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Abstract

Cancer is a condition characterized by uncontrolled growth of cells
that leads to formation of lumps or masses of tissues called tumors.
There are different types of cancer, each of which are basically
linked to the type of cell that it affects. Cancer may be caused by
hereditary factors, environmental factors, carcinogenic agents and
exposure to radiation, among other sources. Often referred to as
the “Silent Killer,” cancer is one of the deadliest diseases affecting
human populations worldwide. In India, approximately 1 million
cases of cancer are detected annually and added to the total pool
of patients suffering from this disease. Cancer cases are rising at
an alarming rate over the last decade in India, with increases being
particularly high in the North Eastern part of the country. Head
and neck cancer leads the list in northeast India, as per reports
from the National Cancer Registries and ICMR. Researchers all
over the globe, however, have adopted numerous ways to study
the molecular mechanisms associated with cancer biology and all
their approaches can be broadly summarized under genomic and
proteomic studies. Many pathways have been proposed to reflect
the mechanisms involved in cancer. However, the one mediated by
P53 and the myeloid differentiation factor 88 (MyD88) has gained
significant attention. P53 is a tumor suppressor protein, encoded
by the gene 7P53 in humans. It acts by regulating the cell cycle via
integration of various signals linked to cell life and death, and as
such plays a crucial role in preventing cancer. It also activates the
programmed cell death pathway, or apoptosis, thereby arresting
cell growth. While a substantial amount of data has been published
on p53, the MyD88 pathway remains much less studied and largely
unknown; research efforts are ongoing with the aim of elucidat-
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ing the signaling mechanism of MyD88 in cancer. In this article,
emphasis is laid on discussing the signaling pathways associated
with MyD88.

Introduction

MyD88 was first characterized for its role in the process of hemat-
opoiesis, and defined as an encoded protein of the myeloid dif-
ferentiation primary response gene.! Since then, MyD88 has been
determined to play a significant role in exerting innate immuno-
logical responses in mammals.> The pioneer study on MyD88 was
carried out by taking into account the amino acid homology that
exists between MyD88 and the cytoplasmic domains of Drosophi-
la Toll and the mammalian interleukin (IL)-1 receptors, which fur-
ther illustrated that “MyD88 may be defined as a family of signal
transduction molecules with an ancestral function in the activation
of the immune system.”

MyD88 is now known to be a critical adaptor molecule that
bridges IL-1R1 with the IL-1 receptor-associated kinase (IRAK)
complex, thereby highlighting its role as an immunological pillar.?
This adaptor molecule exhibits a vital character in directing innate
immune signaling through the Toll-like receptor (TLR) members
and the IL-1 family, and can function in both pro- and anti-tumor-
igenic responses, as shown in various cancer model systems.* The
MyD8S protein itself acts as an anchor to direct protein signaling
of TLR/IL-1R,? as well as of receptors with IFN-y in the innate
immunological response. The modular composition of MyD88 in-
cludes a death domain (DD) at its NH,, terminus and a Toll/IL-1R
(TIR) domain at the COOH terminus.®

MyD88 and the TIR-domain-containing adapter inducing
interferon-p (TRIF) act as crucial adaptors that bind TLRs and their
intracellular domains, thereby activating the pro-inflammatory re-
sponse. In a recent study conducted in rats suffering from ovarian
cancer, the TLR4-induced MyD88 and TRIF-dependent pathways
were shown to be attenuated by melatonin.” The various cytokines
that are expressed, such as tumor necrosis factor-o (TNF-a), IL-
1B, IL-6, interferon-inducible protein 10 (IP-10) and IFN-y, are
mediated and characterized by a dual coordination of MyD88 and
TRIF through various activated transcriptional factors, including
NF-xB, AP-1 and IRF-3.8 In TLR-dependent signaling pathways,
MyD88 was first recognized as the common adapter that leads to
the activation of innate immunity.’

Various experimental models have been used to evidence the
involvement of MyD88 in cancer. Its roles include promotion of
tumor formation and cancer-assisted inflammation.! Inflamma-
tory cytokines are induced with the help of MyD88, and the adap-
tor that contains a TIR domain, via action of all the TLRs. The
first of its kind to be described, MyD88, an intracellular adaptor
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Fig. 1. Molecules mediating the MyD88-dependent pathways. The series of events in the MyD88-dependent pathway are triggered by binding of MyD88 with TLR, which leads
to activation of IRAK and TRAF proteins and ultimately stimulates the expression and activity of various transcription factors.

represents a link for the architecture of cell signaling mechanisms
of the TLRs that lack catalysis.!!

