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Summary

MicroRNAs (miRNAs) have emerged as critical regulators of gene expres-
sion within cells. One particular miRNA, miR-155, is highly expressed
within lymphocytes (both B and T cells) and mediates a number of
important roles. These include shaping the transcriptome of lymphoid
cells that control diverse biological functions vital in adaptive immunity.
The use of mice engineered to be deficient in miR-155, as well as the
identification of endogenous targets of miR-155 in T cells by transcrip-
tome-wide analysis, has helped to unravel the crucial role that this
miRNA plays in fine tuning the regulation of lymphocyte subsets such as
B cells, CD8" and CD4" T cells ranging from T helper type 1 (Thl), Th2,
Th17 and regulatory T cells. In this review, we summarize what we have
learned about miR-155 in the regulation of lymphocyte responses at the
cellular and molecular levels and in particular, we focus on the recent
findings showing that miR-155 shapes the balance between tolerance and
immunity.

Keywords: experimental autoimmune encephalomyelitis/multiple sclerosis;
regulatory T cells; T cells; T helper type 1/type2 cells.

porte AA-072, 51, Ave du Maréchal de
Lattre de Tassigny 94010 Créteil, France.
Email: nabila.seddiki@inserm.fr

Senior author: Nabila Seddiki

Introduction

MicroRNAs (miRNAs) are small RNAs (19-22 nucleo-
tides in length) that have vitally important roles in fine-
tuning gene expression within cells. Within the immune
system, they have also been shown to have critical roles
in the developmental fate of lymphocytes and also in
innate and adaptive immunity in general.”? One miRNA
with an emerging role in regulating immune responses is
miR-155. miR-155 is derived from the non-coding tran-
script of the proto-oncogene bic (B-cell integration clus-
ter) gene and represents the only evolutionarily conserved
sequence of this gene, suggesting that miR-155 has an
important role in bic function. miR-155, like other miR-
NAs, works by binding to the 3’ untranslated region of
mRNA via a protein complex called the RNA-induced
silencing complex to effect either mRNA degradation or
translational repression.” A shorter seven nucleotide ‘seed’
region (nucleotides 2-8 from the 5’ end) within the
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miRNA determines which 3’ untranslated region of
mRNAs can be targeted. Like other miRNAs, miR-155
has hundreds of potential target genes that it can regulate.
Interestingly, using a technique that measured transcrip-
tome-wide identification of endogenous targets of miR-
155 in T cells revealed that up to 40% of miR-155 targets
occurred at sites that did not have a perfect seed match.*
Although this approach together with the use of mice
deficient in bic/miR155 have been very useful to unravel
the important role of miR-155 in the function of specific
lymphocyte populations, we need to unequivocally dem-
onstrate whether miR-155 has a role in lymphocyte devel-
opment.

Several studies showed that miR-155 controls differenti-
ation of CD4" T cells into the T helper type 1 (Th1), Th2
and Th17 subsets of helper T cells>® and that it affects
the development of regulatory T (Treg) cells.”® miR-155
also regulates CD8" T cells”'® and is essential for normal
B-cell differentiation and antibody production.>®'! As
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miRNAs are important regulators of T-cell immunity, and
miR-155 particularly has received a great deal of attention
in many ways due to its role in controlling protective
immune responses and inflammation, we review here the
literature that is available about miR-155-mediated
regulation of lymphocyte subsets. We will report the role
of miR-155 in adaptive immunity and summarize its role
in various diseases ranging from haematological malignan-
cies, cancers and viral infections to autoimmune diseases
(Table 1).

The effect of miR-155 on lymphocyte biology

The miR-155 signature is specific to bone-marrow-
derived haematopoietic cells in humans.'?> In addition,
the thymus exhibits the highest levels of miR-155 expres-
sion compared with other human tissues.”> miR-155 is
also expressed in CD34" cells isolated from peripheral
blood or bone marrow and it was therefore hypothesized
that miR-155 may inhibit their differentiation into a
more mature cell type.'*

Studies using mice deficient in bic/miR155 have
revealed invaluable data on the role of miR-155 during
haematopoiesis. miR-155 regulates both myelopoiesis"*
and erythropoiesis.'>'® Mice deficient for bic show normal
T- and B-lymphocyte subpopulation numbers and distri-
bution.” Natural killer cell numbers were however strik-
ingly lower in the spleen as compared to wild-type mice.”

