[image: \\ashopton\usr42\LSC\Arp10sm\ManW7\Desktop\logo.jpg]










[bookmark: _GoBack]The effect of extrinsic blockade of TILRR on NF-κB signalling and identification of a novel function of TILRR in non-canonical NF-κB signalling.





By:

Emer C. Murphy




A thesis submitted in partial fulfilment of the requirements for the degree of
Doctor of Philosophy 



The University of Sheffield
Faculty of Medicine, Dentistry and Health
Department of Infection, Immunity and Cardiovascular Disease

 



7th July 2016
i

iii


ABSTRACT
TILRR (Toll-like/IL-1 Receptor Regulator) is an IL-1R1 co-receptor, which associates with the signalling receptor to amplify activation through the IL-1 receptor complex. TILRR potentiates IL-1 dependent NF-κB activation, enhancing pro-inflammatory and anti-apoptotic gene expression. Here, I further investigate the effect of TILRR on NF-κB dependent gene activation in vitro and in vivo, and identify a novel role for TILRR in non-canonical NF-κB pathway activation in a human cell line model of pre-invasive breast cancer.

Initial work characterised two different TILRR blocking strategies, an inhibitory peptide and a blocking peptide antibody, which will inform future experiments focusing on the role of TILRR in regulation of NF-κB in vivo. 

Loss of TILRR results in an overall decrease in inflammatory gene expression as measured by microarray analysis in human and mouse cells. Functional annotation and pathway analysis confirmed previous work and provided a picture of the global inflammatory profile affected by changes in TILRR expression. Further, IL-1R1 and IκBα protein levels were found to be decreased in mice lacking TILRR. This analysis highlighted a potential role for TILRR in regulating gene expression in disease, including cancer.

This study is the first to demonstrate TILRR expression in breast tumours; immunohistochemistry of human breast tumours showed increased expression in ductal carcinoma in situ (DCIS) compared to normal ducts and invasive tumours.  Similarly, TILRR expression was increased in a human DCIS cell line compared to control and metastatic human cell lines.  DCIS cells show a marked TILRR–dependent potentiation of non-canonical NF-κB activity with pronounced effects at the level of Akt and p100 in response to IL-1β stimulation, the first time non-canonical NF-κB has been shown to be activated by IL-1β. This potentiation is controlled at the receptor level. My findings show that in DCIS cells, TILRR regulated PI3K recruitment to the IL-1 receptor in response to IL-1β.

Future studies, focusing on characterisation of TILRR’s involvement in control of regulatory networks, will further our understanding of its role in disease.  
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[bookmark: _Toc311836882][bookmark: _Toc311836996][bookmark: _Toc329635115]1.1 Innate Immunity
The body responds to challenge from invading pathogens by a number of different defence mechanisms. The immune system is made up of innate and adaptive immunity. The innate immune system is responsible for the first line of defence in mammals, which was initially thought to be non-specific in its bacterial recognition. However, over the last 50 years, major advances have been made to dismiss this notion and have revealed innate immunity to be a complex system, priming the adaptive immune system towards bacterial clearance, and involvement in many inflammatory diseases.

Inflammatory diseases are characterised by dysregulation of the immune system leading to chronic inflammation. In addition to the role the innate immune system plays in inflammatory conditions, recent research has also revealed the importance of innate immunity in the development and progression of many cancers, as reviewed in Dinarello et al. 2010 (Dinarello, 2010a).

Of all the discoveries made in the field of immunology, the identification of the inflammatory cytokine Interleukin (IL)-1 in the 1980s is arguably the most important (O'Neill, 2008). Studying IL-1 and its receptor led to the discovery of the Toll/IL-1 Receptor (TIR) domain, which is present in all members of the Toll-like receptor and IL-1 receptor families, reviewed by O’Neill (O'Neill, 2008). O’Neill’s review also collates the key discoveries within the IL-1R/TLR field since this discovery. Many more components of this highly complex pathway have been identified, to include receptor associated molecules, signalling adaptors and downstream signalling molecules (Figure 1.1) (Kenny and O'Neill, 2008, O'Neill, 2008). One of the molecules identified is TILRR (Toll-like/IL-1 Receptor regulator), a novel IL-1 receptor type 1 (IL-1R1) co-receptor (Valles et al., 2002, Zhang et al., 2010). TILRR is recruited to the IL-1 receptor complex after binding of IL-1 to the receptor and enhances the pro-inflammatory and anti-apoptotic activity of IL-1 signalling (Zhang et al., 2012).



[image: ]
[bookmark: _Toc330993925]Figure 1.1 TLR and IL-1R1 signalling pathways lead to transcription factor activation
Ligand binding to the surface receptor leads to MyD88 adaptor recruitment to the surface receptor via TIR:TIR interaction. This initiates a downstream kinase cascade resulting in transcription factor activation and translocation to the nucleus. Reproduced with permission from Creative commons (http://creativecommons.org/licenses/by/4.0/legalcode) (Jain et al., 2014)
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[bookmark: _Toc311836884][bookmark: _Toc311836998][bookmark: _Toc329635117]1.2.1 IL-1 
IL-1 is the prototypical cytokine in the IL-1 family of cytokines. There are 11 members of this family, IL-1 the first identified and IL-37 the newest member of this family (previously known as IL-1F7) (Kumar et al., 2000, Nold et al., 2010). Genes encoding all members of the family, with the exception of IL-18 and IL-33, are found in a cluster on human Chromosome 2 (Kumar et al., 2000). Boraschi et al. described the various IL-1 family members in a review from 2011; most of the family members are pro-inflammatory but several have been found to have anti-inflammatory effects, e.g. the antagonist for the IL-1 receptor is a member of this family (Boraschi et al., 2011). 

IL-1 is the best described of all the family members. An elegant review by Dinarello describes the two IL-1 molecules, IL-1α and IL-1β (Dinarello, 2010a). IL-1α is predominantly membrane bound and involved in sterile inflammation and apoptosis whereas IL-1β is secreted in response to infection and is thought to be the main driver of inflammation (Berda-Haddad et al., 2011, Rider et al., 2011). Expression of the IL-1 gene is up regulated in response to activation of the innate immune system by pathogens, or, in the case of autoinflammatory diseases, by dysregulation of a signalling pathway. The pro-form of IL-1 is cleaved by the serine protease caspase-1 into the mature active form, which is secreted from the cell and binds to its receptor initiating the IL-1 signalling pathway (Figure 1.2) (Kawai and Akira, 2010, Kostura et al., 1989, Kronheim et al., 1992). Another member of the IL-1 family, IL-1 receptor antagonist (IL-1Ra) can bind to the IL-1 Receptor, inhibiting IL-1 binding and complex formation (Abbate et al., 2011). This competitive binding to the IL-1 receptor creates a balance within the body, regulating the levels of IL-1 signalling. Disruption of this balance by removal of the gene for IL-1Ra in mice leads to an increase in inflammatory cytokines, as a result of increased IL-1 attachment to the receptor and therefore an increase in IL-1 signalling (Abbate et al., 2011). 

[bookmark: _Toc311836885][bookmark: _Toc311836999][bookmark: _Toc329635118]1.2.2 IL-1R/TLR superfamily 
The human receptor for IL-1 was identified and the cDNA cloned in 1988 (Sims et al., 1988). The receptor was found to have extracellular immunoglobulin (Ig) domains and an intracellular domain, which was later identified as having homology to the Drosophila protein Toll (Gay and Keith, 1991). This domain was named the Toll-IL-1 (TIR) receptor domain. Toll was originally identified as a developmental protein in the fly but was also shown to activate a transcription factor termed Dorsal, a member of the NF-κB family of transcription factors, a family central to immune signalling, as reviewed by Belvin and Anderson (Belvin and Anderson, 1996). However, in place of the Ig domains present in the IL-1 receptor extracellular region, Toll contains Leucine rich repeats (LRRs) (Gay and Keith, 1991). Two discoveries led to the search for a human Toll homolog. Firstly, a plant homolog of Toll was identified and shown to be involved in resistance to virus infection, and secondly Toll was identified as essential for Drosophila resistance against pathogens (Lemaitre et al., 1996, Whitham et al., 1994). In 1997 Medzhitov et al identified a human homolog of Toll, termed hToll, which activated NF-κB. This has since been renamed TLR4 and has been shown to be the receptor that recognises Lipopolysaccharide (LPS), a component of the bacterial cell wall (Medzhitov et al., 1997). O’Neill et al. have reviewed the studies which identified the other TLRs, both on the cell surface and intracellular, that recognise a variety of ligands, including RNA, eukaryotic DNA motifs, and other PAMPs (Pathogen-associated molecular patterns) (O'Neill et al., 2009). Activation of the TLRs activates a signalling cascade which results in the up-regulation of inflammatory cytokines, including IL-1 (Figure 1.1, figure 1.2 ) (O'Neill et al., 2009). In addition to the TLRs, there is also a family of intracellular receptors, known as Nod-like receptors (NLRs), characterised by presence of a caspase recruitment domain (CARD)  reviewed by Kufer and Sansonetti in 2011 (Kufer and Sansonetti, 2011). These NLRs are involved in recognition of pathogen DNA, RNA, membrane and bacterial cell wall components, resulting in activation of caspase-1 and IL-1β processing and secretion (Figure 1.2). 


[image: ]
[bookmark: _Toc330993926]Figure 1.2 TLR activation leading to IL-1 secretion 
Using TLR-4 as an example of TLR signalling, the diagram shows the binding of Lipopolysaccharide (LPS) to a TLR-4 homodimer, recruiting Mal and MyD88 to the complex, activating downstream signalling pathway resulting in expression of the pro-form of IL-1β. Adenine triphosphate (ATP) then acts as a second signal, causing a complex known as an inflammasome to form. The NLRP3 inflammasome is made up of Nod-like receptor protein 3 (NLRP3), Asc, and immature caspase-1. Activation of the inflammasome results in cleavage of pro-caspase-1 to form mature caspase-1. Mature active caspase-1 then cleaves proIL-1β to form the mature form, which is then secreted and can bind to IL-1 receptors on other cells triggering IL-1R signalling. Reproduced with permission. (Tschopp et al., 2003).



[bookmark: _Toc311836886][bookmark: _Toc311837000][bookmark: _Toc329635119]1.2.3 IL-R family
Sims and Smith reviewed the 10 currently identified members of the IL-1 Receptor family (Figure 1.3) which, unlike the TLR family members, can form complexes that have the ability to function as positive or negative regulators of signalling (Sims and Smith, 2010). Since the discovery of IL-1 in the 1980s, there are now 11 members of the IL-1 ligand family, whose transcription is induced by stimulation of the innate immune system (Boraschi et al., 2011, Dinarello, 2009). Four members either form part of the IL-1 complex to facilitate IL-1 signalling or inhibit this process. IL-1 Receptor Type I (IL-1R1) binds IL-1 in order to initiate a signalling cascade, IL-1 Receptor Associated Protein (IL-1RAcP) binds to the IL-1/IL-1R1 complex forming the active signalling complex, the formation of which is reviewed by Dinarello in 2009 (Dinarello, 2009). The two family members that inhibit IL-1 signalling are IL-1 Receptor Type II (IL-1R2) and SIGIRR (Single Ig IL-1 Related Receptor). IL-1R2 is a decoy receptor for IL-1, which binds to the ligand and prevents signalling. SIGIRR binds to the intracellular TIR domain of IL-1R1 and the extracellular Ig domain, inhibiting both MyD88 and IL-1RAcP binding to the receptor (Wald et al., 2003). Another Ig domain protein, DIGIRR (Double Ig IL-1 Related Receptor) was identified in teleost fish, which the authors postulate to be related to SIGIRR and an important negative regulator of IL-1 signalling (Gu et al., 2011). Other members of this family include the IL-18 receptor, and the IL-33 receptor ST2. IL-18 is a pro-inflammatory cytokine, which induces Interferon-γ (IFNγ) dependent responses and plays a vital role in Natural Killer cell activation (Takeda et al., 1998). ST2 was thought to be an orphan receptor until the identification of its ligand IL-33, a cytokine found to induce a Th2 response (Schmitz et al., 2005). In addition to the receptor family members, a number of co-receptors and accessory proteins have been identified, such as CD14 and IL-1RAcP and TILRR (Zhang et al., 2010).
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[bookmark: _Toc330993927]Figure 1.3 IL-1 receptor family members and their accessory proteins
IL-1 family members are characterised by extracellular Ig domains and intracellular TIR domains. Reproduced with permission (Riva et al., 2012).


[bookmark: _Toc311836887][bookmark: _Toc311837001][bookmark: _Toc329635120]1.2.4 TIR signalling domain
The TLR/IL1R family members all contain TIR domains interacting with each other to initiate signalling downstream of ligand-receptor binding, described in two reviews by Bryant et al. and Gay et al. (Bryant et al., 2015, Gay et al., 2014). This in turn recruits adaptor proteins, which also contain TIR domains that can interact with the domains of the surface receptor complex initiating downstream signalling pathways. TIR domains contain three box motifs that are responsible for directing cell signalling. Mutations in these box motifs result in partial or total loss of downstream NF-κB dependent gene activity (Slack et al., 2000). The TIR-TIR interactions control the specificity of the signalling complexes as only certain adaptor proteins can interact with the receptor TIR domains.

[bookmark: _Toc311836888][bookmark: _Toc311837002][bookmark: _Toc329635121]1.2.5 Signalling adaptors and downstream pathway members
Currently there are five known TIR receptor adaptor proteins identified in humans, myeloid-differentiation factor-88 (MyD88), TIR domain containing adaptor protein (TIRAP, also known as Mal), TLR adaptor molecule-1 (TICAM-1, TRIF), TRIF-related adaptor molecule (TRAM, TICAM-2) and sterile alpha- and armadillo-motif-containing protein (SARM), as reviewed by Kenny and O’Neill (Kenny and O'Neill, 2008). 

[bookmark: _Toc313879507]MyD88 is the only adaptor which has so far been shown to be involved in IL-1R signalling, and is recruited to the complex after IL-1 binding (Burns et al., 1998). After receptor association MyD88 controls recruitment of the IL-1 Receptor associated kinases (IRAKs), IRAK-1, IRAK-2 and IRAK-4 through a death domain-death domain (DD) interaction (Burns et al., 1998, Motshwene et al., 2009).  In 2009 a signalling complex was identified and called the Myddosome (Motshwene et al., 2009). The formation of this complex occurs when receptor associated MyD88 adapter molecules oligomerise, and recruit IRAK-4 and then IRAK-2 through death domain interactions (Figure 1.1) (Motshwene et al., 2009). The crystal structure of the Myddosome complex revealed the components MyD88:IRAK-4:IRAK-2 to be present at a ratio of 6:4:4 (Lin et al., 2010).  Formation of this complex leads to recruitment of Traf6 and phosphorylation of IKKβ, which in turn leads to phosphorylation of IκBα, releasing the bound NF-κB which is transported to the nucleus and acts on pro-inflammatory genes (Figure 1.1) (Motshwene et al., 2009). 

[bookmark: _Toc311836889][bookmark: _Toc311837003][bookmark: _Toc329635122]1.3 NF-κB signalling
All of the receptor molecules mentioned above have the ability to signal through the same transcription factor family, NF-κB. This family of molecules has the ability to form heterodimers, translocate to the nucleus and bind to a consensus sequence called the κB box, reviewed by Oeckinghaus et al. in 2011 (Oeckinghaus et al., 2011). There are five members of the NF-κB family, RelA (p65), RelB, c-rel, p105 and p100. p100 and p105 are processed to form the active p52 and p50 proteins, respectively. There is a second related family of proteins, the Inhibitors of NF-κB (IκBs), which bind to the NF-κB proteins, sequestering them in the cytoplasm in an inactive form, and therefore are unable to translocate to the nucleus (Oeckinghaus et al., 2011). Upon activation, the active NF-κB complex translocates to the nucleus and binds to the κB box of a responsive gene and regulates transcription of the gene. Composition of the homo- or heterodimer determines which genes are induced in response to each signal (Siggers et al., 2011). Perkins reviewed the functions of NF-κB regulated genes which are involved in a number of cellular pathways, and include genes involved in pro- and anti-apoptosis, inflammatory cytokine production, and angiogenesis (Figure 1.4) (Perkins, 2007). As a result, NF-κB plays a fundamental role in disease development and progression. 

There are two main signalling pathways that lead to NF-κB activation, translocation to the nucleus and gene transcription: the canonical pathway and non-canonical NF-κB activation pathways (Figure 1.4). Hayden and Ghosh review the progress made in the field of NF-κB signalling in an elegant paper of 2012.

[bookmark: _Toc311836890][bookmark: _Toc311837004][bookmark: _Toc329635123]1.3.1 Canonical pathway
The canonical NF-κB pathway has been shown to be activated downstream of ligand binding to the TLRs, IL-1R1, and TNFR (Hayden and Ghosh, 2012). IKK (IκB kinase) β is the main driver of canonical activation and lies downstream of TRAF6 activation, forming a complex with other IKKs, phosphorylating IκBα that is bound in the cytoplasm to the inactive RelA/p50, resulting in ubiquitination and degradation of IκBα. This releases the heterodimer which translocates to the nucleus, binds to the κB box of its target gene and enhances gene expression (Figure 1.4) (Oeckinghaus et al., 2011). Cleavage of the p105 precursor to p50 occurs constitutively in cells, allowing rapid initiation upon activation and is primarily associated with an acute response and for the induction of pro-inflammatory genes, as reviewed by Sun (Sun, 2012). 
[bookmark: _Toc311836891][bookmark: _Toc311837005][bookmark: _Toc329635124]1.3.2 Non-canonical pathway
The non-canonical NF-κB pathway was reviewed by Hayden and Ghosh in 2014; it has been shown to be initiated by various TNF family members (CD40L, lymphotoxin- β, and BAFF), binding to their receptors (CD40R, LT-βR, and BAFFR) (Hayden and Ghosh, 2014). Ligand binding induces downstream activation of NF-κB –inducing kinase (NIK), which in turn activates IKKα. IKKα phosphorylates, and leads to processing of the inactive p100 subunit to the active p52 form. This allows the active RelB:p50 dimer to be translocated to the nucleus and induce gene expression (Figure 1.4) (Sun, 2012). This arm of the NF- κB pathway is slower to initiate than the canonical arm and is associated with distinct functions, e.g. lymphoid organogenesis, metabolism, cell survival and proliferation and dendritic cell activation (Sun, 2012).
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[bookmark: _Toc330993928]Figure 1.4 Canonical and non-canonical NF-κB signalling pathways
TNFR activation of the canonical NF-κB. Ligand binding to TLRs, IL-1R1, and TNFR leads to TRAF6 activation leading to IKK complex formation. Cytoplasmic IκBα is phosphorylated, activating RelA/p50. The heterodimer, which translocates to the nucleus, binds to the κB box of its target gene and enhances gene expression. LT- βR activation of the non-canonical arm of NF-κB via NIK activation, which in turn activates IKKα and leads to processing of the inactive p100 subunit to the active p52 form. This allows the active RelB:p50 dimer to be translocated to the nucleus and induce gene expression Reproduced with permission (Oeckinghaus et al., 2011).

[bookmark: _Toc311836892][bookmark: _Toc311837006][bookmark: _Toc329635125]1.4 Identification of TILRR
Cell-matrix interactions are important in the regulation of NF-κB dependent genes by IL-1 (Qwarnstrom et al., 1994). Attachment to fibronectin increases levels of IL-1R1 and NF-κB activity levels within cells in vitro (Qwarnstrom et al., 1994, Valles et al., 1999). This correlates with formation of a high molecular weight complex containing the ligand, the signalling receptor and a heparan sulphate (Valles et al., 1999). Further studies identified this heparan sulphate, TILRR (Toll-like/IL-1 receptor regulator), an IL-1R1 co-receptor (Zhang et al., 2010). The TILRR protein is encoded by a splice variant of the FREM1 gene. The FREM1 protein is involved in the basement membrane integrity of epithelial cells (Kiyozumi et al., 2005).

[bookmark: _Toc311836893][bookmark: _Toc311837007][bookmark: _Toc329635126]1.5 TILRR function 
The primary function of TILRR is to amplify IL-1 mediated NF-κB activation through mechanisms involving amplification of the pro-inflammatory function of NF-κB by enhancing MyD88 recruitment and Ras activity and potentiating the anti-apoptotic function by amplifying Akt phosphorylation (Zhang et al., 2012). IL-1 binding to the receptor causes a conformational change in the IL-1 receptor, leading to association of ILRAcP and TILRR and to recruitment of adaptor molecules (Figure 1.5) (O'Neill, 2011, Zhang et al., 2010). Zhang et al. demonstrated that overexpression of TILRR led to an increase of IL-1R1 expression within the signalling complex, and a decrease in the presence of TILRR siRNA (Zhang et al., 2010).

[bookmark: _Toc311836894][bookmark: _Toc311837008][bookmark: _Toc329635127]1.5.1 TILRR regulation of NF-κB via MyD88 
MyD88 is recruited to the IL-1R1 complex upon IL-1 binding to the receptor. TILRR potentiates the recruitment of MyD88 to the high molecular IL-1R1 complex. (Zhang et al., 2010). The ability of TILRR to induce NF-κB was shown to be as a result of fibronectin binding, mediated via a glycosaminoglycan (GAG) binding site at residue 112. TILRR represents a bridging molecule, linking the structural component of the cell to the IL-1 response (Figure 1.5) (Zhang et al., 2010). 

[bookmark: _Toc311836895][bookmark: _Toc311837009][bookmark: _Toc329635128]1.5.2 Regulation of IL-1 induced morphological changes via Ras  
Earlier studies have shown that IL-1 induces morphological changes in cell shape and cytoskeletal organisation upon binding to IL-1R1. This reorganization leads to activation of Ras GTPase dependent activation of NF-κB (Figure 1.5) (Caunt et al., 2001). Overexpression of TILRR in the absence of ligand binding induces the same effect as IL-1 on cytoskeletal rearrangement and NF- κB activation, whereas blocking TILRR prevents the IL-1 induced cytoskeletal re-organization (Zhang et al., 2010). Further work by Rhodes et al. identified a mechanism by which IκBα is sequestered in the cytoplasm by the actin cytoskeleton and released upon IL-1 stimulation. TILRR siRNA inhibited this release, further supporting its role in regulating cytoskeletal changes in inflammation (Rhodes et al., 2015).


[bookmark: _Toc311836896][bookmark: _Toc311837010][bookmark: _Toc329635129]1.5.3 TILRR regulates apoptosis via Akt phosphorylation. 
Activation of the IL-1 receptor complex leads to the recruitment of the phosphatidylinositol 3–kinase (PI3K) regulatory subunit p85 to the complex (Marmiroli et al., 1998). This results in the activation of the catalytic p110 subunit, which in turn induces the phosphorylation of Akt kinase and subsequent NF-κB translocation to the nucleus (Sizemore et al., 1999). Zhang et al. demonstrated that TILRR regulates Akt phosphorylation and downstream caspase-3 activity, enhancing the anti-apoptotic function of NF-κB (Figure 1.5) (Zhang et al., 2012). 
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[bookmark: _Toc330993929]Figure 1.5 TILRR regulates IL-1 signalling via distinct mechanisms
TILRR is recruited to the IL-1R complex upon IL-1 binding. TILRR regulates downstream NF-κB activation by two distinct mechanisms, potentiation of MyD88 recruitment to the receptor complex and enhanced IκBα phosphorylation. TILRR also enhances Akt phosphorylation leading to a reduction in caspase-3 activity. Reproduced with permission (Rhodes et al., 2015).



[bookmark: _Toc311836897][bookmark: _Toc311837011][bookmark: _Toc329635130]1.5.4 Selective regulation of canonical and non-canonical pathways
The ability of TILRR to increase IL-1 induced NF-κB activation and trigger a downstream effect on NF-κB responsive genes, both pro-inflammatory and anti-apoptotic is regulated by distinct mechanisms. Further analysis of TILRR function resulted in the identification of two sites within the TILRR core protein, which control these distinct functions (Zhang et al., 2012). The D448 residue is responsible for the pro-inflammatory function of TILRR, and mutation of this residue blocks TILRR effect on receptor complex formation and downstream cytokine induction (Zhang et al., 2012). Conversely, this residue has no impact on Akt phosphorylation or caspase-3 activity. However, an arginine (R) residue at position 425 regulates the anti-apoptotic function of TILRR but has no impact on its inflammatory function (Zhang et al., 2012).

[bookmark: _Toc311836898][bookmark: _Toc311837012][bookmark: _Toc329635131]1.6 IL-1 signalling in disease
As a major inflammatory cytokine, IL-1 plays a role, not just in response to pathogens, but also in inflammatory diseases. Inflammatory disease may occur by a number of mechanisms, including dysregulation of IL-1 expression, release, activation and secretion resulting in chronic inflammation and inflammatory disease. 

It has been well documented that this dysregulation can be caused by mutations in genes encoding for a molecule involved in TLR and IL-1 signalling (Khor et al., 2007). Such mutations can occur spontaneously or may be hereditary, in much the same way as cancers can occur. For example a single amino acid mutation in the gene encoding NLRP3 causes increased secretion of IL-1β, which leads to chronic inflammation. This is the case in many sufferers of familial Mediterranean fever, Muckle-wells syndrome and Rheumatoid arthritis, reviewed by Dinarello (Dinarello, 2010a, Hoffman et al., 2001). However, in Crohn’s disease, a mutation was identified which results in reduced Nlrp3 expression and therefore reduced IL-1β (Villani et al., 2009). In addition mutations in the genes encoding IL-1 can also cause a variation in IL-1 expression and activity, making the individual more susceptible to certain diseases or can cause a more serious type of the disease to occur (Dinarello, 2010a, Joosten et al., 2010). As each individual may have mutations in a number of genes encoding proteins involved in inflammatory signalling, it is difficult to assess whether a common mutation is the primary cause of the abnormal IL-1 signalling or is one of the many factors which may lead to disease development or progression. Mutations in IL-1Ra, MyD88, IRAK-4, Mal, TLRs, NLRs and many other molecules involved in IL-1 signalling have been described, and are involved in increased susceptibility to sepsis, cancers and a number of inflammatory diseases (Jesus et al., 2011, Kamari et al., 2011, Lesage et al., 2002). Studies involving genetic manipulation of IL-1 genes and IL-1 associated genes have elucidated their involvement in disease (Joosten et al., 2010, Rider et al., 2011). 

[bookmark: _Toc311836899][bookmark: _Toc311837013][bookmark: _Toc329635132]1.7 Mechanisms of signal transduction in breast cancer and angiogenesis
[bookmark: _Toc311836900][bookmark: _Toc311837014][bookmark: _Toc329635133]1.7.1 IL-1
Recent studies have highlighted the importance of the innate immunity to cancer development and progression. It is well documented that IL-1 is overexpressed in a number of cancers, including breast cancer, and that high levels of IL-1 is associated with poor prognosis (Apte et al., 2006, Fuksiewicz et al., 2006). This is particularly noticeable in oestrogen receptor (ER) negative breast cancers where IL-1 is highly expressed and is associated with a more aggressive form of the disease, as reviewed by Dinarello in 2010 (Dinarello, 2010b). The importance of IL-1 in breast cancer is thought to be due to the fact that IL-1 is required for angiogenesis and as a result tumour progression (Voronov et al., 2003). Angiogenesis, as described in a 2006 review by Folkman, is the formation of new blood vessels from the vasculature already present and is necessary for tumour growth, proliferation and migration (Folkman, 2006). Tumours proliferate to the size where the cells within the tumour are starved of nutrients and oxygen thus requiring the growth of vessels to allow the tumour development to continue and the ‘angiogenic switch’ is triggered (Folkman, 2006). Carmi et al showed that in a hypoxic environment, mimicking the tumour environment, IL-1 is necessary for angiogenesis to occur (Carmi et al., 2009). 

IL-1 induction of angiogenesis is thought to be caused by activation of transcription factors including NF-κB (Carmi et al., 2009). In addition, giving IL-1Ra to mice injected with tumour cells also abrogated the pro-angiogenic action of IL-1 (Voronov et al., 2003). To overcome the problem of the short half-life of IL-1Ra, administration of IL-1Ra to mice was administered in microspheres.  This was found to reduce tumour growth and angiogenesis in the mice, demonstrating the therapeutic potential of IL-1Ra in treating human cancers (Bar et al., 2004). This has not been tested in human subjects so it remains to be seen if the system is transferrable. A review of the list of current clinical trials using IL-1 blockade describes an on-going study using Anakinra, an IL-1Ra analogue, as an anti-angiogenic treatment in patients with solid tumours, (Dinarello, 2011). Selective blocking of members of the IL-1 pathway is a viable treatment option in cancer.

[bookmark: _Toc311836901][bookmark: _Toc311837015][bookmark: _Toc329635134]1.7.2 Ras 
Ras was one of the first oncogenes identified, in rat sarcomas (Gonda et al., 1982). Ras is activated in many tumour types, and mutations in the RAS gene are also seen at high frequency in many cancers as reviewed by Ferro and Falasca in 2014, and a meta analysis in 2015 by Rui et al. in 2015 (Ferro and Falasca, 2014, Rui et al., 2015). In breast cancer, Ras is commonly activated and pathways that lie downstream of Ras are integral to tumour development and metastasis (Eckert et al., 2004, von Lintig et al., 2000).  In normal cells, Ras activation is transient and activates MAP kinase, NF-κB and PI3K/Akt pathways. IL-1 can rapidly cause activation of Ras via Traf6 through a TILRR-dependent process leading to initiation of NF-κB activation (Caunt et al., 2001, Zhang et al., 2010). Many tumour cell types express constitutively active Ras, which leads to enhanced cell survival and proliferation. In breast tumours, cells lose their anchorage dependence and epithelial to mesenchymal transition, a main driver of metastasis (Kim et al., 2014). 

[bookmark: _Toc311836902][bookmark: _Toc311837016][bookmark: _Toc329635135]1.7.3 Akt
The PI3K/Akt axis is a major pro-tumorigenic pathway in breast cancer. Lying downstream of cytokine receptors (including IL-1R1), growth factor receptors (IGF-1R, FGFR) and trans activation by Ras, PI3K is a central regulator of tumour progression (Chiang et al., 2015, Lim et al., 2015). Akt activates a number of different downstream transcription factors, which are important in tumour progression, including NF-κB. 

Previous work has shown that Akt phosphorylation drives cell survival, growth and proliferation via a number of downstream factors, including mTor, CyclinD1 and NF-κB (Ciruelos Gil, 2014, Wallin et al., 2012, Zhu et al., 2013). Mutations in PI3K can enhance downstream NF-κB signalling via Akt (Hutti et al., 2012). These are most commonly found in breast cancer and can lead to constitutive Akt activation (Wallin et al., 2012). Activation of the PI3K/Akt axis is up-regulated in breast cancer and occurs early in tumour development (Dunlap et al., 2010b). Studies have identified an association with Akt activation and progression from a pre-invasive to a metastatic phenotype (Sakr et al., 2014). Blockade of Akt has been shown to reduce the pro-survival activity and enhance apoptosis in tumour cells (Chiang et al., 2015, Sokolosky et al., 2011). 
[bookmark: _Toc311836903][bookmark: _Toc311837017][bookmark: _Toc329635136]1.7.4 NF-κB 
NF-κB is a major transcription factor in the initiation and progression of breast cancer, as reviewed by Hayden and Ghosh, and is a highly attractive target in the treatment of cancer, as proffered in a review by Wang et al. in 2015 (Hayden and Ghosh, 2014, Wang et al., 2015). Constitutive NF-κB activity results in increased transcription of pro-angiogenic, anti-apoptotic, pro-inflammatory and genes involved in proliferation (Figure 1.6). High expression of NF-κB is found in hormone independent highly invasive breast tumours and is associated with poor prognosis and a more severe tumour type, as shown in a 2015 review by Lit et al. (Li et al., 2015, Wang et al., 2015).  Inhibition of NF-κB restores sensitivity to chemotherapy and enhances apoptotic cell death within tumour cells (Biswas et al., 2004, Liu et al., 2014). Both the canonical and non-canonical NF-κB pathways are up-regulated early in breast tumour development and increased expression of NF-κB in mammary glands disrupts normal gland function (Brantley et al., 2000, Connelly et al., 2007). Activated NF-κB enhances the transcription of genes that regulate the cell cycle such as cyclinD1 and CDK1 leading to cell proliferation and tumour growth. IL-8 and VEGF also lie downstream of NF-κB and are fundamental to angiogenesis and tumour spread (Noort et al., 2014, Watari et al., 2014). 
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[bookmark: _Toc330993930]Figure 1.6 Processes involved in Tumour Growth and Progression
After NF-κB activation by IL-1 and other stimuli, a number of pathways are activated and lead to expression of factors that are crucial to Tumour growth and progression. Examples of such factors are shown above. MMP = Matrix metalloproteinases, IAP = Inhibitor of apoptosis. 


[bookmark: _Toc311836904][bookmark: _Toc311837018][bookmark: _Toc329635137]1.8 Aims of this study
As demonstrated here, the field of immunology has advanced rapidly over the last 20 years. Many new molecules involved in IL-1 signalling have been identified, including TILRR. The mechanisms by which TILRR regulated NF-κB signalling are major pathways in the development and progression of many diseases, including various cancers. It would be of interest to investigate whether abnormal signalling due to a variation in TILRR expression plays a role in the diseases where IL-1R1, Ras, Akt and NF-κB are involved in the development and progression. The aim of this study is to further investigate the role of TILRR in NF-κB signalling in vitro and in vivo, and to identify a role for TILRR in signalling in a cell line model of breast cancer.
The hypothesis of my study is that TILRR blockade regulates inflammatory gene expression in human and murine models of inflammation and that TILRR regulates NF-κB activity in human breast cancer.
The objectives of this project were to:
1. Block IL-1 induced NF-κB activity using novel TILRR blocking mechanisms.
2.  Determine the effect of TILRR on the gene activation profile in HeLa cells.
3. Investigate the inflammatory gene profile of TILRR knock-out mice in a systemic model of inflammation.
4. Identify a role for TILRR in IL-1 signalling in breast cancer.

[bookmark: _Toc311836905][bookmark: _Toc311837019][bookmark: _Toc329635138][bookmark: _Toc311836906][bookmark: _Toc311837020]Chapter 2        Materials                  and                   Methods


















[bookmark: _Toc311836907][bookmark: _Toc311837021][bookmark: _Toc329635139]2.1 Reagents
Ethylenediaminetetraacetic acid (EDTA), Dithiothreitol (DTT), Tween-20, Glycerol, Glycine, and Ethidium Bromide were all purchased from Sigma-Aldrich (MO, USA). Sodium Chloride, Isopropanol, ethanol, and methanol were purchased from Fisher Scientific (Loughborough, UK). Electrophoresis grade agarose and DNA gel loading buffer were obtained from Bioline (London, UK). DNA ladders and TAE buffer were purchased from Geneflow (Staffordshire, UK). Tris base, Sodium dodecyl sulphate (SDS), and Triton-X-100 were purchased from VWR (Leicestershire, UK). Phosphate buffered saline (PBS) Tablets were purchased from Oxoid (Hampshire, UK). Halt Protease and Phosphatase Inhibitor Cocktail was purchased from ThemoScientific (Epsom, UK). ECL was purchased from Santa Cruz (CA, USA). Nitrocellulose membrane was purchased from GE Healthcare (Bucks, UK). Rneasy Mini kits, QIAquick Gel Extraction Kit, and Qiagen Plasmid maxi prep kits were all purchased from Qiagen (Crawley, UK).  High Capacity RNA to cDNA Kits were purchased from Life technologies (Paisley, UK). Phusion® High-Fidelity PCR Kits were purchased from New England Biolabs (Herts. UK). 

Plastics were purchased from Co-star Corning (High Wycombe, UK). Ninety-six well plates, 0.5 ml thin wall PCR tubes and 10 cm dishes were purchased from Fisher Scientific (Fisher Scientific, Loughborough, UK).

IL-1 and TNF was purchased from R & D systems (Abingdon, UK) and cycloheximide bought from Sigma (Sigma-Aldrich Company Ltd., Dorset, England). LPS from E. coli, Serotype O111:B4 (TLRgrade™) was purchased from Enzo Life Sciences (Exeter, UK) and Heparin from LEO pharma (Ballerup, Denmark).

[bookmark: _Toc311836908][bookmark: _Toc311837022][bookmark: _Toc329635140]2.2 Peptides
A blocking peptide was designed that flanked the functional region of the TILRR core protein identified previously (Zhang et al., 2012). A random peptide was designed and used as a non-targeting control. The peptides were generated by Cambridge Research Biochemicals (Cleveland, UK). 
Peptide sequences:
TILRR blocking peptide: GFDSTDLSQR-acid
Random Peptide: GNERYFWIGL-acid

[bookmark: _Toc311836909][bookmark: _Toc311837023][bookmark: _Toc329635141]2.3 Antibodies
Anti-TILRR antibody no. 1 (TILRR-01) is a polyclonal antibody directed to a region of TILRR at amino acids 444-458. The antibody was raised in rabbits and affinity purified by Eurogentec (Southampton, UK). Quality control was carried out by SDS-PAGE and peptide affinity tested in ELISA. TILRR 01 was used for TILRR blocking experiments as it was designed to target the region necessary for amplification of IL-1 dependent inflammation. Anti-TILRR antibody no. 2 (TILRR-02) was generated as per TILRR-01 but was not raised against a functional region of the TILRR core protein. It was used for detecting TILRR in Western blots at a concentration of 300 ng/ml in 5% non-fat milk powder. Iκ-Bα, IL-1R1, and -actin antibodies were purchased from Santa Cruz (Santa Cruz Technologies, CA, USA). Phospho-Akt, Akt, and phospho-Iκ-Bα antibodies were purchased from Cell Signalling Technologies (Beverly, MA, USA). IgG control antibody was purchased from Alpha Diagnostic (TX, USA). Secondary anti-rabbit and anti-goat IgG was supplied by Licor Biosciences (Licor Biosciences Inc., Cambridge, UK). Datasheets for commercially bought  primary antibodies are detailed in appendix 2.1.

[bookmark: _Toc311836910][bookmark: _Toc311837024][bookmark: _Toc329635142]2.4 Plasmids
Plasmids expressing TILRR cDNA were expressed in pMono-Neo vector and the empty vector was used as a control for all experiments (Figure 2.1, Figure 2.2). Both contain a CMV promoter sequence that was chosen for its strong constitutive transcription of the inserted gene of interest. Both were designed and purchased from Invitrogen (Thermo Fisher Scientific, Paisley, UK). 
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[bookmark: _Toc330993931]Figure 2.1 pMono plasmid map 
The pMono vector was used as a control empty vector in all experiments where the pMono TILRR plasmid was used. 

[bookmark: _Toc330993932][image: ]Figure 2.2 pMono TILRR plasmid map
The sequence of the TILRR core protein was inserted into the pMono expression vector by Invitrogen.


