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well established roles as protein kinases. In contrast, IRAK2 and 
IRAK3 appear to function mainly as regulatory proteins in protein 
complexes. Following TLR stimulation, MyD88 recruits IRAK2 
and IRAK4 to the cell membrane. IRAK4 then phosphorylates 
IRAK1, which enables IRAK1 to autophosphorylate and join the 
membrane-bound complex. IRAK1 then targets tumor necrosis 
factor receptor-associated factor 6 (TRAF6), an adaptor with 
E3 ubiquitin ligase activity. Phosphorylated TRAF6 joins the 
membrane complex where it oligomerizes; in conjunction with 
the E2 ubiquitin ligase Ubc13/Uev1A, TRAF6 polyubiquitinates 
several targets including itself and the negative regulatory subunit 
of the IκB kinase (IKK) complex, IKK gamma/NEMO. Ubiquitinated 
TRAF6 then leaves the receptor complex to a new enzyme 
complex with TAK1-TAB1 (or TAB2). This TRAF6/TAK1-TAB1 
complex is responsible for phosphorylating IKK beta, resulting in 
full activation of the IKK complex, an essential regulator of NF-κB 
activity [5]. NF-κB is normally inactive in the cytoplasm where it 
is bound to its inhibitory subunit. The IKK complex regulates the 
removal of IκBα, enabling the TF to translocate to the nucleus 
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Toll-like receptors (TLRs) are membrane bound receptor proteins 
that are essential for activating innate and active immune 
responses. TLRs are members of the pattern recognition 
receptor (PRR) superfamily, which are conserved from plants 
to animals, thus representing evolutionarily ancient alert and 
response system against invading organisms [1]. PRRs identify 
sets of distinct and conserved molecules known as pathogen-
associated molecular patterns (PAMPs). Many of these 
recognized molecules are pathogen-derived or released as a 
consequence of cellular stress. The extracellular domains of 
TLRs contain multiple leucine-rich repeats (LRRs); these are 
required to form the binding surface for PAMP interaction. Upon 
pathogen-recognition, TLRs dimerize and their cytosolic Toll/IL-
receptor (TIR) domains recruit adaptor proteins, such as myeloid 
differentiation primary response gene 88 (MyD88) or TIR-domain-
containing adapter-inducing interferon-β (TRIF). These adaptors 
are essential, as TLRs themselves lack enzymatic activity. 
Nine out of ten of the human TLRs signal through the MyD88-
dependent pathway. TLR3 stands out as the exception, because 
it relies exclusively on the TRIF-dependent pathway. TLR4 is 
also unique because it is able to signal through both pathways. 
Overall, MyD88 and TRIF stimulate independent downstream 
pathways, which lead to the activation of partially overlapping 
sets of transcription factors (TFs), including activator protein 1 
(AP-1), nuclear factor (NF)-kB and interferon response factors 
(IRFs). These TFs are responsible for the expression of various 
inflammatory cytokines, thus playing important roles in many 
biological processes including innate and adaptive immunity [2]. 

The interleukin-1 receptor kinases (IRAKs) are the primary 
downstream effectors of the MyD88-dependent pathway [3]. 
Humans have four IRAK proteins: IRAK1, IRAK2, IRAK3 (IRAK-M) 
and IRAK4. IRAKs are pro-inflammatory factors, with the 
exception of IRAK3, which participates in a negative feedback loop 
to regulate innate immune responses [4]. IRAK4 and IRAK1 have 
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Figure 1: TLR/IRAK Signaling is a pro-inflammatory pathway linked to 
autoimmune disease and cancers.
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where it activates genes responsible for inflammatory responses 
and cell survival. TLR signaling is sensitive to perturbation 
and therefore, it is frequently implicated in disease such as 
autoimmune disorders and cancers.