Importantly, multiple studies have demonstrated that
miR-155 is consistently up-regulated following activation
by CD3/CD28 co-stimulation in the case of lymphocytes,
or by Toll-like receptor agonists in B cells and macro-
phages. These results suggest that bic/miR-155 may regu-
late the function of lymphocytes and myeloid cells.'""”

Microarray analysis of bic-deficient B and T cells under
different conditions has revealed a wide spectrum of tar-
gets regulated by miR-155 and suggested mechanisms for
the regulation of lymphocyte differentiation. miR-155
appears to be crucial during immune responses, inflam-
mation and tumour development as further discussed
below. However, the role of miR-155 in lymphocyte
development, with the exception of Treg cells (as men-
tioned below), needs to be further explored.

miR-155 and lymphocyte immune function

miR-155 and adaptive immunity

miR-155 activity in B cells

Early studies have shown that miR-155 levels are up-regu-
lated rapidly in both activated mature T and B cells'®"’
but can also be up-regulated in germinal centre B cells,'®
macrophages and dendritic cells. Mice lacking the bic/
miR-155 gene were shown to produce significantly lower
levels of specific antibody compared with control mice
and also had germinal centres that were smaller than con-
trol mice.'" Other studies have confirmed that B-cell and
T-cell responses are diminished in bic-deficient mice.
Immunized mice produced significantly lower IgM and
switched antigen-specific antibodies whereas T-cell
responses were also shown to be defective in bic/miR-
155-deficient mice. This was well demonstrated by failure
to produce significant interferon-y (IFN-y) and interleu-
kin-2 (IL-2) in immunized splenocytes from mutant mice
(bic deficient) compared with wild-type mice.” miR-155
has been shown to play important roles in immunoglobu-
lin class switching via repression of activation-induced
cytidine deaminases (AID) and the transcription factor
PU.1 561120

The role of miR-155 in CD8" T cells

The role of miR-155 in CD8" T cells has also been exam-
ined but a lot less is known about their functional rele-
vance in this subset of lymphocytes. Like CD4" T cells, in
vitro stimulation of CD8" T cells with anti-CD3 and anti-
CD28 co-stimulation leads to a significant boost to miR-
155 expression levels. Mice lacking miR-155 were found
to have greatly reduced numbers of antigen-specific CD8"
T cells following a sub-lethal infection with an influenza
virus compared with wild-type mice with normal levels of
miR-155.>" Along with the reduced numbers of antigen-
specific CD8" T cells, there was also decreased viral
clearance observed in the miR-155-deficient mice. Inter-
estingly, over-expression of miR-155 led to improved
antigen-specific CD8" T-cell responses compared with the
mice with normal levels of miR-155. Other studies have
shown that mice lacking miR-155 have impaired primary

Table 1. Expression of miR-155 in different diseases. Main references are indicated

Disease Mouse

Human

Haematological malignancies ~B-cell lymphoma™>*°

Cancers
LCMV," influenza virus*'
CIA,”” EAE?

Viral infections
Autoimmune disease

B-cell lymphoma (Hodgkin’s,"®***” Burkitt’s,”” DLBCL***® CLL**

47 48 . 49
Melanoma,”” breast cancer,” ovarian cancer

HIV,>® HBV,” HCV>*
RA,>® MS,* SLE,”” UC”’

CIA, collagen-induced arthritis; CLL, chronic lymphocytic leukaemia; DLBCL, diffuse large cell B-cell lymphoma; EAE, experimental autoimmune

encephalomyelitis; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; LCMV, lymphocytic choriomeningitis

virus; MS, multiple sclerosis; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; UC, ulcerative colitis.
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responses to lymphocytic choriomeningitis virus and also
to Listeria monocytogenes.” In particular, there was a
marked reduction in antigen-specific CD8" T cells, as well
as a functional defect with reduced ability to lyse targets
using a cytotoxic T-lymphocyte assay. miR-155 also
appears to be differentially expressed in CD8" T-cell sub-
sets, in particular sustained miR-155 levels are seen with
effector/effector memory cells whereas lower levels of
expression were seen with central memory CD8" T cells.'
In the same study, mice engineered to lack miR-155 in
the CD8" T-cell compartment, showed much higher levels
of viraemia (on exposure to a murine herpes virus). As
with the CD4" T cells discussed below, CD8" T cells lack-
ing miR-155 also had a lower frequency of cells that
could produce IFN-y.