For luciferase reporter constructs, a pRL-TK vector was used as a control as it contains the HSV-thymidine kinase (TK) promoter, allowing low constitutive expression of renilla luciferase when transfected (Figure 2.3), Promega). The IL-8 synthetic reporter construct was generated previously (Zhang et al., 2010, Caunt et al., 2001). Briefly, primers were designed flanking the IL-8 promoter and transcriptional start site [5’-GAAGATCTAACTTTCGTCATACTCCG-3’ (sense) and 5’-CCGGTACCCTTCACACAGAGCTCGAG-3’ (antisense)] and the generated PCR product, which was a 220-base pair BglII-HindIII fragment, sub-cloned into the pGL3 vector (Figure 2.4, Promega).


[image: ]
[bookmark: _Toc330993933]Figure 2.3 TK-RL construct map
The pTK-RL plasmid expressed the renilla luciferase protein under the control of the HSV thymidine kinase (TK) promoter which constitutively expressed the Renilla gene at low levels, which allowed this vector to be used a transfection control for luciferase assays alongside the promoter of interest.
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[bookmark: _Toc330993934]Figure 2.4 pGL3 construct map
IL-8 promoter and transcriptional start site [5’-GAAGATCTAACTTTCGTCATACTCCG-3’ (sense) and 5’-CCGGTACCCTTCACACAGAGCTCGAG-3’ (antisense)] were amplified and the generated PCR product, which was a 220-base pair BglII-HindIII fragment, sub-cloned into the pGL3 vector (Promega).


[bookmark: _Toc311836911][bookmark: _Toc311837025][bookmark: _Toc329635143]2.4.1 Transformation of plasmid DNA
Transformation of plasmid DNA constructs into Escherichia Coli One Shot® TOP10 Chemically Competent cells (Life Technologies) allowed for efficient multiplication of plasmid DNA for isolation. Plasmid DNA (10 - 100 ng) was added to 50 μl of competent cells (freshly thawed), mixed gently and incubated on ice for 30 mins. The cells were then heat-shocked by incubation in a water bath at 42˚C for 45 seconds followed by 2 minutes on ice. To the cells, 450 μl of SOC medium (Invitrogen) was added and the tubes incubated at 37˚C, 250 rotations per minute (RPM) for 1 hour. LB agar plates supplemented with the appropriate antibiotic were prepared and 50 -100 μl of the transformation mix was spread on the LB plates. The plates were incubated overnight at 37˚C and colony growth monitored.

[bookmark: _Toc311836912][bookmark: _Toc311837026][bookmark: _Toc329635144]2.4.2 Purification of Plasmid DNA
Plasmid DNA was isolated using the EndoFree Plasmid Maxi Kit according to the manufacturer’s instructions (Qiagen, Manchester, UK). This product is specifically designed to isolate high yields of endotoxin free plasmid DNA for use in transfections. The protocol is based on a modified alkaline lysis protocol. 

A single colony of transformed plasmid DNA was picked from an LB agar plate with selective antibiotic and added to 6 ml of LB broth, also containing the selective antibiotic and incubated for 8 hours at 37˚C, 250 RPM. The bacterial suspension was diluted 1/100 into 100 ml of LB broth containing the selective antibiotic and incubated overnight at 37˚C, 250 RPM.

The bacterial cells were harvested by centrifugation at 6000 x g for 15 min at 4°C. The pellet was re-suspended by pipetting in 10 ml Buffer P1 containing Lyse Blue and transferred to a 50 ml tube. Buffer P2 (10 ml, NaOH-SDS) was added to the tube, mixed and incubated at room temperature for 5 mins. The Lyse Blue caused the solution to turn a homogeneous colour blue, demonstrating efficient lysis. Chilled Buffer P3 (acidic potassium acetate) was added to the tube causing the solution to turn white and all genomic DNA, proteins, cell debris, and KDS (Potassium dodecyl sulphate) to precipitate out of the solution.

The solution was transferred to a QIAfilter Cartridge and incubated at room temperature for 10 mins causing the precipitate to rise to the top of the column. After 10 mins, a plunger was inserted and the solution filtered through the cartridge and collected in a fresh 50 ml tube. This removed all genomic DNA, salts, detergent and proteins that were not precipitated from the sample. Buffer ER (2.5 ml) was added to the solution, mixed and the tube incubated on ice for 30 mins.

The solution was added to an equilibrated QIAGEN-tip 500, and the filtered by gravity, binding plasmid DNA to the membrane. The flow-through was discarded and the membrane washed twice with 30 ml Buffer QC (medium salt buffer) removing any residual contaminants including RNA and nucleases. The DNA was eluted into a 50-ml tube using 15 ml buffer QN (a high salt buffer) and 10.5 ml of isopropanol added and the tube centrifuged at 5000 x g for 1 hour at 4˚C to precipitate the DNA. The supernatant was poured off and the DNA washed with 70 % Ethanol (5 ml) by centrifugation at 5,000 x g at 4˚C for 1 hour. The supernatant was poured off and the pellet dried. When dry the purified DNA was re-suspended in 500 μl nuclease-free ddH2O. The concentration of the DNA isolated was determined on a NanoDrop 1000 (Thermo Fisher Scientific). Purity was determined by measuring the ratio between readings at 260 nm and 280 nm (OD260:OD280). This also indicated any protein contamination as pure RNA samples have an OD260:OD280 value of 1.8.  The samples were stored at -20˚C.

[bookmark: _Toc311836913][bookmark: _Toc311837027][bookmark: _Toc329635145]2.5 siRNA constructs
Custom OnTargetPlus siRNA targeting human and mouse TILRR were synthesised by Dharmacon (Thermo Fisher Scientific, UK). IL-1R1 SMARTPool siRNA was used as a positive control and, a non-targeting SMARTPool was used as a control (Dharmacon, Thermo Fisher Scientific, UK).

[bookmark: _Toc311836914][bookmark: _Toc311837028][bookmark: _Toc329635146]2.6 Cell lines 
Cell lines used in the study were obtained as described in Table 2.1. All cell lines were routinely tested for mycoplasma contamination by technical support staff within the Department of Infection, Immunity and Cardiovascular Disease. Genotyping for cell line confirmation was carried out on cell lines upon purchase and the TILRR sequence was confirmed by PCR sequencing in all cell lines used in the study.







[bookmark: _Toc330993967]Table 2.1 Cell lines used in the study
	Cell line
	Species
	Cell type
	Origin
	Source

	HeLa
	Human
	Epithelial
	Isolated from the cervix of a 31 year old female
	ATCC

	HMEC-1
	Human
	Endothelial
	Isolated from human foreskin. Transformed with the SV40 large T antigen
	CDC (Ades, Candal, and Lawley)

	PASMC
	Human
	Pulmonary smooth muscle cells
	Primary cells isolated from adult tissue
	Lonza

	RAW 264.7
	Mouse
	Macrophage-like
	Isolated from an adult male BALBc mouse tumour, Abelson murine leukaemia virus transformed
	ATCC

	C127
	Mouse
	Epithelial
	Isolated from a female RIII mouse mammary tumour.
	ATCC

	MCF10A
	Human
	Breast epithelial
	Spontaneously immortalized from a 36-year-old female with fibrocystic disease. Isolated from breast tissue
	ATCC

	MCF10AT
	Human
	Hyperplastic, pre-malignant epithelial
	MCF10A cells transfected by c-Ha-ras oncogene.
	ATCC

	DCIS.COM
	Human
	Ductal carcinoma in situ
	Derived from the MCF10A cell line
	

	MCF-7
	Human
	Invasive breast carcinoma
	Derived from a pleural effusion metastatic cells of a 69-year old female with an adenocarcinoma
	ATCC

	MDA-MB-231
	Human
	Invasive/Metastatic breast cancer
	Derived from a pleural effusion of a 59-year old female with an adenocarcinoma
	ATCC

	MDA-MB-436
	Human
	Invasive/Metastatic breast cancer
	Isolated from a pleural effusion of a 43-year old female with adenocarcinoma.
	ATCC


[bookmark: _Toc337228276]

[bookmark: _Toc311836915][bookmark: _Toc311837029][bookmark: _Toc329635147]2.7 Cell culture reagents
[bookmark: _Toc337228277]Foetal bovine serum (FBS), Horse Serum, DMEM, DMEM F12, RPMI, Penicillin, Streptomycin and Trypsin-EDTA were purchased from Invitrogen (Life Technologies), Epidermal Growth Factor was purchased from Millipore (London, UK). Cholera Toxin, Hydrocortisone, Insulin, and Hepes were all purchased from Sigma.

[bookmark: _Toc311836916][bookmark: _Toc311837030][bookmark: _Toc329635148]2.8 Cell Biology
[bookmark: _Toc311836917][bookmark: _Toc311837031][bookmark: _Toc329635149]2.8.1 Cell line maintenance
HeLa, RAW 264.7, and C127 cell lines were maintained in DMEM (Invitrogen) and supplemented with 10% FBS, penicillin (50 units/ml) and streptomycin (50 g/ml) MCF-7, MDA-MB-231, and MDA-MB-436 cell lines were cultured in RPMI with 2mM Glutamine, supplemented with 10% FBS, penicillin (50 units/ml) and streptomycin (50 g/ml). MCF10A, MCF10AT and MCFDCIS.COM cells were maintained in DMEM F12 supplemented with 5 % horse serum, penicillin (50 units/ml), streptomycin (50 g/ml), Hepes (10 mM), Insulin (10 g/ml), epithelial growth factor (20 ng/ml), Cholera enterotoxin (0.5 g/ml) and hydrocortisone (0.5 g/ml). 

[bookmark: _Toc311836918][bookmark: _Toc311837032][bookmark: _Toc329635150]2.8.2 Cell seeding
Cells were maintained in T-75 flasks and grown in monolayer cultures. Cells were reseeded when they reached approximately 80 % confluency. Medium was removed from the cells and then washed in PBS. Cells were detached from the plastic by addition of 0.05 % Trypsin-EDTA solution or EDTA (5mM) alone, followed by incubation at 37, 5 % CO2 for 5-15 mins. The flasks were then agitated to completely remove all cells from the surface of the plastic. Complete medium was added to the cells to inactivate the trypsin. The cells were then centrifuged at 2000 RPM for 5 mins and re-suspended in complete medium. Cells were then counted and seeded as per Table 2.2. 

[bookmark: _Toc330993968]Table 2.2 Cell seeding densities of all cell lines used in this study
	Cell line
	96-well plate
cells/well
	6-well plate cells/well
	10-cm dish
cells/dish
	T-75
Cells/flask

	HeLa
	6000
	100,000
	800,000
	1,000,000

	MCF10A
	6000
	100,000
	500,000
	1,000,000

	MCF10AT
	6000
	
	500,000
	1,000,000

	DCIS.COM
	6000
	100,000
	500,000
	1,000,000

	MCF-7
	3000
	
	500, 000
	500,000

	MDA-MB-231
	3000
	100,000
	500, 000
	500,000

	MDA-MB-436
	3000
	
	500, 000
	500,000

	HMEC-1
	
	
	1,000,000
	

	RAW 264.7
	40,000
	200,000
	1,000,000
	

	C127
	6000
	
	1,000,000
	

	Murine BMDMs
	
	400,000
	
	



[bookmark: _Toc311836919][bookmark: _Toc311837033]
[bookmark: _Toc329635151]2.8.3 Cell transfection
2.8.3.1 Transfection reagents 
For this study, three transfection reagents were used depending on the cell lines and nuclear acid transfected. For the breast cancer cell lines Dharmafect 1 and Dharmafect Duo were used.

Dharmafect duo is a lipid based transfection reagent that provides optimal conditions for transfecting cDNA and siRNA into the same cell. Dharmafect 1 is also lipid based and optimised for transfection of RNA into cells. PolyFect transfection reagent is designed to optimally transfect cDNA into cell lines. 

2.8.3.2 Transfection of HeLa cells in a 96-well plate using Polyfect
HeLa cells were seeded as described above and incubated for 24-48 hours as required (37 ˚C, 5 % CO2). HeLa cells were transfected with various plasmid constructs using Polyfect transfection reagent as per manufacturer’s instructions (Qiagen, Crawley, UK).  Briefly, constructs were transfected at various concentrations made up to 30 µl in total with serum free DMEM. A mix of Polyfect (1 µl/well) and serum free DMEM (19 µl/well) was generated and 20 µl added to each well. The transfection mix was incubated for 5 – 10 mins at room temperature. Meanwhile, medium was removed from the cells and the cells were washed with 150 µl PBS. After incubation, 100 µl of DMEM (10% FBS) was added to the transfection mix and the entire transfection mix added to the well (150 µl/well).

2.8.3.3 Transfection of breast cell lines using Dharmafect Duo
The breast cell lines were seeded as described in Table 2.2 and incubated for 48 hours, at 37˚C and 5% CO2 prior to transfection, in order to ensure expression of surface molecules after treatment with Trypsin-EDTA. Breast cell lines were transfected using Dharmafect Duo transfection reagent for cDNA and siRNA as per manufacturer’s instructions (Thermo Fisher Scientific). Briefly plasmid constructs and siRNA were made up to 10 µl with serum free DMEM. At the same time, 0.2 µl Dharmafect was made up to 10 µl with serum free medium and incubated at room temperature for 5 mins. The Dharmafect mix was then added to the cDNA/siRNA mix and incubated at room temperature for 20 mins. During this incubation, the cells were washed with 150 µl PBS. Eighty microlitres of complete growth medium (Section 2.8.1) was added to the cells and this entire transfection mix added to each well to a final volume of 100 µl.

2.8.3.4 Transfection of cell lines with siRNA using Dharmafect 1
Cell lines were seeded in a 96-well plate, a 6-well plate or a 10 cm dish as described above in section 2.7 and incubated for 24 hours, at 37 ˚C and 5 % CO2 prior to transfection. 
For 96-well plate, Dharmafect 1 was combined with Optimem transfection medium (Life technologies) at the required concentration made up to 10 μl per well and incubated at room temperature for 5 mins. The appropriate siRNA was made up to 10 μl per well in Optimem and combined with the Dharmafect 1/Optimem transfection mix for 20 mins at room temperature. Complete growth culture medium (without antibiotic) was added to each transfection mix (80 μl/well). The medium was removed from the cells and the total volume (100 μl) of the transfection mix added to the cells in each well and incubated for 48 hours at 37˚C, 5% CO2.

For transfection of 6-well plates, siRNA was made up to 200 µl per well with Optimem. Dharmafect 1 (2 µl/well) was added to Optimem to a final volume of 200 µl and both tubes incubated for 5mins at room temperature. The Dharmafect mix was then added to the siRNA mix and incubated at room temperature for 20 mins. Complete medium (no antibiotic) was added to the transfection mix to a final volume of 2 ml, then the medium in each well of a 6-well plate was replaced and the plates incubated for 48 hours at 37 ˚C, 5 % CO2.

A modified transfection protocol was used to transfect cells in a 10 cm dish with siRNA using Dharmafect 1. The transfection reagent (6 μl per dish) was made up to 200 μl with Optimem and incubated for 5 mins at room temperature. The required amount was diluted in Optimem to a total volume of 200 μl. The siRNA mix was combined with the transfection reagent mix and incubated for 20 mins before addition of 8 ml of complete medium (minus antibiotic). Medium was removed from the cells in each dish and replaced with 8.4 mls of the transfection mix and incubated for 48 hours at 37 ˚C, 5 % CO2.

[bookmark: _Toc311836920][bookmark: _Toc311837034][bookmark: _Toc329635152][bookmark: _Toc337228285]2.8.4 Treatment of cells with blocking peptides
The peptides were re-suspended in DMSO to a concentration of 1 mg/ml before diluting to the required stock concentration in 1x PBS.

Cells which had been seeded in 96-well plates and transfected with IL-8 luciferase (100 ng/well) and TK-RL (75 ng/ml) were washed with PBS. Complete culture medium containing either the TILRR blocking peptide or the random non-targeting peptide at concentrations of 0 - 10 nM was added to the cells in each well for 2-18 hours prior to stimulation with IL-1β (100 pM) for 6 hours.
 
[bookmark: _Toc311836921][bookmark: _Toc311837035][bookmark: _Toc329635153]2.8.5 Treatment of cells with a blocking antibody
Cells seeded in 96-well plates were washed with PBS and the medium replaced with the TILRR-01 antibody or a rabbit polyclonal IgG control (Source Biosciences, Nottingham, UK), diluted in complete growth medium to increasing concentrations of antibody (100, 200, 1000 and 2000 ng/ml) for 2-18 hours prior to stimulation. 

[bookmark: _Toc311836922][bookmark: _Toc311837036][bookmark: _Toc329635154]2.8.6 Agonist stimulation
Cells were washed with PBS and treated with one of the following agonists; IL-1β (10 pM – 1 nM) or LPS (100 ng/ml). In the case of cells pre-treated with a blocking antibody or peptide, the agonist was added to the blocker-containing medium to give the required final concentrations. In all experiments, un-stimulated controls were incubated under the same conditions but in the absence of the agonist.

[bookmark: _Toc311836923][bookmark: _Toc311837037][bookmark: _Toc329635155]2.9 Luciferase Assay
The cells transfected with IL-8 firefly luciferase construct and TK-RL construct were washed with PBS, lysed and a luciferase assay carried out as per the Dual-Luciferase Reporter Assay System (Promega). Briefly, the cells were washed twice in PBS, lysed in 50 l Passive lysis buffer, with shaking, for 15 mins.  Fifteen microlitres of lysate were added to each well of a white walled plate (Nunc). Twenty-five microlitres of Dual-Glo® Luciferase Reagent were then added to each well and luminescence measured on a Varioskan plate reader (ThermoScientific). The Dual-Glo® Luciferase Reagent contains the substrate for Firefly luciferase and measured IL-8 promoter activity; Subsequently 25 l of Stop & Glo reagent was added to each well of the plate and luminescence measured. The Stop & Glo reagent quenched the luminescence caused by firefly luciferase and contained a substrate for Renilla luciferase and therefore measured expression of the TK-RL plasmid in the cells. Luminescence due to Firefly luciferase values were normalised to luminescence caused by Renilla luciferase to give an accurate value for IL-8 promoter activity.

[bookmark: _Toc311836924][bookmark: _Toc311837038][bookmark: _Toc329635156]2.10 Caspase-3 Assay
Caspase-3 assays were carried out using the Caspase-3/7 Glo Luminometric Assay (Promega) according to the manufacturer’s protocol. Cells were seeded in 96-well plates as per seeding density in Table 2.2. Apoptosis was induced 72 hours after seeding. Cells were washed with PBS and treated with TNFα (10 ng/ml) plus cycloheximide (10 μg/ml) for 3 hours to induce apoptosis +/- prior to IL-1β (1nM, 3 hours) stimulation. Caspase 3/7 Glo reagent (100 μl) was added to each well and control wells containing media alone. The plate was incubated at room temperature for 2 hours in the absence of light. The reactions were transferred to a white walled plate and the luminescence measured on the Varioskan plate reader and results analysed expressed relative to empty wells.

[bookmark: _Toc311836925][bookmark: _Toc311837039][bookmark: _Toc329635157]2.11 Enzyme-linked immunosorbent assay (ELISA)
Supernatants from cells that were seeded at the density described in Table 2.2 and either transfected with siRNA (section 2.8.3.3) or treated with a blocking antibody (section 2.8.5) and stimulated with IL-1β (section 2.8.6) were harvested. Human and mouse IL-6 ELISA kits were purchased from R&D systems and used for human and mouse cells, respectively, as per manufacturer’s instructions. 

Briefly, a 96-well maxisorp plate (Thermo Fisher Scientific) was coated with the appropriate capture antibody (100 μg/ml) diluted in PBS, sealed and incubated at room temperature overnight. The plate was washed 3 times in PBS-tween (0.05 % v/v) and non-specific binding blocked by incubating the plate with 300 μl Reagent diluent (BSA, 1 % w/v in PBS) for 1 hour at room temperature. The plate was washed as before and the cell supernatants added in triplicate alongside the recombinant IL-6 protein standards which were diluted in reagent diluent to give a standard curve ranging from 0 - 1000 pg/ml. The plate was incubated at room temperature for 2 hours and washed with PBS-tween as above. The appropriate concentration of the detection antibody (mouse IL-6, 150 ng/ml; human IL-6, 50 ng/ml) was diluted in reagent diluent, 100 μl added to each well, and the plate incubated for 2 hours at room temperature. Washing was carried out as before and 100 μl streptavidin-HRP (diluted 1 in 200 in reagent diluent) added to each well and incubated in the dark for 20 mins at room temperature. Washing was repeated as previously stated and 100 μl Substrate Solution [1:1 mixture of Colour Reagent A (H2O2) and Colour Reagent B (Tetramethylbenzidine)] were added to each well. The plate was incubated in the dark for 15-20 mins before addition of 50 μl stop solution (2N H2O2). The optical density was measured on the Varioskan plate reader at a wavelength of 450 nM. The concentration of IL-6 in the samples was calculated compared to the standards.
 
[bookmark: _Toc311836926][bookmark: _Toc311837040][bookmark: _Toc329635158]2.12 Protein isolation
[bookmark: _Toc311836927][bookmark: _Toc311837041][bookmark: _Toc329635159]2.12.1 Cell lines
Cell lysates were prepared from cells immediately post stimulation. The lysates were prepared by two distinct protocols prior to SDS-PAGE and western blot analysis.

Cells lysates were prepared using the SDS-Lysis Buffer Protocol. Cells were grown as described in section 2.6. Cell growth medium was removed and the cells washed twice in ice-cold PBS before addition of SDS-lysis buffer (500 μl/106 cells, 1 % Triton X-100, 0.5 % SDS, 0.1 % DOC) with added protease and phosphatase inhibitors (Halt Protease and Phosphatase Inhibitor Cocktail, ThermoFisher). Cells were scraped to lift them from the dish followed by lysis. The lysate was transferred to a 1.5 ml tube and the genomic DNA sheared by repeated passage through a hypodermic 21 gauge needle. The samples were incubated on ice for 30 mins and then cell debris removed by centrifugation at 13,000 x g for 15 mins at 4˚C. The supernatant was harvested and stored at -80˚C.

Cells intended for immunoprecipitation were harvested using the Basic Immunoprecipitation Lysis protocol. Cells were washed twice with ice-cold PBS and Immunoprecipitation (IP) lysis buffer (500 μl/106 cells, 20 mM HEPES pH 7.5, 50 mM NaF, 100 mM NaCl, 1% Nonidet P40) plus protease inhibitors (1 Tablet per 10 ml lysis buffer, Roche). Plates were incubated on ice for 10 mins, and then scraped into a 1.5 ml tube. DNA was sheared by repeated passage through a hypodermic 21 gauge needle. The samples were incubated on ice for a further 15 mins followed by centrifugation at 12,000 x g for 15 mins at 4˚C. The supernatants were harvested for immunoprecipitation.

[bookmark: _Toc311836928][bookmark: _Toc311837042][bookmark: _Toc329635160]2.12.2 Spleen
To assess inflammatory cell protein levels, total protein was extracted from spleen tissue using the AllPrep DNA/RNA/Protein Extraction protocol according to the manufacturer’s protocol (Qiagen). Spleen tissue was crushed to a fine powder using a pestle and mortar that contained liquid nitrogen. Thirty milligrams of the resulting powder was re-suspended in Buffer RLT (700 μl, 1% v/v β-mercaptoethanol) and passed through a 20-gauge needle five times to homogenise the sample. The homogenised sample was transferred to an AllPrep DNA spin column and centrifuged at 8,000 x g for 30 secs. The flow-through was collected and ethanol (98 %, 400 μl) and mixed by pipetting. The sample was transferred to an Rneasy spin column and centrifuged at 8,000 x g for 15 secs. The flow through was collected, Buffer APP added (1 ml) and the sample mixed vigorously.  The sample was incubated at room temperature for 10 mins followed by centrifugation (12,000 x g, 10 mins) to pellet the protein. Ethanol (70 %, 500 μl) was added to the pellet and the sample centrifuged at 8,000 x g for 1 min. The supernatant was removed and the pellet dried at room temperature for 10 mins. The sample was re-suspended in SDS (100 μl, 5 % w/v) and stored at -80˚C.

[bookmark: _Toc311836929][bookmark: _Toc311837043][bookmark: _Toc329635161]2.13 Protein assay
Protein Assays were carried out using the Pierce® BCA Protein Assay Kit (ThermoFisher). The assay was carried out in a MaxiSorb 96-well plate (Nunc). A standard curve was obtained using purified BSA protein (0-2000 μg/ml). Experimental samples were prepared by diluting the lysate in ddH2O. Both samples and standards were added to the 96-well plate in duplicate (25 μl).
BCA working reagent was prepared by mixing 50 parts Reagent A with 1 part Reagent B and 200 μl of the working reagent was added to each well. The plate was covered and incubated in the dark for 30 mins. The absorbance was measured at a wavelength of 562 nm on a Varioskan plate reader and the concentration extrapolated from the BSA standard curve. The samples were diluted in ddH2O and Lane Marker Reducing Sample Buffer (ThermoScientific) to give equal protein concentrations for loading. Samples were then denatured at 95˚C for 5-10 mins and separated by gel electrophoresis.

[bookmark: _Toc311836930][bookmark: _Toc311837044][bookmark: _Toc329635162]2.14 Co-immunoprecipitation of IL-1R1 with PI-3K
Cell lysates (500 μl) were prepared in duplicate according to the Immunoprecipitation lysis protocol to give experimental and control samples (Section 2.12.1). IL-1R1 Polyclonal Rabbit anti-human antibody (5 μg, Santa Cruz Biotechnology) was added to the experimental samples. For immunoprecipitation of PI3K, p85/PI3K anti-human antibody (5 μg Millipore) was added to the experimental samples.  To the control samples, rabbit polyclonal IgG Control (5 μg, Alpha Diagnostics) was added as an antibody control. The tubes were sealed and rotated for 1 hour at 4˚C on a sample rotator. Meanwhile Protein G bead slurry (80 % in EtOH, GE Healthcare) was centrifuged for 20 seconds at 12,000 x g at 4˚C and the EtOH removed. The beads were washed 3 times in 1 ml IP lysis buffer (12,000 x g, 20 secs, 4˚C) and 50 % slurry made up in IP lysis buffer. To each tube, 50 μl of the 50 % Protein G bead slurry was added and the samples rotated for 2 hrs at 4˚C. The samples were centrifuged for 20 secs at 12,000 x g at 4˚C. The pellet was then washed in 1 ml IP lysis buffer (without protease inhibitors) 3 times (12,000 x g, 20 secs, 4˚C), followed by one wash with ice-cold Tris (50 mM). The beads were re-suspended in 2x Lane Marker Reducing Sample Buffer and the immunoprecipitated protein removed from the beads and denatured by heating at 95˚C for 10 mins. The immunoprecipitated proteins were separated by SDS-PAGE electrophoresis and western blot analysis carried out.

[bookmark: _Toc311836931][bookmark: _Toc311837045][bookmark: _Toc329635163]2.15 Ras Activity Assay
The cells were seeded at the appropriate cell density (Table 2.2) in 10 cm dishes for 48 - 72 hrs. Cells were stimulated with IL-1β (1 nM) for 0, 2.5, 5, 10, 15 and 30 mins. The cells were washed with ice-cold TBS and the cells lysed in Lysis/Binding/Wash Buffer (500 µl, with protease inhibitors), the lysate transferred into a tube and incubated on ice for 5 mins before centrifugation at 16,000 x g (4°C, 15 mins). Protein levels were calculated using a BCA assay (as described in section 2.11.2), 500 μg was collected for immunoprecipitation and 50 μg saved for analysis of total Ras. Positive and negative controls were treated with GTPγS or GDP, respectively (100 μM plus 10 mM EDTA pH8) by incubation at 30°C for 15 mins before the reaction was terminated with MgCl2  (58 mM). Glutathione resin was washed with the Lysis/Binding/Wash Buffer and added to the spin cup alongside each sample for immunoprecipitation. Eighty micrograms of GST-Raf1-RBD was added to each sample and incubated with rotation for 1 hr at 4°C.  Samples were then centrifuged for 30 secs at 6,000 x g and the supernatant discarded. The beads were washed three times in Lysis/Binding/Wash Buffer (400 µl, 6,000 x g for 30 secs) and the beads re-suspended in 50 µl 2x sample buffer (containing 200 mM DTT). The immunoprecipitated protein was removed from the beads and denatured by incubation at 95°C for 10 mins. SDS-PAGE and western blot analysis carried out.

[bookmark: _Toc311836932][bookmark: _Toc311837046][bookmark: _Toc329635164]2.16 Polyacrylamide Gel Electrophoresis and Western Blotting
Proteins were separated on Bolt® 4-12% Bis-Tris Plus Gels, 12-well  using the Bolt® Bis-Tris Plus gel system (Life Technologies). The gels were loaded into the Mini Gel Tank and immersed in 400 ml Bolt® MOPS SDS Running Buffer. Forty micrograms of denatured sample was loaded into each well of the gel alongside a molecular weight marker (GeneFlow, Lichfield, UK) and the proteins separated by passing a current of 165 volts for 45 mins.

The proteins were transferred from the gel to a nitrocellulose membrane using the Mini Blot Module (Life Technologies). The gel was placed adjacent to the nitrocellulose membrane (GE Healthcare), sandwiched between two pieces of filter paper and 2 sponges in a mini blot module, and submerged in 250 ml of Bolt® Transfer Buffer (containing Bolt Antioxidant, Life Technologies). A current of 10 V was passed through the system for 60 mins. Non-specific binding on the nitrocellulose membrane was blocked by incubating in Odyssey blocking buffer (Licor, Cambridge, UK) for 1 hr at room temperature or overnight at 4oC on an orbital shaking platform (Edmund Bühler, Tübingen, Germany).

The nitrocellulose membrane was incubated overnight at 4˚C in the presence of a primary antibody diluted in Odyssey blocking buffer as per section 2.3. The membrane was washed 3 times in wash buffer (1x PBS, 0.1 % Tween 20) and incubated in the appropriate fluorescently labelled Licor Secondary Antibodies diluted 1/15,000 in Odyssey blocking buffer (Table 2.3) for 1 hour at room temperature in the dark on an orbital shaking platform. The blot was washed 5 times in Wash buffer in the dark and the proteins visualized on the Licor Odyssey Sa Imager at wavelengths of 700nM and 800nM. Quantitation was carried out by measuring fluorescence using the Image Studio (Version 3.1) software for the Odyssey Sa Imager system. Example western blot scans of all primary antibodies are shown in appendix 2.2.









[bookmark: _Toc330993969]Table 2.3 Antibodies used in the study
	Antibody
	Supplier
	Property
	Dilution

	Anti-TILRR
	Eurogentec
	Rabbit Polyclonal IgG (500 μg/ml)
	1:1000

	Anti-IL1R1
	Santa Cruz Biotechnology
	Rabbit Polyclonal IgG (200 μg/ml)
	1:500

	Anti-PI3K p85
	Millipore
	Rabbit Polyclonal IgG
	1:1000

	Anti-IBα
	Santa Cruz Biotechnology
	Rabbit Polyclonal IgG (200 μg/ml)
	1:1000

	Anti-phospho- IBα
	Cell Signalling Technology
	Rabbit Monoclonal IgG
	1:1000

	Anti-Akt
	Cell Signalling Technology
	Rabbit Polyclonal IgG
	1:1000

	Anti-phospho-Akt
	Cell Signalling Technology
	Rabbit Polyclonal IgG
	1:1000

	Anti-NFB2
	Cell Signalling Technology
	Rabbit Polyclonal IgG
	1:500

	Anti-phospho- NFB2
	Cell Signalling Technology
	Rabbit Polyclonal IgG
	1:500

	Anti-Ras
	Pierce
	Mouse Monoclonal IgG
	1:1000

	Anti-β-actin
	Santa Cruz Biotechnology
	Goat Polyclonal IgG (200 μg/ml)
	1:2000

	IRDye® 800CW Donkey anti-Rabbit IgG (H + L)
	Licor
	Donkey Polyclonal IgG (100 μg/ml)
	1:15000

	IRDye® 680RD Donkey anti-Goat IgG (H + L)
	Licor
	Donkey Polyclonal IgG (100 μg/ml)
	1:15000

	IRDye® 680RD Donkey anti-Mouse IgG (H + L)
	Licor
	Donkey Polyclonal IgG (100 μg/ml)
	1:15000




[bookmark: _Toc311836933][bookmark: _Toc311837047][bookmark: _Toc329635165]2.17 Histology
[bookmark: _Toc311836934][bookmark: _Toc311837048][bookmark: _Toc329635166]2.17.1 Tissue specimens
Archival histological specimens were obtained from patients attending the Royal Hallamshire Hospital, with approval from the local research ethics committee (SSREC 09/H1308/138). Haematoxilin and eosin and immunohistochemistry stained sections of specimens were reviewed by Patricia Vergani, a consultant histopathologist at Sheffield Teaching Hospitals Trust, and regions of interest identified.

[bookmark: _Toc311836935][bookmark: _Toc311837049][bookmark: _Toc329635167]2.17.2 Haematoxylin & Eosin staining
Sections were de-waxed and rehydrated by sequential immersion in xylene (10 mins) followed by 100 %, 90 %, 70 %, and 50 % Ethanol (10 mins each) and a final wash in water (10 mins). Sections were immersed in haematoxylin for approximately 4 mins and washed in tap water. The sections were then immersed in Eosin for 1-2 minutes until the section is fully stained.  Sections were then mounted using Prolong Gold Antifade (Life technologies) and sections examined using a Nikon E600 microscope (Nikon UK Limited, Kingston-upon-Thames, UK).

[bookmark: _Toc311836936][bookmark: _Toc311837050][bookmark: _Toc329635168]2.17.3 Immunohistochemistry
Sections were de-waxed and rehydrated by sequential immersion in xylene (10 mins) followed by 100 %, 90 %, 70 %, and 50 % Ethanol (10 mins each) and a final wash in water (10 mins). Antigen retrieval was carried out by incubating the slides in citrate buffer (10 mM Sodium Citrate, 0.05 % Tween 20, pH 6.0) for 20 mins at 95˚C followed by cooling to room temperature (20 minutes). Non-specific antibody binding was blocked by incubation of the slides in blocking buffer (10% w/v goat serum in PBS) for 30 mins at room temperature. The sections were then incubated at 4˚C overnight with affinity purified rabbit polyclonal anti-TILRR (1:50, Eurogentec Ltd., Southampton, UK) in BSA (1% w/v in PBS). Tissue sections were washed in TBST (20 mM Tris, 150 mM NaCl, 0.1 % v/v Tween-20) and incubated with goat anti-rabbit DyLight 550-conjugated secondary antibody (1:200, ImmunoReagents, Raleigh, NC), mounted using Prolong Gold Antifade with DAPI (Life technologies) and sections examined using a Nikon E600 microscope (Nikon UK Limited, Kingston-upon-Thames, UK). Due to a lack of consecutive sections, half of the samples were stained with the TILRR antibody and half with a secondary alone to demonstrate that the staining was not due to non-specific binding or auto fluorescence. 

[bookmark: _Toc311836937][bookmark: _Toc311837051][bookmark: _Toc329635169]2.18 In vivo mouse models
[bookmark: _Toc311836938][bookmark: _Toc311837052][bookmark: _Toc329635170]2.18.1 Maintenance of animal colonies and induction of systemic inflammation
TILRR knock-out transgenic mice were obtained from a colony maintained externally (University of Leeds Institute of Molecular Medicine, Leeds, UK). All mice used were between 12-16 weeks old. Experiments were performed in accordance with UK and European legislation under the Animals (Scientific Procedures) Act 1986 and European Directive 2010/63/Eb, under Home Office project licence number 70/7992 and personal licence number 40/10604 (Appendix 2.3)

TILRR knock-out mice and age and sex matched wild-type C57/BL6 littermates were weighed and injected intraperitoneally with LPS (1 mg/kg) or an equal volume of PBS. Three hours post injection, mice were euthanized by an overdose of sodium pentobarbital via intraperitoneal injection.

[bookmark: _Toc311836939][bookmark: _Toc311837053][bookmark: _Toc329635171]2.18.2 Isolating of blood and spleen from mice for RNA purification 
Mice were sacrificed by an overdose of pentobarbital via intraperitoneal injection followed by exsanguination by cardiac puncture. Blood was transferred to Tempus™Blood RNA tubes (Life technologies), shaken vigorously for 10 secs and the volume equilibrated to 9 ml with PBS. These tubes contain an RNA stabilization agent, allowing for long term storage. Post exsanguination, spleens were harvested from each mouse and flash frozen in liquid nitrogen and stored for later extraction.

[bookmark: _Toc311836940][bookmark: _Toc311837054][bookmark: _Toc329635172]2.18.3 Isolation of bone marrow derived macrophages (BMDM) from mice
TILRR knock-out mice and wild-type littermates were sacrificed by cervical dislocation. The mice were sprayed with 70 % EtOH and the femurs of mice removed and cleaned of all muscle and tissue. The femurs were placed in a tube of sterile PBS and transferred to a Safety Cabinet (Category 2). The bones were washed in 70 % EtOH for 1 min followed by a wash in DMEM. The epiphyses was removed and the bones flushed with a 26-gauge hypodermic needle and syringe filled with DMEM to extrude the bone marrow into a petri-dish. The bone marrow was homogenised by gentle pipetting and the cells counted using a haemocytometer. The cells were centrifuged at 1000 x g for 5 mins and re-suspended in BMDM differentiation medium (10 % FBS, 20 ng/ml M-CSF). Cells were differentiated for 7 days prior to the start of each experiment.

[bookmark: _Toc311836941][bookmark: _Toc311837055][bookmark: _Toc329635173]2.19 Molecular biology
[bookmark: _Toc311836942][bookmark: _Toc311837056][bookmark: _Toc329635174]2.19.1 Extraction of DNA from tissue
DNA was isolated from ear biopsies taken from mice using the Hotshot Polymerase Chain Reaction (PCR) genotyping protocol (Truett et al., 2000). Mouse tissue was lysed in Alkaline lysis reagent (50 μl, 25 mM NaOH, 0.2 mM EDTA, pH12) for 2 hrs at 95˚C and cooled to 4˚C. Neutralization reagent (50 μl, 40mM Tris-HCl, pH 5) was added and the remaining tissue broken up by vigorous pipetting. Samples were stored at 4˚C until genotyping PCR was carried out. 

[bookmark: _Toc311836943][bookmark: _Toc311837057][bookmark: _Toc329635175]2.19.2 RNA extraction
2.19.2.1 Blood
Blood was stored in Tempus™Blood RNA tubes prior to extraction. RNA was extracted from the blood using the Tempus™ Spin RNA Isolation Kit according to the manufacturer’s protocol (Life Technologies). The lysed blood was transferred to a sterile 50 ml tube and equilibrated to 12 ml with PBS. The tube was centrifuged at 4°C at 3,000 x g for 30 minutes and the supernatant discarded. The pellet was re-suspended in 400 μl of RNA Purification Resuspension Solution and stored on ice.