The mechanism of MyD88’s downstream signaling is attrib-
uted to both its DD in the N-terminus and its TIR domain in the
C-terminus.'? Apart from the TLRs, IL-1 has been shown to be
associated with the role of MyD88 signaling as a potential in-
flammatory mediator.!! Considering that inflammation represents
an inclination towards carcinogenesis,' another recent study de-
termined the pro-tumorigenic role of MyD88 in inflammation.!!
TLR- and IL-1R-mediated MyD88 downstream signaling was
found in another study to evoke a response in intestinal tumori-
genesis.!* Moreover, MyD88 was shown to intrinsically mediate
fibroblast and epithelial cell transformation' and to be an impor-
tant molecule in protection against tumor formation via the wound
repairing mechanism. Finally, it has been determined that defense
mechanisms involving oncogenic pathogens are promoted by the
adaptive immunological reactions mediated by MyD88.1°

Types of MyD88 pathways

Signaling pathways mediated by TLR exhibit two functionally

distinct mechanisms: The MyD88-dependent pathway, which is
common to all TLRs, and the MyD88-independent pathway, which
relies on TLR3 and TLR4 signals.'® A wide array of immunologi-
cal factors and receptors mediate these two pathways, as discussed
below.

The MyD88-dependent pathway begins with the early stage ac-
tivation of nuclear factor-kappaB (NF-«xB), which produces vari-
ous proinflammatory cytokines like IL-6, IL-8 and TNF-a and is
involved in numerous aspects of the immunological response, cell
adhesion, proliferation, angiogenesis and apoptosis (Fig. 1).!718
Conversely, the MyD88-independent pathway replaces MyD88
with TRAM, stimulating TRIF signaling and further initiating the
activation of NF-«xB at a later stage (contrasting the early activa-
tion of the MyD88-dependent pathway), with subsequent induc-
tion of IRF3 and enhancement of IFN and IFN-inducible gene
products (Fig. 2).1°

MyD88-dependent pathway

The MyD88-dependent signaling pathway can be initiated by
almost all of the TLRs, except for TLR3.20 The TIR domain-
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Fig. 2. Molecules mediating the MyD88-independent pathways. The cascade of events in the MyD88-indepdent pathway are initiated by interaction of the TLR and TBK pro-

teins, with the involvement of IFN at the end stage influencing downstream gene expression.

containing adaptor protein (TIRAP)/MyD88-adaptor-like (Mal),
which is the second adaptor containing a TIR domain, is known
to mediate this pathway with the help of TLR2 and TLR4. A TIR
domain at its C-terminal end, together with a death domain at its
N-terminal end, is responsible for the actions of the MyD88 mol-
ecule in this pathway. It binds to TLRs via the TIR domain. Upon
stimulation, MyD88 guides IRAK towards TLRs via interaction
with its death domain. Next, formation of a special structure called
the “Mydd-osome” occurs that is accompanied by recruitment of
IRAK4 and further phosphorylation of two other kinases, IRAK1
and IRAK2.2' Once phosphorylated, IRAK becomes activated,
after which it is recruited to the tumor necrosis factor receptor
(TNFR)-associated factor (TRAF)6, thereby activating two dis-
tinct pathways that finally move the signal towards activation of
c-Jun N-terminal kinase (JNK) and NF-xB.?

IRAK primarily functions as a serine/threonine kinase and is
known to be functionally associated with the IL-1 receptor, which
bears the TIR domain.?? The N-terminal DD in the IRAK protein
is the primary region responsible for interaction with MyD88, but
it also harbors a central kinase domain.” Phosphorylated IRAK 1
and IRAK?2 are capable of interacting with E3 ubiquitin ligase and
TRAF6, which occurs via the binding domain in TRAF6.2% Next,

TRAF6 ubiquitination takes place and TAK1 becomes activated,**
further initiating the dual induction of the NF-kB mechanism and
a second pathway involving the mitogen-activated protein kinase
(MAPK).?0

Resting cells require NF-kB dimers in their inactive form, held
by the IkB protein in the cytoplasm.?® Proteosomal degradation
follows phosphorylation of TAK1 and activation of IxB kinase b
(IKKB), with phosphorylation of IkB after NF-kB activation fol-
lowing.2¢

MyDS88 binds to the cytoplasmic portion of TLRs, and this
process is initiated by the TIR domains that interact individually.
Upon stimulation, three molecules IRAK-4, IRAK-1 and TRAF6
bind with the receptor, inducing the subsequent binding of IRAK-1
to MyD88 through its DD.? Phosphorylation of IRAK-1 is initiated
by IRAK-4. The phosphorylated IRAK-1 then disassociates from
TRAFG6 through the receptor, after which TRAF6 interacts with a
series of factors, including TAK1, TAB1 and TAB2. The assembly
of TRAF6, TAK1, TAB1 and TAB2 into a larger complex leads
to a further association with Ubc13 and UevlA, thereby inducing
activation of TAK1.?