Role of miR-155 in CD4" T-cell subset differentiation
and cytokine signalling

One important part of CD4" T-cell differentiation is
cytokine signal transduction and using a computational
approach, targets of miR-155 that affected cytokine signal
transduction were sought. The IFN-yRa chain was identi-
fied as a potential target of miR-155 and previous papers
have shown that IFN-y signalling through the IFN-yR is
important in the differentiation of naive cells into Thl
cells.?>? 1t was found that in Thl-inducing conditions,
miR-155 was able to target IFN-yRa mRNA and therefore
potentially affect T-cell differentiation through cytokine
signalling.**

However, the interplay between miR-155 and cytokine/
cytokine receptor signalling in CD4" T cells remains com-
plex. This is illustrated by papers showing that miR-155
is able to target Src homology-2 domain-containing inosi-
tol 5-phosphatase 1 (Shipl) in myeloid cells*> but also in
T cells.”® In mice lacking miR-155, there were decreased
numbers of IFN-y-producing CD4" T cells in the knock-
out mice and also Shipl knockdown using small hairpin
RNAs showed an increase in IFN-y at the protein level in
CD4" T cells.”® This suggests that miR-155 can modulate
IFN-y levels through repression of Shipl.

Rodriguez et al. demonstrated that bic-deficient CD4"
T cells were intrinsically biased towards Th2 differentia-
tion in view of higher numbers of IL-4-producing cells
and enhanced levels of Th2 cytokines.” The authors iden-
tified the transcription factor c-Maf (a potent transactiva-
tor of the IL-4 promoter) as a direct target of miR-155.
However, the data suggested that bic/miR-155 was not
required for Thl differentiation even if Thl cells exhib-
ited an altered phenotype.” These findings were confirmed
by another group who found that there was a trend
towards increased IL-4 levels but no significant difference
in IFN-y production in miR-155-deficient mice.”” Inter-
estingly, Banerjee et al. showed that over-expression of
miR-155 in activated CD4" T cells promoted Th1 differ-
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entiation, although lacking miR-155 also led to a bias
towards Th2 differentiation in CD4" T cells.** In addi-
tion, mice lacking bic/miR-155 also produced lower levels
of tumour necrosis factor and lymphotoxin-o« compared
with control mice, with T cells from bic/miR-155-defi-
cient mice skewing towards a Th2 phenotype.''

Role of miR-155 in Th1/Th17-mediated inflammation

A mouse model using an miR-155 knockout, demon-
strated that following immunization with myelin oligo-
dendrocyte glycoprotein (MOG), these mice were
resistant to the development of experimental autoimmune
encephalomyelitis (EAE), a murine model of multiple
sclerosis (MS), compared with wild-type mice which
expressed miR-155 and developed EAE following immu-
nization with MOG.? To further investigate the response
to MOG, lymph node samples and splenocytes from these
knockout mice were examined for the presence of IL-17
or IFN-y (Th17 or Thl) -producing CD4" T cells. Th17
cells were significantly reduced in both spleen and lymph
nodes from miR-155 knockout mice whereas IFN-y-pro-
ducing Thl CD4" T cells were reduced in spleens but not
lymph nodes of MOG-immunized mice lacking miR-155.
The reduction in these cells was shown to be due to a
defect in inflammatory T-cell development in the knock-
out mice.” Other studies have demonstrated that mice
lacking miR-155 have lower levels of Treg cells under
normal physiological conditions,”® which were also seen
in this study. Delayed type hypersensitivity responses were
also shown to be impaired in mice lacking miR-155.
Overall these studies have implicated miR-155 as having
an important role in driving chronic inflammatory
responses seen in a model of autoimmunity (EAE).