RNA purification filters were pre-wet with 100 μl RNA Purification Wash Solution 1. The RNA sample was added to a RNA purification filter and centrifuged at 16,000 x g for 30 secs and the flow through discarded. The filter was washed with RNA Purification Wash Solution 1 (500 μl) and centrifuged at 16,000 x g for 30 secs. The filter was then washed twice with RNA Purification Wash Solution 2 (500 μl) and centrifuged at 16,000 x g for 30 secs. A further centrifugation at 16,000 x g for 30 secs was carried out to dry out the membrane. The purification filter was transferred to a sterile nuclease free collection tube and 100 μl Nucleic Acid Purification solution was added to the filter and incubated at 70˚C for 2 mins. The RNA was eluted by centrifugation at 16,000 x g for 30 secs. The RNA purification filter was discarded and the elute stored at -80˚C until required. 

2.19.2.2 Tissue
RNA was extracted from spleen tissue using the AllPrep DNA/RNA/Protein Extraction protocol according to the manufacturer’s protocol (Qiagen). Spleen tissue was crushed to a fine powder using a pestle and mortar that contained liquid nitrogen. Thirty milligrams of the resulting powder was re-suspended in Buffer RLT (700 μl, 1% v/v β-mercaptoethanol) and passed through a 20-gauge needle five times to homogenise the sample. The homogenised sample was transferred to a AllPrep DNA spin column and centrifuged at 8,000 x g for 30 secs.

The elute was collected and Ethanol (400 μl, 70%) added. The sample was transferred to an RNeasy spin column and centrifuged at 8,000 x g for 15 secs and the flow-through discarded. Buffer RW1 (700 μl) was added to the spin column and centrifuged at 8,000 x g for 15 secs and the flow-through discarded. In order to remove contaminants, this was followed by washing the membrane with Buffer RPE (500 μl) and centrifugation at 8,000 x g for 15 secs. The column was washed a second time with Buffer RPE (500 μl) and centrifuged at 8,000 x g for 2 mins. The RNeasy column was transferred to a new collection tube and the RNA eluted in Nuclease free water (50 μl) by centrifugation for 1 min at 8,000 x g. The elute was collected and reloaded to the column and the column centrifuged for 1 min at 8,000 x g. This repeated elution of the RNA enhances the concentration of the RNA. The RNA was then stored at -80°C until required.

2.19.2.3 Cell lines
Total RNA was isolated from cell lines using an RNeasy kit (Qiagen), according to the manufacturer’s instructions. The cells were washed in PBS and lysed in Buffer RLT (1 % v/v β-mercaptoethanol). One volume of ethanol (70 %) was added to the cell lysate. The sample was transferred to an RNeasy spin column and centrifuged at 8,000 x g for 15 secs and the flow-through discarded. Buffer RW1 (700 μl) was added to the spin column and centrifuged at 8,000 x g for 15 secs and the flow-through discarded. In order to remove contaminants, this was followed by washing the membrane with Buffer RPE (500 μl) and centrifugation at 8,000 x g for 15 secs. This wash step was repeated with centrifugation at 8,000 x g for 2 mins. The RNeasy column was transferred to a new collection tube and the RNA eluted in Nuclease free ddH2O (50 μl) by centrifugation for 1 min at 8,000 x g. The RNA elute was collected and passed through the column a second time to improve RNA yield. The RNA was then stored at - 80°C until required.

[bookmark: _Toc311836944][bookmark: _Toc311837058][bookmark: _Toc329635176]2.19.3 Quantitation and quality control of RNA
The concentration of the RNA isolated was measured on a NanoDrop 1000 (ThermoScientific). Purity was determined by measuring the ratio between readings at 260 nm and 280 nm (OD260:OD280). This also indicated any protein contamination as pure RNA samples have an OD260:OD280 value of 2.0).  The samples were stored at -80oC.

[bookmark: _Toc311836945][bookmark: _Toc311837059][bookmark: _Toc329635177]2.19.4 Reverse transcription
RNA was converted to DNA using the High-Capacity RNA-to-cDNA™ Kit (Life Technologies), as per manufacturer’s instructions. All steps were carried out on ice. RNA was diluted to 150 - 250 ng/ml in nuclease free water and the reaction mix combined to give a reaction volume of 20 μl.





[bookmark: _Toc330993970]Table 2.4 Reverse transcription reaction mix
	Component
	Volume

	RT Buffer Mix (2X, containing dNTPs, Random octamers, and oligo dT-16)
	10

	Enzyme mix (20x, MuLV Reverse transcriptase and RNase inhibitor protein)
	1

	RNA
	9




Two control samples were included in each experiment, a reaction mix with no enzyme mix, and another in which the ddH2O replaced RNA. These controls ensured the samples were not contaminated. The PCR was carried out in thin walled tubes (0.2 ml). Samples were incubated at 37°C for 60 minutes.  The reaction was stopped by heating the samples to 95°C for 5 minutes, and then the samples held at 4°C. These steps were carried out on a Veriti® Thermal Cycler (Life Technologies). The cDNA was stored at -20˚C.

[bookmark: _Toc311836946][bookmark: _Toc311837060][bookmark: _Toc329635178]2.19.5 Genotyping PCR
TILRR genotyping primers were designed by the Gene Targeting and Transgenic Facility for specific genotyping of TILRR knock-out mice to differentiate between wild-type, heterogeneous, and knock-out mice generated in the breeding of colonies for experiments (University of Connecticut, USA). 

TILRR murine genotyping primers:
Wild-type 5’- GAC GTC TGG AGA ACA CAA CA –3’
Common 5’- GAG TTC CTC TTT AGC TCT GC -3’
Knock-out 5’- CTG GGT GGC ATC TAG TAT TC -3’.

Genotyping PCR was carried out using Biomix™ PCR Mastermix (Bioline, London, UK) to include TILRR specific primers (0.24 μM, IDT Technologies, Leuven, Belgium) in thin walled PCR tubes (0.2 ml). 

[bookmark: _Toc330993971]Table 2.5 Cycling conditions of genotyping PCR
	Step
	Temperature (˚C)
	Time
	Cycle

	Initial denaturation
	94
	3 minutes
	X 1

	Start cycling

	Denaturation
	94
	30 seconds
	X 30

	Annealing
	55
	30 seconds
	

	Extension
	72
	15 seconds
	

	Stop cycling

	Final extension
	72
	5 minutes
	X 1

	Hold at 4˚C.



[bookmark: _Toc311836947][bookmark: _Toc311837061][bookmark: _Toc329635179]2.19.6 Sequencing PCR
Primers, including lab stocks already present, were designed using Primer3 software (Rozen and Skaletsky, 2000) and ordered from Integrated DNA technologies (Leuven, Belgium). Primer sequences are listed in Table 2.6

[bookmark: _Toc330993972]Table 2.6 Primers used to sequence both human and mouse TILRR
	Primer name
	Sequence 5’ -> 3’

	mTILRR_F
	5’ CATGCTGAAGGCTGCCTTGCCTCTC 3’

	DATILRR_B1
	5’ CCTGTTGTTGTGTTCTCCAGATCTC 3’

	DATILRR_F3
	5’ TGGGGCTCCTGAAAAATGGC 3’

	mTILRR_R
	5’ CCTCCTTTTGAGTCCAAAATTTTC 3’

	DATILRR_F7
	5’ GTCTGTGAGAATGTGGGTTTGTTG 3’

	TILRR_R1400
	5’ TTTGCCATTCCCACGGGTCC 3’

	DATILRR_F9
	5’ AGGGCATTTGGCATCTGCTG 3’

	TILRR_R1800
	5’ CCACCCGGCTGGACAGGATT 3’

	TILRR_F1600
	5’ CCCCAGACAGGACCAGTTGCC 3’

	TILRR_C_GFP_R
	5’ AGAATTCGCAAGCTTTTAGAGTTTTCTGGAACACC 3’




Polymerase chain reactions (PCR) were all carried out using High Fidelity Pfu Polymerase (New England Biolabs, UK Ltd, Herts., UK) with the GC buffer and varying concentrations of DMSO, both provided by the manufacturer in thin walled PCR tubes (0.2 ml). Cycling parameters used are described in Table 2.7.


[bookmark: _Toc330993973]Table 2.7 Sequencing PCR cycling conditions
	Step
	Temperature (˚C)
	Time
	Cycles

	Initial denaturation
	98
	30 seconds
	1

	Start cycling

	Denaturation
	98
	10 seconds
	
40

	Annealing
	60
	30 seconds
	

	Extension
	72
	1 minute
	

	Stop cycling

	Final extension
	72
	10 mins
	1



	Hold at 4˚C




Primer pairs were designed to amplify five regions of the TILRR cDNA sequence. Each primer pair amplified a fragment between 500 and 700 base pairs (bp) in length. 

[bookmark: _Toc311836948][bookmark: _Toc311837062][bookmark: _Toc329635180]2.19.7 Quantitative PCR
Quantitative (q) PCR was carried out on the 7500 Real-Time PCR System (Applied Biosystems, Life Technologies) using the TaqMan Gene Expression Master Mix alongside TaqMan®MGB Probes according to the manufacturer’s instructions with modifications. 

TaqMan Gene Expression Master Mix components:
AmpliTaq Gold® DNA Polymerase, Ultra Pure (UP)
Uracil-DNA Glycosylase (UDG)
dNTPs
ROX™ Passive Reference 


The master mix has been optimised for efficient cDNA polymerisation and to prevent genomic DNA contamination.

TaqMan MGB® Probes were used to amplify the cDNA of interest. All probes used were designed to span exons to prevent genomic DNA contamination in each sample. The probes were labelled with a 6FAM™ fluorescent reporter dye and a non-fluorescent quencher (NFQ) at the 3’ end of the probe (Life Technologies). 

Endogenous GAPDH labelled with a VIC® reporter dye and a TAMRA non-fluorescent quencher was used as an internal control for each sample. These probes are designed to amplify exon 3 in both the human and mouse RNA. All the probes used in this study are listed in Table 2.8.



[bookmark: _Toc330993974]Table 2.8 TaqMan probes used in this study 
	Probe name and Identification
	Catalogue number
	Reporter
	Exon 
	Amplicon length
	Name

	TaqMan® Gene Expression Assay, SM (ID: Mm04208136_m1)
	4331182
	FAM
	2-3
	76
	Mouse Cxcl15 (IL-8)

	Mouse GAPD (GAPDH) Endogenous Control (VIC®/MGB probe, primer limited)
	4352339E
	VIC
	3
	107
	Mouse GAPDH

	TaqMan® Gene Expression Assay, Assay ID: Hs00381549_m1
	4331182
	FAM
	12-13 (TILRR)
	58
	Human FREM1 (C-term)

	TaqMan® Gene Expression Assay, Assay ID : Hs00985639_m1
	4331182
	FAM
	2-3
	66
	Human IL-6

	TaqMan® Gene Expression Assay, Assay ID : Hs00899658_m1
	4331182
	FAM
	7-8
	64
	Human MMP-1

	TaqMan® Gene Expression Assay, Assay ID : Hs00164004_m1
	4331182
	FAM
	1-2
	66
	Human COL1A1

	TaqMan® Gene Expression Assay, Assay ID: TILRR
	Custom
	FAM
	1-2 (TILRR specific)
	80
	Human TILRR

	Human GAPD (GAPDH) Endogenous Control (VIC®/TAMRA™ probe, primer limited)
	4310884E
	VIC
	3
	118
	Human GAPDH




The reaction was made up in a well of a MicroAmp® Optical 384-Well Reaction Plate (Life Technologies) to a volume of 10 μl. Reaction components are listed in Table 2.9.



[bookmark: _Toc330993975]Table 2.9 qPCR reaction mix 
	Component
	Volume (μl)

	2x Gene Expression Master Mix
	5

	TaqMan MGB Probe
	0.5

	GAPDH Endogenous Control
	0.5

	cDNA (100 ng)/ ddH2O
	4

	Total
	10



The plate was sealed using MicroAmp® Optical Adhesive Film and the samples centrifuged at 3,000 x g for 3 mins to spin down the contents and remove air bubbles, and loaded onto the Applied Biosystems 7500 system and the PCR reaction carried out according to the Ct cycling conditions (Table 2.10).

[bookmark: _Toc330993976]Table 2.10 qPCR cycling conditions
	Step
	Temperature (˚C)
	Time
	Cycles

	UDG incubation
	50
	2 minutes	
	1

	Enzyme Activation
	95
	10 minutes
	1

	Start cycling

	Denaturation
	95
	15 seconds
	
45

	Annealing/Extension
	60
	1 minute
	

	End cycling




The results were analysed by RQ Manager analysis software (Life technologies). Initially Ct (Critical threshold) values were calculated, normalised to the endogenous GAPDH control and then compared to the experimental controls to give relative expression levels.

[bookmark: _Toc311836949][bookmark: _Toc311837063][bookmark: _Toc329635181]2.19.8 Agarose gel electrophoresis
PCR products (10-20 μl) were loaded on an agarose gel (1-2% w/v agarose, 1x TAE, ethidium bromide 0.5 μg/ml) in a horizontal gel electrophoresis tank (Geneflow, UK) filled with 200 ml TAE buffer, and the DNA separated by size by passing a voltage of 90 V through the tank for 60 mins. DNA markers were used to verify the size and to estimate the concentration of DNA. Bands were visualized by UV radiation on a Syngene Gene Genius Bio Imaging System (Syngene, UK).

[bookmark: _Toc311836950][bookmark: _Toc311837064][bookmark: _Toc329635182]2.19.9 Gel extraction and DNA purification
Gel fragments were excised from agarose gel and purified using the QIAquick Gel extraction spin kit according to the manufacturer’s instructions (Qiagen). Gel slices were excised and Buffer QG added (3 x volume of gel slice). The samples were incubated at 55°C until the gel slice dissolved. Isopropanol (1 volume) was added to each sample. This was added to the QIAquick column and centrifuged at 13,000 RPM for 1 min to allow the DNA to bind to the column. To remove any remaining agarose contamination, the column was washed with Buffer QG (500 μl) by centrifugation at 13,000 RPM for 1 min. The column was washed a second time with Buffer PE (750 μl) by centrifugation at 13,000 RPM for 1 min. The column was dried by an additional centrifugation at 13,000 RPM for 1 min. The DNA was eluted in nuclease-free ddH2O (50 μl) into a nuclease-free 1.5 ml tube by centrifugation at 13,000 RPM.

DNA concentration was measured using a Nanodrop 1000. Samples were normalised to 10 ng/l and sent for sequencing (University of Sheffield Medical School Genomics core facility, Sheffield, UK). The effect of any mutations discovered in the TILRR core protein were analysed using PolyPhen-2 prediction software (Adzhubei et al., 2010). Sequence analysis was carried out using Clustal W software (EMBL-EBI, Cambridge, UK)

[bookmark: _Toc311836951][bookmark: _Toc311837065][bookmark: _Toc329635183]2.19.10 Microarray analysis
The Affymetrix Gene Chip Hybridisation platform (High Wycombe, UK) was used to label and hybridise the samples, which were then scanned using the Illumina Scan HQ. The microarray was carried out in the University of Sheffield Microarray Core facility under the supervision of Dr. Paul Heath. 

Total RNA was extracted, concentration and purity determined as described in section 2.17.3, and normalised to 10 ng/μl in 5 μl RNAse free water. Samples were prepared for microarray analysis according to the manufacturer’s instructions. The RNA was reverse transcribed and biotin labelled by in vitro transcription (IVT). The cDNA was cleaned and hybridised to a U133 GeneChip expression array cartridge. The array was scanned on a GeneArray Scanner and the expression data extrapolated using GeneSpring analysis software (Agilent, Santa Clara, USA).

Analysis of the expression data was conducted in R using the Affy and Limma packages (Gautier et al., 2004, Smyth, 2004). Raw intensity CEL files were normalised and probe set expression levels estimated using Genechip robust multiarray averaging (GCRMA). Heatmaps were generated using the gplots R package (Gregory R. Warnes et al., 2012). Data were expressed relative to the GCRMA expression levels of the control samples and presented as Log2 Fold change (LogFC). Genes that demonstrated increased expression relative to the control will have a positive LogFC value and a negative LogFC value if expression was decreased. Further functional annotation and pathway analysis was carried out using DAVID functional annotation software (Huang et al., 2008, Huang et al., 2007).

[bookmark: _Toc311836952][bookmark: _Toc311837066][bookmark: _Toc329635184]2.20 Statistical analysis
All statistics were carried out using the GraphPad Prism software (GraphPad, La Jolla, USA). Student’s unpaired t-test was used to determine statistical significance of variations between two datasets. One-way analysis of variance (ANOVA) was used when there were three or more groups to determine statistical significance. Two-way ANOVA was used when data was analysed by two parameters. Chi-squared analysis was used to determine if there was any change in allele penetration in the TILRR knock-out mice.

[bookmark: _Toc311836953][bookmark: _Toc311837067]
[bookmark: _Toc329635185][bookmark: _Toc311836954][bookmark: _Toc311837068]Chapter 3     Regulation of NF-B controlled gene activity through the TILRR-IL-1R1 complex


















[bookmark: _Toc311836955][bookmark: _Toc311837069][bookmark: _Toc329635186]3.1 Introduction
TILRR is a proteoglycan heparan sulphate that is recruited to IL-1R1 upon ligand binding (Zhang et al., 2010) and enhances IL-1R signalling through increased recruitment of MyD88 to the receptor complex. This process results in the amplification of downstream NF-B dependent gene expression (Zhang et al., 2010). Alanine scanning mutagenesis identified functional sites that are key residues for the function of TILRR in mediating IL-1 dependent responses (Zhang et al., 2012). Mutation of the aspartic acid residue at position 448 (D448) to an alanine was found to significantly inhibit cytokine induction via the pro-inflammatory canonical pathway but did not influence the non-canonical apoptotic pathway. Conversely, mutation of an arginine to an aspartic acid at position 425 (R425) acted on the apoptotic pathway. When this residue was changed to an alanine, TILRR did not ameliorate the IL-1 dependent anti-apoptotic function. Again, mutation of R425 had no impact on the pro-inflammatory canonical branch of the IL-1 pathway. These residues selectively control distinct regulatory processes of the IL1RI signalling pathway (Zhang et al., 2012). 

A 10 amino acid peptide was designed, in conjunction with Cambridge Biosciences, flanking the D448 functional site as described in section 2.2.  In addition, a polyclonal peptide blocking antibody was made, which targeted a 17 amino acid region flanking the D448 functional residue required for the TILRR pro-inflammatory function. 

This study aims to investigate inhibiting of the key residue within the TILRR protein using these blocking agents. Further, the impact of TILRR on the inflammatory gene expression profile was measured using microarray analysis.

[bookmark: _Toc311836956][bookmark: _Toc311837070][bookmark: _Toc329635187]3.2 Results
[bookmark: _Toc311836957][bookmark: _Toc311837071][bookmark: _Toc329635188]3.2.1 Targeting a key residue in the TILRR core protein decreases NF-B dependent gene activity in both human and murine cells
An IL-8 luciferase assay was carried out to investigate the effect of the D448 blocking peptide in comparison with a random non-targeting peptide. HeLa cells are a human cell line which express IL-1R1 and TILRR which have been used by our group previously to study TILRR in NF-κB signalling (Rhodes et al., 2015, Zhang et al., 2012, Zhang et al., 2010). HeLa cells were transfected with IL-8 promoter luciferase construct and a TK-RL plasmid and after 24 hours were pre-treated with the D448 peptide for 2 - 18 hours prior to stimulation for 6 hours with IL-1β over a range of concentrations. Figure 3.1 shows the results for 2, 4, 12 and 18 hours pre-incubation with the TILRR blocking peptide. Incubation for 18 hours results in a dose dependent reduction in IL-1-induced IL-8 promoter activity, with a significant effect corresponding to approximately 35 % at peptide concentrations of 10 and 100nM (p <0.001, Figure 3.1).




[image: ]

[bookmark: _Toc330993935]Figure 3.1 A TILRR blocking peptide reduces IL-1 dependent IL-8 promoter activity
HeLa cells were seeded, transfected with an IL-8 promoter luciferase construct (100 ng/well) and TK-RL control (75 ng/well). Twenty-four hours post transfection, cells were treated with 100 pM, 10 nM, and 100 nM of the D448 blocking peptide or a random non-targeting peptide for 2, 4, 12 and 18 hours. Cells were then stimulated for 6 hours with IL-1β (10 pM) and a luciferase assay carried out as described in section 2.9. Data are expressed as IL-8 luciferase expression relative to renilla luciferase activity. Each condition was repeated 3 times per experiment and each data point on the graph shows the average of 3 separate experiments ± 1 SD. There was no decrease in IL-8 promoter activity in cells pre-treated with the D448 peptide for 2, 4 or 12 hours. Cells pre-incubated for 18 hours with the D448 peptide demonstrated a 35 % decrease in IL-8 promoter activity at peptide concentrations of 10 nM and 100 nM compared to their respective controls (** p<0.01 ***p<0.001). Two-way ANOVA with Sidak’s correction for multiple comparison was carried out, 

HeLa cells were transfected with an IL-8 luciferase construct (Section 2.9) and treated with increasing concentrations (0-1000 ng/ml) of the TILRR peptide blocking antibody for two hours prior to stimulation with IL-1β for 6 hours. Administration of the peptide antibody caused a concentration dependent reduction in IL-1-induced IL-8 promoter activity. One microgram of the TILRR antibody resulted in approximately a 45 % reduction in activity compared to control cells (p < 0.01, Figure 3.2). 









[image: ]
[bookmark: _Toc330993936]Figure 3.2 An anti-TILRR antibody reduces the level of IL-8 promoter activity
HeLa cells were seeded, transfected with an IL-8 promoter luciferase construct (100 ng/well) and TK-RL control (75 ng/well). Twenty-four hours post transfection, cells were treated with 100, 200 and 1000 ng/ml of the anti-TILRR blocking antibody or a polyclonal IgG control for 2 hours. Cells were then stimulated for 6 hours with IL-1β (10 pM) and a luciferase assay carried out as described in section 2.9. Each condition was carried out in triplicate for every experiment. Each data point here represents the mean of 3 experiments ± 1SD. Two-way ANOVA was carried out alongside Sidak’s post hoc correction for multiple comparison, *p <0.05, Data show that the IgG control does not have an effect on the level of IL-1β induced IL-8 promoter activity. The anti-TILRR antibody treated cells show a dose dependent decrease in IL-8 promoter activity. When compared to the IgG control treated cells, concentrations of 200 ng/ml and 1000 ng/ml demonstrate a significant (p <0.05) decrease in IL-8 activity.

To test the efficacy of the TILRR blocking antibody in murine cells, RAW 264.7 macrophages were treated with increasing concentrations of the peptide antibody and IL-6 levels measured by ELISA (Section 2.11). The TILRR blocking antibody significantly reduced IL-1 induced NF-B activity by approximately 50 % (p < 0.05, Figure 3.3), similar to responses seen in human HeLa cells.

[image: ]
[bookmark: _Toc330993937]Figure 3.3 A blocking TILRR antibody reduces the level of IL-6 secretion in murine macrophages
RAW cells were incubated with a blocking TILRR polyclonal antibody or an IgG control (0, 50, 100 and 200 ng/ml) and stimulated with IL-1β (10 pM) for 6 hours. A murine IL-6 ELISA carried out as described in Section 2.11. Each data point represents the average of two experiments, both carried out in triplicate. Data are expressed as the mean of two experiments ± 1SD. TILRR antibody treated cells demonstrate a dose dependent decrease in IL-6 secretion and, when compared to the IgG control treated cells, show a significant decrease at 100 ng/ml (*p < 0.05).

[bookmark: _Toc311836958][bookmark: _Toc311837072][bookmark: _Toc329635189]3.2.2 TILRR siRNA impacts expression of NF-B dependent inflammatory genes
An IL-8 luciferase assay was carried out on HeLa cells +/- TILRR siRNA.  There was a 75 % decrease in IL-8 promoter activity in response to IL-1β in the presence of TILRR siRNA (Figure 3.4, A.). In addition, IL-6 mRNA expression levels were compared between TILRR siRNA transfected HeLa cells and cells transfected with non-targeting control siRNA. There was a 40 % decrease IL-6 expression in TILRR siRNA transfected cells (Figure 3.4, B.). 


A.
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[bookmark: _Toc330993938]Figure 3.4 TILRR siRNA reduces IL-1 dependent NF-B gene expression
HeLa cells transfected with TILRR siRNA (10 nM) demonstrate a decrease in IL-1β induced inflammatory gene activity. Panel A. A luciferase assay carried out in HeLa cells, transfected with TILRR siRNA or a non-targeting control alongside an IL-8 luciferase construct (100 ng/well) and a TK-RL plasmid (75 ng/well), shows a decrease in IL-8 promoter activity compared to control siRNA. Results represent a mean of 3 experiments ± 1SD, **p < 0.01, as measured by Two-way ANOVA with Sidak’s post test (n=3). Panel B. There is an approximately 40 % decrease in IL-6 mRNA levels in the presence of TILRR siRNA, when compared to a non-targeting control, in HeLa cells stimulated with IL-1β as measured by qPCR. Results represent a mean of 3 experiments ± 1SD, ***p < 0.005 as measured by Student’s unpaired t-test  (n=3). Raw data are shown in appendix 3.1
The impact of TILRR on global gene expression was measured by microarray analysis. RNA expression in TILRR siRNA transfected HeLa cells was compared to RNA from cells transfected with a non-targeting siRNA. Variations in expression were measured and 534 genes demonstrated a change in expression of greater than 50 % in the presence of TILRR siRNA compared to control cells. IL-6 mRNA levels were decreased by 40 % in the array analysis confirming that the array was successful. One hundred and fifty-six genes were significantly changed (p < 0.05). Of these, the 40 genes, which showed the largest change in expression, are shown in Figure 3.5. The full list of significant changes is shown in appendix 3.1

Many genes downstream of NF-κB showed decreased expression in the absence of TILRR (MMP-1, IL-1β, COL1A1 and IGF1).   In addition, genes that are induced by IL-1 stimulation, such as the IL-1 receptor accessory protein and IL-11, also showed decreased expression in the TILRR siRNA treated cells. Using HeLa cells, transfected with TILRR siRNA, I confirmed a decrease in MMP-1 and COL1A1 using qPCR, which both showed a decrease of 50 % in mRNA levels compared to cells transfected with a control siRNA and stimulated with IL-1β  (Figure 3.6 A, and B, p < 0.05). These levels were similar to those seen in unstimulated cells (p = n.s).

[image: ]
[bookmark: _Toc330993939]Figure 3.5 Loss of TILRR expression affects gene expression in HeLa cells
HeLa cells were transfected with TILRR siRNA or a non-targeting control and stimulated with IL-1β. Microarray analysis was carried out o RNA isolated from these cells in the Genomic core facility and changes in gene expression analysed by R software. Data are expressed as the mean of 3 experiments. There was a significant difference in gene expression in the presence of TILRR siRNA  (n=3. P <0.05). Genes shown here represent the 40 genes that showed the biggest change in expression in comparison to the controls. Raw data is shown in Appendix 3.2
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[image: ]
B. 
[image: ]
[bookmark: _Toc330993940]Figure 3.6 TILRR regulates COL1A1 and MMP-1 gene expression.
COL1A1 and MMP-1 mRNA levels were measured by qPCR in HeLa cells transfected with TILRR siRNA and stimulated with IL-1β (100 pM). There is an approximately 50 % decrease in mRNA levels in the presence of TILRR siRNA when compared to a non-targeting control siRNA. Results represent a mean of 3 experiments ± SD, *p < 0.05 using Two-way ANOVA with Sidak’s post test. Raw data are shown in Appendix 3.3


Analysis of differentially expressed genes from the microarray were completed using DAVID bioinformatics software for the identification of novel signalling pathways containing TILRR regulated genes. This program uses a specific criterion to identify association terms and pathways, to generate enrichment scores, identifying pathways with a high probability of being involved in the regulation of the selected genes (Huang da et al., 2009a, Huang da et al., 2009b). There were 47 functional annotation groups that the software identified as significantly associated with genes dysregulated by TILRR siRNA (Table 3.1). 

Of the 156 genes, which were significantly dysregulated in the absence of TILRR, 20 were involved in cytokine signalling pathways, and 27 were found to regulate the immune response (Table 3.1). For example, variations were seen in chemokines such as CCL2, CCL5 and CCL11 along with IL-6 and IL-24. Thirty-seven genes involved in apoptosis also demonstrated altered expression in the TILRR siRNA transfected cells, e.g. Fas, and Inhibin A (Liu et al., 2012, Vitale et al., 2002). Inhibition of TILRR expression also resulted in a significant reduction in the expression of genes associated with wound healing (CTSB), cell migration (CDH13, IGF-1, ITGA2), and development of blood vessels (COL1A1, ITGA4, EDNRA)



[bookmark: _Toc330993977]Table 3.1 Functional groups significantly changed in the presence of TILRR siRNA
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Genes significantly changed in the TILRR siRNA transfected cells were analysed by DAVID functional annotation software (NCBI). Functional annotation algorithms identified pathways in which the changed genes are involved. Enrichment scores were then generated for the pathways that contained the most TILRR regulated genes and significance calculated EASE modified Fischer’s test*.


[bookmark: _Toc311836959][bookmark: _Toc311837073][bookmark: _Toc329635190]3.3 Discussion
In this chapter I demonstrated that, in vitro, blocking TILRR using both an antibody and an inhibitory peptide significantly reduced pro-inflammatory NF-κB signalling, identifying a novel blocking mechanism of inflammatory signalling in response to IL-1β stimulation. Both the TILRR antibody and the 10-mer peptide were both designed to cover the D448 residue, confirming the functional role of this site in TILRR function. Further, microarray analysis identified genes and signalling pathways, regulated by TILRR post IL-1β stimulation. This chapter has achieved in demonstrating the efficacy of both the TILRR antibody and TILRR peptide on IL-1 induced pro-inflammatory processes, thus fulfilling objectives 1 and 2 of this study.

The focus of the experiments was to determine novel blocking mechanisms of TILRR in vitro. TILRR is recruited to the complex upon ligand binding and binds to the IL-1R1 (Zhang et al., 2010). The ability of TILRR to enhance signalling through the IL-1 receptor is similar to the action of co-receptors in other receptor systems, e.g. CD14, a regulator of TLR signalling, and proteoglycans Syndecans -1 and -2 and Neuropilin-1, which enhance FGF, TGFβ and VEGF receptor signalling (Filla et al., 1998, O'Callaghan et al., 2015, Ostuni et al., 2010, Theocharis et al., 2010, Zanoni and Granucci, 2013).

Parallel studies in the laboratory using protein modelling and docking have identified regions in the TILRR core protein predicted to mediate protein/ protein interaction (Smith et al., unpublished). Disruption of the hypothesised binding region by mutation of the D448 residue within in the TILRR core protein leads to a reduction in complex formation and a decrease in downstream signalling (Zhang et al., 2012, Zhang et al., 2010). Blocking this region using a specific peptide or a peptide antibody results in decreased NF-B dependent activity as measured by an IL-8 luciferase assay and IL-6 secretion. The reduction in downstream signalling when TILRR binding to the IL-1 receptor complex is blocked by a peptides or a peptide antibody is in agreement with other co-receptor systems. For example, blockade of CD14 with a mimetic peptide results in reduced cytokine production and an overall reduction in inflammation (Xu et al., 2009).  The use of specific antibodies against TNFα (e.g. infliximab) and IL-1β (Canakinumab) is approved for treatment of various inflammatory diseases e.g. gout and rheumatoid arthritis (Dinarello et al., 2012, Fiehn and Zeier, 2006, Walsh, 2009). 

This study demonstrates that TILRR is a viable target for blocking inflammation in vitro. In addition to its effectiveness in human in vitro system, the antibody also successfully blocks NF-B activation in murine macrophages. The sequence of TILRR is highly conserved between human and mouse, which is likely responsible for the efficacy of the antibody in mouse cell lines (Hudson et al., 2012, Zhang et al., 2010). 

Zhang et al. demonstrated that TILRR siRNA caused a reduction in NF-κB dependent gene activation (Zhang et al., 2010). I confirmed this observation by measuring both IL-8 activity in an IL-8 luciferase assay and IL-6 mRNA levels in TILRR siRNA transfected cells after IL-1β stimulation. The microarray analysis confirmed that IL-6 mRNA expression was decreased and also demonstrated that other IL-1 regulated genes such as MMP1, MMP3, COL1A1, and IL-1β were decreased significantly in the presence of TILRR siRNA (Alexander et al., 2012, Bond et al., 2001, Carmi et al., 2009, Han et al., 2014, Hong and Trackman, 2002, Vincenti et al., 1998). This decrease in MMP expression is in agreement with results seen in vascular smooth muscle cells when NF-κB activation was blocked (Bond et al., 2001). Interestingly, IL-1β stimulation has been shown to reduce collagen expression and attenuate the wound healing process (Ishida et al., 2006, Mia et al., 2014). Investigation of collagen levels in the presence or absence of TILRR in disease models would allow for further investigation of TILRR role in regulating wound healing.

In addition, genes that are involved in the diverse cellular processes are regulated by TILRR. Interestingly, a number of genes involved in blood vessel development and morphogenesis were down-regulated, including ITGA4, and RECK (Oh et al., 2001, Schmid et al., 2011, Semon et al., 2010). RECK is key regulator MMPs and acts on extracellular matrix integrity in addition to playing a regulatory role in angiogenesis, but has not previously been shown to be regulated by NF-κB or IL-1 induction, identifying a novel regulatory mechanism for RECK (Oh et al., 2001, Siddesha et al., 2013, Takahashi et al., 1998). 

Many of the genes are involved in cell adhesion and migration pathways such as the Collagen Type I and the alpha-integrins, ITGA2 and ITGA4 (Holmes et al., 2012, Imamichi et al., 2006, Ma et al., 2015, Nam et al., 2013). These genes, alongside IL-1 pathway members IL-1 and IL-1 receptor accessory protein, are involved in the wound healing process, and indicate a role for TILRR in maintaining cellular matrix and integrity (Han et al., 2014, Leibovich-Rivkin et al., 2013, Zhuang et al., 2015). Further studies investigating the effect of TILRR on protein levels of the integrins would elucidate the regulatory function of TILRR on integrin signalling.

Previous studies have identified that TILRR regulates cytoskeletal rearrangement in response to IL-1 and the pathway analysis revealed that TILRR regulates genes involved in GTPase activity, further adding weight to the hypothesis that TILRR regulates cell integrity (Zhang et al., 2010). In order to confirm the involvement of TILRR in these pathways, the effect of TILRR loss in vivo using murine disease model will be carried out.

These data confirm the results seen by Zhang et al. and identify novel genes regulated by TILRR (Zhang et al., 2012, Zhang et al., 2010). Blocking TILRR in HeLa cells and measuring global gene expression in these cells by microarray highlighted the importance of TILRR in regulating the diverse pathways mediated by NF-B in response to IL-1β. Further, this study implicates TILRR in the regulation of a number of pathways fundamental to disease.


[bookmark: _Toc311836960][bookmark: _Toc311837074][bookmark: _Toc329635191][bookmark: _Toc311836961][bookmark: _Toc311837075]Chapter 4 Characterisation of the gene activation profile of TILRR knockout mice

















[bookmark: _Toc311836962][bookmark: _Toc311837076][bookmark: _Toc329635192]4.1 Introduction
TILRR is a transcriptional variant of FREM1, which constitutes the c-terminal portion of the larger FREM1 protein. TILRR null mice were generated by targeting a TILRR specific exon that is not present in FREM1 gene transcripts, but located in the intronic region between exon 24 and 25 of FREM1 (Figure 4.1) (Hudson et al., 2012, Zhang et al., 2010). 

Since the discovery of TILRR (Valles et al., 2002, Valles et al., 1999, Zhang et al., 2010), there have been extensive in vitro studies verifying the role of TILRR and how this impacts IL-1 receptor complex signalling. TILRR knock out mice were generated for validation of the in vitro studies and further characterisation of the molecule in in vivo. To create TILRR knock out mice, Lox sites were introduced into the FREM1 gene and the TILRR specific exon mutated within the C57 murine genome. The resulting mice were backcrossed onto a C57/Black 6 background.  TILRR knockout mice were analysed for changes in organ development and morphology and no changes were found in knockouts compared to their littermates (Samokhin et al. 2015, unpublished).
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[bookmark: _Toc330993941]Figure 4.1 TILRR is a transcript variant of FREM1 with a start site within an intronic region of the FREM1 gene
FREM1 is a gene that contains 38 exons. TILRR is a transcriptional variant of FREM1 whose transcription is initiated in an intronic region between exons 24 and 25. Panel A. Schematic image of the TILRR start site and specific exon. Panel B. The sequence of the TILRR specific start site is highly conserved between humans and mice. The sequence outlined in red is the TILRR specific exon, which is removed in the TILRR knock-out mice. Image modified and reproduced with permission http://creativecommons.org/licenses/by/3.0/legalcode (Hudson et al., 2012).


Characterisation of the TILRR knock-out mice did not identify any morphological changes in the major organs (Samokhin et al., 2015 unpublished). Based on the role of TILRR in inflammation, I sought to investigate a role for TILRR in an in vivo model of systemic inflammation. As a model, I used LPS injection into the peritoneum of the mice. The use of LPS to trigger a systemic inflammatory response is a well studied murine model of acute inflammatory response (Bohrer et al., 1997, Car et al., 1994, Haziot et al., 1995, Joosten et al., 2010, Kawai et al., 1999, Li et al., 2009, McNamara et al., 1993, Vanden Berghe et al., 2014). LPS treatment induces a rapid induction of cytokines and mimics sepsis in humans (Ferwerda et al., 2009). This model has been used to study the role of cell surface receptors and co-receptors (TLR4, IL-1R1, CD14) and intracellular adaptors (MyD88, Mal) in innate immune pathways using mice deficient in these molecules (Bohrer et al., 1997, Car et al., 1994, Haziot et al., 1995, Joosten et al., 2010, Kawai et al., 1999, Li et al., 2009, McNamara et al., 1993, Vanden Berghe et al., 2014). Therefore I believe it to be an appropriate model to investigate the effect of TILRR on inflammation in vivo.