IRAKs in Autoimmune Diseases

IRAKs are indispensable for pro-inflammatory signal 
transduction, because they are the first group of kinases that 
are activated following TLR stimulation. Due to their pivotal roles 
in activating downstream signaling components, deficiencies 
in IRAK1 or IRAK4 lead to reduced responses to PAMPs or a 
complete attenuation of TLR signaling [6]. For instance, loss of 
IRAK4 causes rheumatoid arthritis RA-sensitive mice to become 
resistant to various RA-stimulating conditions [7]. This protection 
from developing RA has prompted scientists to create IRAK4-
targeted inhibitors for the treatment of autoimmune diseases 
such as collagen-induce arthritis (CIA), imiquimod-induced 
psoriasis and mono-sodium urate (MSU) gout [8]. In addition, 
IRAK1 is emerging as an important marker for systematic lupus 
erythematosus (SLE), a disease that largely affects females. In 
the past, the gender bias of SLE was largely attributed to the 
role of sex hormones. However, recent studies have identified 
X-linked genetic polymorphisms in the IRAK1 gene, suggesting 
that defective TLR signaling could play a larger role in the 
development of SLE [9, 10, 11].

IRAKs in Cancer

Chronic inflammation is implicated in cancer initiation, tumor 
progression and drug resistance. Due to its role in regulating 
pro-inflammatory responses, TLR/IRAK signaling is an active 
area of study in oncology research. For instance, IRAK1 function 
is implicated in Helicobacter pylori-stimulated gastric cancer; the 
strongest known risk factor for developing this disease. H. pylori 
is found in approximately a half of the world’s population, and it 
has been suggested that this bacteria is a normal component of 
the gut flora. Interestingly, H. pylori does not cause symptoms 
in most individuals, but the infection is the leading cause of 
peptic ulcers; a chronic inflammatory condition that triggers the 
overexpression of TLR2 and TLR5 in the gut resulting in amplified 
signaling. The sustained IRAK1 phosphorylation the promotes 
the expression of tumor promoting cytokines and cell survival 
genes [12, 13]. Elevated IRAK1 activity is also observed in other 

cancers, such as: melanoma, non-squamous cell lung cancer 
(NSCLC), leukemia and lymphoma [12]. Likewise, dysregulated 
IRAK4 is also implicated in the development of leukemia and 
lymphoma [12].

Interestingly, mutations in IRAK genes are rarely found in cancers, 
with only a couple that are presently identified. One of these is 
IRAK2 (R214G), a mutant that prevents NF-κB activation, thus 
contributing to the survival of colorectal cancer (CRC) patients 
[14]. The R214G mutation falls within the kinase domain of IRAK2 
raising questions as to whether the protein functions as a 
kinase in CRC. Despite the need for further investigation into its 
mechanism, the IRAK2 (R214G) mutant represents a promising 
biomarker in CRC patients, which would enable physicians to 
better weigh out therapeutic options. IRAK1 (F196S) is another 
mutation that is implicated in cancer. This amino acid substitution 
constitutively activates the kinase, which plays a vital role in 
the survival of primary effusion lymphoma (PEL) cells. PEL is 
a devastating form of lymphoma that threatens patients who 
already suffer from underlying immunodeficiencies, such as 
HIV [15, 16]. Moreover, PEL is resistant to chemotherapy drugs 
traditionally used against other types of lymphomas, making 
IRAK1 (F196S) a promising targets pharmaceutical development 
[16]. With TLR signaling as a causal link between inflammation 
and cancer, there is a strong motivation to develop therapeutics 
that modulate this pathway. IRAK1 and IRAK4 are clear targets 
for drug design because of their pivotal roles for transducing pro-
inflammatory signals. Several chemical inhibitors of IRAKs are 
already in pre-clinical stages, including: imidazo[1,2-a]pyridino-
pyridines, benzimidazole-pyridine derivatives, ND-346, ND-
2110, and ND-2158 and the ginseng-derived Ginsenoside Rb1 
[17]. These efforts and emerging drug development programs 
will lead to effective options to treat various diseases, including 
underserved and aggressive cancers such as PEL.

SignalChem Pharmaceuticals manufactures products to 
support the development of new cancer therapies through 
the manufacturing production of high quality and consistent 
biological reagents. Along with proteins involved directly with the 
TLR/IRAK signaling, our offerings include a wide range of active 
wild-type and mutant kinases, cell signaling proteins, enzyme 
inhibitors, siRNAs, antibodies, growth factors and other active 
enzymes.
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