In another recent study, Hu et al. have investigated the
role of miR-155 in differentiated Th17 cells.*® The
authors have generated a mouse strain that allows for the
isolation and analysis of viable miR-155"'"" IL-17F-
expressing CD4" T cells that specifically recognize
MOG3;s 55 antigen. Interestingly, they found that purified
miR-155"" Th17 cells were extremely defective in caus-
ing EAE following adoptive transfer when compared with
wild-type controls. Furthermore, the authors showed that
miR-155"'" Th17 cells are hypo-responsive to IL-23,
revealing a new link between miR-155 and the highly rel-
evant IL-23-IL-23R pathway.”® In accordance with this
study, three others papers reported that the secretion of
IL-17A by Thl7 cells was positively regulated by miR-
155.2:29:30

The role of miR-155 has also been studied in the
mucosa and interestingly Das et al. revealed a transform-
ing growth factor-f§ (TGF-f) -dependent role for miR-
155 in modulating cytokine and T-cell immune responses
in the gut.’' Consistent with the bioinformatics predic-
tion that miR-155 targets the inducible T-cell kinase (itk)
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the authors demonstrated that over-expression of miR-
155 in CD4" T cells from lamina propria causes a
decrease in itk mRNA, leading to a modest decline in
IL-2 expression.”’ Hence, they suggested that an excess of
miR-155 in the presence of TGF-fi might contribute to
mucosal tolerance.

miR-155 and Treg cells

Although miR-155 is up-regulated in CD4" T cells, its
functional relevance in Treg cells still requires further
work. Foxp3, the transcription factor that is a defining
feature of Treg cells, appears to identify miR-155 (highly
expressed in Treg cells) as a direct target of Foxp3. Using
established protocols,’® we separated out naive Treg cells
(CD25" CD127"°Y CD62L" CD45RO "), effector/memory
Treg cells (CD25" CD127°" CD62L"~ CD45RO") and
conventional naive CD4" T cells (CD25~ CD127"h
CD62L" CD45RO™) from healthy donors and measured
miR-155 levels in these subsets. We found miR-155 was
strongly expressed in effector/memory Treg cells com-
pared with lower expression levels in both naive Treg cells
and naive CD4" subsets.”® These data paralleled studies
realized in miR-155-deficient mice showing reduced
numbers of Treg cells in both the thymus and in the
periphery, which was shown to be due to a defect in
development.” However, the suppressive function of Treg
cells was not diminished in miR-155 knockout mice, nor
was there any problem with bic/miR-155-deficient T cells
to up-regulate Foxp3 under the right conditions. In line
with the fact that miR-155 does not seem to play a role
in Treg cell function, three independent studies reported
that no significant differences were found in the produc-
tion of IL-10 and TGF-f; by Treg cells when miR-155
levels were modulated.>**°

Interestingly, there is evidence that miR-155 inhibits
expression of the suppressor of cytokine signalling mole-
cule (SOCS1).® miR-155-deficient Treg cells resulted in
increased SOCS1 expression, accompanied by impaired
activation of signal transducer and activator of transcrip-
tion 5 (STAT5) transcription factor in response to limit-
ing amounts of IL-2, so leading to decreased Treg cell
proliferation. Yao et al. reported that miR-155 contrib-
utes to the activation of IL-2/STAT5 and IL-6/STATS3 sig-
nalling pathways and the induction of Treg/Th17 cell
differentiation.”® The authors suggested that miR-155
might be involved in modulating inflammatory diseases
at least in part by regulating SOCSI.

miR-155 modulation in disease

The pivotal role of miR-155 for normal immune function
was underlined by the studies of miR-155-deficient mice.’
These mice showed major disturbances in the function
of B and T lymphocytes as has been outlined above.

© 2013 John Wiley & Sons Ltd, Immunology, 142, 32-38
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Moreover, these findings led to other important observa-
tions that described the role of miR-155 in various dis-
eases, ranging from haematological malignancies, cancers
and viral infections to autoimmune diseases.

Haematological malignancies

Over-expression of miR-155 is described in various B-cell
lymphomas, such as Hodgkin’s, Burkitt’s and diffuse large
cell B-cell lymphoma.'®**?® Costinean et al. studied the
role of miR-155 by producing the transgenic mice in
which miR-155 is over expressed in B cells. These mice
exhibited initially a preleukemic pre-B cell proliferation
evident in spleen and bone marrow, followed by full-
blown B-cell lymphomas.* This suggested that miR-155
plays a major role in the early development of B cell lym-
phomas. More recently, Babar et al. produced an induc-
ible knock-in model. As expected, induction of miR-155
in the lymphoid tissue led to disseminated lymphoma.
Reduction of miR-155 led to the decrease in tumour size
and other disease manifestations.”” In humans, Calin

et al*!