[bookmark: _Toc311836963][bookmark: _Toc311837077][bookmark: _Toc329635193]4.2 Results
[bookmark: _Toc311836964][bookmark: _Toc311837078][bookmark: _Toc329635194]4.2.1 Genotyping of TILRR knockout mice
Genotyping was carried out on mice using specific primers (Section 2.19.5) to confirm the presence or absence of TILRR in the mice prior to use for experiments. Figure 4.2. A. shows typical genotyping data from these experiments and figure 4.2.B. shows an example genotyping for one set of littermates tested demonstrating that 2 of 7 animals contained knock out animals in this litter, representing a standard result when genotyping a litter of this size resulting from a heterozygous breeding pair. All DNA agarose gels for the mice used in this study are shown in appendix 4.1.
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[bookmark: _Toc330993942]Figure 4.2 Genotyping of TILRR knockout mice
DNA samples from TILRR knockout, heterogeneous and wild-type mice were isolated as described in the Genomic DNA extraction protocol (Section 2.19.1), quantitated and PCR carried out with specific primers to confirm genotype (Section 2.19.5). Panel A. A 125 base pair fragment is amplified in wild-type (+/+) mice and a 273 base pair fragment amplified in TILRR knockout (+/-) mice. Heterozygous (+/-) mice were found to contain sequences amplified by both sets of primers. Panel B. Genotyping of a litter of mice generated by crossing a wild-type C57/BL6 mouse with a TILRR knockout mouse. The litter was comprised of 2 wild-type, 3 heterozygote and 2 knockout animals. All genotyping DNA gels are shown in Appendix 4.1


In addition to identifying TILRR knock-out mice for use in each experiment, confirming the genotype of each litter allowed determination of the TILRR null allele penetrance of the TILRR in each litter. These studies used mice generated from heterozygous crosses. Table 4.1 lists the progeny bred from heterozygous crosses, with no differences in the penetration of the knock-out and wild-type alleles (p = 0.939, Chi-square value = 4.817). 

[bookmark: _Toc330993978]Table 4.1 Genotype proportions of mice resulting from heterozygous x heterozygous breeding pairs
	Offspring number
	Wild-type
Offspring
	Heterozygous
Offspring
	Knock-out
Offspring

	15
	3
	6
	6

	16
	4
	7
	5

	7
	2
	1
	4

	9
	2
	2
	5

	4
	0
	1
	3

	5
	1
	2
	2

	7
	3
	2
	2

	8
	3
	4
	1

	12
	6
	2
	4

	17
	6
	8
	3

	17
	0
	15
	2

	12
	4
	5
	3

	15
	3
	6
	6




[bookmark: _Toc311836965][bookmark: _Toc311837079][bookmark: _Toc329635195]4.2.2 TILRR regulates expression of IL-1 receptor signalling molecules
To assess the effect of TILRR loss on inflammatory protein expression, western blot analysis was carried out on protein isolated from 4 wild-type and 4 knock-out spleens post LPS treatment. TILRR knockout mice demonstrated approximately 50 % reduction in IL-1 receptor levels compared to wild-type littermates 3 hours post LPS injection (Figure 4.3). 
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[bookmark: _Toc330993943]Figure 4.3 IL-1 Receptor levels are reduced in TILRR knockout mice 3 hours post LPS treatment
IL-1 Receptor levels were detected in the spleens of wild-type and TILRR knockout mice 3 hours post treatment with LPS or PBS as a control. A representative image showing spleen proteins from two mice of each condition is shown here. Quantitation demonstrated that TILRR knockout mice have a 50 % reduction in IL-1 receptor expression compared to wild-type littermates. Total IL-1R1 was measured in spleens from four mice for each condition and One-way ANOVA analysis carried out with Tukey’s post test correction for variation. Data are expressed as the mean ± 1SD, n=4 (*p = 0.04).
In addition, the impact of TILRR on IL-1 signalling pathway molecules was assessed. Levels of Iκ-Bα were significantly (p = 0.05) reduced by approximately 60 % in the TILRR knockout mice compared to wild-type mice (Figure 4.4). In the TILRR knockout mice, Iκ-Bα is not decreased further in response to LPS whereas a normal response is seen in their wild-type littermates.
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[bookmark: _Toc330993944]Figure 4.4 TILRR knockout mice demonstrate decreased expression of IBα, which is not phosphorylated in response to LPS.
Macrophages isolated from the femurs of wild-type and TILRR knock-out  mice were stimulated with LPS for 0 – 30 mins. Levels of phosphorylated and total IBα were measured in four mice and representative images depicting one mouse of each group are shown in panel A. Panel B; Quantitation confirmed a 60 % decrease in the level of phosphorylated IBα in TILRR knock-out mice compared to wild-type mice in response to LPS, p = 0.05 at 5 mins post LPS.  Panel C; Total IBα was also decreased in TILRR knock-out mice in unstimulated cells (p < 0.01 at time 0). There was no further decrease in IBα levels in response to LPS, in contrast to the wild-type mice which showed the expected decrease in IBα over time. Two-way ANOVA with Sidak’s correction for multiple analysis was carried out on four mice of each condition and multiplicity corrected p value reported. Data are expressed as the mean of 4 separate experiments ± 1SD.


Inflammatory cytokines, IL-6 and TNFα cytokine mRNA levels were measured by qPCR in the spleen and blood of TILRR knock-out mice. Figure 4.5 shows that both IL-6 (Panel A) and TNFα (Panel B) are significantly reduced  (p ≤ 0.05) in the spleens of mice lacking TILRR, in response to LPS.
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[bookmark: _Toc330993945]Figure 4.5 Inflammatory gene mRNA expression is decreased in the spleen of TILRR knockout mice after LPS treatment
Inflammatory gene mRNA levels were measured in the spleens of TILRR knock-out mice and wild-type littermate control mice three hours post treatment with LPS or PBS. Total mRNA levels in 6 mice of each group were measured by qPCR and the levels expressed relative to GAPDH mRNA levels. Data are expressed as the average of 6 mice ± 1SD. Panel A. Three hours post LPS injection IL-6 mRNA levels in the TILRR knockout mice are reduced by 50 % compared to wild-type mice (*p = 0.03). Panel B. TNFα mRNA was also decreased by 40 % in TILRR knockout mice (*p = 0.05).  Two-way ANOVA with Sidak’s correction for multiple analysis was carried out using Graph Pad Prism and significance expressed as multiplicity corrected p-values. Raw data are shown in Appendix 4.2


Inflammatory cytokine levels in the blood of TILRR knockout mice were also measured post LPS injection and compared to expression levels in the blood of wild-type mice. In the PBS treated mice the IL-6 and TNFα cytokine levels were not detected in the blood and therefore not included in the results. Similar to the levels seen in the spleen, there was a significant decrease of approximately 80 % seen in IL-6 gene expression in whole blood of TILRR knockout mice compared to expression levels in the wild-type mice (Figure 4.6 A.). However TNFα mRNA showed a trend towards an increase in expression compared to wild-type mice (Figure 4.6 B.).
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[bookmark: _Toc330993946]Figure 4.6 Expression of inflammatory cytokines is decreased in the blood of TILRR knockout mice after LPS treatment
Inflammatory gene mRNA levels were measured in the peripheral blood of TILRR knock-out mice and wild-type littermate control mice three hours post treatment with LPS or PBS. Total blood mRNA levels in 6 mice of each group were measured by qPCR and the levels expressed relative to GAPDH mRNA levels. Data are expressed as the average of 6 mice ± 1SD. Panel A. Three hours post LPS injection IL-6 mRNA levels in the TILRR knockout mice are reduced by 75 % compared to wild-type mice (*p = 0.05). Panel B. TNFα mRNA was not significantly changed in the knockout mice (p = n.s).  Data are expressed as the mean of 6 mice per condition ± 1SD. Significance was calculated using Student’s t-test carried out in Graph Pad Prism. Raw data are shown in Appendix 4.2.

[bookmark: _Toc311836966][bookmark: _Toc311837080][bookmark: _Toc329635196]4.2.3 TILRR regulates gene expression in systemic inflammation.
Following 3 hours of LPS treatment, whole mRNA was isolated from the blood and spleen of TILRR knock-out and wild-type mice (Section 2.19.2). Microarray analysis was performed on isolated mRNA (Section 2.19.10) and variations in gene expression between wild-type and knockout mice determined. 

In the spleen, 540 genes were differentially expressed in the absence of TILRR, 41 of which demonstrated a significant difference in mRNA levels compared to wild-type mice (Figure 4.7). The 540 genes and the fold changes are listed in appendix 4.2.

These 41 genes were cross-referenced with inflammatory cytokines and chemokines revealing a subset of effector molecules that lie downstream of IL-1 receptor complex activity. This comparison identified inflammatory chemokines, including CCL2, CCL7, CXCL1 and CXCL9 that demonstrate reduced expression in TILRR knockout mice. In addition, genes involved in NF-B regulated pathways were changed, such as apoptosis (Apaf-1) and cell-cycle regulation (PKCα), Two members of the IRF family of transcription factors (IRF1 and IRF8) were also down-regulated in TILRR knockout mice (Figure 4.7).
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[bookmark: _Toc292806547][bookmark: _Toc330993947]Figure 4.7 Gene expression in the spleen mRNA is altered after LPS injection in TILRR knockout mice compared to wild-type littermates
TILRR knockout and wild-type mice were treated with LPS for 3 hours. Microarray analysis carried out on RNA isolated from the spleens of 3 mice per condition in the Genomic core facility and changes in gene expression analysed by R software. Five hundred and forty genes showed differential expression of Log21 (100 % change) or greater in the spleens of the knockout mice compared to the wild-type expression level. Of these, 41 genes were significantly changed in the TILRR knock-outs compared to the expression in the wild-type (p < 0.05), as determined by R software.


Blood RNA was also analysed by microarray but statistical analysis did not identify significant changes in the gene profile. However, 230 genes showed differential expression between knockout and wild-type mice (Appendix 4.3). Figure 4.8 lists the genes with the highest change in expression, which were largely different to the pattern of gene expression in the spleen. However certain inflammatory chemokines (CXCL1, CXCL13) show decreased mRNA levels in both the blood and spleen of knock-out mice.   
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[bookmark: _Toc292806548][bookmark: _Toc330993948]Figure 4.8 Gene expression is altered in the blood of TILRR knockout mice
TILRR knockout and wild-type mice were treated with LPS for 3 hours. Peripheral blood was collected and 3 mice pooled for each experiment. Microarray analysis was carried out on RNA isolated from pooled blood sample in the Genomic core facility and changes in gene expression analysed by R software. Data are expressed as the average of 3 separate experiments each consisting of blood from 3 mice of each condition. TILRR knockout mice were compared to their wild-type littermate controls and analysed by R (n=3, P>0.05). There are 230 genes that are changed by over 100 % but not to a significant level in TILRR knockout mice. Of these 230 genes, the 40 that demonstrated the greatest change in gene expression are shown here.

[bookmark: _Toc311836967][bookmark: _Toc311837081][bookmark: _Toc329635197][bookmark: _Toc292806549]4.2.4 TILRR regulates expression of genes involved in many diverse pathways
Pathway analysis was carried out using the DAVID functional annotation software to identify the main cell signalling pathways that are regulated by TILRR in the spleen samples (Huang da et al., 2009a, Huang da et al., 2009b). DAVID functional annotation software cross referenced the genes whose expression was changed with members of signalling pathways and generated a significance score, based on a modified Fisher test (Huang da et al., 2009b, Huang et al., 2008). Genes that demonstrated a significant change in expression in the TILRR knockout mice were analysed and TILRR regulated genes were found to be involved in 35 pathways, 14 of which showed a significant association with the gene list (p < 0.05, Table 4.2).









[bookmark: _Toc330993979]Table 4.2 Functional annotation clusters significantly associated with TILRR regulated genes.
	Term
	Genes
	Proportion of overall genes (%)
	P-Value* 

	Cytokine-cytokine receptor interaction
	20
	13.5
	1.90E-12

	Jak-STAT signalling pathway
	9
	6.1
	1.60E-04

	Chemokine signalling pathway
	9
	6.1
	5.50E-04

	Cytokine Network
	4
	2.7
	6.00E-03

	Complement and coagulation cascades
	5
	3.4
	7.60E-03

	Hematopoietic cell lineage
	5
	3.4
	1.10E-02

	Cytokines and Inflammatory Response
	4
	2.7
	1.40E-02

	Toll-like receptor signalling pathway
	5
	3.4
	1.90E-02

	Plasminogen activating cascade
	3
	2
	2.20E-02

	NOD-like receptor signalling pathway
	4
	2.7
	2.70E-02

	Erythrocyte Differentiation Pathway
	3
	2
	2.90E-02

	Natural killer cell mediated cytotoxicity
	5
	3.4
	3.80E-02

	Inflammation mediated by chemokine and cytokine signalling pathway
	9
	6.1
	4.30E-02

	Blood coagulation
	4
	2.7
	4.90E-02


*Modified Fisher Exact P-Value, EASE Score


In addition, further functional annotation analysis, identified pathways and functional families regulated by TILRR, such as T cell regulation (Lif, OX40, and CXCL9) and cell cycle regulation (Gadd45g, PKCα). Interestingly, these pathways are all dysregulated in numerous cancers and have been implicated in tumour development and progression (Li et al., 2014, Pardee et al., 2010). Cross-referencing TILRR regulated genes with gene listed described in various cancers, identified 40 genes dysregulated in the spleen of TILRR knock-out mice, which have been linked to cancer signalling (Figure 4.9).
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[bookmark: _Toc330993949]Figure 4.9 TILRR regulates expression of genes linked to the development and progression of cancer
Further functional annotation and pathway analysis of the microarray results from the spleen samples was carried out. Further cross-referencing identified genes that have previously been linked to cancer. In the spleen, 40 genes were identified that demonstrate a log22 fold change in expression in TILRR knockout mice. 



[bookmark: _Toc311836968][bookmark: _Toc311837082][bookmark: _Toc329635198]4.3 Discussion
In this chapter, I confirmed the genotype of TILRR knock-out mice and characterised their inflammatory phenotype in response to LPS. Previous studies on TILRR have demonstrated a role in inflammation in in vitro systems (Zhang et al., 2012, Zhang et al., 2010). The data in the current study confirms that TILRR regulates IL-1 receptor expression, expression of IBα and that loss of TILRR results in an abnormal response to LPS in murine macrophages. In addition, the TILRR knockout model of systemic inflammation (LPS) has demonstrated that TILRR modulates global gene expression and identified a number of TILRR regulated genes and pathways thus carrying out the third objective of this thesis, which was to study the effect of TILRR loss in a mouse model of systemic inflammation. 

The TILRR knockout mice were generated to provide greater insight into the function of TILRR in vivo. Genotyping of each litter prior to each experiment allowed for wild-type littermates to be used as controls in each experiment as verified by genotyping of the deleted region. The use of littermate controls in each experiment ensures that the genetic backbone of the C57BL/6 is the same between the experimental and the control groups (Holmdahl and Malissen, 2012). Littermate controls are also subject to the same environment from conception as the TILRR knockout mice and prevents differences in environmental factors from masking results (Holmdahl and Malissen, 2012). Additionally the genotyping of these breeding pairs allowed for analysis of penetration of the TILRR knock-out allele. These data confirm that the representation of the TILRR knock-out allele was no different from the wild-type. In addition to previous findings in the laboratory (Samokhin et al., 2015, unpublished), confirming that TILRR knock-out mice do not differ from wild-type C57 mice with respect to organ development, this study demonstrate that the breeding patterns are no different. Further, there were no changes seen in protein levels of surface receptors e.g. TNFR and TLR4, seen in the spleens of the TILRR knockout mice (Samokhin et al., 2015, unpublished). 

TILRR has been shown in vitro to regulate IL-1 Receptor complex formation and can cause a reduction in IL-1 receptor levels, which is consistent with the data presented in this chapter (Zhang et al., 2010). In addition to a decrease in IL-1 receptor levels, I-Bα protein expression was decreased in the TILRR knockout bone marrow derived macrophages compared to those isolated from wild-type mice. IBα expression is regulated by NF-B in a negative feedback mechanism via B sites on its promoter (Sun et al., 1993) and therefore these data are consistent with a role for TILRR in regulating the feedback loops involved in the NF-B pathway. 

Using LPS as a model mimics human bacterial induced sepsis and initiates an acute inflammatory response in mice (Bohrer et al., 1997, de Kruif et al., 2007, Furusako et al., 2001, Joosten et al., 2010, McNamara et al., 1993, Vanden Berghe et al., 2014).  LPS injection leads to a sharp induction of pro-inflammatory cytokines within 2-4 hours post-treatment. Using this model to characterise the inflammatory phenotype of the TILRR knockout mice is important as it has been used extensively to determine the role of a number of surface receptors and immune signalling molecules in vivo (Bohrer et al., 1997, Furusako et al., 2001, Joosten et al., 2010, Kawai et al., 1999, Kemna et al., 2005, Li et al., 2009, McNamara et al., 1993, Vanden Berghe et al., 2014). Similar to these findings that deletion of TILRR in mice causes an overall decrease in inflammatory gene expression, mice deficient in IL-1 receptor, TLR4, CD14, MyD88 or the cytokines IL-1 and IL-18 also show diminished inflammation in response to LPS (Hultgren et al., 2002, Joosten et al., 2010). In agreement with previously published in vitro studies, TILRR knockout mice show a marked decrease in inflammatory gene expression in response to LPS, and specifically in genes regulated by NF-B (Zhang et al., 2010). This is consistent with decreases in inflammatory cytokine expression in CD14 co-receptor and MyD88 knockout mice (Haziot et al., 1995, Kawai et al., 1999).  This study focused on the spleen and blood of the knock out mice to give an overall pattern of changes occurring in the cells of the immune system of the mice. Many of the genes in the spleen showed a significant change in expression; however none of the changes seen in the blood of the knockout mice were significantly different from the wild-type. The blood of 2-3 mice was pooled to generate each sample for RNA and variations in expression between the animals may mask changes. A solution for this would be to increase the number of mice in each group to enhance the power of the study (Fitts, 2011). In relation to the data from the blood, high levels of globin transcript in the RNA leads to confounding of the microarray results seen (Winn et al., 2010). The use of a globin removal kit such as GLOBINClear has been found to increase the sensitivity of the assay and enhance the probability of identifying significant changes in gene expression (Wright et al., 2008). For these reasons, the downstream analysis focused on the changes seen in the spleen, as these are more likely to accurately represent significant changes in gene expression regulated by TILRR.

Many of the genes changed in the spleen lie downstream of NF-B and are involved in pro-inflammatory and immune cells regulatory pathways, as identified by DAVID functional annotation analysis. Of the genes found to be decreased in the absence of TILRR, many are important cytokine and chemokine genes such as IL-6, IL-8, IL-10 and IFNγ and the chemokines, CCL2, CCL7, and CXCL1. These data agree with the findings of Zhang et al. that TILRR regulates NF-B dependent gene expression but is the first study to demonstrate that TILRR can regulate the diverse cellular functions of NF-B (Zhang et al., 2012, Zhang et al., 2010). Genes such as KLRK, OX40, Gadd45g and CD40, alongside CXCL1 lie downstream of NF-B activation and are involved the recruitment and activation of cells of the adaptive immune response (Clark, 2014, Godfrey et al., 1994). Their altered expression demonstrates that loss of TILRR negatively impacts the adaptive immune response (Clark, 2014, Godfrey et al., 1994). 

The expression of IRF1 was also decreased in TILRR knockout mice. IRF1 is a transcription factor that can interact with the p65 NF-B subunit. Eckhardt et al. identified a mechanism of fine regulation of NF-B where IRF1 can bind to p65 to induce activation of TNFα and IL-8 but does not regulate expression of RelB or p100 (Eckhardt et al 2014). This interesting observation may implicate TILRR in the cross talk between transcription factor networks. These data confirm my hypothesis that TILRR regulated inflammatory signalling in vivo.

Functional annotation and pathway analysis identified 40 genes in the spleen, which are involved in NF-B activation; cytokine signalling, inflammasome activation and cell survival pathways (Coll and O'Neill, 2010, O'Neill, 2011, Wang et al., 2015). These pathways are important in various inflammatory diseases and also in the development and progression of cancer (Li et al., 2015, Yu et al., 2014). A literature search of the genes that showed marked changes in expression in the absence of TILRR found that 40 of these have previously been linked to cancer development and progression. These include genes involved in cell cycle regulation (PKCα), proliferation (Pten) and pro-tumorigenic chemokines and cytokines (IL-6, IL-8, CXCL13, MCP-1). Further work must be carried out to validate the changes at both mRNA and protein level but these changes indicate that TILRR may regulate the diverse functions of NF-B in disease. These data provide valuable insight into the mechanism of TILRR in NF-B dependent gene activation and identify a role for TILRR in global gene regulation in murine sepsis and confirm that TILRR knockout mice represent a viable in vivo model for investigating the role of TILRR in inflammation and disease, especially cancer development.


[bookmark: _Toc329635199][bookmark: _Toc311836970][bookmark: _Toc311837084]Chapter 5             TILRR is expressed in breast tumours and regulates NF-B activity in a pre-invasive model of breast cancer in vitro













[bookmark: _Toc311836971][bookmark: _Toc311837085][bookmark: _Toc329635200]5.1 Introduction
Breast cancer is a multifactorial disease with many different subtypes (Barnard et al., 2015). Breast tumours are classified by their hormone receptor status (oestrogen receptor, ER, progesterone receptor, PR and human epidermal growth factor receptor 2 (HER2) (Barnard et al., 2015, CRUK, 2015, Fazilaty and Mehdipour, 2014, Prat et al., 2010). In addition, grade and location are used to classify tumours. Breast cancer subtypes vary in their response to therapy, with triple negative breast cancers representing the worst prognosis (Barnard et al., 2015, Prat et al., 2010). This study uses 6 different human cell lines representing various types of breast cancer. The tumour cell lines were compared to immortalised breast epithelial cells (MCF10A), which were used as control cells (Jones et al., 1988, Soule et al., 1990).  The cell lines represent hyperplasic disease (MCF1AT), two pre-invasive tumour types, hormone receptor positive (MCF-7) and hormone receptor negative (DCIS) carcinomas and metastatic triple-negative cell lines (MDA-MB-231, and MDA-MB-436) (Chavez et al., 2010, Chiang et al., 2015, Dawson et al., 1996, Hermani et al., 2013, Miller et al., 2000, Valdivia-Silva et al., 2009). These cell lines have been shown to reflect the molecular profile of each of these breast tumour types and are commonly used in vitro to elucidate signalling pathways in breast cancer (Hu et al., 2008, Miller et al., 2000, Sakr et al., 2014, Yu et al., 2007). Table 2.1 describes the cell lines used in this study and their origins.

NF-B is a central transcription factor in the development and progression of cancer (Li et al., 2015, Nam et al., 2013, Wang et al., 2015). Chapters 3 and 4 demonstrated that TILRR regulates NF-B activity in in vitro and in vivo models of inflammation, respectively. Further, microarray analysis has demonstrated that TILRR regulates expression of genes integral to cancer development and progression in response to IL-1β. The aim of this study is to investigate whether TILRR is expressed in breast cancer and to elucidate the mechanism of TILRR regulation of NF-B activity in response to IL-1β. This chapter investigated the levels of TILRR present in various human breast cancer cell lines and human breast tissue biopsies. Tumour cell responses to IL-1β stimulation were also investigated along with the role that TILRR plays in pro-inflammatory and apoptotic processes. 

[bookmark: _Toc311836972][bookmark: _Toc311837086][bookmark: _Toc329635201]5.2 Results
[bookmark: _Toc311836973][bookmark: _Toc311837087][bookmark: _Toc329635202]5.2.1 TILRR is highly expressed in pre-invasive DCIS tumours compared to normal tissue and invasive tumours.
To identify any role of TILRR in breast tissue and in breast tumours, tissue sections were obtained from patients with different tumour types along with sections of normal tissues, courtesy of the University of Sheffield tumour bio bank (Section 2.17.1). H & E staining was carried out on the sections to confirm disease type. Representative images showing normal ducts (A) and ductal carcinoma in situ (B) are shown in figure 5.1. Non-diseased ducts lead to lobular structures in a characteristic tree like structure. Early stage carcinoma is contained within the ducts as shown by the tumour section of DCIS.
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[bookmark: _Toc330993950]Figure 5.1 Morphology of Human Mammary ducts with and without tumours 
Sections were re-hydrated and H & E staining was carried out according to the procedure described in Section 2.17.2. Panel A. Normal mammary ducts in a human breast have a distinct structure. A large duct (red arrow) ends in lobes (black arrows) in a characteristic tree like structure. Panel B. DCIS tumours (black arrows) form within the mammary ducts and are an early pre-invasive breast tumour type, contained within the duct, but can be aggressive tumours (Images shown above are representative of 3 different tumour sections stained).


Immunostaining was carried out using a specific TILRR antibody, which has previously been showed to detect human TILRR in western blots (Zhang et al., 2010). All results were confirmed by a pathologist. Immunostaining demonstrated low levels of TILRR expression in normal tissue, where TILRR was associated with the epithelial cells of the normal mammary ducts (Figure 5.2 A). In sections displaying ductal carcinoma in situ, TILRR was expressed in the ducts at a higher level than in the normal breast tissue (Figure 5.2 A). Invasive breast carcinoma sections did not demonstrate the increased level of staining seen in DCIS tissue sections and was more similar to levels observed in normal ducts (Figure 5.2 A).
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[bookmark: _Toc330993952]Figure 5.2 TILRR expression is increased in Ductal carcinoma in situ (DCIS) tumour sections compared to normal ducts and invasive tumours
Human breast sections were obtained from the Department of Oncology biorepository. Sections from 5 tumours of different cancer types were stained with a TILRR antibody (red) alongside DAPI nuclear stain (blue). Panel A. Normal ducts demonstrate some TILRR expression, which is increased in areas of Ductal Carcinoma in situ (DCIS). Invasive tumour sections do not demonstrate an increase in TILRR expression seen in the DCIS sections. The image above is representative of 4-6 tumour sections per group. Panel B. Tumour sections were also stained with a secondary antibody in the absence of a TILRR antibody, alongside DAPI nuclear stain. 

Following the identification of TILRR expression in breast tumours, I sought to investigate the expression levels of TILRR in cell lines representing different types of breast tumours, using immortalised breast epithelial cells (MCF10A), a hyperplasic cell line (MCF10AT), pre-invasive cell lines ( hormone receptor negative DCIS cells and hormone receptor positive MCF-7 cells) and metastatic triple-negative cell lines (MDA-MB-231 and MDA-MB-436). TILRR was detected by western blot analysis using a specific custom designed TILRR antibody. The antibody detects the TILRR core protein at approximately 75 kDa (Figure 5.3). Comparing levels of the TILRR core protein demonstrated that the cell lines expressed varying levels of TILRR with two of the cell lines, MCF10AT and DCIS showed a significant increase in TILRR expression when compared to the MCF10A cells (Figure 5.3). The invasive and metastatic cell lines did not demonstrate the same increase when compared to the immortalised MCF10A cells or those representing in situ disease (DCIS). 
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[bookmark: _Toc330993953]Figure 5.3 TILRR expression is increased in a cell-line representing Ductal Carcinoma in situ
SDS-PAGE and Western blot analysis were carried out on protein isolated from 6 breast tumour cell lines (Section 2.16). A custom rabbit TILRR antibody was used to detect TILRR in the samples and a goat β-actin antibody detected the housekeeping protein. Panel A. Representative image showing TILRR expression in all cell lines alongside β-actin levels. Panel B. Quantitation of expression is expressed relative to β-actin. Data shown are representative of 4 experiments and the graph shown represents the mean of 4 separate experiments ± 1SD. One-way ANOVA with Tukey’s correction for multiple analysis was used to generate statistics (*p < 0.05, ***p < 0.005). TILRR is expressed in all the cell lines tested. Pre-invasive cell lines MCF10AT and DCIS cells show a significant increase in TILRR expression compared to control MCF10A cells. There was no change in expression in MCF-7, MDA-MB-231 or MDA-MB-436 cells.


[bookmark: _Toc311836974][bookmark: _Toc311837088][bookmark: _Toc329635203]5.2.2 Variation in TILRR expression is not due to variation in the sequence of the TILRR transcript.
Having shown in pre-invasive cells that TILRR expression is increased, primers were designed to flank the TILRR sequence (Section 2.18.6). The sequence of TILRR in the breast cell lines was identified and compared to the consensus sequence identified in previous studies (Zhang et al., 2010). All but one sequence matched the consensus sequence. A single point mutation in the MDA-MB-436 sequence (Figure 5.4) changed the proline residue to an alanine residue at amino acid position 585 of the TILRR core protein. The alignment in full is shown in Appendix 5.1.
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[bookmark: _Toc330993954]Figure 5.4 TILRR cDNA sequence in breast cell lines
Primers designed to flank the TILRR cDNA sequence were used to amplify TILRR in each of the cell lines by PCR as described in Section 2.19.6. The PCR products were sequenced and aligned to the human TILRR sequence identified by our group previously (Zhang et al., 2010). Each experiment was carried out 3-5 times. Five out of the six cell lines shared the same sequence as the human reference TILRR sequence. There was one base pair change in the MDA-MB-436 cell line, which resulted in a proline (P) residue in the place of an alanine (A). Phenotypic analysis was carried out and revealed that the mutation was hypothesised to be benign and have no effect on protein structure or function.

[bookmark: _Toc311836975][bookmark: _Toc311837089][bookmark: _Toc329635204]5.2.3 NF-B activity is variable in human breast cell lines
An IL-8 luciferase assay was carried out on human breast cell lines transfected with an IL-8 promoter construct and breast cell lines were compared for promoter activity (Figure 5.5). Cells were seeded as per table 2.2 and experiments carried out when the cells reached 70-80 % confluency. In addition, all luciferase assays were compared to the levels of renilla luciferase expressed by the cells. Immortalised breast epithelial cells (MCF10A) respond to IL-1β in a manner similar to HeLa cells, which were used previously for in vitro studies. Pre-invasive hyperplasic MCF10AT cells did not respond to IL-1β in the same manner as the control MCF10A cells.  Nor do the metastatic cell lines MDA-MB-231 or MDA-MB-436. The signalling pathways in the cell line model of DCIS respond to IL-1β in a similar manner to the MCF10A cells. 
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[bookmark: _Toc330993955]Figure 5.5 IL-8 luciferase activity in breast cell lines
Cells were seeded, transfected with an IL-8 promoter luciferase construct (100 ng/well) and TK-RL control (75 ng/well). The cells were stimulated with IL-1β (1nM) for 6 hours and a luciferase assay carried out (Section 2.9). MCF10A and DCIS cells show a significant increase in IL-8 luciferase activity in response to IL-1β (*p < 0.05). MCF10AT, MDA-MB-231 and MDA-MB-436 cell lines show a non-significant increase in IL-8 activity in the presence of IL-1β. This IL-8 activation is significantly lower than the activation seen MCF10A and DCIS cells (p < 0.05). Data is expressed as Mean ± 1SD of 3 separate experiments carried out in triplicate. Two-way ANOVA with Sidak’s correction for multiple comparison was carried out,


Next, a Caspase-3 assay was carried out on the cell lines. Cells were treated with IL-1β (1 nM) for 3 hours, followed by induction of apoptosis with TNFα and cycloheximide for a further 3 hours. Cells were lysed and caspase-3 activity measured. All the cell lines showed increased Caspase-3 activity in response to TNFα, which was inhibited when the cells were pre-incubated with IL-1β (Figure 5.6). This demonstrates the variable nature of IL-1 induced signalling in tumour cells. All the cell lines can respond to an IL-1β stimulus, either by induction of an anti-apoptotic response (MCF10AT, MDA-MB-231, and MDA-MB-436) or of both pro-inflammatory and an anti-apoptotic response (MCF10A and DCIS cells). 
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[bookmark: _Toc403934490][bookmark: _Toc330993956]Figure 5.6 Caspase-3 activity in human breast cell lines
Cells were seeded in triplicate for 48 hours and treated with either IL-1β (1 nM) for 3 hours followed by induction of apoptosis with TNFα (10 ng/ml) and cycloheximide (10 μg/ml) for a further 3 hours or with TNFα and cycloheximide alone. A Caspase-3 activity assay was carried out as per Section 2.10. All cell lines underwent TNFα induced apoptosis to varying degrees, which was significantly inhibited by pre-incubation with IL-1β (*p < 0.05, **p < 0.01, ***p < 0.005). Data are expressed as mean of 3 separate experiments ± 1SD, and analysed by One-way ANOVA with Tukey’s correction for multiple comparison.

[bookmark: _Toc311836976][bookmark: _Toc311837090][bookmark: _Toc329635205]5.2.4 Decrease in IL-1 dependent NF-B activity in breast cell lines in cells treated with the blocking TILRR peptide antibody
Having demonstrated that breast cell lines exhibit NF-B activity in response to IL-1β to varying degrees, the effect of blocking TILRR on NF-B activity in the three breast cell lines representing immortalised (MCF10A), Ductal carcinoma in situ (DCIS), and invasive tumour cells (MDA-MB-231) was determined. Cells transfected with an IL8 promoter luciferase construct and a control TK-RL plasmid for 24 hours prior to antibody treatment. The cells were pre-treated with a polyclonal TILRR antibody for 2 hours before addition of IL-1β (1 nM) for 6 hours. Using the TILRR antibody, an IL-8 luciferase reporter assay was carried out. IL-8 promoter activity was blocked in all the cell lines (Figure 5.7). The effect of the TILRR antibody was compared to the effect of a polyclonal IgG control (Section 2.8.5) to identify any off target effects of the antibody. Interestingly, the DCIS cell line is the most sensitive to TILRR blockade, with a 60 % (p<0.05) decrease in promoter activity in response to 100 ng/ml of the TILRR antibody (Figure 5.7). 
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[bookmark: _Toc403567003][bookmark: _Toc330993957]Figure 5.7 Blocking TILRR in breast cell lines reduces NF-B promoter activity 
Cells were seeded in triplicate, transfected with an IL-8 promoter luciferase construct (100 ng/well) and TK-RL control (75 ng/well). Cells were pre-incubated with a TILRR peptide antibody or an IgG control antibody for 2 hours and stimulated with IL-1β (1nM) for 6 hours. A luciferase assay was carried out as described in Section 2.9. Each data point represents the average of 4 experiments ± 1SD. Two-way ANOVA with Sidak’s post test was carried out and statistical significance reported. IL-1β treated DCIS cells demonstrated a significant decrease in IL-8 promoter activity in the presence of the TILRR blocking antibody (*p < 0.05) when compared to the level of luciferase activity seen in the IgG control treated cells. IL-8 activation in MCF10A and MDA-MB-231 cell lines were not significantly decreased in the presence of the TILRR antibody. 
IL-6 is secreted in response to IL-1 induced NF-B activation. To further demonstrate the functional role of TILRR in the NF-B response in DCIS cells, the effect of a specific TILRR siRNA on the levels of secreted IL-6 from DCIS cells was measured. DCIS cells were transfected with TILRR siRNA and stimulated with IL-1β (10 pM) for 6 hours. The supernatants were harvested and an IL-6 ELISA carried out (Section 2.11). When compared to a random non-targeting control siRNA, the TILRR siRNA reduced IL-6 secretion by 75 % (p < 0.0001, Figure 5.8). 
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[bookmark: _Toc403567005][bookmark: _Toc330993958]Figure 5.8 TILRR siRNA blocks NF-B induced IL-6 secretion
DCIS cells were seeded transfected with TILRR siRNA, IL-1R1 siRNA or a non-targeting control and stimulated with IL-1β (10pM) for 6 hours (Section 2.8.6). An IL-6 ELISA was carried out on the cell supernatants (Section 2.11). Each data point represents 3 experiments carried out in triplicate. Data are expressed as mean ± 1SD of 3 experiments and analysed by Two-way ANOVA with Tukey’s correction for multiple comparison. TILRR siRNA caused a 75 % reduction in IL-6 secretion in response to IL-1β in DCIS cells compared to a non-targeting control siRNA (****p< 0.0001). IL-1R1 siRNA completely abrogates IL-6 secretion in the DCIS cells (****p< 0.0001). 
[bookmark: _Toc287194619][bookmark: _Toc311836977][bookmark: _Toc311837091][bookmark: _Toc329635206]5.2.5 Increased expression of TILRR in DCIS cells does not correlate with increased activation of the canonical NF-B signalling pathway.
To investigate if increased TILRR expression in the DCIS cell line correlate in enhanced activation of molecules downstream of MyD88 recruitment in the canonical pathway, an IL-1 timecourse experiment was performed comparing DCIS to MCF10A cells. Cells were stimulated with IL-1β (100 pM) for 0 - 30 minutes and IBα phosphorylation and degradation were measured in the high (DCIS) cells and low (MCF10A) TILRR expressing cells.  

Results showed that there was no difference in the level of phospho- IBα between DCIS cells and the control MCF10A cells, with a peak level of phosphorylation at 5 minutes of IL-1β stimulation (Figure 5.9).  In agreement with this, the rate of IBα degradation between the cell lines was also unchanged; with IBα being degraded and becoming undetectable 30 mins post IL-1β stimulation (Figure 5.10).
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[bookmark: _Toc287194620][bookmark: _Toc330993959]Figure 5.9 Phosphorylated IBα levels are unchanged between DCIS and control cells
Cells were seeded and stimulated with IL-1β (1nM) for 0-30 mins. Total protein was extracted and the level of IBα phosphorylation measured by SDS PAGE and Western analysis (Section 2.16). Data are expressed as mean of 4 separate experiments ± 1SD, and analysed by Two-way ANOVA with Sidak’s post test. Panel A. Representative image showing IBα phosphorylation in response to IL-1β (0-30 mins). Panel B. Quantitation of expression is expressed relative to expression at time 0. Analysis demonstrated no significant difference in the levels of phospho-IBα between the immortalised epithelial MCF10A cells and the pre-invasive DCIS cells.
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[bookmark: _Toc287194621][bookmark: _Toc330993960]Figure 5.10 IBα degradation occurs at the same rate in pre-invasive DCIS cells and control MCF10A breast epithelial cells
Cells were seeded and stimulated with IL-1β (1nM) for 0-30 mins. Total protein was extracted and the level of IBα measured by SDS PAGE and Western analysis (Section 2.16). Data are expressed as mean of 4 separate experiments ± 1SD, and analysed by Two-way ANOVA with Sidak’s post test. Panel A. Representative image showing IBα degradation in response to IL-1β (0-30 mins). Panel B. Quantitation of expression is expressed relative to expression at time 0. There is no significant difference in the rate of IBα degradation between the MCF10A and DCIS cells.



[bookmark: _Toc287194622]
[bookmark: _Toc311836978][bookmark: _Toc311837092][bookmark: _Toc329635207]5.2.6 DCIS cells demonstrate constitutively active Ras but this is unresponsive to IL-1β stimulation.
Having demonstrated that enhanced TILRR expression does not correlate with enhancement of the canonical NF-κB pathway, I sought to assess the impact of TILRR on IL-1 induced activation of Ras, which has previously been shown to be regulated by TILRR (Zhang et al., 2010). Levels of active Ras were measured in the DCIS cells and compared to the MCF10A cell line. The cells were treated with IL-1β for 0-30 minutes and active Ras was immunoprecipitated with GST-Raf1 Ras-binding domain and compared to total Ras in the sample. Data shows that DCIS cells express constitutively active Ras, significantly higher than the baseline levels seen in the MCF10A cells (Figure 5.11). However, the active Ras is independent of ligand binding and therefore not dependent on IL-1β stimulation. The MCF10A cells, in contrast, demonstrate a significant activation of Ras in response to IL-1β (Figure 5.11). 
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[bookmark: _Toc287194623][bookmark: _Toc330993961]Figure 5.11 Ras is constitutively active in DCIS cells and does not respond to exogenous IL-1 stimulation
Cells were seeded in a 10 cm dishes and stimulated with IL-1β (1nM) for 0-30 mins. Cells were lysed and a Ras activity assay carried out (Section 2.14). Active Ras was immunoprecipitated and SDS-PAGE and western blot analysis were carried out (Section 2.16). Data are expressed as mean of 4 separate experiments ± 1SD, and analysed by Two-way ANOVA with Sidak’s post-test. Panel A. Representative image showing Ras activation in response to IL-1β (0-30 mins). Panel B. Quantitation of expression is expressed relative to total Ras expression. DCIS cells expressed a significantly (**p < 0.01) higher level of constitutively Ras than the MCF10A cells, they do not respond to IL-1β stimulation. 




