis
induced by radiation. By exploring how the
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miRNA affect the response of specific lymphoma cells to radiation and intervening the
expression of dysregulated miRNAs or their targets we can specifically alter the lymphoma
cells sensitivity to radiation. However, which
miRNAs and how these miRNAs expression
affect the response of lymphoma cells to radiation therapy remains little understanding.
Effective agents that successfully improve the
lymphoma cells sensitivity to radiation in vivo
are lacking, too. Future studies are requested
to find more miRNA biomarkers associated with
radio-resistance in NHL and to better understand their roles in the lymphoma cells radiobiology.
Future prospective and questions
In summary, the mutations and amplifications/
deletions as well as altered transcriptional control can lead to dysregulation of miRNAs in NHL,
which might play an important role in tumor cell
survival, apoptosis and cell cycle progression
by targeting several signaling pathways, such
as PI3K/AKT pathway, intrinsic pathway, as well
as TP53 pathway and so on [100]. Different
proteins and pathways targeted by specific
miRNAs in different types of NHL with resistant
to chemotherapy have been detailed introduced in this article (Figure 1). The exact mechanism about the impact of miRNAs on chemoand radio-resistance and meaning of them for
therapeutic usage provide an emerging strategy for NHL treatment.
However, despite these encouraging researches on the role of miRNAs in sustaining resistance of NHL to chemo- and radiotherapy, many
limiting aspects are still have to be addressed.
First of all, based on the huge amount of miRNAs in the human genome, it is unlikely that
these miRNAs represent an exhaustive list of
the miRNAs associated with chemo- and radioresistance of NHL. Secondly, there is still a considerable lack of elucidating of the precise
mechanisms governing miRNAs expression and
their influence on targeted genes and cell signaling pathways. Understanding the detailed
mechanisms and role of identified miRNAs in
chemo- and radio resistance of NHL remains to
be a big challenge at the moment. Last but not
least, current studies are still at the pre-clinical
stage, and the major hurdles including the efficiency and safety of such targeting therapy in
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Figure 1. Regulation of miRNAs in NHL. Dysregulation of miRNAs affect different cell signaling pathways by targeting
specific genes, leading to cell cycle progression or anti-apoptosis and cell resistance to chemo- and radiotherapy.
(Made by Pathway Builder Tool).

clinical patients remain to be resolved. Nevertheless, further extensive researches will
lay open the whole number of miRNAs involved
in regulating chemo- and radio-resistance of
NHL and the way they affect NHL cell sensitivity
to therapeutics and radiation. This is an area
that is almost certain to flourish as the field
matures and it can be expected that in the near
future miRNAs and miRNA-targeting oligonucleotides may become promising strategies in
overcoming the chemo- and radio-resistance of
NHL, and improving the prognosis and life quality of NHL patients.
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