studied extensively a microRNA signature associ-
ated with prognosis and progression in chronic lympho-
cytic leukaemia and found that miR-155 up-regulation is
associated with poor prognosis. Interestingly, several
lymphoma-associated viruses, including Epstein—Barr
virus, Kaposi sarcoma-associated herpes virus and
Marek’s disease virus are associated with dysregulation of
miR-155.%

Cancers

The oncogenic role of miR-155 is well established and
described in several cancers including pancreatic, thyroid
carcinoma, breast cancer, colon cancer and lung cancer
where over-expression of miR-155 is generally linked with
a poor prognosis.“f46 miR-155 regulates several pro-
oncogenic pathways that are well described elsewhere*
and are beyond the scope of this review. From the immu-
nological standpoint, the influence of miR-155 expression
on anti-tumour response is underlined by several studies.
Dudda et al. investigated the role of miR-155 in CD8"
T-cell anti-tumour response, using a mouse melanoma
model.*” When compared with wild-type CD8" T cells,
mir-155""" CD8" T cells were not as effective in control-
ling the tumour growth and ensuring the longer survival
of challenged mice. When melanoma antigen-specific
CD8" T cells were transduced with retrovirus encoding
miRNA-155, resulting in increased miR-155 expression,
they were much more effective in controlling the tumour
growth than were cells transduced with scrambled RNA.
Enhancing miR-155 expression within CD8" T cells sig-
nificantly prolonged the survival of tumour-challenged
mice.”” miR-155 is also implicated in innate immune
responses to tumours. Zonari et al. used a spontaneous
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breast cancer mouse model to assess the role of miR-155
primarily on innate immune responses.*® They found that
knocking down miR-155 in the myeloid compartment
accelerated tumour growth. Probable mechanisms
included a decrease in the proportion of CDI1lc"
tumour-associated macrophages as well as their activation
status. They also described a change of the cytokine
milieu of the tumour toward an M2/Th2 phenotype.*®
Cubillos-Ruiz et al. increased the activity of miR-155 in
ovarian cancer-associated dendritic cells.*” They ‘fed’
them with nanoparticles loaded with Dicer substrate RNA
duplexes that mimic the structure of endogenous precur-
sor miR-155 hairpin molecules. This led to a complete
shift in the dendritic cell phenotype that enabled a potent
anti-tumour immune response.”’ This study underlines a
role of miR-155 in tumour immune dynamics and at the
same time it proposes new strategies for safe induction of
productive anti-tumour response.

Viral infections

Along with studying the effect of miR-155 on tumour-
specific CD8" T-cell responses, Dudda et al. extended
their study on virally induced CD8" T-cell responses
employing both acute and chronic lymphocytic chorio-
meningitis virus infection models.*” Six to eight days after
infecting the mice with lymphocytic choriomeningitis
virus, they found an increase in effector CD8" T cells
expressing high levels of miR-155. This increase was
highly dependent on the strength of T-cell receptor stim-
ulation as high-affinity T-cell recptors induced higher
levels of miR-155. Although mir155~/~ CD8" T cells were
able to clear the virus, there was a major impairment of
the robustness of the response, as well as the formation
of central memory response.”” As noted earlier, Gracias
et al. studied the role of miR-155 in the context of infec-
tion with influenza virus or Listeria monocytogenes.”" They
found that miR-155 is highly expressed in effector and
effector/memory CD8" T cells and not in naive and cen-
tral memory CD8" T cells. Expression of miR-155
affected both optimal effector responses as well as devel-
opment of a memory response.”’ The mechanism by
which miR-155 contributes to the establishment of the
memory response is still not clear but it is of major inter-
est, especially in vaccination and chronic infections. In
the context of chronic infections, the study of the role of
miR-155 in HIV-1 infection is coming into the limelight.
When the expression of 377 miRNAs was evaluated in
CD4" T cells from HIV' long-term non-progressors
(LTNPs), naive patients and multiply exposed uninfected
patients, several miRNAs differentiated multiply exposed
uninfected patients from the naive patients and LTNPs.
Only miR-155 expression discriminated between naive
patients and LTNPs as it was up regulated in naive
patients.”® This suggested that miR-155 might play a role
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in pathogenesis. Although this study had its critics®!
because of the different conclusions from previous stud-
ies, it underlines the importance of miR-155 in HIV-1
infection as well as a potential drug target. As it was
shown that miR-155 plays a role in Treg cell develop-
ment,” we investigated the levels of expression in different
subsets of Treg cells. We found that miR-155 was strongly
expressed in effector/memory Treg cells compared with
lower expression levels in both naive Treg cells and naive
CD4" subsets. Further, we found that levels of effector/
memory Treg cells are significantly increased in HIV-
infected individuals with progressive infection versus
LTNPs.>> The higher level of activated Tregs with pre-
sumably increased miR-155 levels may explain why these
levels were different between the two HIV-1-infected
groups reported by Bignami et al.”® We stressed the
importance of analysing the expression of miR-155 in dif-
ferent T-cell subsets to better understand its role in HIV
pathogenesis. HIV infection is not the only viral infection
in which the role of miR-155 has been examined. It was
shown in both hepatitis B virus® and hepatitis C virus>*
that miR-155 is implicated in several immune processes
(Fig. 1).