[bookmark: _Toc287194624][bookmark: _Toc311836979][bookmark: _Toc311837093][bookmark: _Toc329635208]5.2.7 TILRR regulates Akt phosphorylation in DCIS cells
Experiments were carried out to characterise the role TILRR plays in non-canonical NF-B signalling, as demonstrated by Akt phosphorylation. Initial studies measured if increased expression of TILRR correlated with an increase in the level of total Akt, the protein levels were compared between DCIS and MCF10A cell lines. 

TILRR has been shown to potentiate Akt phosphorylation at serine 473 in an IL-1 dependent manner (Zhang et al., 2012). Consistent with published data, our results show that Akt is constitutively active in DCIS cells, demonstrating phosphorylation levels which are significantly increased compared to those measured in MCF10A cells (Figure 5.12) (So et al., 2012). I measured phosphorylation at serine 473 as TILRR as previously been shown to regulate this phosphorylation in response to IL-1β (Zhang et al., 2012).No difference was observed in levels of total Akt between the cell lines. In DCIS cells, Akt phosphorylation is further increased by IL-1β, demonstrating that TILRR regulates phosphorylation of Akt at serine 473 in an IL-1 dependent manner and increased expression of TILRR correlates with increased IL-1β dependent induction of the PI3K-Akt axis. This was confirmed by transfecting TILRR siRNA into the DCIS cell line and comparing Akt phosphorylation in response to IL-1β in the presence and absence of TILRR siRNA. Data showed Akt phosphorylation was not decreased in the unstimulated TILRR siRNA treated samples, whereas phospho-Akt was significantly decreased following 5 mins IL-1β stimulation (p < 0.05, Figure 5.13).  
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[bookmark: _Toc403934492][bookmark: _Toc287194627][bookmark: _Toc330993962]Figure 5.12 Akt phosphorylation at Serine 473 is increased in DCIS cells compared to MCF10A cells in response to IL-1
Cells were seeded and stimulated with IL-1β (1nM) for 0-30 mins. Total protein was extracted and the level of phosphorylated and total Atk measured by SDS PAGE and Western analysis (Section 2.16). Data are expressed as mean of 4 separate experiments ± 1SD, and analysed by Two-way ANOVA with Sidak’s post test. Panel A. Representative image showing Akt phosphorylation in response to IL-1β (0-30 mins). Panel B. Quantitation of Akt expression relative to total Akt expression. Data are expressed as mean of 4 experiments ± SEM. Levels of phosphorylated Akt were increased in response to IL-1β in both DCIS and MCF10A cells. Further, DCIS cells demonstrated a significant increase in phospho-Akt compared to MCF10A (* p < 0.05).



A.
[bookmark: _Toc403934493][bookmark: _Toc287194628][image: ]
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[bookmark: _Toc330993963]Figure 5.13 Loss of TILRR results in a reduction of Akt phosphorylation in DCIS cells 
Cells were seeded, transfected with TILRR siRNA or a non-targeting control siRNA and stimulated with IL-1β (1nM) for 0-30 mins. Total protein was extracted and the level of phosphorylated and total Akt measured by SDS PAGE and Western analysis (Section 2.16). Data are expressed as mean of 4 separate experiments ± 1SD, and analysed by Two-way ANOVA with Sidak’s post test. Panel A. Representative image showing Akt phosphorylation in response to IL-1β (0-30 mins). Panel B. Quantitation of Akt expression relative to total Akt expression. TILRR siRNA transfected cells demonstrate a significant 50 % reduction in levels of phospho-Akt after 5 minutes of IL-1β stimulation (* p < 0.05).


[bookmark: _Toc403934494][bookmark: _Toc287194629][bookmark: _Toc311836980][bookmark: _Toc311837094][bookmark: _Toc329635209]5.2.8 TILRR regulates non-canonical NF-κB2/p100 activation in DCIS cells.
Both canonical and non-canonical NF-B signalling pathways are important in the progression of breast cancer (Kendellen et al., 2014). Akt is known to activate NF-B2/p100 (p100), the subunit which initiates non-canonical activity in certain cell lines. However IL-1β has never been shown to induce p100 phosphorylation. Having shown that TILRR regulates Akt activation in DCIS cells, Western blot analysis was carried out to examine if IL-1β induces p100 phosphorylation and to evaluate the role of TILRR in this activation. 

Cells transfected with non-targeting siRNA or TILRR siRNA were stimulated with IL-1β for 0-30 minutes and the levels of NF-B2/p100 measured in the cell lysates by SDS PAGE and Western blot analysis. Data demonstrate an induction of phosphorylated p100 in response to IL-1β (Figure 5.14). This phosphorylation peaks at 10 minutes post IL-1β stimulation. TILRR siRNA transfected cells showed a 60 % reduction (p < 0.01) in phosphorylated p100 compared to the non-targeting siRNA cells, demonstrating that TILRR does regulate the non-canonical NF-B pathway in DCIS cells.
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[bookmark: _Toc330993964]Figure 5.14 TILRR controls IL-1 dependent p100 phosphorylation
Cells were seeded, transfected with 25 nM TILRR siRNA or a non-targeting control and stimulated with IL-1β (1nM) for 0-30 mins. SDS-PAGE and western blot analysis were carried out to measure the level of phosphorylated and total NFKB2/p100 (Section 2.16). Data are expressed as mean of 3 separate experiments ± 1SD, and analysed by Two-way ANOVA with Tukey’s correction for multiple comparison. Panel A. Representative image showing p100 phosphorylation alongside total p100 levels in response to IL-1β (0-30 mins). Panel B. Quantitation of p100 expression relative to expression at time 0. TILRR siRNA transfected cells show a 60 % reduction of phospho p100 after 10 minutes of IL-1β stimulation (* p < 0.05).


[bookmark: _Toc403934496][bookmark: _Toc287194631][bookmark: _Toc311836981][bookmark: _Toc311837095][bookmark: _Toc329635210]5.2.9 TILRR regulates IL-1 dependent PI3K recruitment to the IL-1R1 in pre-invasive breast cancer
The p85 regulatory subunit of PI3 kinase is recruited to the IL-1 receptor complex in response to IL-1β stimulation (Marmiroli et al., 1998, Sizemore et al., 1999). I confirmed this IL-1 dependent recruitment in DCIS cells. DCIS cells were stimulated with IL-1β (1nM) for 0-10 minutes and total protein extracted. Immunoprecipitation of IL-1 receptor was carried out as described in Section 2.14 and Western blot analysis carried out to detect the PI3K p85 subunit (Section 2.16).   

The Western blot analysis showed that a PI3K-IL1R1 complex formed 5 minutes post IL-1β stimulation, thus confirming that, in a model of pre-invasive breast cancer, PI3K is recruited to the IL-1 receptor upon ligand binding (Figure 5.15). To investigate the effect of TILRR on IL-1 induced PI3K recruitment, DCIS cells were transfected with TILRR siRNA or a non-targeting control (25 nM) for 48 hours and stimulated with IL-1β (1nM) for 0-10 mins and total protein extracted (Section 2.12). Immunoprecipitation of the PI3 Kinase p85 subunit was carried out carried out to detect the IL-1 receptor (Section 2.14). An IgG control was used to account for non-specific binding. TILRR siRNA transfected cells show a significant decrease in PI-3 kinase p85 (approximately 50 %) bound to the IL-1 receptor after 5 and 10 minutes (p < 0.05, Figure 5.15). The reverse pull down was also carried out and showed the same pattern of complex formation.
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[bookmark: _Toc403934498][bookmark: _Toc287194633][bookmark: _Toc330993965]Figure 5.15 TILRR regulates PI3-kinase recruitment to the IL-1 receptor complex
DCIS cells were seeded, transfected with TILRR siRNA or a non-targeting siRNA (25 nM) and stimulated with IL-1β (1 nM, 0-10 mins). IL-1R1 was immunoprecipitated with an anti-IL-1R1 antibody and samples analysed by SDS-PAGE and Western blot analysis to detect IL-1R1 and the p85 subunit of PI3K (Section 2.16). Data are expressed as Mean ± 1SD and analysed by Student’s t-test. Panel A. Image shown is representative of three individual experiments. Panel B. Quantitation of three individual experiments and analysed by two-way ANOVA with Tukey’s correction for multiple comparison (p < 0.05). Immunoprecipitation of IL-1R1 shows that, in the presence of a non-targeting siRNA there is a time dependent increase in the level of IL-1R1 bound to the PI3K regulatory subunit, p85, peaking at 5 minutes post IL-1β stimulation. DCIS cells transfected with TILRR siRNA show a significant decrease in PI-3 kinase p85 (approximately 50 %) bound to the IL-1 receptor after 5 and 10 minutes (p < 0.05, n = 3). 
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[bookmark: _Toc329635211]5.3 Discussion
These data demonstrate for the first time that TILRR is expressed in human breast tumours, specifically pre-invasive DCIS tumours. Further, I demonstrate that IL-1β stimulation activates the non-canonical NF-κB pathway which is regulated by TILRR. Thirdly I show that enhanced NF- κB activity in these cells is regulated at the level of the receptor by TILRR which regulates formation of the IL-1R1/PI3K complex in DCIS cells.

[bookmark: _Toc311836983][bookmark: _Toc311837097][bookmark: _Toc329635212]5.3.1 Human breast tissue
This study identifies a novel role for TILRR in pre-invasive breast cancer. Expression of TILRR is enhanced in pre-invasive Ductal carcinoma in situ (DCIS) human tissue sections compared to normal breast tissue and invasive breast cancer. In addition, a novel mechanism for control of signalling in pre-invasive breast cancer cells is identified. TILRR is able to control IL-1 dependent non-canonical NF-κB activation at the level of the receptor by regulating the recruitment of PI-3 kinase to the IL-1 receptor complex after ligand binding.

Expression of the IL-1 receptor and IL-1 family members are expressed in human breast cancer (Knüpfer et al., 2001, Kurtzman et al., 1999). Further, IL-1 receptor expression and other NF- κB related molecules are associated with cancer progression and poor prognosis (Franco-Barraza et al., 2010, Leibovich-Rivkin et al., 2013, Lewis et al., 2006, Naldini et al., 2010, Sovak et al., 1997a). The current study demonstrated that TILRR is expressed in normal and cancer tissue and is up-regulated in DCIS. A panel of human breast cell lines representing different breast tumour types from the normal, benign through to the metastatic disease was then tested, showing that there is increased expression in TILRR in MCF10AT and DCIS cells, which is not due to an amino change in the TILRR core sequence. Further investigation would reveal whether the increased TILRR expression has a phenotypic impact on angiogenesis, proliferation and tumour progression to an invasive phenotype.

[bookmark: _Toc311836984][bookmark: _Toc311837098][bookmark: _Toc329635213]5.3.2 TILRR and NF-B
Having demonstrated that TILRR is expressed in human breast tumour sections and cell lines, a viable model for investigating the role of TILRR in breast cancer was identified. As demonstrated in chapter 4, TILRR regulates expression of many genes involved in the main processes that drives cancer cell progression from a non-invasive phenotype to an invasive then metastatic, migratory phenotype. NF-B family members are constitutively expressed in many cancers, including breast tumours and have been associated with tumour growth and metastasis (Barbie et al., 2014, Jin et al., 2014). 

Zhang et al. demonstrated that TILRR plays a role in the pro-inflammatory and anti-apoptotic activity of NF-B in response to IL-1β, both important in tumour development and growth (Zhang 2010). Therefore identifying cell line models that responded to IL-1 was crucial to this study. In the current study, DCIS cells responded to IL-1β to enhance IL-8 production, and also demonstrate a reduction in caspase-3 activity in response to IL-1β. Blockade of IL-1R1 can enhance apoptosis in tumour cells, but this study focused on the inflammatory function of TILRR in tumour cells. Both induction of IL-8 and IL-6, another cytokine induced by IL-1β via NF-B, are inhibited by blockade of TILRR. This blockade compares to the decrease in IL-6 secretion seen when the cells are transfected with IL-1R1 siRNA, demonstrating that TILRR regulates IL-1 induced NF-B dependent gene expression in DCIS cells. Both increased IL-8 and IL-6 are associated with a drug resistant phenotype in vitro and published data have shown that human breast tumour cells respond to IL-1β leading to enhancement of IL-8 production, which was associated with a more aggressive phenotype (Han et al., 2014, Pantschenko et al., 2003, Shi et al., 2012). 

[bookmark: _Toc311836985][bookmark: _Toc311837099][bookmark: _Toc329635214]5.3.3 Canonical and non-canonical NF-B pathways
NF-B is activated early in tumour development as demonstrated by Kim et al. in a rodent model of breast cancer where rats treated with 12-dimethylbenz[a]anthracene (DMBA) had increased NF-B activation four weeks before tumour development (Kim et al., 2000). Previous studies investigating the molecular profile of tumour biopsies demonstrated that there is a correlation between increased Akt activity and active NF-B in breast cancer (Nakshatri et al., 1997, Zhu et al., 2013). Further, switch from a non-malignant ER positive to an invasive hormone receptor phenotype is associated with an increase in NF-B activity in vitro, and ER negative human breast cancers have constitutively active NF-B (Nakshatri et al., 1997). This prior knowledge, alongside the increase in TILRR expression in ER negative DCIS tumours seen in this study, indicates a role for TILRR in initiating a switch to an invasive phenotype. Further studies in which TILRR is overexpressed in a hormone receptor positive cell line, e.g. MCF-7, would enable measurement of the hormone status in response to prolonged IL-1 stimulation and investigate if TILRR can facilitate this phenotypic switch to an invasive ER negative status.

The PI3K/Akt signalling pathway can be initiated by IL-1 and lead to activation of the canonical NF-B pathway via phosphorylation of p65 (Sizemore et al., 1999). Akt phosphorylation has also been shown to enhance activation of the p100 subunit of NF-B in MCF-7 cells, a breast adenocarcinoma cell line (Gustin et al., 2006). Here, increased expression of TILRR in DCIS tumour cells correlates with an increase in IL-1 dependent Akt phosphorylation, agreeing with previously published data showing that overexpression of TILRR cDNA led to an increase in Akt phosphorylation (Zhang et al., 2012). Increased TILRR expression does not enhance the canonical arm of NF-B in pre-invasive tumours, as demonstrated by similar profiles of IBα phosphorylation and degradation in both high TILRR expressing (DCIS) and low expressing (MCF10A) cell lines. 

I demonstrated that this PI3K/Akt dependent process is regulated by TILRR at the level of the receptor. This type of TILRR control is analogous to its effects on MyD88 recruitment, and suggests conformational changes in the IL-1 receptor caused by TILRR binding to the receptor upon ligand binding. This is further supported by selective regulation of adaptor recruitment through mutational analysis of the TILRR core protein, identifying two distinct functional sites which are essential for downstream signalling (Zhang et al., 2012). 

The effect of TILRR at this early stage of tumour progression is supported by previous work showing that both canonical and non-canonical NF-B signalling pathways are up-regulated very early in tumourigenesis, with p65 and p52 found in the nuclei of transformed cells in a rodent model of tumourigenesis in vivo (Kim et al., 2000). Moreover, overexpression of the p100/p52 NF-B subunit in mammary glands during pregnancy and lactation resulted in disrupted ductal branching and, after multiple pregnancies, led to the development of ductal hyperplasia (Connelly et al., 2007). This enhanced pathway activation leads to an increase in factors such as cyclinD1, and MMP-2, and -9 (Connelly et al., 2007).  The MMPs are known to be induced by IL-1 in cancer progression and, our microarray data confirm that TILRR also regulates MMP gene expression (Franco-Barraza et al., 2010, Han et al., 2014, Perez-Yepez et al., 2014). MMPs are important in a number of pathways in tumour biology, including angiogenesis, confirming the importance of TILRR in regulating tumour promoting molecules (Brown and Murray, 2015).

The PI3K/Akt pathway is one of the most highly mutated pathways in breast cancer, with approximately 30 % of breast cancers carrying a mutation in the catalytic domain of PI3K (PIK3CA) (Hutti et al., 2012). Consistent with data showing that NF-B is activated early in tumourigenesis, PI3K/Akt mutations also occur early in the process, suggesting activation of NF-B via the PI3K/Akt pathway as a mechanism for tumour progression (Dunlap et al., 2010a). One mechanism for constitutive activation of NF-B by PI-3K is via constitutive Ras. In many types of cancer, Ras is constitutively active and drives aberrant signalling and cancer development and progression (Giltnane and Balko, 2014). TILRR regulates Ras activation in non-cancerous cells in response to IL-1β (Zhang et al., 2010). However, these data show that DCIS cells contain a transformed and constitutively active form of Ras, that is independent of ligand binding to the receptor. In contrast, the enhanced activation of Akt is regulated by TILRR and is unaffected by the constitutive Ras activity. This is due to a mutation in the kinase domain of the PIK3CA which is present in the DCIS cells. This mutation, H1047R, renders the cells resistant to PI3K activation via Ras but maintains their dependence on the regulatory subunit p85 and its recruitment to a surface receptor (Zhao and Vogt, 2008). Constitutive activation of the PI3K/Akt axis due to this mutation can be reversed by blocking members of the pathway, such as Akt (Wallin et al., 2012).  Blocking TILRR can decrease Akt phosphorylation and p100 activation demonstrating that disrupting the pathway at the level of the receptor complex is also a viable mechanism of blocking aberrant signalling in breast cancer.

In summary, these data demonstrate the importance of TILRR in the IL-1 signalling cascade in these pre-invasive cells. The increase in TILRR expression seen in the pre-invasive cell lines which is not present in metastatic cell lines, combined with its role in regulating genes involved in invasion point towards a role for TILRR in regulating IL-1 driven progression of breast cancer to an invasive, migratory phenotype. These data also highlight the potential for TILRR to be used as a biomarker of pre-invasive tumour types.
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TILRR regulates IL-1 dependent NF-B activity at the level of the receptor (Zhang et al., 2010). The objectives of this PhD study were to further investigate the role of TILRR in inflammatory signalling using in vitro and in vivo methods. I identified novel mechanisms of inhibition using blocking peptides and antibodies. Further in human cell lines and a mouse model of systemic inflammation, I demonstrated that loss of TILRR alters the gene expression profile and reduces the expression of pro-inflammatory genes. Finally I discovered a novel mechanism for IL-1 induction of NF-κB in a pre-invasive cell line model of DCIS. The importance of TILRR to the field of inflammation is highlighted here, adding to the previous work carried out by Zhang et al. (Rhodes et al., 2015, Zhang et al., 2012, Zhang et al., 2010). This study lays a strong foundation for investigating the role of TILRR in breast tumours and in other inflammatory diseases.
TILRR is recruited to the IL-1 receptor complex upon ligand binding and binds to the IL-1R1; disruption of the hypothesised binding region within in the TILRR core protein leads to a reduction in complex formation and a decrease in downstream signalling (Zhang et al., 2012). Using a blocking antibody against this functional region can reduce downstream NF-B activity in both immortalised and tumour cells. In both in vitro and in vivo settings, loss of TILRR results in a decrease of IL-1 pathway member expression and a decrease in NF-B dependent genes expression. Additionally, microarray analysis of TILRR null mice and TILRR siRNA treated cell lines identified TILRR regulated genes which are involved in pathways which have not previously been shown to be affected by TILRR. These pathways are central to the development of specific diseases with an IL-1 component and show significant changes in pathway gene expression in the absence of TILRR (Barnard et al., 2015, Behbod et al., 2009, Biswas et al., 2004, Bluff et al., 2009). Genes involved in proliferation and cell migration are significantly altered e.g. Claudin-4 and ARPIN (Kendellen et al., 2014, Shang et al., 2012, Veltman, 2014). Other genes whose expression is altered are involved in angiogenesis and wound healing, such as VEGFB and MMP-1. (Bluff et al., 2009, Noort et al., 2014). As predicted from our previous studies, TILRR also regulates NF-B induced inflammatory mediators (CCL-5, CCL-7, IL-32) and other IL-1 dependent genes (FasL, Col1A1, IL-23) (Heinhuis et al., 2013, Thompson et al., 2014, Webb et al., 2013).   

This study demonstrates that TILRR regulates IL-1 receptor signalling in a wide range of cell types in vitro and in systemic inflammation in vivo. Further, the characterisation of novel targeting strategies provides a mechanism for investigating the role of TILRR is specific diseases in vivo. Earlier studies have revealed a role for IL-1 signalling in driving disease development and progression in inflammatory diseases.  For example, IL-1 is a main driver of cancer development and progression (Apte et al., 2006, Bar et al., 2004, Carmi et al., 2009, Voronov et al., 2007, Voronov et al., 2003).

In addition, this is the first study to demonstrate that TILRR is expressed in breast tumours. Members of the IL-1 receptor complex and downstream signalling components are often mutated and/or highly expressed in diseased areas, and therefore highly attractive targets for treatment of disease (Dinarello et al., 2012). This includes the NF-B family of transcription factors, dysregulation of which is a major factor in the development of cancer (Dinarello and van der Meer, 2013, Karin et al., 2002). The correlation of enhanced TILRR expression and increased NF-B activity agrees with previous studies demonstrating that NF-B is highly expressed in breast tumour samples (Kim et al., 2000, Sovak et al., 1997b). 

Further investigation of TILRR’s role in signalling in cancer led to the discovery that TILRR regulates IL-1β induced activation of the non-canonical NF-B pathway via the PI3K/Akt axis in a cell line model of DCIS. This is a novel mechanism of TILRR regulation of NF-B and adds weight to the gene expression data indicating a role for TILRR in disease associated pathways. These data suggest that TILRR may be a viable target in the treatment of diseases in which NF-B is associated with disease worsening, such as breast cancer. Previous studies have demonstrated that the DCIS cells form comedo like lesions that are typical of human DCIS tumours and, in a mouse xenograft model, these cells developed like typical DCIS tumours and progressed to invasive ductal carcinoma (Miller et al., 2000, So et al., 2012). In addition, genetic and molecular characterisation revealed an expression profile that closely mimics DCIS tumours isolated from human breast cancer patients (Hu et al., 2008, So et al., 2012). TILRR regulation of NF-B in these cells could provide a novel therapeutic target for treating pre-invasive human breast cancer.

Blocking formation of the IL-1 receptor complex is a viable treatment target in diseases in which IL-1 is important. In the last decade, IL-1 antagonists have been approved for treatment of a number of auto-inflammatory diseases including, rheumatoid arthritis, gout, cryopyrin associated periodic syndromes (CAPs), and Muckle-wells syndrome (Dinarello et al., 2012, Fleischmann et al., 2003, Kuemmerle-Deschner et al., 2011). This study shows that a blocking TILRR peptide and a blocking antibody can disrupt the IL-1 receptor complex and inhibit NF-B gene activity. A number of studies have investigated the possibility of blocking IL-1 receptor formation in cancer, using a soluble form of IL-1Ra (Anakinra). Bar et al. have shown that IL-1 blockade limits tumour invasiveness in vitro and that IL-1 necessary for angiogenesis (Bar et al., 2004). There have been a number of clinical trials investigating the effect of blocking IL-1 signalling in chronic diseases with an inflammatory component such as coronary artery disease and pre-clinical studies investigating the potential of blocking IL-1 signalling in cancer (Merriman et al., 2014, Ridker et al., 2011).  TILRR regulation of IL-1β dependent NF-κB activation in both systemic inflammation and in breast cancer reveals the potential for targeting TILRR in the diseases in which it demonstrates increased expression.

The importance of pathway crosstalk in cancer development and progression is also showcased here where it’s demonstrated that IL-1β can regulate PI3K activity in addition to the classical MyD88 and Ras dependent pathways, and importantly can block the PI3K activity in cancer (Zhang et al., 2012, Zhang et al., 2010). This study also highlights the difference in various stages of breast tumour development with respect to inflammatory phenotype and suggests that TILRR may be a biomarker for pre-invasive breast cancer.
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[bookmark: _Toc330993966]Figure 6.1 Schematic of TILRR regulation of IL-1 induced NF-B signalling in pre-invasive breast tumour cells.

[bookmark: _Toc311836989][bookmark: _Toc311837103][bookmark: _Toc329635217]6.2 Future directions
Future work will focus on further investigation of TILRR as a viable target in breast cancer treatment. There are a number of different murine models, which could be used to expand on the function of TILRR in breast cancer in vivo. Using both immunocompetent syngeneic and immunocompromised xenograft models to assess the impact of TILRR blockade on the growth and metastasis of tumours.

Initial studies to further investigate the role of TILRR in pre-invasive DCIS breast cancer should be carried out using a human xenograft model in immunocompromised mice. Generating a knock-down of TILRR in DCIS cells and implanting them into the mammary fat pad of nude mice would allow for investigation of the effect of loss of TILRR expression in tumours on tumour growth and progression to an invasive phenotype. 

Further, having shown that TILRR loss reduces NF-κB signalling in macrophages and in tumour cells, the function of TILRR in the tumour microenvironment should be investigated. Loss of myeloid cell or tumour microenvironment derived IL-1 was found to inhibit angiogenesis and tumour invasion (Apte et al., 2006, Carmi et al., 2009, Voronov et al., 2014). This study shows that systemic inflammation is reduced in mice lacking in TILRR. Therefore, a syngeneic breast tumour model, such as orthopic injection of E0771 cells into our TILRR knock-out mice and comparing tumour cell growth, angiogenesis and metastasis in these mice to wild-type controls would elucidate the role of TILRR in the inflammatory cell infiltrate and the other cell types in the tumour stroma. 

Studies using Anakinra have demonstrated that disruption of IL-1 signalling reduces tumour growth and invasion (Apte et al., 2006, Bar et al., 2004). Therefore the TILRR blocking antibody could be used block both expression of TILRR in the tumour cells and on cells of the tumour microenvironment in xenograft and syngeneic models described above to assess if blocking TILRR antibodies could be used in the clinic to treat breast cancer. 

In addition, the genes which have been identified as being regulated by TILRR will be investigated at an mRNA and protein level in both immortalised and tumour cell lines. This will allow for identification of novel TILRR regulated disease associated pathways and enhance our understanding of the importance of TILRR in inflammatory disease.
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Appendix 2.1 Datasheets of all primary antibodies used in the study
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Appendix 2.2 Example images of western blots with antibodies used in this study 
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	Delta Ct

	IL-6 mRNA levels
	Exp 1
	Exp 2
	Exp 3

	Hela alone
	11.477
	12.034
	13.296

	Hela Control siRNA
	10.87
	7.398
	10.362

	Hela TILRR siRNA
	11.419
	8.621
	10.771

	Hela + IL-1
	3.173
	3.338
	5.698

	Hela Control  siRNA + IL-1
	2.672
	3.577
	5.267

	Hela TILRRsiRNA + IL-1
	3.65
	4.28
	5.901



Appendix 3.1 Raw Ct values demonstrating that TILRR siRNA causes a decrease in IL-6 mRNA levels in HeLa cells.





















	Probe ID
	Symbol
	Gene
	LogFC
	P.Value

	212594_at
	PDCD4
	programmed cell death 4
	-1.56819722
	0.001169663

	212593_s_at
	PDCD4
	programmed cell death 5
	-1.444569019
	0.000277227

	205407_at
	RECK
	reversion-inducing-cysteine-rich protein with kazal motifs
	-1.27211897
	0.006078559

	225930_at
	NKIRAS1
	NFKB inhibitor interacting Ras-like 1
	-1.247587403
	0.000152676

	209540_at
	IGF1
	insulin-like growth factor 1 (somatomedin C)
	-1.240088797
	0.023198293

	228993_s_at
	BBIP1
	BBSome interacting protein 1
	-1.222426496
	0.006228798

	202311_s_at
	COL1A1
	collagen, type I, alpha 1
	-1.19857882
	0.00785448

	202731_at
	PDCD4
	programmed cell death 4
	-1.194748252
	0.000399928

	202730_s_at
	PDCD4
	programmed cell death 4
	-1.174816015
	0.000176093

	203921_at
	CHST2
	carbohydrate (N-acetylglucosamine-6-O) sulfotransferase 2
	-1.141820833
	0.000610216

	239482_x_at
	ZNF708
	zinc finger protein 708
	-1.098749564
	0.017431666

	219842_at
	ARL15
	ADP-ribosylation factor-like 15
	-1.076807844
	0.00943386

	220153_at
	ENTPD7
	ectonucleoside triphosphate diphosphohydrolase 7
	-1.070607793
	0.000786344

	220588_at
	BCAS4
	breast carcinoma amplified sequence 4
	-1.067516929
	0.038627077

	235911_at
	MFI2
	antigen p97 (melanoma associated) identified by monoclonal antibodies 133.2 and 96.5
	-1.049062489
	0.04010269

	227095_at
	LEPROT
	leptin receptor overlapping transcript
	-1.041996895
	0.002987311

	203939_at
	NT5E
	5'-nucleotidase, ecto (CD73)
	-1.039857724
	0.000662039

	1566257_at
	GPR180
	G protein-coupled receptor 180
	-1.016675355
	0.048744956

	227198_at
	AFF3
	AF4/FMR2 family, member 3
	-0.980290162
	0.008243375

	226853_at
	BMP2K
	BMP2 inducible kinase
	-0.97711873
	0.021213286

	234051_at
	NA
	NA
	-0.957327679
	0.035419741

	205227_at
	IL1RAP
	interleukin 1 receptor accessory protein
	-0.955373675
	0.009861219

	202499_s_at
	SLC2A3
	solute carrier family 2 (facilitated glucose transporter), member 3
	-0.938508956
	0.000368015

	201981_at
	PAPPA
	pregnancy-associated plasma protein A, pappalysin 1
	-0.879498737
	0.000279471

	214247_s_at
	DKK3
	dickkopf WNT signaling pathway inhibitor 3
	-0.869028616
	0.016824559

	224942_at
	PAPPA
	pregnancy-associated plasma protein A, pappalysin 1
	-0.852897743
	0.016310121

	235782_at
	NA
	NA
	-0.847951173
	0.0144068

	229800_at
	DCLK1
	doublecortin-like kinase 1
	-0.841853612
	0.002037028

	212888_at
	DICER1
	dicer 1, ribonuclease type III
	-0.833051473
	0.001034663

	238568_s_at
	C18orf8
	chromosome 18 open reading frame 8
	-0.831495636
	0.046127141

	226418_at
	ERGIC2
	ERGIC and golgi 2
	-0.830612995
	0.011053788

	228128_x_at
	PAPPA
	pregnancy-associated plasma protein A, pappalysin 1
	-0.802238902
	0.000501641

	228787_s_at
	BCAS4
	breast carcinoma amplified sequence 4
	-0.797502803
	0.028299587

	229649_at
	NRXN3
	neurexin 3
	-0.797048646
	0.001509813

	209493_at
	PDZD2
	PDZ domain containing 2
	-0.786355285
	0.014243905

	235746_s_at
	PLA2R1
	phospholipase A2 receptor 1, 180kDa
	-0.783923868
	0.009383492

	213229_at
	DICER1
	dicer 1, ribonuclease type III
	-0.783041518
	0.048282468

	235289_at
	EIF5A2
	eukaryotic translation initiation factor 5A2
	-0.778046415
	0.004460783

	228151_at
	ARL15
	ADP-ribosylation factor-like 15
	-0.762776569
	0.000363785

	205123_s_at
	TMEFF1
	transmembrane protein with EGF-like and two follistatin-like domains 1; chromosome 9 open reading frame 30; hypothetical LOC729538
	-0.75904839
	0.004039597

	223194_s_at
	SLC22A23
	solute carrier family 22, member 23
	-0.758399725
	0.014751849

	204347_at
	AK3L1
	adenylate kinase 3-like 1
	-0.746281954
	0.00076239

	226575_at
	ZNF462
	zinc finger protein 462
	-0.745279943
	0.000730766

	224941_at
	PAPPA
	pregnancy-associated plasma protein A, pappalysin 1
	-0.739399727
	0.001314242

	218953_s_at
	PCYOX1L
	prenylcysteine oxidase 1 like
	-0.733808118
	0.00999521

	228914_at
	NA
	NA
	-0.728529139
	0.023534952

	213407_at
	PHLPP2
	PH domain and leucine rich repeat protein phosphatase 2
	-0.726117427
	0.027448643

	243864_at
	CCDC80
	coiled-coil domain containing 80
	-0.714789839
	0.000147874

	202310_s_at
	COL1A1
	collagen, type I, alpha 1
	-0.712733075
	0.007437404

	243904_at
	STXBP5
	syntaxin binding protein 5 (tomosyn)
	-0.711435511
	0.003840071

	206061_s_at
	DICER1
	dicer 1, ribonuclease type III
	-0.707469164
	0.041951853

	231871_at
	GPR180
	G protein-coupled receptor 180
	-0.704831059
	0.000749986

	227314_at
	ITGA2
	integrin, alpha 2 (CD49B, alpha 2 subunit of VLA-2 receptor)
	-0.704545367
	0.022150357

	231921_at
	DCAF17
	DDB1 and CUL4 associated factor 17
	-0.701253724
	0.002052015

	224940_s_at
	PAPPA
	pregnancy-associated plasma protein A, pappalysin 1
	-0.701206879
	0.000352126

	206618_at
	IL18R1
	interleukin 18 receptor 1
	-0.69920807
	0.049001627

	205082_s_at
	AOX1
	aldehyde oxidase 1
	-0.698394707
	0.04031723

	202498_s_at
	SLC2A3
	solute carrier family 2 (facilitated glucose transporter), member 3
	-0.694769953
	0.011244481

	227934_at
	KPNA5
	karyopherin alpha 5 (importin alpha 6)
	-0.691502949
	0.011277957

	210276_s_at
	TRIOBP
	TRIO and F-actin binding protein
	-0.687548831
	0.012757155

	213435_at
	SATB2
	SATB homeobox 2
	-0.684865226
	0.003475242

	218901_at
	PLSCR4
	phospholipid scramblase 4
	-0.68340946
	0.025809722

	228469_at
	PPID
	peptidylprolyl isomerase D
	-0.683249565
	0.015645625

	224871_at
	TPRG1L
	tumor protein p63 regulated 1-like
	-0.680033596
	0.018059886

	234735_s_at
	USP21
	ubiquitin specific peptidase 21
	-0.679400097
	0.00612599

	236155_at
	ZCCHC6
	zinc finger, CCHC domain containing 6
	-0.677115166
	0.032103048

	225342_at
	AK3L2
	adenylate kinase 3-like 2
	-0.67134719
	0.00013467

	212956_at
	TBC1D9
	TBC1 domain family, member 9 (with GRAM domain)
	-0.669776219
	0.001790492

	226864_at
	PKIA
	protein kinase (cAMP-dependent, catalytic) inhibitor alpha
	-0.665289861
	0.02858408

	201042_at
	TGM2
	transglutaminase 2
	-0.66191649
	0.035369396

	1555259_at
	ZAK
	sterile alpha motif and leucine zipper containing kinase AZK
	-0.653961049
	0.04819926

	212678_at
	NF1
	neurofibromin 1
	-0.652215808
	0.012905744

	215506_s_at
	DIRAS3
	DIRAS family, GTP-binding RAS-like 3
	-0.651072658
	0.047382042

	213913_s_at
	TBC1D30
	TBC1 domain family, member 30
	-0.644354108
	0.044473885

	224704_at
	TNRC6A
	trinucleotide repeat containing 6A
	-0.643320204
	0.00617127

	227530_at
	AKAP12
	A kinase (PRKA) anchor protein 12
	-0.643006975
	0.006799073

	208770_s_at
	EIF4EBP2
	eukaryotic translation initiation factor 4E binding protein 2
	-0.642022027
	0.000118077

	228932_at
	NA
	NA
	-0.641414241
	0.024064155

	212875_s_at
	C2CD2
	C2 calcium-dependent domain containing 2
	-0.629650349
	0.011804215

	227425_at
	REPS2
	RALBP1 associated Eps domain containing 2
	-0.628089037
	0.010433318

	208851_s_at
	THY1
	Thy-1 cell surface antigen
	-0.626116651
	0.008502141

	229029_at
	CAMK4
	calcium/calmodulin-dependent protein kinase IV
	-0.623199779
	0.028354712

	228835_at
	NA
	NA
	-0.618559096
	0.041437896

	223641_at
	MIA3
	melanoma inhibitory activity family, member 3
	-0.61540228
	0.031712031

	242592_at
	GPR137C
	G protein-coupled receptor 137C
	-0.61468972
	0.022648317

	214298_x_at
	Sept6
	septin 6
	-0.614666675
	0.017942546

	209398_at
	HIST1H1C
	histone cluster 1, H1c
	-0.614337346
	7.47E-05

	242056_at
	TRIM45
	tripartite motif containing 45
	-0.61101576
	0.001896774

	226328_at
	KLF16
	Kruppel-like factor 16
	-0.60914522
	0.00709084

	239155_at
	CXADR
	coxsackie virus and adenovirus receptor
	-0.608313433
	0.014113869

	215537_x_at
	DDAH2
	dimethylarginine dimethylaminohydrolase 2
	-0.608269117
	0.015421594

	225294_s_at
	TRAPPC1
	trafficking protein particle complex 1
	-0.600576388
	0.034940215

	219543_at
	PBLD
	phenazine biosynthesis-like protein domain containing
	-0.596412387
	0.036211455

	209094_at
	DDAH1
	dimethylarginine dimethylaminohydrolase 1
	-0.593675404
	0.035706634

	226885_at
	RNF217
	ring finger protein 217
	-0.591327242
	0.023709015

	1552777_a_at
	RAET1E
	retinoic acid early transcript 1E
	-0.590554846
	0.00251771

	225666_at
	TMTC4
	transmembrane and tetratricopeptide repeat containing 4
	-0.590069149
	0.042059436

	226613_at
	GATSL3
	GATS protein-like 3
	-0.589060705
	0.006643807

	202254_at
	SIPA1L1
	signal-induced proliferation-associated 1 like 1
	-0.58861217
	0.000719884

	223266_at
	STRADB
	STE20-related kinase adaptor beta
	-0.584364817
	0.000325973

	227529_s_at
	AKAP12
	A kinase (PRKA) anchor protein 12
	-0.579188477
	0.011430015