Activated TAK1 phosphorylates the IxB kinase (IKK) complex,
which is a composite of IKK and NEMO/IKK, as well as mitogen-
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activated protein kinases such as JNK; in this manner, then, the
initiation of various factors involved in transcription (NF-xB and
AP-1, respectively) is achieved.® Finally, the IxB degrades, releas-
ing NF-xB which then enters the nucleus and binds to kB sites
in order to activate transcription of various genes.?’ Transcription
factors associated with the Jun family are finally induced by the
activated JNK that was initiated by the TAK1-activating MAPK
pathway.?®

MyD88-indepdent pathway

MyD88-independent signaling, involving TLR3, proceeds through
activation of downstream signaling pathways that require TRIF as
adaptor molecule and involve activation of IRF3 and production of
IFN-B.2% In this pathway, lipopolysaccharides act as the stimulat-
ing factor and IRF-3 is a primary transcription factor for induction
of IFN.

Statl activation takes place via IFN, which later stimulates the
transcription of numerous IFN-mediated inducible genes.?93!
Two adaptors containing TIR domains, namely TIRAP/Mal to-
gether with the TRIF/TIR domain-containing adaptor molecule-1
(TICAM-1), have been identified by various analyses of this
pathway.32-3% The signaling pathways involving TLR4, as well as
TLR3, mediate this independent pathway, leading to stimulation of
IRF-3 through TBK1 and IKKe/IKKi. Moreover, this independent
signaling pathway is mediated by an adaptor TRIF containing a
TIR domain.’

Interestingly, TRAF3 is known for exhibiting vital functions
in the regulation of both the MyD88-dependent and MyD88-in-
dependent responses via the ubiquitination mechanism. The non-
degradative self-ubiquitination of TRAF3 is signaled by this path-
way, which promotes activation of IRF3. The MyD88-dependent
signaling pathway involves TRAF3 ubiquitination-mediated
breakdown, which is followed by TAK 1 stimulation.3® Henceforth,
TRAF3 is the connector that links pro-inflammation with the IFN-
mediated response of both of these signaling pathways.3”

MyD88 mutations

Mutations at the somatic cell level that confer gain-of-function to
the TLR adaptor protein MYD88 have been linked to inappropriate
action of TLRs, as has been demonstrated for many of the hema-
tological malignancies. Pathogenesis associated with activated B
cell type-diffuse large B cell lymphoma (ABC-DLBCL), an ag-
gravated subtype of DLBCL, is solely dependent on the activation
of NF-«kB that is frequently associated with the reported mutations
in MyD88.° In a study on MyD88 mutations, around 39% of tumor
samples were found to harbor mutations in MYDS88, and interest-
ingly most of the mutations (around 29%) alter a single nucleo-
tide at position 265, leading to a change from leucine to proline
(L265P).* A number of malignancies in humans have been attrib-
uted to MyDS88 mutations, and cases of the L265P mutation have
been recorded in almost 100% of Waldenstrém’s macroglobuline-
mia (WM), in 2-10% of chronic lymphocytic leukemia (CLL),
in 69% of cutaneous diffuse large B cell lymphoma (CBCL), and
in 38% of primary central nervous system lymphoma (PCNSL).?
TLR activity is critical for lymphoma cells with MYD88 muta-
tions, where its activity plays a key role and may be a target of
treatment. Indeed, selective inhibition of MyD88 L265P mutation
can be accomplished by endosome acidification blockade using
chloroquine.?’
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Future research prospective

MyD8S is a comparatively new aspect of the field of cancer re-
search, and genomic and proteomic studies may help researchers
towards gaining a better understanding of the underlying biology
of cancer as a whole. Proteomic study reveals the involvement of
various protein molecules in signaling pathways and may better
explain a disease mechanism. Such information will, in turn, as-
sist in designing more effective, efficient and safe drugs and may
open up new avenues of vaccine preparation. We propose that
understanding the current pathway may reveal a lot of previously
unknown information and may well be the next hot spot area of re-
search. MyD88 signaling, in particular, may be represent an alter-
native cancer-associated molecule to the well-studied p53 pathway
and may help in resolving the global cancer burden. Initial reports
and findings are highly promising and one can hope that we, the
worldwide scientific fraternity, can contribute meaningfully in this
aspect.

Conclusion

The adaptor molecule MyD88 plays a crucial role in mediation
of innate immunity signaling through the TLR and IL-1 families,
which in many cancer models has provided insights into the pro-
and anti-tumorigenic responses.* In the scenarios of intestinal,'*
liver,?? pancreatic*? and skin*! cancer progression, inflammation is
regulated by signaling of MyD88. This key adaptor protein, there-
fore, links danger responses via TLR and various transcription
factors that are known to regulate the cellular expression of a mul-
titude of genes.? Clearly, this adaptor protein represents a prom-
ising factor for potential therapy as it mediates a wide range of
biologically vital signal transduction mechanisms associated with
innate immune responses. The collective studies on this pathway
are definitely a hot topic of current cancer biology research and
are garnering much attention from researchers across the globe.
The molecular mechanisms involving yet unrecognized genes,
mutations, proteins and their interactions in cancer conditions are
likely undergoing evolution, but gaining understanding of them
will hopefully help the world to better understand tumorigenesis.
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