Autoimmune disease

miR-155 has also been implicated in many autoimmune
disorders. Peripheral blood mononuclear cells from rheu-
matoid arthritis patients showed an increase in miR-155
expression compared with healthy controls.”® This is per-
haps not surprising given that miR-155 has an important
part in establishing and amplifying inflammatory
responses through several mechanisms as reviewed else-
where.”®® Even though the role of miR-155 in rheuma-
toid arthritis as well as in other autoimmune disorders is
considered detrimental, the role that its expression has on
Treg cells leads to more ambiguous conclusions. Since
miR-155 is involved in Treg cell differentiation and the
maintenance as discussed before, the modulation of miR-
155 expression for therapeutic purposes invites more cau-
tion. Animal models were very useful in defining the role
of miR-155 in autoimmunity. miR-155-deficient mice do
not develop collagen-induced arthritis (CIA) and they
show the lower levels of IL-6 and IL-17 as well as the
lower level of pathogenic IgG and auto-reactive T cells.”’”
As mentioned earlier, EAE is an animal model for study
into MS. As in the case of arthritis, mir-155~'~ mice are
highly resistant to EAE because of aberrant differentiation
of auto-reactive T cells, mostly of Thl and Th17 pheno-
type. Furthermore, these mice showed impaired DC func-
tion needed for the development of these T-cell subsets.”
Paraboschi et al. monitored the differential expression of
22 immunity-related miRNAs in peripheral blood mono-
nuclear cells to address their role in MS pathogenesis.
The most up-regulated was miR-155, which suggest that

© 2013 John Wiley & Sons Ltd, Immunology, 142, 32-38
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Figure 1. Role of miR-155 in immune cell
function.

it plays an important role in MS development and this
calls for more investigations.” Interestingly, increased
expression of miR-155 was also described in brain lesions
of MS patients.”” miR-155 has also a pro-inflammatory
role in microglia and is necessary for the progression of
the immune response through the modulation of SOCS-
1, suggesting that, in a chronic inflammatory context,
miR-155 inhibition can have a neuroprotective effect.®!
Besides MS and rheumatoid arthritis, miR-155 is recog-
nized in other autoimmune disorders, namely systemic
lupus erythematosus and ulcerative colitis.””

Conclusions

miR-155 is a highly expressed and important miRNA
with functional relevance in the biology of lymphocytes.
Murine models that lack miR-155 in various lymphocyte
compartments have highlighted the important role that
miR-155 plays in particular with T-cell differentiation.
Dysregulation of miR-155 has been shown to have rele-
vance in a number of human tumours, autoimmune dis-
eases and responses to viral infections by T cells and B
cells. There is a paucity of information, however, regard-
ing the role of miR-155 in certain T-cell subsets (such as
T follicular helper cells) and research into the role of
miR-155 in some of these T-cell subsets will help better
define their functional relevance. The ability to manipu-
late miR-155 expression levels to see if disease outcomes
can be altered (such as in autoimmune diseases such as
MS), remains a lofty goal due to the difficulties of deliv-
ering these molecules precisely and the high likelihood of
off-target effects. However, the altered expression of

© 2013 John Wiley & Sons Ltd, Immunology, 142, 32-38
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miR-155 in lymphocytes in various disease states, may
lead to the identification of new protein targets that lead
to novel therapies for these conditions. However, there
remains a lot more to be understood about how miR-
155, in concert with other miRNAs, regulate gene func-
tion in lymphocytes and also their precise role in disease
pathogenesis.
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