	227051_at
	NA
	NA
	-0.578797095
	0.000428091

	1552882_a_at
	AMER1
	APC membrane recruitment protein 1
	-0.575667895
	0.034866229

	219511_s_at
	SNCAIP
	synuclein, alpha interacting protein
	-0.574705603
	0.022904715

	217999_s_at
	PHLDA1
	pleckstrin homology-like domain, family A, member 1
	-0.5735289
	0.025731292

	227027_at
	GFPT1
	glutamine--fructose-6-phosphate transaminase 1
	-0.572756815
	0.002789555

	227029_at
	FAM177A1
	family with sequence similarity 177, member A1
	-0.569646489
	0.010191328

	224901_at
	SCD5
	stearoyl-CoA desaturase 5
	-0.569445088
	0.00553894

	222453_at
	CYBRD1
	cytochrome b reductase 1
	-0.569076248
	0.000686668

	206805_at
	SEMA3A
	sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 3A
	-0.566845371
	0.021731776

	202196_s_at
	DKK3
	dickkopf WNT signaling pathway inhibitor 3
	-0.566158766
	0.036975076

	226886_at
	GFPT1
	glutamine--fructose-6-phosphate transaminase 1
	-0.56268995
	0.034388179

	205226_at
	PDGFRL
	platelet-derived growth factor receptor-like
	-0.559551442
	0.041985685

	213664_at
	SLC1A1
	solute carrier family 1 (neuronal/epithelial high affinity glutamate transporter, system Xag), member 1
	-0.557804501
	0.007325173

	239067_s_at
	PANX2
	pannexin 2
	-0.556477717
	0.023272861

	201673_s_at
	GYS1
	glycogen synthase 1 (muscle)
	-0.553917666
	0.023714711

	225308_s_at
	TANC1
	tetratricopeptide repeat, ankyrin repeat and coiled-coil containing 1
	-0.552868211
	0.042044463

	225700_at
	GLCCI1
	glucocorticoid induced transcript 1
	-0.54398759
	0.001354262

	230508_at
	DKK3
	dickkopf WNT signaling pathway inhibitor 3
	-0.542441451
	0.046653305

	206857_s_at
	FKBP1B
	FK506 binding protein 1B, 12.6 kDa
	-0.539556658
	0.0051611

	218706_s_at
	GRAMD3
	GRAM domain containing 3
	-0.537788086
	0.029530902

	230241_at
	TOR1AIP2
	torsin A interacting protein 2
	-0.5376365
	0.048510873

	225429_at
	PPP6C
	protein phosphatase 6, catalytic subunit
	-0.537268749
	0.000238558

	229551_x_at
	ZNF367
	zinc finger protein 367
	-0.532600924
	0.016958226

	202024_at
	ASNA1
	arsA arsenite transporter, ATP-binding, homolog 1 (bacterial)
	-0.530678619
	0.004735394

	243366_s_at
	 ITGA4
	integrin, alpha 4 (antigen CD49D, alpha 4 subunit of VLA-4 receptor)
	-0.529682235
	0.034325976

	228797_at
	NLN
	neurolysin (metallopeptidase M3 family)
	-0.529348133
	0.014692936

	210542_s_at
	SLCO3A1
	solute carrier organic anion transporter family, member 3A1
	-0.529209163
	0.016272199

	225242_s_at
	CCDC80
	coiled-coil domain containing 80
	-0.526670196
	0.001539324

	226145_s_at
	FRAS1
	Fraser syndrome 1
	-0.523576795
	0.006298499

	229114_at
	GAB1
	GRB2-associated binding protein 1
	-0.523058946
	0.04159098

	1556499_s_at
	COL1A1
	collagen, type I, alpha 1
	-0.522812085
	0.032025019

	226041_at
	NAPEPLD
	N-acyl phosphatidylethanolamine phospholipase D
	-0.519827946
	0.039206087

	1558775_s_at
	NSMAF
	neutral sphingomyelinase (N-SMase) activation associated factor
	-0.518112735
	0.018285362

	205100_at
	GFPT2
	glutamine-fructose-6-phosphate transaminase 2
	-0.517893928
	0.012966941

	226868_at
	GXYLT1
	glucoside xylosyltransferase 1
	-0.517000821
	0.015284115

	213935_at
	ABHD5
	abhydrolase domain containing 5
	-0.51695926
	0.021879816

	228488_at
	TBC1D16
	TBC1 domain family, member 16
	-0.515780631
	0.023045249

	226234_at
	GDF11
	growth differentiation factor 11
	-0.515072445
	0.027595232

	225116_at
	HIPK2
	homeodomain interacting protein kinase 2
	-0.51453575
	0.034752313

	224645_at
	EIF4EBP2
	eukaryotic translation initiation factor 4E binding protein 2
	-0.511404058
	0.00727081

	205251_at
	PER2
	period circadian clock 2
	-0.511224945
	0.042171027

	241091_at
	NA
	NA
	-0.508754009
	0.026368697

	239038_at
	C1orf52
	chromosome 1 open reading frame 52
	-0.50612876
	0.029590018

	222614_at
	RWDD2B
	RWD domain containing 2B
	-0.505999074
	0.000923742

	212606_at
	WDFY3
	WD repeat and FYVE domain containing 3
	-0.500630513
	0.033358172

	209955_s_at
	FAP
	fibroblast activation protein, alpha
	-0.500537676
	0.003315529

	235156_at
	BRWD3
	bromodomain and WD repeat domain containing 3
	-0.500420657
	0.020278017

	225411_at
	TMEM87B
	transmembrane protein 87B
	-0.500056788
	0.000555689

	1569190_at
	SCLT1
	sodium channel and clathrin linker 1
	0.546434806
	0.028225909

	227172_at
	TMEM116
	transmembrane protein 116
	0.550170585
	0.016117744

	213480_at
	VAMP4
	vesicle-associated membrane protein 4
	0.579316179
	0.004260277

	223602_at
	USP30
	ubiquitin specific peptidase 30
	0.583937058
	0.024994729

	228791_at
	NA
	NA
	0.61079603
	0.022872863

	213642_at
	Rpl27
	ribosomal protein L27
	0.65877999
	0.018696181

	229966_at
	EWSR1
	EWS RNA-binding protein 1
	0.723490603
	0.045147268



Appendix 3.2 Genes with differential expression in the HeLa cells transfected with TILRR siRNA and stimulated with IL-1β.



	
	Delta Ct

	COL1A1
	Exp 1
	Exp 2
	Exp 3

	Hela alone
	6.81
	7.223
	6.704493

	Hela Control siRNA
	7.753
	9.107
	7.593565

	Hela TILRR siRNA
	8.328
	9.841
	8.454135

	Hela + IL-1
	6.464
	7.332
	6.56345

	Hela Control  siRNA + IL-1
	7.288
	8.347
	7.37631

	Hela TILRRsiRNA + IL-1
	8.022
	9.326
	8.137681

	 

	MMP-1
	Exp 1
	Exp 2
	Exp 3

	Hela alone
	19.639
	20.271
	19.565675

	Hela Control siRNA
	13.26
	14.78
	13.107154

	Hela TILRR siRNA
	14.342
	14.875
	14.113741

	Hela + IL-1
	14.041
	14.482
	13.850436

	Hela Control  siRNA + IL-1
	11.819
	12.94
	11.335222

	Hela TILRRsiRNA + IL-1
	12.441
	14.077
	12.401098



Appendix 3.3 Raw Ct values demonstrating that TILRR siRNA causes a decrease in COL1A1 and MMP1 mRNA levels in HeLa cells.
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Appendix 4.1 Genotyping images of all mice used for this study

Spleen
	Delta Ct

	IL-6
	PBS
	LPS

	Wild-type
	2.976
	 
	3.456
	12.362
	13.082
	9.633333333

	Knock-out
	3.567
	3.141
	12.168
	3.289
	3.629
	6.362

	 

	Delta Ct

	TNFalpha
	PBS
	LPS

	Wild-type
	2.686
	 
	3.38
	6.211
	6.308
	5.299666667

	Knock-out
	3.513
	2.877
	4.336333333
	5.926
	3.572
	3.511



Blood
	Delta Ct

	IL-6
	LPS

	Wild-type
	10.518
	9.745
	11.011
	10.54

	Knock-out
	9.845
	9.796
	11.406
	11.932

	 
	 
	 
	 
	 

	Delta Ct

	TNFalpha
	LPS

	Wild-type
	7.646
	7.221
	8.095
	7.234

	Knock-out
	6.392
	6.424
	6.601
	6.534



Appendix 4.2 Raw Ct values showing the effect of TILRR loss on IL-6 and TNFα mRNA levels in mice



	Probe ID
	Symbol
	Gene
	LogFC
	P.Value
	adj.P.Val

	1429954_at
	Clec4a3
	C-type lectin domain family 4, member a3
	-2.385741107
	0.000652435
	0.121771249

	1427127_x_at
	Hspa1b
	heat shock protein 1B
	-2.351124946
	0.011695532
	0.285034164

	1421694_a_at
	Vcan
	Versican
	-2.295523677
	1.02E-05
	0.032956765

	1456250_x_at
	Tgfbi
	transforming growth factor, beta induced
	-2.278669709
	1.79E-05
	0.040424232

	1448123_s_at
	Tgfbi
	transforming growth factor, beta induced
	-2.257852897
	6.66E-06
	0.031568561

	1427126_at
	Hspa1b
	heat shock protein 1B
	-2.230412072
	0.018472961
	0.333392955

	1452318_a_at
	Hspa1b
	heat shock protein 1B
	-2.166218477
	0.015561869
	0.316592017

	1427256_at
	Vcan
	Versican
	-2.13119432
	2.98E-05
	0.061090633

	1449254_at
	Spp1
	secreted phosphoprotein 1
	-1.932482407
	0.000439106
	0.107049396

	1416298_at
	Mmp9
	matrix metallopeptidase 9
	-1.932251436
	0.000193888
	0.089529863

	1437463_x_at
	Tgfbi
	transforming growth factor, beta induced
	-1.877757301
	0.000168701
	0.085430726

	1435264_at
	Emilin2
	elastin microfibril interfacer 2
	-1.85392605
	8.83E-05
	0.076052749

	1438650_x_at
	Gja1
	gap junction protein, alpha 1
	-1.852371602
	4.02E-05
	0.072581939

	1415834_at
	Dusp6
	dual specificity phosphatase 6
	-1.798801422
	0.000352803
	0.102561076

	1423566_a_at
	Hsph1
	heat shock 105kDa/110kDa protein 1
	-1.796503719
	0.003220769
	0.190472714

	1419598_at
	Ms4a6d
	membrane-spanning 4-domains, subfamily A, member 6D
	-1.771088638
	0.000957895
	0.126692161

	1429524_at
	Myo1f
	myosin IF
	-1.746950712
	1.62E-05
	0.038932356

	1455009_at
	Cpd
	carboxypeptidase D
	-1.745878791
	7.47E-05
	0.07402979

	1453386_at
	Tusc1
	tumor suppressor candidate 1
	-1.712246172
	1.90E-07
	0.002860608

	1434773_a_at
	Slc2a1
	solute carrier family 2 (facilitated glucose transporter), member 1
	-1.692971048
	0.000201031
	0.089529863

	1419599_s_at
	Ms4a6d
	membrane-spanning 4-domains, subfamily A, member 6D
	-1.691862796
	0.001441278
	0.144094551

	1421186_at
	Ccr2
	chemokine (C-C motif) receptor 2
	-1.662041007
	0.001167757
	0.134245043

	1416527_at
	Rab32
	RAB32, member RAS oncogene family
	-1.628598919
	0.000176577
	0.08656308

	1417695_a_at
	Soat1
	sterol O-acyltransferase 1
	-1.611019403
	5.37E-06
	0.031568561

	1454831_at
	Foxn2
	forkhead box N2
	-1.594059357
	0.000797767
	0.121771249

	1434758_at
	Crispld2
	cysteine-rich secretory protein LCCL domain containing 2
	-1.57507673
	0.000982175
	0.128397258

	1422046_at
	Itgam
	integrin alpha M
	-1.571331259
	0.000359841
	0.102561076

	1438454_at
	Pten
	phosphatase and tensin homolog
	-1.565128381
	0.000307064
	0.102561076

	1434418_at
	Cers6
	ceramide synthase 6
	-1.512486766
	0.000148373
	0.078743202

	1416619_at
	4632428N05Rik
	RIKEN cDNA 4632428N05 gene
	-1.506494729
	1.64E-05
	0.038932356

	1436191_at
	Arid4a
	AT rich interactive domain 4A (RBP1-like)
	-1.494142822
	3.63E-05
	0.06821957

	1438040_a_at
	Hsp90b1
	heat shock protein 90, beta (Grp94), member 1
	-1.489925417
	0.00117888
	0.134945897

	1421326_at
	Csf2rb
	colony stimulating factor 2 receptor, beta, low-affinity (granulocyte-macrophage)
	-1.475157873
	0.000270569
	0.098619772

	1460694_s_at
	Svil
	Supervillin
	-1.473657825
	0.000170479
	0.085430726

	1449164_at
	Cd68
	CD68 antigen
	-1.471723492
	8.58E-05
	0.076052749

	1458683_at
	Sirpb1a
	signal-regulatory protein beta 1A
	-1.469771065
	9.08E-05
	0.076052749

	1428663_at
	Sgms2
	sphingomyelin synthase 2
	-1.46565449
	0.000589767
	0.117831833

	1437478_s_at
	Efhd2
	EF hand domain containing 2
	-1.459952308
	0.001004296
	0.128438868

	1459835_s_at
	Dnaja1
	DnaJ (Hsp40) homolog, subfamily A, member 1
	-1.445888111
	0.010802023
	0.278010863

	1455556_at
	Notch2
	notch 2
	-1.433792623
	0.007051441
	0.242398669

	1449453_at
	Bst1
	bone marrow stromal cell antigen 1
	-1.431018243
	0.000487475
	0.113213221

	1438118_x_at
	Vim
	Vimentin
	-1.414655241
	0.00046826
	0.111740619

	1428749_at
	Dmxl2
	Dmx-like 2
	-1.414382273
	0.000588138
	0.117831833

	1452388_at
	Hspa1a
	heat shock protein 1A
	-1.412985027
	0.076447191
	0.503041252

	1426368_at
	Rin2
	Ras and Rab interactor 2
	-1.402926321
	0.000524292
	0.115154927

	1439107_a_at
	Kmt2e
	lysine (K)-specific methyltransferase 2E
	-1.400021457
	0.000264681
	0.098619772

	1434881_s_at
	Kctd12
	potassium channel tetramerisation domain containing 12
	-1.378581269
	4.87E-05
	0.07402979

	1427144_at
	Hnrnpll
	heterogeneous nuclear ribonucleoprotein L-like
	-1.360467563
	0.001240717
	0.138852512

	1423557_at
	Ifngr2
	interferon gamma receptor 2
	-1.350224916
	0.000669594
	0.121771249

	1437917_at
	D530037H12Rik
	RIKEN cDNA D530037H12 gene
	-1.349839378
	1.28E-05
	0.035639339

	1416382_at
	Ctsc
	cathepsin C
	-1.349750953
	0.000124377
	0.076923721

	1455660_at
	Csf2rb
	colony stimulating factor 2 receptor, beta, low-affinity (granulocyte-macrophage)
	-1.341064009
	0.000381179
	0.102561076

	1423100_at
	Fos
	FBJ osteosarcoma oncogene
	-1.340740397
	0.000330563
	0.102561076

	1449366_at
	Mmp8
	matrix metallopeptidase 8
	-1.335601985
	0.000141153
	0.078650207

	1460227_at
	Timp1
	tissue inhibitor of metalloproteinase 1
	-1.316035067
	0.000184669
	0.088715645

	1449454_at
	Bst1
	bone marrow stromal cell antigen 1
	-1.315499158
	0.00080189
	0.121771249

	1433444_at
	Hmgcs1
	3-hydroxy-3-methylglutaryl-Coenzyme A synthase 1
	-1.313184041
	0.001586913
	0.148987481

	1454937_at
	B630005N14Rik
	RIKEN cDNA B630005N14 gene
	-1.301700352
	0.001039994
	0.128859199

	1417696_at
	Soat1
	sterol O-acyltransferase 1
	-1.299370354
	8.39E-06
	0.031568561

	1426554_a_at
	Pgam1
	phosphoglycerate mutase 1
	-1.298784685
	0.000832006
	0.123657464

	1422506_a_at
	Cstb
	cystatin B
	-1.296805606
	0.014026979
	0.302839048

	1421375_a_at
	S100a6
	S100 calcium binding protein A6 (calcyclin)
	-1.294494439
	0.000773301
	0.121771249

	1436570_at
	Pag1
	phosphoprotein associated with glycosphingolipid microdomains 1
	-1.290116765
	0.001876681
	0.159098068

	1421844_at
	Il1rap
	interleukin 1 receptor accessory protein
	-1.28987019
	0.000149538
	0.078743202

	1424509_at
	Cd177
	CD177 antigen
	-1.287785194
	0.000208689
	0.09050092

	1416871_at
	Adam8
	a disintegrin and metallopeptidase domain 8
	-1.28514214
	0.000387449
	0.103398527

	1438716_at
	Trim30d
	tripartite motif-containing 30D
	-1.283822562
	0.002140933
	0.166767232

	1417461_at
	Cap1
	CAP, adenylate cyclase-associated protein 1 (yeast)
	-1.283689942
	0.000118135
	0.076923721

	1433743_at
	Dach1
	dachshund 1 (Drosophila)
	-1.281762949
	0.000686555
	0.121771249

	1419764_at
	Chi3l3
	chitinase 3-like 3
	-1.275675114
	0.005001481
	0.214625895

	1438435_at
	Acer3
	alkaline ceramidase 3
	-1.274816806
	0.000504707
	0.114105132

	1426978_at
	Klhl2
	kelch-like 2, Mayven
	-1.272666096
	0.00450366
	0.20881463

	1445882_at
	Cd300lb
	CD300 antigen like family member B
	-1.270276134
	0.005480529
	0.223616416

	1431394_a_at
	Lrrk2
	leucine-rich repeat kinase 2
	-1.269187617
	4.29E-05
	0.07402979

	1429525_s_at
	Myo1f
	myosin IF
	-1.262418119
	0.000770685
	0.121771249

	1425503_at
	Gcnt2
	glucosaminyl (N-acetyl) transferase 2, I-branching enzyme
	-1.261469513
	0.00536259
	0.221684849

	1449668_s_at
	Fnip1
	folliculin interacting protein 1
	-1.261397557
	0.0013147
	0.14084606

	1426599_a_at
	Slc2a1
	solute carrier family 2 (facilitated glucose transporter), member 1
	-1.257758684
	6.47E-05
	0.07402979

	1437056_x_at
	Crispld2
	cysteine-rich secretory protein LCCL domain containing 2
	-1.25263793
	0.00032474
	0.102561076

	1452242_at
	Cep55
	centrosomal protein 55
	-1.234801862
	0.000435717
	0.106800476

	1460735_at
	Svil
	Supervillin
	-1.231152595
	6.31E-05
	0.07402979

	1456060_at
	Maf
	avian musculoaponeurotic fibrosarcoma (v-maf) AS42 oncogene homolog
	-1.228733402
	0.004979125
	0.214625895

	1426808_at
	Lgals3
	lectin, galactose binding, soluble 3
	-1.226452417
	0.000405963
	0.104030221

	1460330_at
	Anxa3
	annexin A3
	-1.221671514
	0.000319628
	0.102561076

	1448667_x_at
	Tob2
	transducer of ERBB2, 2
	-1.220926902
	0.000909398
	0.126172152

	1436921_at
	Atp7a
	ATPase, Cu++ transporting, alpha polypeptide
	-1.218392905
	0.000348039
	0.102561076

	1424524_at
	Dram1
	DNA-damage regulated autophagy modulator 1
	-1.216574347
	0.000253703
	0.098619772

	1418666_at
	Ptx3
	pentraxin related gene
	-1.216042742
	0.014947271
	0.31051905

	1426923_at
	Agfg1
	ArfGAP with FG repeats 1
	-1.214674911
	0.00015015
	0.078743202

	1453782_at
	Ankrd33b
	ankyrin repeat domain 33B
	-1.207243249
	0.001937841
	0.161550043

	1448705_at
	Zbtb22
	zinc finger and BTB domain containing 22
	-1.205860745
	0.000521307
	0.115154927

	1421408_at
	Igsf6
	immunoglobulin superfamily, member 6
	-1.199307402
	0.002880248
	0.185045657

	1424698_s_at
	Gca
	Grancalcin
	-1.194339081
	0.000162134
	0.084050489

	1428517_at
	Wdfy3
	WD repeat and FYVE domain containing 3
	-1.193140789
	0.000197336
	0.089529863

	1424071_s_at
	BC018507
	cDNA sequence BC018507
	-1.192566009
	0.000525973
	0.115154927

	1450234_at
	Ms4a6c
	membrane-spanning 4-domains, subfamily A, member 6C
	-1.191868967
	0.00175726
	0.155513035

	1416288_at
	Dnaja1
	DnaJ (Hsp40) homolog, subfamily A, member 1
	-1.191492234
	0.005841667
	0.224791559

	1455353_at
	Tmcc1
	transmembrane and coiled coil domains 1
	-1.1911844
	0.003473491
	0.192779498

	1454666_at
	Klf3
	Kruppel-like factor 3 (basic)
	-1.188000477
	0.004771137
	0.212118508

	1432026_a_at
	Herc6
	hect domain and RLD 6
	-1.184708529
	0.026748776
	0.37617603

	1455886_at
	Cbl
	Casitas B-lineage lymphoma
	-1.183976339
	0.000257337
	0.098619772

	1419833_s_at
	Arap3
	ArfGAP with RhoGAP domain, ankyrin repeat and PH domain 3
	-1.180566002
	3.64E-06
	0.031568561

	1436202_at
	Malat1
	metastasis associated lung adenocarcinoma transcript 1 (non-coding RNA)
	-1.179756354
	5.38E-05
	0.07402979

	1433453_a_at
	Abtb2
	ankyrin repeat and BTB (POZ) domain containing 2
	-1.177864394
	0.000533703
	0.115295225

	1426840_at
	Ythdf3
	YTH domain family 3
	-1.176877065
	0.000603572
	0.117831833

	1421187_at
	Ccr2
	chemokine (C-C motif) receptor 2
	-1.176148927
	0.003810783
	0.199385276

	1420623_x_at
	Hspa8
	heat shock protein 8
	-1.174189354
	0.004282593
	0.207795383

	1452281_at
	Sos2
	son of sevenless homolog 2 (Drosophila)
	-1.173488328
	0.002006446
	0.16363968

	1416165_at
	Rab31
	RAB31, member RAS oncogene family
	-1.170316368
	0.000744151
	0.121771249

	1439814_at
	Atp8b4
	ATPase, class I, type 8B, member 4
	-1.169439786
	0.003364175
	0.191794653

	1455337_at
	Fgd4
	FYVE, RhoGEF and PH domain containing 4
	-1.169220738
	0.002804474
	0.183473725

	1460645_at
	Chordc1
	cysteine and histidine-rich domain (CHORD)-containing, zinc-binding protein 1
	-1.168709294
	0.00441622
	0.20881463

	1453287_at
	Ankrd33b
	ankyrin repeat domain 33B
	-1.168018315
	0.002960395
	0.187523558

	1417346_at
	Pycard
	PYD and CARD domain containing
	-1.167554905
	0.002650272
	0.179135332

	1418203_at
	Pmaip1
	phorbol-12-myristate-13-acetate-induced protein 1
	-1.162174104
	0.015880791
	0.318019829

	1447448_s_at
	Klf6
	Kruppel-like factor 6
	-1.160154014
	0.008149914
	0.254129185

	1416359_at
	Snx18
	sorting nexin 18
	-1.159560044
	0.000120678
	0.076923721

	1433561_at
	Acap2
	ArfGAP with coiled-coil, ankyrin repeat and PH domains 2
	-1.159286858
	0.002972223
	0.187745419

	1417741_at
	Pygl
	liver glycogen phosphorylase
	-1.158446864
	0.014229837
	0.304180125

	1437380_x_at
	Pgd
	phosphogluconate dehydrogenase
	-1.157228845
	2.01E-05
	0.043067178

	1418280_at
	Klf6
	Kruppel-like factor 6
	-1.153906276
	0.007690242
	0.24910809

	1418539_a_at
	Ptpre
	protein tyrosine phosphatase, receptor type, E
	-1.153666321
	0.000188404
	0.08936618

	1419532_at
	Il1r2
	interleukin 1 receptor, type II
	-1.153334383
	0.007451655
	0.246768925

	1417492_at
	Ctsb
	cathepsin B
	-1.15137274
	0.011062561
	0.280225527

	1428083_at
	Neat1
	nuclear paraspeckle assembly transcript 1 (non-protein coding)
	-1.146769836
	0.001019772
	0.128859199

	1419883_s_at
	Atp6v1b2
	ATPase, H+ transporting, lysosomal V1 subunit B2
	-1.146037786
	0.001157306
	0.133492705

	1450641_at
	Vim
	Vimentin
	-1.142391231
	0.001517999
	0.14597709

	1450009_at
	Ltf
	Lactotransferrin
	-1.140189222
	0.004242548
	0.207795383

	1456388_at
	Atp11a
	ATPase, class VI, type 11A
	-1.138987634
	0.001005321
	0.128438868

	1439389_s_at
	Myadm
	myeloid-associated differentiation marker
	-1.137829427
	0.004219167
	0.207689245

	1422785_at
	Rasa2
	RAS p21 protein activator 2
	-1.137516707
	0.000371357
	0.102561076

	1425993_a_at
	Hsph1
	heat shock 105kDa/110kDa protein 1
	-1.136769329
	0.022902773
	0.360034142

	1457753_at
	Tlr13
	toll-like receptor 13
	-1.136415233
	0.03316889
	0.403049203

	1452767_at
	Rrbp1
	ribosome binding protein 1
	-1.133935131
	0.009312367
	0.264350026

	1435335_a_at
	Gnptab
	N-acetylglucosamine-1-phosphate transferase, alpha and beta subunits
	-1.130726064
	0.006209154
	0.228791615

	1416432_at
	Pfkfb3
	6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3
	-1.129188284
	0.001705985
	0.154576244

	1439090_at
	Tbc1d23
	TBC1 domain family, member 23
	-1.126137741
	0.000184902
	0.088715645

	1429108_at
	Msl2
	male-specific lethal 2 homolog (Drosophila)
	-1.125702611
	1.12E-05
	0.0336505

	1420622_a_at
	Hspa8
	heat shock protein 8
	-1.12474137
	0.003983153
	0.202530093

	1460273_a_at
	Naip2
	NLR family, apoptosis inhibitory protein 2
	-1.121497119
	0.016243977
	0.320060981

	1419872_at
	Csf1r
	colony stimulating factor 1 receptor
	-1.118285712
	0.001124095
	0.13271672

	1460014_at
	Treml4
	triggering receptor expressed on myeloid cells-like 4
	-1.117783625
	0.003417784
	0.192681846

	1421262_at
	Lipg
	lipase, endothelial
	-1.117127154
	0.000721297
	0.121771249

	1428781_at
	Dmkn
	Dermokine
	-1.114817818
	0.003608488
	0.195643874

	1431339_a_at
	Efhd2
	EF hand domain containing 2
	-1.113434357
	0.000614819
	0.117831833

	1433441_at
	Fbxl5
	F-box and leucine-rich repeat protein 5
	-1.111803345
	0.001352994
	0.141910172

	1440169_x_at
	Ifnar2
	interferon (alpha and beta) receptor 2
	-1.110783503
	0.00113423
	0.132883658

	1415889_a_at
	Hsp90b1
	heat shock protein 90, beta (Grp94), member 1
	-1.110580684
	0.01226464
	0.289392934

	1434674_at
	Lyst
	lysosomal trafficking regulator
	-1.110093242
	0.000851578
	0.124156402

	1420464_s_at
	NA
	NA
	-1.106570725
	0.002116069
	0.166541135

	1419971_s_at
	Slc35a5
	solute carrier family 35, member A5
	-1.106142538
	0.034132097
	0.404347397

	1434316_at
	Chsy1
	chondroitin sulfate synthase 1
	-1.104622873
	0.003845081
	0.199872672

	1459546_s_at
	Enpp1
	ectonucleotide pyrophosphatase/phosphodiesterase 1
	-1.104135588
	0.000271144
	0.098619772

	1415871_at
	Tgfbi
	transforming growth factor, beta induced
	-1.102033017
	0.000219645
	0.091390444

	1451716_at
	Mafb
	v-maf musculoaponeurotic fibrosarcoma oncogene family, protein B (avian)
	-1.101058813
	0.00130433
	0.14084606

	1416996_at
	Tbc1d8
	TBC1 domain family, member 8
	-1.100309984
	3.40E-06
	0.031568561

	1424294_at
	Ppp4r1
	protein phosphatase 4, regulatory subunit 1
	-1.095478779
	0.002125272
	0.166541135

	1437302_at
	Adrb2
	adrenergic receptor, beta 2
	-1.094546985
	0.004969885
	0.214625895

	1449110_at
	Rhob
	ras homolog gene family, member B
	-1.090851744
	0.017554033
	0.328722186

	1418824_at
	Arf6
	ADP-ribosylation factor 6
	-1.090687532
	0.000141253
	0.078650207

	1443136_at
	LOC432459
	uncharacterized LOC432459
	-1.089861468
	0.01076765
	0.278010863

	1420621_a_at
	App
	amyloid beta (A4) precursor protein
	-1.088835424
	0.001070059
	0.129900853

	1428985_at
	Ints12
	integrator complex subunit 12
	-1.087762773
	5.87E-05
	0.07402979

	1422553_at
	Pten
	phosphatase and tensin homolog
	-1.086079756
	0.000357127
	0.102561076

	1455789_x_at
	Hspa8
	heat shock protein 8
	-1.085632312
	0.003335997
	0.191794653

	1455003_at
	Thap1
	THAP domain containing, apoptosis associated protein 1
	-1.08438569
	0.000116144
	0.076923721

	1450188_s_at
	Lipg
	lipase, endothelial
	-1.083413128
	0.002322315
	0.172488103

	1452717_at
	Slc25a24
	solute carrier family 25 (mitochondrial carrier, phosphate carrier), member 24
	-1.079040034
	0.003479358
	0.192779498

	1448291_at
	Mmp9
	matrix metallopeptidase 9
	-1.070984854
	7.13E-05
	0.07402979

	1422491_a_at
	Bnip2
	BCL2/adenovirus E1B interacting protein 2
	-1.070093494
	0.000249075
	0.098539639

	1451979_at
	Kras
	v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog
	-1.069713584
	0.001629022
	0.15055433

	1424126_at
	Alas1
	aminolevulinic acid synthase 1
	-1.069006383
	0.000461476
	0.110707613

	1439122_at
	Ddx6
	DEAD (Asp-Glu-Ala-Asp) box polypeptide 6
	-1.067198994
	0.000278601
	0.098801432

	1415829_at
	Lbr
	lamin B receptor
	-1.065960457
	8.07E-05
	0.075795365

	1423457_at
	Slc35a5
	solute carrier family 35, member A5
	-1.06541822
	0.011888303
	0.286417936

	1424151_at
	Aimp2
	aminoacyl tRNA synthetase complex-interacting multifunctional protein 2
	-1.06381848
	0.00060295
	0.117831833

	1424598_at
	Ddx6
	DEAD (Asp-Glu-Ala-Asp) box polypeptide 6
	-1.060074577
	0.00048176
	0.113165932

	1427442_a_at
	App
	amyloid beta (A4) precursor protein
	-1.059361939
	0.000602836
	0.117831833

	1434250_at
	Pak2
	p21 protein (Cdc42/Rac)-activated kinase 2
	-1.057906963
	1.34E-05
	0.035639339

	1448383_at
	Mmp14
	matrix metallopeptidase 14 (membrane-inserted)
	-1.057282861
	0.002253798
	0.171104399

	1448666_s_at
	Tob2
	transducer of ERBB2, 2
	-1.056873152
	0.004719277
	0.211676694

	1433445_x_at
	Hmgcs1
	3-hydroxy-3-methylglutaryl-Coenzyme A synthase 1
	-1.055970519
	0.00373519
	0.197827208

	1434272_at
	Cpeb2
	cytoplasmic polyadenylation element binding protein 2
	-1.05589497
	0.00013276
	0.076923721

	1424842_a_at
	Arhgap24
	Rho GTPase activating protein 24
	-1.05258759
	0.000688767
	0.121771249

	1455824_x_at
	Stt3a
	STT3, subunit of the oligosaccharyltransferase complex, homolog A (S. cerevisiae)
	-1.049762206
	0.014112748
	0.303673215

	1417697_at
	Soat1
	sterol O-acyltransferase 1
	-1.049306883
	0.000351283
	0.102561076

	1427883_a_at
	Col3a1
	collagen, type III, alpha 1
	-1.049157381
	0.000128166
	0.076923721

	1428219_at
	Rybp
	RING1 and YY1 binding protein
	-1.048885692
	0.000375382
	0.102561076

	1438164_x_at
	Flot2
	flotillin 2
	-1.048634662
	0.000833504
	0.123657464

	1449368_at
	Dcn
	Decorin
	-1.043734098
	0.008076786
	0.253390151

	1454806_at
	Fam49a
	family with sequence similarity 49, member A
	-1.043232434
	0.00096676
	0.127490824

	1438130_at
	Taf15
	TAF15 RNA polymerase II, TATA box binding protein (TBP)-associated factor
	-1.043165775
	0.007214836
	0.244475066

	1433482_a_at
	Fubp1
	far upstream element (FUSE) binding protein 1
	-1.042814215
	0.000574101
	0.117831833

	1425837_a_at
	Ccrn4l
	CCR4 carbon catabolite repression 4-like (S. cerevisiae)
	-1.042392931
	0.000450723
	0.109290674

	1430612_at
	1810033B17Rik
	RIKEN cDNA 1810033B17 gene
	-1.041503169
	0.000684495
	0.121771249

	1427742_a_at
	Klf6
	Kruppel-like factor 6
	-1.03883107
	0.004439732
	0.20881463

	1457764_at
	A530058O07Rik
	RIKEN cDNA A530058O07 gene
	-1.038553384
	0.000357468
	0.102561076

	1454783_at
	Il13ra1
	interleukin 13 receptor, alpha 1
	-1.037422259
	0.004504925
	0.20881463

	1460188_at
	Ptpn6
	protein tyrosine phosphatase, non-receptor type 6
	-1.037366593
	0.007147193
	0.243463406

	1457035_at
	AI607873
	expressed sequence AI607873
	-1.03693241
	0.011165184
	0.281430622

	1425888_at
	Klra17
	killer cell lectin-like receptor, subfamily A, member 17
	-1.034273346
	0.000494616
	0.113213221

	1448061_at
	Msr1
	macrophage scavenger receptor 1
	-1.029549273
	6.02E-05
	0.07402979

	1455269_a_at
	Coro1a
	coronin, actin binding protein 1A
	-1.027616508
	0.001627403
	0.15055433

	1422084_at
	Bmx
	BMX non-receptor tyrosine kinase
	-1.027044076
	0.000759878
	0.121771249

	1417876_at
	Fcgr1
	Fc receptor, IgG, high affinity I
	-1.026509559
	0.056219142
	0.459128584

	1456466_x_at
	Atxn10
	ataxin 10
	-1.024104358
	0.000795473
	0.121771249

	1436590_at
	Ppp1r3b
	protein phosphatase 1, regulatory (inhibitor) subunit 3B
	-1.022528423
	0.000514132
	0.114791416

	1438212_at
	Usp37
	ubiquitin specific peptidase 37
	-1.022389196
	0.000280406
	0.098801432

	1452560_a_at
	Nfya
	nuclear transcription factor-Y alpha
	-1.021114533
	0.007425116
	0.246235419

	1439902_at
	C5ar1
	complement component 5a receptor 1
	-1.018851016
	0.000555163
	0.116457607

	1416069_at
	Pfkp
	phosphofructokinase, platelet
	-1.018494262
	0.001608159
	0.149545554

	1425148_a_at
	Snx6
	sorting nexin 6
	-1.016487978
	0.00025143
	0.098606396

	1438387_x_at
	Top3b
	topoisomerase (DNA) III beta
	-1.015313046
	0.004379413
	0.20881463

	1418806_at
	Csf3r
	colony stimulating factor 3 receptor (granulocyte)
	-1.01328754
	0.001037856
	0.128859199

	1448573_a_at
	Ceacam10
	carcinoembryonic antigen-related cell adhesion molecule 10
	-1.012930741
	0.009239225
	0.264259079

	1458202_at
	Fam65b
	family with sequence similarity 65, member B
	-1.011102067
	0.00034765
	0.102561076

	1435329_at
	Kdm2a
	lysine (K)-specific demethylase 2A
	-1.00996469
	9.13E-06
	0.031659713

	1456135_s_at
	Pxn
	Paxillin
	-1.009196761
	0.000755421
	0.121771249

	1419922_s_at
	Atrnl1
	attractin like 1
	-1.009122173
	0.007883881
	0.251845632

	1434447_at
	Met
	met proto-oncogene
	-1.00847848
	0.000342948
	0.102561076

	1452036_a_at
	Tmpo
	Thymopoietin
	-1.007503552
	0.006401574
	0.231480793

	1450890_a_at
	Abi1
	abl-interactor 1
	-1.005578881
	0.008032066
	0.2532064

	1423160_at
	Spred1
	sprouty protein with EVH-1 domain 1, related sequence
	-1.004669642
	0.000650848
	0.121771249

	1442798_x_at
	Hk3
	hexokinase 3
	-1.002576728
	0.000710511
	0.121771249

	1436684_a_at
	Riok2
	RIO kinase 2 (yeast)
	-1.00204577
	0.003664379
	0.197216175

	1423301_at
	Copb1
	coatomer protein complex, subunit beta 1
	-1.002018743
	0.012491477
	0.290850854

	1426645_at
	Hsp90aa1
	heat shock protein 90, alpha (cytosolic), class A member 1
	-1.00066778
	0.004022791
	0.203398968

	1459522_s_at
	Gyg
	Glycogenin
	-1.000114537
	6.39E-05
	0.07402979

	1419127_at
	Npy
	neuropeptide Y
	3.97042007
	1.81E-08
	0.000407082

	1448680_at
	Serpina1c
	serine (or cysteine) peptidase inhibitor, clade A, member 1C
	3.249753142
	0.06615707
	0.481957107

	1425260_at
	Alb
	Albumin
	3.162621276
	0.041749216
	0.425622293

	1455913_x_at
	Ttr
	Transthyretin
	3.126479839
	0.091408602
	0.530982499

	1418282_x_at
	Serpina1b
	serine (or cysteine) preptidase inhibitor, clade A, member 1B
	3.115428082
	0.088193491
	0.525513889

	1450680_at
	Rag1
	recombination activating gene 1
	3.108366231
	0.000201456
	0.089529863

	1454608_x_at
	Ttr
	Transthyretin
	3.092951902
	0.079751888
	0.510737101

	1423866_at
	Serpina3k
	serine (or cysteine) peptidase inhibitor, clade A, member 3K
	2.990810582
	0.093592039
	0.534558904

	1426154_s_at
	NA
	NA
	2.904060633
	0.092617444
	0.533055147

	1459737_s_at
	Ttr
	Transthyretin
	2.895604431
	0.076791665
	0.503982136

	1420553_x_at
	Serpina1a
	serine (or cysteine) peptidase inhibitor, clade A, member 1A
	2.877727124
	0.098674858
	0.543621031

	1451513_x_at
	Serpina1b
	serine (or cysteine) preptidase inhibitor, clade A, member 1B
	2.841022728
	0.076875651
	0.50416332

	1424279_at
	Fga
	fibrinogen alpha chain
	2.704389013
	0.081726376
	0.513600143

	1419075_s_at
	NA
	NA
	2.686436024
	0.050586545
	0.445632246

	1423944_at
	Hpx
	Hemopexin
	2.634938898
	0.056545952
	0.460339168

	1416809_at
	Cyp3a11
	cytochrome P450, family 3, subfamily a, polypeptide 11
	2.624342167
	0.059479922
	0.465990717

	1416025_at
	Fgg
	fibrinogen gamma chain
	2.553501924
	0.019908412
	0.344282695

	1419093_at
	Tdo2
	tryptophan 2,3-dioxygenase
	2.542757718
	0.064519262
	0.479290586

	1448764_a_at
	Fabp1
	fatty acid binding protein 1, liver
	2.486070259
	0.083601268
	0.517570459

	1438840_x_at
	Apoa1
	apolipoprotein A-I
	2.350283965
	0.052952691
	0.451459228

	1428079_at
	Fgb
	fibrinogen beta chain
	2.326280614
	0.044920763
	0.432848289

	1449434_at
	Car3
	carbonic anhydrase 3
	2.30755071
	0.10686124
	0.558270451

	1419196_at
	Hamp
	hepcidin antimicrobial peptide
	2.200081876
	0.054946141
	0.456713212

	1425394_at
	BC023105
	cDNA sequence BC023105
	2.189443318
	0.009554352
	0.265674518

	1417246_at
	Pzp
	pregnancy zone protein
	2.179526895
	0.068386314
	0.485335954

	1417950_a_at
	Apoa2
	apolipoprotein A-II
	2.171379121
	0.052825919
	0.451447522

	1426547_at
	Gc
	group specific component
	2.168540242
	0.086507582
	0.523615616

	1418278_at
	Apoc3
	apolipoprotein C-III
	2.167739913
	0.083023442
	0.516213558

	1416676_at
	Kng1
	kininogen 1
	2.150106451
	0.008436205
	0.257429839

	1420484_a_at
	Vtn
	Vitronectin
	2.103625526
	0.080856268
	0.51148543

	1426225_at
	Rbp4
	retinol binding protein 4, plasma
	2.078553864
	0.055461524
	0.457955651

	1417556_at
	Fabp1
	fatty acid binding protein 1, liver
	2.07525256
	0.110057841
	0.562779896

	1455201_x_at
	Apoa1
	apolipoprotein A-I
	2.039251862
	0.108942893
	0.560702205

	1450788_at
	Saa1
	serum amyloid A 1
	2.035344468
	0.097289049
	0.540654147

	1418918_at
	Igfbp1
	insulin-like growth factor binding protein 1
	2.028000257
	0.050680935
	0.445920718

	1424973_at
	Cyp3a25
	cytochrome P450, family 3, subfamily a, polypeptide 25
	2.01233783
	0.042270377
	0.426605159

	1431808_a_at
	Itih4
	inter alpha-trypsin inhibitor, heavy chain 4
	1.961949585
	0.069432159
	0.488715722

	1448852_at
	Rgn
	Regucalcin
	1.956222644
	0.008197755
	0.254275547

	1419622_at
	Ugt2b5
	UDP glucuronosyltransferase 2 family, polypeptide B5
	1.944252928
	0.086667473
	0.523981926

	1417835_at
	Mug1
	murinoglobulin 1
	1.931262231
	0.067562527
	0.484040103

	1418113_at
	Cyp2d10
	cytochrome P450, family 2, subfamily d, polypeptide 10
	1.910271151
	0.047268228
	0.4383805

	1424737_at
	Thrsp
	thyroid hormone responsive
	1.908963551
	0.053566381
	0.453405928

	1417651_at
	Cyp2c29
	cytochrome P450, family 2, subfamily c, polypeptide 29
	1.902145529
	0.021768965
	0.354825468

	1415994_at
	Cyp2e1
	cytochrome P450, family 2, subfamily e, polypeptide 1
	1.898604717
	0.068088828
	0.484747312

	1449123_at
	Itih3
	inter-alpha trypsin inhibitor, heavy chain 3
	1.878413007
	0.085646916
	0.521577284

	1448792_a_at
	Cyp2f2
	cytochrome P450, family 2, subfamily f, polypeptide 2
	1.851368172
	0.049556254
	0.443020143

	1418858_at
	Aox3
	aldehyde oxidase 3
	1.816412471
	0.014760342
	0.308336307

	1418239_at
	Apof
	apolipoprotein F
	1.800667216
	0.066708052
	0.482695225

	1454638_a_at
	Pah
	phenylalanine hydroxylase
	1.764966977
	0.125340713
	0.585202229

	1419232_a_at
	Apoa1
	apolipoprotein A-I
	1.755851536
	0.091758035
	0.531465544

	1455098_a_at
	Vtn
	Vitronectin
	1.75402925
	0.097291613
	0.540654147

	1423439_at
	Pck1
	phosphoenolpyruvate carboxykinase 1, cytosolic
	1.733520482
	0.089609841
	0.527601092

	1448854_s_at
	NA
	NA
	1.726581807
	0.049025764
	0.440987434

	1424451_at
	Acaa1b
	acetyl-Coenzyme A acyltransferase 1B
	1.702595009
	0.041150144
	0.424307177

	1421946_at
	Crp
	C-reactive protein, pentraxin-related
	1.700584064
	0.094130962
	0.535302336

	1427946_s_at
	Dpyd
	dihydropyrimidine dehydrogenase
	1.687225985
	0.033062367
	0.403049203

	1419233_x_at
	Apoa1
	apolipoprotein A-I
	1.679872513
	0.067380954
	0.483600953

	1449757_x_at
	Dntt
	deoxynucleotidyltransferase, terminal
	1.667858011
	0.001314836
	0.14084606

	1416225_at
	Adh1
	alcohol dehydrogenase 1 (class I)
	1.658841055
	0.043889305
	0.42982889

	1416913_at
	Ces1c
	carboxylesterase 1C
	1.633071946
	0.064491198
	0.479220201

	1450545_a_at
	Dntt
	deoxynucleotidyltransferase, terminal
	1.631948776
	0.000953673
	0.126692161

	1444296_a_at
	Serpina4-ps1
	serine (or cysteine) peptidase inhibitor, clade A, member 4, pseudogene 1
	1.609645351
	0.015302479
	0.314511612

	1427631_x_at
	Mup3
	major urinary protein 3
	1.607614072
	0.069599987
	0.488715722

	1416444_at
	Elovl2
	elongation of very long chain fatty acids (FEN1/Elo2, SUR4/Elo3, yeast)-like 2
	1.605839926
	0.053810677
	0.453896001

	1424758_s_at
	Serpina10
	serine (or cysteine) peptidase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 10
	1.600452674
	0.0593853
	0.465990717

	1418724_at
	Cfi
	complement component factor i
	1.598529772
	0.038328362
	0.417323804

	1450624_at
	Bhmt
	betaine-homocysteine methyltransferase
	1.591081799
	0.060764779
	0.469413056

	1451194_at
	Aldob
	aldolase B, fructose-bisphosphate
	1.586976391
	0.064347411
	0.478785071

	1452426_x_at
	NA
	NA
	1.584781199
	0.001032781
	0.128859199

	1448683_at
	Cyp2d26
	cytochrome P450, family 2, subfamily d, polypeptide 26
	1.579949338
	0.088812709
	0.525822274

	1431213_a_at
	NA
	NA
	1.579189126
	0.003249585
	0.191081543

	1417561_at
	Apoc1
	apolipoprotein C-I
	1.573853381
	0.130017628
	0.591837408

	1434110_x_at
	NA
	NA
	1.571185399
	0.024746571
	0.369117178

	1417422_at
	Gnmt
	glycine N-methyltransferase
	1.566407599
	0.080174581
	0.510737101

	1427419_x_at
	Ccr9
	chemokine (C-C motif) receptor 9
	1.554201522
	0.024991437
	0.369117178

	1438937_x_at
	NA
	NA
	1.541285397
	0.059406483
	0.465990717

	1419082_at
	Serpinb2
	serine (or cysteine) peptidase inhibitor, clade B, member 2
	1.53913626
	0.009160817
	0.264031143

	1449326_x_at
	Saa2
	serum amyloid A 2
	1.536202926
	0.038772031
	0.418866286

	1455595_at
	Ugt2b36
	UDP glucuronosyltransferase 2 family, polypeptide B36
	1.53452771
	0.080566313
	0.51076596

	1419349_a_at
	Cyp2d9
	cytochrome P450, family 2, subfamily d, polypeptide 9
	1.528945419
	0.068729687
	0.486315908

	1451580_a_at
	Ttr
	Transthyretin
	1.523490928
	0.091322743
	0.530982499

	1418771_a_at
	Cpb2
	carboxypeptidase B2 (plasma)
	1.503766438
	0.137586221
	0.600734074

	1451600_s_at
	NA
	NA
	1.493549079
	0.061594512
	0.472190549

	1450418_a_at
	Yipf4
	Yip1 domain family, member 4
	1.47905677
	0.022235648
	0.357471562

	1416677_at
	Apoh
	apolipoprotein H
	1.461320917
	0.06409508
	0.478166733

	1449046_a_at
	Josd2
	Josephin domain containing 2
	1.457268435
	0.00264155
	0.179135332

	1436615_a_at
	Otc
	ornithine transcarbamylase
	1.452534094
	0.033188817
	0.403049203

	1418190_at
	Pon1
	paraoxonase 1
	1.447162944
	0.119843652
	0.577211726

	1417618_at
	Itih2
	inter-alpha trypsin inhibitor, heavy chain 2
	1.443837833
	0.056593603
	0.460560826

	1416129_at
	Errfi1
	ERBB receptor feedback inhibitor 1
	1.437159149
	0.150661473
	0.616295841

	1448842_at
	Cdo1
	cysteine dioxygenase 1, cytosolic
	1.433342401
	0.088001123
	0.525472445

	1420420_at
	Hao1
	hydroxyacid oxidase 1, liver
	1.423054239
	0.029508177
	0.391425974

	1448723_at
	Rdh7
	retinol dehydrogenase 7
	1.422024261
	0.072609249
	0.494629697

	1435701_at
	Cyyr1
	cysteine and tyrosine-rich protein 1
	1.415246705
	8.40E-06
	0.031568561

	1430896_s_at
	Nudt7
	nudix (nucleoside diphosphate linked moiety X)-type motif 7
	1.412889657
	0.000703872
	0.121771249

	1417909_at
	Serpinc1
	serine (or cysteine) peptidase inhibitor, clade C (antithrombin), member 1
	1.412258325
	0.135528757
	0.598436204

	1423147_at
	Mat1a
	methionine adenosyltransferase I, alpha
	1.41162077
	0.038874231
	0.418866286

	1424266_s_at
	Ces1f
	carboxylesterase 1F
	1.411144791
	0.03239772
	0.401640892

	1436555_at
	Slc7a2
	solute carrier family 7 (cationic amino acid transporter, y+ system), member 2
	1.390599046
	0.025688509
	0.372326613

	1449824_at
	Prg4
	proteoglycan 4 (megakaryocyte stimulating factor, articular superficial zone protein)
	1.380651594
	0.000548188
	0.116457607

	1417851_at
	Cxcl13
	chemokine (C-X-C motif) ligand 13
	1.380570586
	0.022546214
	0.35889016

	1450194_a_at
	Myb
	myeloblastosis oncogene
	1.374485262
	0.011433165
	0.282546398

	1450715_at
	Cyp1a2
	cytochrome P450, family 1, subfamily a, polypeptide 2
	1.374187504
	0.033369219
	0.403422106

	1418652_at
	Cxcl9
	chemokine (C-X-C motif) ligand 9
	1.371338834
	0.196760859
	0.67175981

	1419197_x_at
	Hamp
	hepcidin antimicrobial peptide
	1.364216992
	0.153053591
	0.619584733

	1416649_at
	Ambp
	alpha 1 microglobulin/bikunin
	1.356093985
	0.122067202
	0.57963286

	1421921_at
	Serpina3m
	serine (or cysteine) peptidase inhibitor, clade A, member 3M
	1.351146409
	0.09262662
	0.533055147

	1448470_at
	Fbp1
	fructose bisphosphatase 1
	1.350111252
	0.134735298
	0.597934622

	1455869_at
	NA
	NA
	1.347135483
	0.003342948
	0.191794653

	1435888_at
	Egfr
	epidermal growth factor receptor
	1.346113126
	0.152410549
	0.618710005

	1424934_at
	Ugt2b1
	UDP glucuronosyltransferase 2 family, polypeptide B1
	1.343904985
	0.154184354
	0.620493314

	1455093_a_at
	Ahsg
	alpha-2-HS-glycoprotein
	1.343137973
	0.025596806
	0.371800815

	1448465_at
	Nipsnap1
	4-nitrophenylphosphatase domain and non-neuronal SNAP25-like protein homolog 1 (C. elegans)
	1.341057125
	0.000907431
	0.126172152

	1416729_at
	Plg
	Plasminogen
	1.339743703
	0.060316937
	0.468210784

	1419042_at
	Iigp1
	interferon inducible GTPase 1
	1.338379315
	0.090501736
	0.529202108

	1448813_at
	Aadac
	arylacetamide deacetylase (esterase)
	1.335593843
	0.046622171
	0.436596836

	1426416_a_at
	Yipf4
	Yip1 domain family, member 4
	1.330371711
	0.005627999
	0.224032097

	1423523_at
	Aass
	aminoadipate-semialdehyde synthase
	1.32390221
	0.025833806
	0.373080531

	1438385_s_at
	Gpt2
	glutamic pyruvate transaminase (alanine aminotransferase) 2
	1.323306767
	0.096977499
	0.540345359

	1448092_x_at
	Serpina4-ps1
	serine (or cysteine) peptidase inhibitor, clade A, member 4, pseudogene 1
	1.320308561
	0.018170435
	0.331514885

	1452986_at
	Hgd
	homogentisate 1, 2-dioxygenase
	1.318706982
	0.009091931
	0.263193316

	1454997_at
	Msrb3
	methionine sulfoxide reductase B3
	1.296684578
	0.00079728
	0.121771249

	1421074_at
	Cyp7b1
	cytochrome P450, family 7, subfamily b, polypeptide 1
	1.295837266
	0.032631009
	0.402332664

	1444297_at
	Serpina4-ps1
	serine (or cysteine) peptidase inhibitor, clade A, member 4, pseudogene 1
	1.289059506
	0.032178794
	0.401072614

	1439831_at
	NA
	NA
	1.287350182
	0.051815939
	0.449170823

	1417745_at
	Cpn1
	carboxypeptidase N, polypeptide 1
	1.284451156
	0.000601674
	0.117831833

	1424854_at
	NA
	NA
	1.28117371
	0.001045095
	0.129136516

	1422604_at
	Uox
	urate oxidase
	1.271818574
	0.125270277
	0.585194888

	1421317_x_at
	Myb
	myeloblastosis oncogene
	1.271101283
	0.02161446
	0.353539966

	1449442_at
	Pex11a
	peroxisomal biogenesis factor 11 alpha
	1.267693133
	7.38E-05
	0.07402979

	1455540_at
	Cps1
	carbamoyl-phosphate synthetase 1
	1.25925369
	0.123345944
	0.581859025

	1416168_at
	Serpinf1
	serine (or cysteine) peptidase inhibitor, clade F, member 1
	1.257057608
	0.079448408
	0.50991926

	1451625_a_at
	C8g
	complement component 8, gamma polypeptide
	1.254481122
	0.050490521
	0.445456371

	1419549_at
	Arg1
	arginase, liver
	1.251520026
	0.082787632
	0.515861426

	1455593_at
	Apob
	apolipoprotein B
	1.249710966
	0.15891768
	0.626845047

	1450876_at
	Cfh
	complement component factor h
	1.238067143
	0.042301568
	0.426605159

	1419209_at
	Cxcl1
	chemokine (C-X-C motif) ligand 1
	1.233303131
	0.008791345
	0.26149858

	1452141_a_at
	Sepp1
	selenoprotein P, plasma, 1
	1.231347921
	0.000981958
	0.128397258

	1448104_at
	Aldh6a1
	aldehyde dehydrogenase family 6, subfamily A1
	1.228652237
	0.035835979
	0.409978442

	1452494_s_at
	Slco1b2
	solute carrier organic anion transporter family, member 1b2
	1.226044429
	0.026187236
	0.3742302

	1418653_at
	Cyp2c50
	cytochrome P450, family 2, subfamily c, polypeptide 50
	1.225425602
	0.238032552
	0.708802558

	1451673_at
	Cd8a
	CD8 antigen, alpha chain
	1.222815908
	0.050888441
	0.446695127

	1419059_at
	Apcs
	serum amyloid P-component
	1.210643856
	0.043109808
	0.427581127

	1426218_at
	Glcci1
	glucocorticoid induced transcript 1
	1.195837429
	0.022480686
	0.35889016

	1448889_at
	Slc38a4
	solute carrier family 38, member 4
	1.193100391
	0.046599986
	0.436596836

	1417085_at
	Akr1c6
	aldo-keto reductase family 1, member C6
	1.192027377
	0.085264115
	0.520833886

	1429704_at
	Lrp2bp
	Lrp2 binding protein
	1.191978576
	5.38E-05
	0.07402979

	1424273_at
	Cyp2c70
	cytochrome P450, family 2, subfamily c, polypeptide 70
	1.191334931
	0.05412924
	0.454624476

	1417009_at
	C1ra
	complement component 1, r subcomponent A
	1.189414555
	0.006049893
	0.226558036

	1455393_at
	Cp
	Ceruloplasmin
	1.187563045
	0.098298911
	0.543173139

	1428111_at
	Slc38a4
	solute carrier family 38, member 4
	1.186344711
	0.02211468
	0.356977165

	1427393_at
	F9
	coagulation factor IX
	1.184219787
	0.066596995
	0.482572794

	1415964_at
	Scd1
	stearoyl-Coenzyme A desaturase 1
	1.182511301
	0.146340574
	0.611929389

	1418288_at
	Lpin1
	lipin 1
	1.179130064
	0.002122075
	0.166541135

	1422815_at
	C9
	complement component 9
	1.175537795
	0.108467668
	0.560127551

	1424485_at
	Angptl3
	angiopoietin-like 3
	1.174367973
	0.005274987
	0.219103439

	1419149_at
	Serpine1
	serine (or cysteine) peptidase inhibitor, clade E, member 1
	1.17327888
	0.000616395
	0.117831833

	1420525_a_at
	Otc
	ornithine transcarbamylase
	1.168527884
	0.04409312
	0.430418278

	1449337_at
	Tdo2
	tryptophan 2,3-dioxygenase
	1.166083949
	0.111532497
	0.566211972

	1423436_at
	Gsta3
	glutathione S-transferase, alpha 3
	1.162838341
	0.038354821
	0.417323804

	1448734_at
	Cp
	Ceruloplasmin
	1.162353973
	0.170568348
	0.642295775

	1455457_at
	Cyp2c54
	cytochrome P450, family 2, subfamily c, polypeptide 54
	1.159594066
	0.131699176
	0.594324913

	1421920_a_at
	Ccr9
	chemokine (C-C motif) receptor 9
	1.156876074
	0.001951797
	0.162413275

	1417531_at
	Cyp2j5
	cytochrome P450, family 2, subfamily j, polypeptide 5
	1.155926938
	0.184048205
	0.657225502

	1449067_at
	Slc2a2
	solute carrier family 2 (facilitated glucose transporter), member 2
	1.1498144
	0.102287457
	0.549822473

	1427961_s_at
	Ugt2b34
	UDP glucuronosyltransferase 2 family, polypeptide B34
	1.149137911
	0.153968163
	0.62017594

	1451548_at
	Upp2
	uridine phosphorylase 2
	1.145735473
	0.153509035
	0.619888519

	1424041_s_at
	C1s
	complement component 1, s subcomponent
	1.142543423
	0.008838116
	0.261725443

	1424618_at
	Hpd
	4-hydroxyphenylpyruvic acid dioxygenase
	1.138107637
	0.140355062
	0.604813909

	1423451_at
	Pgrmc1
	progesterone receptor membrane component 1
	1.136136664
	0.102642331
	0.550250315

	1424599_at
	Fgl1
	fibrinogen-like protein 1
	1.135545725
	0.134490669
	0.597543461

	1424886_at
	Ptprd
	protein tyrosine phosphatase, receptor type, D
	1.128785467
	0.000115307
	0.076923721

	1459994_x_at
	Tfr2
	transferrin receptor 2
	1.118638362
	0.075716347
	0.501711069

	1448990_a_at
	Myo1b
	myosin IB
	1.118372886
	0.00055248
	0.116457607

	1416416_x_at
	Gstm1
	glutathione S-transferase, mu 1
	1.117565561
	0.054921088
	0.456673767

	1451310_a_at
	Ctsl
	cathepsin L
	1.115083655
	0.081146017
	0.512787797

	1450060_at
	Pigr
	polymeric immunoglobulin receptor
	1.111148165
	0.005787882
	0.224791559

	1449938_at
	Endou
	endonuclease, polyU-specific
	1.109312506
	0.00452804
	0.209006432

	1418897_at
	F2
	coagulation factor II
	1.107785118
	0.049671857
	0.443355623

	1419043_a_at
	Iigp1
	interferon inducible GTPase 1
	1.104830285
	0.097845794
	0.542197218

	1435370_a_at
	Ces1d
	carboxylesterase 1D
	1.10147848
	0.063323522
	0.476707425

	1423608_at
	Itm2a
	integral membrane protein 2A
	1.097482827
	0.001291251
	0.14084606

	1417776_at
	Azgp1
	alpha-2-glycoprotein 1, zinc
	1.096500528
	0.084386673
	0.519819388

	1417610_at
	Apoa5
	apolipoprotein A-V
	1.095301709
	0.054695474
	0.455992515

	1449375_at
	Ces2a
	carboxylesterase 2A
	1.094002685
	0.045133419
	0.433297777

	1424932_at
	Egfr
	epidermal growth factor receptor
	1.09257588
	0.097075868
	0.540345359

	1427945_at
	Dpyd
	dihydropyrimidine dehydrogenase
	1.091920058
	0.013873333
	0.300998797

	1418696_at
	Ttc36
	tetratricopeptide repeat domain 36
	1.084529261
	0.002491952
	0.176472311

	1424400_a_at
	Aldh1l1
	aldehyde dehydrogenase 1 family, member L1
	1.08451098
	0.058036767
	0.463196854

	1450261_a_at
	Slc10a1
	solute carrier family 10 (sodium/bile acid cotransporter family), member 1
	1.078755539
	0.079966998
	0.510737101

	1443687_x_at
	H2-DMb2
	histocompatibility 2, class II, locus Mb2
	1.076004584
	0.000267237
	0.098619772

	1421374_a_at
	Fxyd1
	FXYD domain-containing ion transport regulator 1
	1.069357484
	0.005432754
	0.223138056

	1419318_at
	Saa4
	serum amyloid A 4
	1.066204526
	0.064100487
	0.478166733

	1418037_at
	C4bp
	complement component 4 binding protein
	1.062763244
	0.122768034
	0.580774079

	1437303_at
	Il6st
	interleukin 6 signal transducer
	1.061519737
	0.007686077
	0.24910809

	1434553_at
	Tmem56
	transmembrane protein 56
	1.059631842
	0.155174811
	0.622922932

	1455318_at
	Timd4
	T cell immunoglobulin and mucin domain containing 4
	1.057659321
	0.002816838
	0.183852682

	1431786_s_at
	Urah
	urate (5-hydroxyiso-) hydrolase
	1.05229692
	0.062269719
	0.47423617

	1456907_at
	Cxcl9
	chemokine (C-X-C motif) ligand 9
	1.050924913
	0.215529518
	0.688736491

	1431302_a_at
	Nudt7
	nudix (nucleoside diphosphate linked moiety X)-type motif 7
	1.042442333
	0.151309013
	0.617031668

	1428981_at
	2810007J24Rik
	RIKEN cDNA 2810007J24 gene
	1.042280918
	0.035767685
	0.409978442

	1417495_x_at
	Cp
	Ceruloplasmin
	1.04093574
	0.16307171
	0.632172699

	1419100_at
	Serpina3n
	serine (or cysteine) peptidase inhibitor, clade A, member 3N
	1.034674537
	0.223602937
	0.695114148

	1423968_at
	Ugt3a2
	UDP glycosyltransferases 3 family, polypeptide A2
	1.031139668
	0.062915239
	0.475879545

	1426231_at
	Vit
	Vitrin
	1.024173766
	0.000360749
	0.102561076

	1423858_a_at
	Hmgcs2
	3-hydroxy-3-methylglutaryl-Coenzyme A synthase 2
	1.023624755
	0.011367633
	0.281698693

	1425182_x_at
	NA
	NA
	1.018033621
	0.024416594
	0.367683742

	1427472_a_at
	C8b
	complement component 8, beta polypeptide
	1.017803105
	0.001456888
	0.144094551

	1417481_at
	Ramp1
	receptor (calcitonin) activity modifying protein 1
	1.01327034
	0.001600783
	0.149476037

	1419002_s_at
	Baat
	bile acid-Coenzyme A: amino acid N-acyltransferase
	1.012782439
	0.107606553
	0.558870964

	1439476_at
	Dsg2
	desmoglein 2
	1.005226116
	0.127931614
	0.589041405

	1442340_x_at
	Cyr61
	cysteine rich protein 61
	1.002548803
	0.000536839
	0.115295225



Appendix 4.3 Genes with differential expression in the spleen of TILRR knock-out mice 3 hours post-LPS injection.












	ID
	Symbol
	Name
	logFC
	P.Value
	adj.P.Val

	1427127_x_at
	Hspa1b
	heat shock protein 1B
	-1.754555374
	0.048286405
	0.999893045

	1427126_at
	Hspa1b
	heat shock protein 1B
	-1.722178171
	0.058635245
	0.999893045

	1452318_a_at
	Hspa1b
	heat shock protein 1B
	-1.692036891
	0.049424278
	0.999893045

	1437262_x_at
	Bcas2
	breast carcinoma amplified sequence 2
	-1.680900399
	0.000210497
	0.222315893

	1452388_at
	Hspa1a
	heat shock protein 1A
	-1.639261728
	0.043541211
	0.999893045

	1418199_at
	Hemgn
	hemogen
	-1.596561616
	0.021864027
	0.999893045

	1435264_at
	Emilin2
	elastin microfibril interfacer 2
	-1.596521079
	0.0003535
	0.276081723

	1415954_at
	NA
	NA
	-1.523031587
	0.461654805
	0.999893045

	1449313_at
	Klk1b5
	kallikrein 1-related peptidase b5
	-1.464273154
	0.030184234
	0.999893045

	1419764_at
	Chi3l3
	chitinase 3-like 3
	-1.447664894
	0.002059355
	0.608842447

	1416297_s_at
	Reg3b
	regenerating islet-derived 3 beta
	-1.447463654
	0.134508515
	0.999893045

	1421868_a_at
	Pnlip
	pancreatic lipase
	-1.440403243
	0.392569988
	0.999893045

	1428062_at
	Cpa1
	carboxypeptidase A1, pancreatic
	-1.419623431
	0.393310519
	0.999893045

	1419691_at
	Camp
	cathelicidin antimicrobial peptide
	-1.416393863
	0.000298194
	0.263702993

	1416118_at
	Trim59
	tripartite motif-containing 59
	-1.402433836
	0.000158232
	0.217506386

	1426917_s_at
	Scrn3
	secernin 3
	-1.398881384
	0.000617364
	0.339557781

	1424509_at
	Cd177
	CD177 antigen
	-1.380852221
	0.000108337
	0.187926767

	1449452_a_at
	Gp2
	glycoprotein 2 (zymogen granule membrane)
	-1.379100283
	0.140988877
	0.999893045

	1428359_s_at
	Zg16
	zymogen granule protein 16
	-1.374065047
	0.340084866
	0.999893045

	1419669_at
	Prtn3
	proteinase 3
	-1.373980385
	0.007542086
	0.850748698

	1449010_at
	Hspa4l
	heat shock protein 4 like
	-1.355605068
	9.49E-05
	0.183031969

	1438130_at
	Taf15
	TAF15 RNA polymerase II, TATA box binding protein (TBP)-associated factor
	-1.354612857
	0.001133591
	0.454773516

	1422434_a_at
	2210010C04Rik
	RIKEN cDNA 2210010C04 gene
	-1.342713981
	0.48852357
	0.999893045

	1436930_x_at
	Hmbs
	hydroxymethylbilane synthase
	-1.341599349
	0.008058712
	0.864441144

	1435884_at
	Itsn1
	intersectin 1 (SH3 domain protein 1A)
	-1.338840314
	0.000197987
	0.222315893

	1447655_x_at
	Sox6
	SRY-box containing gene 6
	-1.336515072
	0.036626652
	0.999893045

	1425451_s_at
	NA
	NA
	-1.333253756
	0.003896425
	0.732219371

	1420865_at
	Zbtb14
	zinc finger and BTB domain containing 14
	-1.332786495
	5.49E-05
	0.146129039

	1454623_at
	Cpa2
	carboxypeptidase A2, pancreatic
	-1.329476886
	0.20419582
	0.999893045

	1428358_at
	Zg16
	zymogen granule protein 16
	-1.329010713
	0.200377081
	0.999893045

	1449366_at
	Mmp8
	matrix metallopeptidase 8
	-1.314460706
	0.00016397
	0.217506386

	1444769_at
	Tex9
	testis expressed gene 9
	-1.313492429
	7.16E-05
	0.164508305

	1419014_at
	Rhag
	Rhesus blood group-associated A glycoprotein
	-1.306908161
	0.023764112
	0.999893045

	1450009_at
	Ltf
	lactotransferrin
	-1.305541698
	0.001598524
	0.558515788

	1449057_at
	Kel
	Kell blood group
	-1.298570896
	0.018789997
	0.999893045

	1417682_a_at
	Prss2
	protease, serine, 2
	-1.288044308
	0.40704119
	0.999893045

	1434240_at
	4632434I11Rik
	RIKEN cDNA 4632434I11 gene
	-1.284235856
	0.002421664
	0.634943016

	1454897_at
	6330509M05Rik
	RIKEN cDNA 6330509M05 gene
	-1.281215531
	0.000117771
	0.196724844

	1424107_at
	Kif18a
	kinesin family member 18A
	-1.27685943
	0.006404287
	0.821401136

	1433431_at
	Pnlip
	pancreatic lipase
	-1.266495686
	0.540956696
	0.999893045

	1424649_a_at
	Tspan8
	tetraspanin 8
	-1.263017272
	0.019599409
	0.999893045

	1448220_at
	Ctrb1
	chymotrypsinogen B1
	-1.255996801
	0.329257862
	0.999893045

	1448290_at
	Reg3b
	regenerating islet-derived 3 beta
	-1.253583876
	0.392181122
	0.999893045

	1436843_at
	Rbm12b2
	RNA binding motif protein 12 B2
	-1.252039425
	0.000522239
	0.330953375

	1435507_x_at
	Prss2
	protease, serine, 2
	-1.251020815
	0.332307848
	0.999893045

	1424292_at
	Depdc1a
	DEP domain containing 1a
	-1.241380091
	0.013831398
	0.94088969

	1438612_a_at
	Clps
	colipase, pancreatic
	-1.238758085
	0.509741244
	0.999893045

	1415960_at
	Mpo
	myeloperoxidase
	-1.231712555
	0.012148941
	0.920889709

	1422920_at
	Cldn13
	claudin 13
	-1.214457905
	0.01202177
	0.920006324

	1451513_x_at
	Serpina1b
	serine (or cysteine) preptidase inhibitor, clade A, member 1B
	-1.213159922
	0.428242184
	0.999893045

	1427677_a_at
	Sox6
	SRY-box containing gene 6
	-1.212280913
	0.021842747
	0.999893045

	1419010_x_at
	Klk1b5
	kallikrein 1-related peptidase b5
	-1.200934533
	0.056321903
	0.999893045

	1415884_at
	Cela3b
	chymotrypsin-like elastase family, member 3B
	-1.199365989
	0.24462011
	0.999893045

	1418600_at
	Klf1
	Kruppel-like factor 1 (erythroid)
	-1.190520116
	0.010339468
	0.900590394

	1417049_at
	Rhd
	Rh blood group, D antigen
	-1.190421321
	0.028163237
	0.999893045

	1428102_at
	Cpb1
	carboxypeptidase B1 (tissue)
	-1.183098967
	0.571514371
	0.999893045

	1435611_x_at
	Cela3b
	chymotrypsin-like elastase family, member 3B
	-1.181365416
	0.396079505
	0.999893045

	1458667_at
	Ninl
	ninein-like
	-1.17617239
	0.000607475
	0.339557781

	1453386_at
	Tusc1
	tumor suppressor candidate 1
	-1.174813132
	1.43E-05
	0.107118422

	1418722_at
	Ngp
	neutrophilic granule protein
	-1.164673865
	0.000611335
	0.339557781

	1422535_at
	Ccne2
	cyclin E2
	-1.16314257
	0.004718068
	0.761393978

	1449389_at
	Tal1
	T cell acute lymphocytic leukemia 1
	-1.148983136
	0.015884957
	0.965535639

	1423566_a_at
	Hsph1
	heat shock 105kDa/110kDa protein 1
	-1.13617753
	0.041420429
	0.999893045

	1431763_a_at
	Ctrl
	chymotrypsin-like
	-1.134307056
	0.372080973
	0.999893045

	1451349_at
	Efcab7
	EF-hand calcium binding domain 7
	-1.129623076
	0.000276296
	0.263702993

	1415905_at
	Reg1
	regenerating islet-derived 1
	-1.127413773
	0.458287953
	0.999893045

	1433743_at
	Dach1
	dachshund 1 (Drosophila)
	-1.123992055
	0.001941654
	0.593260058

	1422492_at
	Cpox
	coproporphyrinogen oxidase
	-1.122793651
	0.01053674
	0.900590394

	1418969_at
	Skp2
	S-phase kinase-associated protein 2 (p45)
	-1.120879099
	0.004327107
	0.744462426

	1435640_x_at
	A130040M12Rik
	RIKEN cDNA A130040M12 gene
	-1.107247695
	0.003956045
	0.734245161

	1439093_at
	Hspa4l
	heat shock protein 4 like
	-1.106375591
	0.000388484
	0.28803986

	1436827_at
	Garem
	GRB2 associated, regulator of MAPK1
	-1.101768225
	0.020714334
	0.999893045

	1428952_at
	Pdia2
	protein disulfide isomerase associated 2
	-1.10130003
	0.157929414
	0.999893045

	1451655_at
	Slfn8
	schlafen 8
	-1.101092017
	0.05644346
	0.999893045

	1456735_x_at
	Acpl2
	acid phosphatase-like 2
	-1.100884516
	2.64E-05
	0.132296908

	1448929_at
	F13a1
	coagulation factor XIII, A1 subunit
	-1.099990815
	4.02E-05
	0.146129039

	1455970_at
	Pde5a
	phosphodiesterase 5A, cGMP-specific
	-1.098284818
	0.001360715
	0.507187002

	1451257_at
	Acsl6
	acyl-CoA synthetase long-chain family member 6
	-1.096038292
	0.003878448
	0.731890695

	1436000_a_at
	Skp2
	S-phase kinase-associated protein 2 (p45)
	-1.088209087
	0.00057779
	0.339557781

	1415777_at
	Pnliprp1
	pancreatic lipase related protein 1
	-1.085415201
	0.500808763
	0.999893045

	1418287_a_at
	Dmbt1
	deleted in malignant brain tumors 1
	-1.078549235
	0.383680814
	0.999893045

	1429146_at
	Svip
	small VCP/p97-interacting protein
	-1.078041813
	0.000651873
	0.347192746

	1439018_at
	Fhdc1
	FH2 domain containing 1
	-1.077590185
	0.010696982
	0.900590394

	1449254_at
	Spp1
	secreted phosphoprotein 1
	-1.076935538
	0.023155785
	0.999893045

	1420572_at
	Ms4a3
	membrane-spanning 4-domains, subfamily A, member 3
	-1.068658169
	0.000159199
	0.217506386

	1448186_at
	Pnliprp2
	pancreatic lipase-related protein 2
	-1.067796896
	0.226885836
	0.999893045

	1437015_x_at
	Pla2g1b
	phospholipase A2, group IB, pancreas
	-1.067137387
	0.167120639
	0.999893045

	1417290_at
	Lrg1
	leucine-rich alpha-2-glycoprotein 1
	-1.06654677
	0.040321803
	0.999893045

	1422734_a_at
	Myb
	myeloblastosis oncogene
	-1.061140816
	0.029393147
	0.999893045

	1449345_at
	Ccdc34
	coiled-coil domain containing 34
	-1.060918939
	0.002817332
	0.676570713

	1434803_a_at
	Sycn
	syncollin
	-1.055886711
	0.388261638
	0.999893045

	1426936_at
	NA
	NA
	-1.05435318
	0.000125367
	0.20193423

	1443852_at
	NA
	NA
	-1.053939903
	0.000396761
	0.288618368

	1422814_at
	Aspm
	asp (abnormal spindle)-like, microcephaly associated (Drosophila)
	-1.049444645
	0.003249306
	0.698988692

	1459692_at
	AI661323
	expressed sequence AI661323
	-1.045890755
	0.03477919
	0.999893045

	1418282_x_at
	Serpina1b
	serine (or cysteine) preptidase inhibitor, clade A, member 1B
	-1.045406387
	0.54824271
	0.999893045

	1459835_s_at
	Dnaja1
	DnaJ (Hsp40) homolog, subfamily A, member 1
	-1.045366034
	0.051851735
	0.999893045

	1419810_x_at
	Arhgap9
	Rho GTPase activating protein 9
	-1.041484188
	0.005843909
	0.803851085

	1426817_at
	Mki67
	antigen identified by monoclonal antibody Ki 67
	-1.040361438
	0.030743178
	0.999893045

	1430979_a_at
	Prdx2
	peroxiredoxin 2
	-1.040127405
	0.019884362
	0.999893045

	1418989_at
	Ctse
	cathepsin E
	-1.035527138
	0.042810716
	0.999893045

	1422435_at
	2210010C04Rik
	RIKEN cDNA 2210010C04 gene
	-1.035443898
	0.552570542
	0.999893045

	1436998_at
	Sowaha
	sosondowah ankyrin repeat domain family member A
	-1.034300623
	0.03582429
	0.999893045

	1433459_x_at
	Prss2
	protease, serine, 2
	-1.034146718
	0.32982867
	0.999893045

	1421186_at
	Ccr2
	chemokine (C-C motif) receptor 2
	-1.03235732
	0.02424613
	0.999893045

	1433978_at
	4930430F08Rik
	RIKEN cDNA 4930430F08 gene
	-1.032128004
	0.000292716
	0.263702993

	1415883_a_at
	Cela3b
	chymotrypsin-like elastase family, member 3B
	-1.030559776
	0.546837733
	0.999893045

	1452001_at
	Nfe2
	nuclear factor, erythroid derived 2
	-1.030249383
	0.004834133
	0.768052214

	1434502_x_at
	Slc4a1
	solute carrier family 4 (anion exchanger), member 1
	-1.029369792
	0.00874064
	0.895436173

	1434150_a_at
	NA
	NA
	-1.024251602
	0.009815601
	0.900069261

	1439406_x_at
	Fars2
	phenylalanine-tRNA synthetase 2 (mitochondrial)
	-1.021591006
	0.000194989
	0.222315893

	1454622_at
	Slc38a5
	solute carrier family 38, member 5
	-1.019782266
	0.030916506
	0.999893045

	1434687_at
	NA
	NA
	-1.019185679
	0.000305382
	0.26382066

	1424009_at
	Reg3d
	regenerating islet-derived 3 delta
	-1.017397092
	0.164757573
	0.999893045

	1434452_x_at
	Eif2a
	eukaryotic translation initiation factor 2A
	-1.01537175
	8.38E-05
	0.171783741

	1460247_a_at
	Skp2
	S-phase kinase-associated protein 2 (p45)
	-1.010395739
	0.000587999
	0.339557781

	1434553_at
	Tmem56
	transmembrane protein 56
	-1.010216008
	0.173945383
	0.999893045

	1433543_at
	Anln
	anillin, actin binding protein
	-1.008628412
	0.007861745
	0.860613014

	1417337_at
	Epb4.2
	erythrocyte protein band 4.2
	-1.007877612
	0.048285438
	0.999893045

	1422682_s_at
	NA
	NA
	-1.004633542
	0.136976851
	0.999893045

	1425385_a_at
	Ighm
	immunoglobulin heavy constant mu
	1.964302656
	0.013694046
	0.938171198

	1435998_at
	Ccnb1ip1
	cyclin B1 interacting protein 1
	1.889201412
	0.003474855
	0.701631141

	1450297_at
	Il6
	interleukin 6
	1.701224576
	0.00285265
	0.676570713

	1425947_at
	Ifng
	interferon gamma
	1.543534962
	0.000491662
	0.323204063

	1416332_at
	Cirbp
	cold inducible RNA binding protein
	1.519084217
	0.002290852
	0.622407982

	1427624_s_at
	NA
	NA
	1.449771432
	0.000211959
	0.222315893

	1420691_at
	Il2ra
	interleukin 2 receptor, alpha chain
	1.439146673
	3.24E-05
	0.145952977

	1421056_at
	Dnase1l3
	deoxyribonuclease 1-like 3
	1.412205857
	0.000250061
	0.250622415

	1418317_at
	Lhx2
	LIM homeobox protein 2
	1.397533311
	8.78E-07
	0.039600473

	1435462_at
	Plcxd2
	phosphatidylinositol-specific phospholipase C, X domain containing 2
	1.395597181
	0.011926838
	0.920006324

	1419762_at
	Ubd
	ubiquitin D
	1.339609433
	0.000759978
	0.380875116

	1420692_at
	Il2ra
	interleukin 2 receptor, alpha chain
	1.279245113
	0.000139851
	0.210248011

	1455164_at
	Arhgap31
	Rho GTPase activating protein 31
	1.2643667
	0.004892827
	0.768052214

	1421228_at
	Ccl7
	chemokine (C-C motif) ligand 7
	1.24007085
	4.81E-06
	0.072298729

	1432826_a_at
	Cd80
	CD80 antigen
	1.215163104
	0.000895169
	0.420552164

	1419697_at
	Cxcl11
	chemokine (C-X-C motif) ligand 11
	1.190996549
	0.006532044
	0.821401136

	1440342_at
	NA
	NA
	1.187641671
	0.00589953
	0.803851085

	1445534_at
	NA
	NA
	1.161852594
	7.84E-05
	0.168352356

	1420380_at
	Ccl2
	chemokine (C-C motif) ligand 2
	1.141315457
	0.005268632
	0.786823027

	1421672_at
	Il17a
	interleukin 17A
	1.110943697
	2.86E-06
	0.064543184

	1426750_at
	Flnb
	filamin, beta
	1.084713749
	0.000760044
	0.380875116

	1433169_at
	5830456J23Rik
	RIKEN cDNA 5830456J23 gene
	1.081517883
	0.000515285
	0.330953375

	1423696_a_at
	Psmd6
	proteasome (prosome, macropain) 26S subunit, non-ATPase, 6
	1.075215733
	0.065571658
	0.999893045

	1453472_a_at
	Slamf7
	SLAM family member 7
	1.063401608
	0.002260382
	0.622407982

	1422860_at
	Nts
	neurotensin
	1.056430321
	0.000382086
	0.28803986

	1418175_at
	Vdr
	vitamin D receptor
	1.049157236
	1.91E-05
	0.122891301

	1419668_at
	Sgcb
	sarcoglycan, beta (dystrophin-associated glycoprotein)
	1.042832499
	0.027523551
	0.999893045

	1449169_at
	Has2
	hyaluronan synthase 2
	1.041828286
	0.000315876
	0.26382066

	1438796_at
	Nr4a3
	nuclear receptor subfamily 4, group A, member 3
	1.040751974
	1.14E-05
	0.102960698

	1418652_at
	Cxcl9
	chemokine (C-X-C motif) ligand 9
	1.033294214
	0.324390846
	0.999893045

	1425569_a_at
	Slamf1
	signaling lymphocytic activation molecule family member 1
	1.01186652
	7.30E-05
	0.164508305

	1449591_at
	Casp4
	caspase 4, apoptosis-related cysteine peptidase
	1.011742324
	0.003464522
	0.701631141


Appendix 4.4 Genes with differential expression in the blood of TILRR knock-out mice 3 hours post-LPS injection.


























TILRR           MLKAALPLFTRFIISNGLRTEHGVFEITLETVDRALPVVTRNKGLRLAQGAVGLLSPDLL 60
MCF10A 		 MLKAALPLFTRFIISNGLRTEHGVFEITLETVDRALPVVTRNKGLRLAQGAVGLLSPDLL
MCF10AT         MLKAALPLFTRFIISNGLRTEHGVFEITLETVDRALPVVTRNKGLRLAQGAVGLLSPDLL 
MCFDCIS         MLKAALPLFTRFIISNGLRTEHGVFEITLETVDRALPVVTRNKGLRLAQGAVGLLSPDLL
MCF7            MLKAALPLFTRFIISNGLRTEHGVFEITLETVDRALPVVTRNKGLRLAQGAVGLLSPDLL
MDA-MB-231      MLKAALPLFTRFIISNGLRTEHGVFEITLETVDRALPVVTRNKGLRLAQGAVGLLSPDLL 
MDA-MB-436      MLKAALPLFTRFIISNGLRTEHGVFEITLETVDRALPVVTRNKGLRLAQGAVGLLSPDLL


TILRR           QLTDPDTPAENLTFLLVQLPQHGQLYLWGTGLLQHNFTQQDVDSKNVAYRHSGGDSQTDC 120
MCF10A          QLTDPDTPAENLTFLLVQLPQHGQLYLWGTGLLQHNFTQQDVDSKNVAYRHSGGDSQTDC 
MCF10AT         QLTDPDTPAENLTFLLVQLPQHGQLYLWGTGLLQHNFTQQDVDSKNVAYRHSGGDSQTDC 
MCFDCIS         QLTDPDTPAENLTFLLVQLPQHGQLYLWGTGLLQHNFTQQDVDSKNVAYRHSGGDSQTDC 
MCF7            QLTDPDTPAENLTFLLVQLPQHGQLYLWGTGLLQHNFTQQDVDSKNVAYRHSGGDSQTDC 
MDA-MB-231      QLTDPDTPAENLTFLLVQLPQHGQLYLWGTGLLQHNFTQQDVDSKNVAYRHSGGDSQTDC 
MDA-MB-436      QLTDPDTPAENLTFLLVQLPQHGQLYLWGTGLLQHNFTQQDVDSKNVAYRHSGGDSQTDC 
 

TILRR           FTFMATDGTNQGFIVNGRVWEEPVLFTIQVDQLDKTAPRITLLHSPSQVGLLKNGCYGIY 180
MCF10A          FTFMATDGTNQGFIVNGRVWEEPVLFTIQVDQLDKTAPRITLLHSPSQVGLLKNGCYGIY 
MCF10AT         FTFMATDGTNQGFIVNGRVWEEPVLFTIQVDQLDKTAPRITLLHSPSQVGLLKNGCYGIY                
MCFDCIS         FTFMATDGTNQGFIVNGRVWEEPVLFTIQVDQLDKTAPRITLLHSPSQVGLLKNGCYGIY 
MCF7            FTFMATDGTNQGFIVNGRVWEEPVLFTIQVDQLDKTAPRITLLHSPSQVGLLKNGCYGIY 
MDA-MB-231      FTFMATDGTNQGFIVNGRVWEEPVLFTIQVDQLDKTAPRITLLHSPSQVGLLKNGCYGIY 
MDA-MB-436      FTFMATDGTNQGFIVNGRVWEEPVLFTIQVDQLDKTAPRITLLHSPSQVGLLKNGCYGIY 


TILRR           ITSRVLKASDPDTEDDQIIFKILQGPKHGHLENTTTGEFIHEKFSQKDLNSKTILYIINP 240
MCF10A          ITSRVLKASDPDTEDDQIIFKILQGPKHGHLENTTTGEFIHEKFSQKDLNSKTILYIINP 
MCF10AT         ITSRVLKASDPDTEDDQIIFKILQGPKHGHLENTTTGEFIHEKFSQKDLNSKTILYIINP 
MCFDCIS         ITSRVLKASDPDTEDDQIIFKILQGPKHGHLENTTTGEFIHEKFSQKDLNSKTILYIINP 
MCF7 		 ITSRVLKASDPDTEDDQIIFKILQGPKHGHLENTTTGEFIHEKFSQKDLNSKTILYIINP 
MDA-MB-231      ITSRVLKASDPDTEDDQIIFKILQGPKHGHLENTTTGEFIHEKFSQKDLNSKTILYIINP 
MDA-MB-436      ITSRVLKASDPDTEDDQIIFKILQGPKHGHLENTTTGEFIHEKFSQKDLNSKTILYIINP 
                                                                       

TILRR           SLEVNSDTVEFQIMDPTGNSATPQNLELKWSHIEWSQTEYEVCENVGLLPLEIIRRGYSMD 300
MCF10A          SLEVNSDTVEFQIMDPTGNSATPQNLELKWSHIEWSQTEYEVCENVGLLPLEIIRRGYSMD 
MCF10AT         SLEVNSDTVEFQIMDPTGNSATPQNLELKWSHIEWSQTEYEVCENVGLLPLEIIRRGYSMD 
MCF7            SLEVNSDTVEFQIMDPTGNSATPQNLELKWSHIEWSQTEYEVCENVGLLPLEIIRRGYSMD 
MCFDCIS         SLEVNSDTVEFQIMDPTGNSATPQNLELKWSHIEWSQTEYEVCENVGLLPLEIIRRGYSMD 
MDA-MB-231      SLEVNSDTVEFQIMDPTGNSATPQNLELKWSHIEWSQTEYEVCENVGLLPLEIIRRGYSMD 
MDA-MB-436      SLEVNSDTVEFQIMDPTGNSATPQNLELKWSHIEWSQTEYEVCENVGLLPLEIIRRGYSMD 
 

TILRR           SAFVGIKVNQVSAAVGKDFTVIPSKLIQFDPGMSTKMWNIAITYDGLEEDDEVFEVILN 360
MCF10A          SAFVGIKVNQVSAAVGKDFTVIPSKLIQFDPGMSTKMWNIAITYDGLEEDDEVFEVILN 
MCF10AT         SAFVGIKVNQVSAAVGKDFTVIPSKLIQFDPGMSTKMWNIAITYDGLEEDDEVFEVILN
MCFDCIS         SAFVGIKVNQVSAAVGKDFTVIPSKLIQFDPGMSTKMWNIAITYDGLEEDDEVFEVILN 
MCF7            SAFVGIKVNQVSAAVGKDFTVIPSKLIQFDPGMSTKMWNIAITYDGLEEDDEVFEVILN 
MDA-MB-231      SAFVGIKVNQVSAAVGKDFTVIPSKLIQFDPGMSTKMWNIAITYDGLEEDDEVFEVILN 
MDA-MB-436      SAFVGIKVNQVSAAVGKDFTVIPSKLIQFDPGMSTKMWNIAITYDGLEEDDEVFEVILN
 

TILRR           SPVNAVLGTKTKAAVKILDSKGGQCHPSYSSNQSKHSTWEKGIWHLLPPGSSSSTTSGSF 420
MCF10A          SPVNAVLGTKTKAAVKILDSKGGQCHPSYSSNQSKHSTWEKGIWHLLPPGSSSSTTSGSF 
MCF10AT         SPVNAVLGTKTKAAVKILDSKGGQCHPSYSSNQSKHSTWEKGIWHLLPPGSSSSTTSGSF 
MCFDCIS         SPVNAVLGTKTKAAVKILDSKGGQCHPSYSSNQSKHSTWEKGIWHLLPPGSSSSTTSGSF 
MCF7            SPVNAVLGTKTKAAVKILDSKGGQCHPSYSSNQSKHSTWEKGIWHLLPPGSSSSTTSGSF 
MDA-MB-231      SPVNAVLGTKTKAAVKILDSKGGQCHPSYSSNQSKHSTWEKGIWHLLPPGSSSSTTSGSF 
MDA-MB-436      SPVNAVLGTKTKAAVKILDSKGGQCHPSYSSNQSKHSTWEKGIWHLLPPGSSSSTTSGSF
                                

TILRR           HLERRPLPSSMQLAVIRGDTLRGFDSTDLSQRKLRTRGNGKTVRPSSVYRNGTDIIYNYH 480
MCF10A          HLERRPLPSSMQLAVIRGDTLRGFDSTDLSQRKLRTRGNGKTVRPSSVYRNGTDIIYNYH
MCF10AT         HLERRPLPSSMQLAVIRGDTLRGFDSTDLSQRKLRTRGNGKTVRPSSVYRNGTDIIYNYH
MCFDCIS         HLERRPLPSSMQLAVIRGDTLRGFDSTDLSQRKLRTRGNGKTVRPSSVYRNGTDIIYNYH
MCF7            HLERRPLPSSMQLAVIRGDTLRGFDSTDLSQRKLRTRGNGKTVRPSSVYRNGTDIIYNYH
MDA-MB-231      HLERRPLPSSMQLAVIRGDTLRGFDSTDLSQRKLRTRGNGKTVRPSSVYRNGTDIIYNYH
MDA-MB-436      HLERRPLPSSMQLAVIRGDTLRGFDSTDLSQRKLRTRGNGKTVRPSSVYRNGTDIIYNYH


TILRR           GIVSLKLEDDSFPTHKRKAKVSIISQPQKTIKVAELPQADKVESTTDSHFPRQDQLPSFP 540
MCF10A          GIVSLKLEDDSFPTHKRKAKVSIISQPQKTIKVAELPQADKVESTTDSHFPRQDQLPSFP 
MCF10AT         GIVSLKLEDDSFPTHKRKAKVSIISQPQKTIKVAELPQADKVESTTDSHFPRQDQLPSFP 
MCFDCIS         GIVSLKLEDDSFPTHKRKAKVSIISQPQKTIKVAELPQADKVESTTDSHFPRQDQLPSFP 
MCF7            GIVSLKLEDDSFPTHKRKAKVSIISQPQKTIKVAELPQADKVESTTDSHFPRQDQLPSFP 
MDA-MB-231      GIVSLKLEDDSFPTHKRKAKVSIISQPQKTIKVAELPQADKVESTTDSHFPRQDQLPSFP 
MDA-MB-436      GIVSLKLEDDSFPTHKRKAKVSIISQPQKTIKVAELPQADKVESTTDSHFPRQDQLPSFP 
                   

[bookmark: OLE_LINK4]TILRR           KNCTLELKGLFHFEEGIQKLYQCNGIAWKAWSPQTKDVEDKSCPAGWHQHSGYCHILITE 600
MCF10A          KNCTLELKGLFHFEEGIQKLYQCNGIAWKAWSPQTKDVEDKSCPAGWHQHSGYCHILITE 
MCF10AT         KNCTLELKGLFHFEEGIQKLYQCNGIAWKAWSPQTKDVEDKSCPAGWHQHSGYCHILITE 
MCFDCIS         KNCTLELKGLFHFEEGIQKLYQCNGIAWKAWSPQTKDVEDKSCPAGWHQHSGYCHILITE 
MCF7end         KNCTLELKGLFHFEEGIQKLYQCNGIAWKAWSPQTKDVEDKSCPAGWHQHSGYCHILITE
MDA-MB-231      KNCTLELKGLFHFEEGIQKLYQCNGIAWKAWSPQTKDVEDKSCPAGWHQHSGYCHILITE 
MDA-MB-436      KNCTLELKGLFHFEEGIQKLYQCNGIAWKAWSPQTKDVEDKSCPPGWHQHSGYCHILITE 


TILRR           QKGTWNAAAQACREQYLGNLVTVFSRQHMRWLWDIGGRKSFWIGLNDQVHAGHWEWIGGE 660
MCF10A          QKGTWNAAAQACREQYLGNLVTVFSRQHMRWLWDIGGRKSFWIGLNDQVHAGHWEWIGGE
MCF10AT         QKGTWNAAAQACREQYLGNLVTVFSRQHMRWLWDIGGRKSFWIGLNDQVHAGHWEWIGGE
MCFDCIS         QKGTWNAAAQACREQYLGNLVTVFSRQHMRWLWDIGGRKSFWIGLNDQVHAGHWEWIGGE
MCF7            QKGTWNAAAQACREQYLGNLVTVFSRQHMRWLWDIGGRKSFWIGLNDQVHAGHWEWIGGE 
MDA-MB-231      QKGTWNAAAQACREQYLGNLVTVFSRQHMRWLWDIGGRKSFWIGLNDQVHAGHWEWIGGE 
MDA-MB-436      QKGTWNAAAQACREQYLGNLVTVFSRQHMRWLWDIGGRKSFWIGLNDQVHAGHWEWIGGE 


TILRR           PVAFTNGRRGPSPRSKLGKSCVLVQRQGKWQTKDCRRAKPHNYGCSRKL 709
MCF10A 		 PVAFTNGRRGPSPRSKLGKSCVLVQRQGKWQTKDCRRAKPHNYGCSRKL
MCF10AT 	 PVAFTNGRRGPSPRSKLGKSCVLVQRQGKWQTKDCRRAKPHNYGCSRKL
MCFDCIS         PVAFTNGRRGPSPRSKLGKSCVLVQRQGKWQTKDCRRAKPHNYGCSRKL
MCF7            PVAFTNGRRGPSPRSKLGKSCVLVQRQGKWQTKDCRRAKPHNYGCSRKL 
MDA-MB-231      PVAFTNGRRGPSPRSKLGKSCVLVQRQGKWQTKDCRRAKPHNYGCSRKL 
MDA-MB-436      PVAFTNGRRGPSPRSKLGKSCVLVQRQGKWQTKDCRRAKPHNYGCSRKL 
Appendix 5.1 Alignment of TILRR sequence in breast cancer cell line
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3.A. pGL3-Basic Vector



The pGL3-Basic Vector lacks eukaryotic promoter and enhancer sequences, allowing maximum fl exibility in cloning 
putative regulatory sequences. Expression of luciferase activity in cells transfected with this plasmid depends on 
insertion and proper orientation of a functional promoter upstream from luc+. Potential enhancer elements can also be 
inserted upstream of the promoter or in the BamHI or SalI sites downstream of the luc+ gene.
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Figure 1. pGL3-Basic Vector circle map. Additional description: luc+, cDNA encoding the modifi ed fi refl y 
luciferase; Ampr, gene conferring ampicillin resistance in E. coli; f1 ori, origin of replication derived from fi lamentous 
phage; ori, origin of replication in E. coli. Arrows within luc+ and the Ampr gene indicate the direction of transcription; 
the arrow in the f1 ori indicates the direction of ssDNA strand synthesis.



pGL3-Basic Vector Sequence Reference Points:



Promoter (none)



Enhancer (none)



Multiple cloning region 1–58



Luciferase gene (luc+) 88–1740



GLprimer2 binding site 89–111



SV40 late poly(A) signal 1772–1993



RVprimer4 binding site 2080–2061



ColE1-derived plasmid replication origin 2318



β-lactamase gene (Ampr) 3080–3940



f1 origin 4072–4527



upstream poly(A) signal 4658–4811



RVprimer3 binding site 4760–4779
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SANTA CRUZ BIOTECHNOLOGY, INC.



IL-1RI (C-20): sc-687



Santa Cruz Biotechnology, Inc. 1.800.457.3801 831.457.3800 fax 831.457.3801 Europe +00800 4573 8000 49 6221 4503 0 www.scbt.com



BACKGROUND
Three structurally related ligands for IL-1Rs have been described. These in-
clude two agonists, IL-1α and IL-1β, and a specific receptor antagonist,
IL-1Rα. Among the activities regulated by IL-1 are fever, acute phase respons-
es, degradation of connective tissue and immunostimulatory activities. The
IL-1Rα molecule also binds specifically to IL-1Rs, but fails to initiate intra-
cellular responses. Two distinct IL-1Rs have been identified, each of which
belongs to the Ig superfamily and is widely expressed in a broad range of cells
and tissues. Although many cell types co-express type I and type II receptors,
there is no evidence that these constitute subunits of a single complex. The
type II receptor has a short 29 amino acid cytoplasmic domain that does not
seem sufficient for signaling, while in fact there is considerable evidence
arguing that IL-1 signals exclusively through the type I IL-1R.



REFERENCES
1. Sims, J.E., et al. 1989. Cloning of the interleukin-1 receptor from human



T cells. Proc. Natl. Acad. Sci. USA 86: 8946-8950.



2. McMahan, C.J., et al. 1991. A novel IL-1 receptor, cloned from B cells by
mammalian expression, is expressed in many cell types. EMBO J. 10:
2821-2832.



CHROMOSOMAL LOCATION
Genetic locus: IL1R1 (human) mapping to 2q12.1.



SOURCE
IL-1RI (C-20) is an affinity purified rabbit polyclonal antibody raised against
a peptide mapping at the C-terminus of IL-1RI of human origin.



PRODUCT
Each vial contains 200 µg IgG in 1.0 ml of PBS with < 0.1% sodium azide and
0.1% gelatin.



Blocking peptide available for competition studies, sc-687 P, (100 µg peptide
in 0.5 ml PBS containing < 0.1% sodium azide and 0.2% BSA).



RESEARCH USE
For research use only, not for use in diagnostic procedures.



APPLICATIONS
IL-1RI (C-20) is recommended for detection of IL-1RI of human origin by
Western Blotting (starting dilution 1:200, dilution range 1:100-1:1000),
immunoprecipitation [1-2 µg per 100-500 µg of total protein (1 ml of cell
lysate)], immunofluorescence (starting dilution 1:50, dilution range 1:50-1:500)
and solid phase ELISA (starting dilution 1:30, dilution range 1:30-1:3000).



Suitable for use as control antibody for IL-1RI siRNA (h): sc-35651, IL-1RI
shRNA Plasmid (h): sc-35651-SH and IL-1RI shRNA (h) Lentiviral Particles:
sc-35651-V.



Molecular Weight of IL-1RI: 80 kDa.



Positive Controls: CCRF-CEM cell lysate: sc-2225 or Hep G2 cell lysate:
sc-2227.



RECOMMENDED SECONDARY REAGENTS
To ensure optimal results, the following support (secondary) reagents are
recommended: 1) Western Blotting: use goat anti-rabbit IgG-HRP: sc-2004
(dilution range: 1:2000-1:100,000) or Cruz Marker™ compatible goat anti-
rabbit IgG-HRP: sc-2030 (dilution range: 1:2000-1:5000), Cruz Marker™
Molecular Weight Standards: sc-2035, TBS Blotto A Blocking Reagent:
sc-2333 and Western Blotting Luminol Reagent: sc-2048. 2) Immunoprecip-
itation: use Protein A/G PLUS-Agarose: sc-2003 (0.5 ml agarose/2.0 ml).
3) Immunofluorescence: use goat anti-rabbit IgG-FITC: sc-2012 (dilution
range: 1:100-1:400) or goat anti-rabbit IgG-TR: sc-2780 (dilution range:
1:100-1:400) with UltraCruz™ Mounting Medium: sc-24941.



DATA



SELECT PRODUCT CITATIONS
1. Marmiroli, S., et al. 1998. Phosphatidylinositol 3-kinase is recruited to a



specific site in the activated IL-1 receptor I. FEBS Lett. 438: 49-54.



2. Sawai, H., et al. 2003. Expression and prognostic roles of integrins and
interleukin-1 receptor type I in patients with ductal adenocarcinoma of the
pancreas. Dig. Dis. Sci. 48: 1241-1250.



3. Bornstein, S.R., et al. 2004. Impaired adrenal stress response in Toll-like
receptor 2-deficient mice. Proc. Natl. Acad. Sci. USA 47: 16695-16700.



4. Sawai, H., et al. 2004. Immunohistochemical analysis of molecular biologi-
cal factors in intraductal papillary-mucinous tumors and mucinous cystic
tumors of the pancreas. Scand. J. Gastroenterol. 39: 1159-1165.



5. Trebec-Reynolds, D.P., et al. 2010. IL-1α and IL-1β have different
effects on formation and activity of large osteoclasts. J. Cell. Biochem.
109: 975-982.



STORAGE
Store at 4° C, **DO NOT FREEZE**. Stable for one year from the date of
shipment. Non-hazardous. No MSDS required.



IL-1RI (C-20): sc-687. Western blot analysis of IL-1RI
expression in Hep G2 whole cell lysate.



132 K –



90 K –



55 K –



< IL-1RI



Try IL-1RI (H-8): sc-393998 or IL-1RI (102): sc-66054,
our highly recommended monoclonal alternatives to
IL-1RI (C-20). Also, for AC, HRP, FITC, PE, Alexa Fluor®
488 and Alexa Fluor® 647 conjugates, see IL-1RI (H-8):
sc-393998.
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06-195 | Anti-PI3 Kinase Antibody, p85



Detect PI3 Kinase using this Anti-PI3 Kinase
Antibody, p85 validated for use in IP & WB.



Bulk Size or Custom Request



06-195
125 µL  
Retrieving price...
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Special Offers



100% Performance Guaranteed



Key Spec Table



Species
Reactivity



Key Applications Host Format Antibody Type



H, M, Mk, R IP, WB Rb Serum Polyclonal Antibody



Description



Catalogue Number 06-195



Brand Family Upstate



Trade Name Upstate



Description Anti-PI3 Kinase Antibody, p85



Background
Information



PI3 Kinase (Phosphatidylinositol 3-Kinase) is responsible for phosphorylation of the 3 position
of the inositol ring of PI(4,5)P2, to generate PI(3,4,5)P3, a potent second messenger required
for survival signaling, and insulin action. PI3 Kinase is a heterodimeric complex composed of
an 85 kDa regulatory subunit and a 110 kDa catalytic subunit. Tyrosine phosphorylation of
growth factor receptors creates docking sites for binding of p85 (through its SH2 domains) on
the receptors; p85 brings with it p110, which is then proximal to its phospho-lipid substrate on
the membrane. PI3 Kinase is also activated by Ras, and by the β,γ subunits of heterotrimeric
G-proteins. PI3 Kinase is inhibitable by wortmannin, a useful tool for the study of the PI3
Kinase signaling pathway.
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Detect PI3 Kinase using this Anti-PI3 Kinase

Antibody, p85 validated for use in IP & WB.

Bulk Size or Custom Request

06-195

125 µL  

Retrieving price...

Special Offers

Prices are subject to change without notice

Overview Supporting Documentation Related Products & Applications

Overview

Description

Product Information

Applications

Biological Information

Product Usage Statements

Storage and Shipping Information

Packaging Information

Special Offers

Key Spec Table

Special Offers

100% Performance Guaranteed

Key Spec Table

Species

Reactivity

Key Applications Host Format Antibody Type

H, M, Mk, R IP, WB Rb Serum Polyclonal Antibody

Description

Catalogue Number 06-195

Brand Family Upstate

Trade Name Upstate

Description Anti-PI3 Kinase Antibody, p85

Background

Information

PI3 Kinase (Phosphatidylinositol 3-Kinase) is responsible for phosphorylation of the 3 position

of the inositol ring of PI(4,5)P2, to generate PI(3,4,5)P3, a potent second messenger required

for survival signaling, and insulin action. PI3 Kinase is a heterodimeric complex composed of

an 85 kDa regulatory subunit and a 110 kDa catalytic subunit. Tyrosine phosphorylation of

growth factor receptors creates docking sites for binding of p85 (through its SH2 domains) on

the receptors; p85 brings with it p110, which is then proximal to its phospho-lipid substrate on

the membrane. PI3 Kinase is also activated by Ras, and by the β,γ subunits of heterotrimeric

G-proteins. PI3 Kinase is inhibitable by wortmannin, a useful tool for the study of the PI3

Kinase signaling pathway.

Product Information

Format Serum

Login Register

0

Cart

06-195 | Anti-PI3 Kinase Antibody, p85 http://www.merckmillipore.com/IE/en/product/Anti-PI3-Kinase-A...

1 of 3 02/07/2016, 12:51


image54.emf



Product Information



Control Positive Control Included: Jurkat cell lysate (12-303)



Presentation Immunoaffinity Purified immunoglobulin in 0.2M Tris, 150mM NaCl, 45mM glycine, 0.05%
sodium azide and 5mg/ml BSA before the addition of glycerol to 30%



Applications



Application Detect PI3 Kinase using this Anti-PI3 Kinase Antibody, p85 validated for use in IP & WB.



Key Applications Immunoprecipitation
Western Blotting



Biological Information



Immunogen Glutathione-S-Transferase fusion proteins containing 1) the N-terminal SH2 domain of rat PI3
kinase and 2) the full length 85kDa subunit of rat PI3 kinase



Concentration Please refer to the Certificate of Analysis for the lot-specific concentration.



Host Rabbit



Specificity Recognizes p85 subunit of PI3 kinase.



Isotype IgG



Species Reactivity Human
Mouse
Monkey
Rat



Antibody Type Polyclonal Antibody



Gene Symbol PIK3R1
GRB1
PI3K
p85-ALPHA



Purification Method Unpurified



UniProt Number Q63787



Molecular Weight 85 kDa



Product Usage Statements



Quality Assurance routinely evaluated by immunoblot on human Jurkat T cells, lysates from mouse NIH 3T3
fibroblasts, rat L6 myoblasts or EGF-stimulated human A431 cells



Usage Statement Unless otherwise stated in our catalog or other company documentation accompanying the
product(s), our products are intended for research use only and are not to be used for any
other purpose, which includes but is not limited to, unauthorized commercial uses, in vitro
diagnostic uses, ex vivo or in vivo therapeutic uses or any type of consumption or application
to humans or animals.



Storage and Shipping Information



Storage Conditions Maintain for 2 years at -20°C from date of shipment. Aliquot to avoid repeated freezing and
thawing. For maximum recovery of product, centrifuge the original vial after thawing and prior
to removing the cap.



Packaging Information



Material Size 125 µL
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Product Information

Control Positive Control Included: Jurkat cell lysate (12-303)

Presentation Immunoaffinity Purified immunoglobulin in 0.2M Tris, 150mM NaCl, 45mM glycine, 0.05%

sodium azide and 5mg/ml BSA before the addition of glycerol to 30%

Applications

Application Detect PI3 Kinase using this Anti-PI3 Kinase Antibody, p85 validated for use in IP & WB.

Key Applications Immunoprecipitation

Western Blotting

Biological Information

Immunogen Glutathione-S-Transferase fusion proteins containing 1) the N-terminal SH2 domain of rat PI3

kinase and 2) the full length 85kDa subunit of rat PI3 kinase

Concentration Please refer to the Certificate of Analysis for the lot-specific concentration.

Host Rabbit

Specificity Recognizes p85 subunit of PI3 kinase.

Isotype IgG

Species Reactivity Human

Mouse

Monkey

Rat

Antibody Type Polyclonal Antibody

Gene Symbol PIK3R1

GRB1

PI3K

p85-ALPHA

Purification Method Unpurified

UniProt Number Q63787

Molecular Weight 85 kDa

Product Usage Statements

Quality Assurance routinely evaluated by immunoblot on human Jurkat T cells, lysates from mouse NIH 3T3

fibroblasts, rat L6 myoblasts or EGF-stimulated human A431 cells

Usage Statement Unless otherwise stated in our catalog or other company documentation accompanying the

product(s), our products are intended for research use only and are not to be used for any

other purpose, which includes but is not limited to, unauthorized commercial uses, in vitro

diagnostic uses, ex vivo or in vivo therapeutic uses or any type of consumption or application

to humans or animals.

Storage and Shipping Information

Storage Conditions Maintain for 2 years at -20°C from date of shipment. Aliquot to avoid repeated freezing and

thawing. For maximum recovery of product, centrifuge the original vial after thawing and prior

to removing the cap.

Packaging Information

Material Size 125 µL
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SANTA CRUZ BIOTECHNOLOGY, INC.



IκB-α (C-15): sc-203



Santa Cruz Biotechnology, Inc. 1.800.457.3801 831.457.3800 fax 831.457.3801 Europe +00800 4573 8000 49 6221 4503 0 www.scbt.com



BACKGROUND
On the basis of both functional and structural considerations, members of
the IκB family of proteins can be divided into four groups. The first of these
groups, IκB-α, includes the avian protein pp40 and the mammalian MAD-3,
both of which inhibit binding of p50-p65 NFκB complex or Rel protein to their
cognate binding sites but do not inhibit the binding of p50 homodimer to κB
sites, suggesting that the IκB-α family binds to the p65 subunit of p50-p65
heterocomplex through ankyrin repeats. The second member of the IκB family
is represented by a protein designated IκB-β. The third group of IκB proteins
is represented by IκB-γ, a protein identical in sequence with the C-terminal
domain of the p110 precursor of NFκB p50 and expressed predominantly in
lymphoid cells. An additional IκB family member has been identified as
IκB-ε, a protein which has several phosphorylated forms and is primarily
found complexed with Rel A and/or c-Rel.



CHROMOSOMAL LOCATION
Genetic locus: NFKBIA (human) mapping to 14q13.2; Nfkbia (mouse) mapping
to 12 C1.



SOURCE
IκB-α (C-15) is available as either rabbit (sc-203) or goat (sc-203-G) polyclonal
affinity purified antibody raised against a peptide mapping within the
N-terminus of IκB-α of human origin.



PRODUCT
Each vial contains 200 µg IgG in 1.0 ml of PBS with < 0.1% sodium azide
and 0.1% gelatin.



Blocking peptide available for competition studies, sc-203 P, (100 µg peptide
in 0.5 ml PBS containing < 0.1% sodium azide and 0.2% BSA).



Available as agarose conjugate for immunoprecipitation, sc-203 AC,
500 µg/0.25 ml agarose in 1 ml.



APPLICATIONS
IκB-α (C-15) is recommended for detection of IκB-α of human and, to a
lesser extent, mouse and rat origin by Western Blotting (starting dilution
1:200, dilution range 1:100-1:1000), immunoprecipitation [1-2 µg per 100-
500 µg of total protein (1 ml of cell lysate)], immunofluorescence (starting
dilution 1:50, dilution range 1:50-1:500) and solid phase ELISA (starting
dilution 1:30, dilution range 1:30-1:3000).



Suitable for use as control antibody for IκB-α siRNA (h): sc-29360, IκB-α
siRNA (m): sc-29361, IκB-α shRNA Plasmid (h): sc-29360-SH, IκB-α shRNA
Plasmid (m): sc-29361-SH, IκB-α shRNA (h) Lentiviral Particles: sc-29360-V
and IκB-α shRNA (m) Lentiviral Particles: sc-29361-V.



Molecular Weight of IκB-α: 35-41 kDa.



STORAGE
Store at 4° C, **DO NOT FREEZE**. Stable for one year from the date of
shipment. Non-hazardous. No MSDS required.



RESEARCH USE
For research use only, not for use in diagnostic procedures.



DATA



SELECT PRODUCT CITATIONS
1. Miyamoto, S., et al. 1994. Tumor necrosis factor α-induced phosphoryl-



ation of IκB-α is a signal for its degradation but not dissociation from
NFκB. Proc. Natl. Acad. Sci. USA 91: 12740-12744.



2. Meyer-Bahlburg, A., et al. 2009. Reduced c-myc expression levels limit
follicular mature B cell cycling in response to TLR signals. J. Immunol.
182: 4065-4075.



3. Tang, S., et al. 2010. Cryptotanshinone suppressed inflammatory cytokines
secretion in RAW264.7 macrophages through inhibition of the NFκB and
MAPK signaling pathways. Inflammation 34: 111-118.



4. Dai, Y., et al. 2010. Natural proteasome inhibitor celastrol suppresses
androgen-independent prostate cancer progression by modulating
apoptotic proteins and NFκB. PLoS ONE 5: e14153.



5. Kuliková, L., et al. 2010. NFκB is not directly responsible for photoresis-
tance induced by fractionated light delivery in HT-29 colon adenocarcinoma
cells. Photochem. Photobiol. 86: 1285-1293.



6. Amodio, G., et al. 2011. Proteomic signatures in thapsigargin-treated
hepatoma cells. Chem. Res. Toxicol. 24: 1215-1222.



7. Barroso, E., et al. 2011. The peroxisome proliferator-activated receptor
β/δ (PPARβ/δ) agonist GW501516 prevents TNF-α-induced NFκB activa
tion in human HaCaT cells by reducing p65 acetylation through AMPK
and SIRT1. Biochem. Pharmacol. 81: 534-543.



8. Blich, M., et al. 2013. Macrophage activation by heparanase is mediated
by TLR-2 and TLR-4 and associates with plaque progression. Arterioscler.
Thromb. Vasc. Biol. 33: e56-e65.



IκB-α (C-15)-G: sc-203-G. Western blot analysis of
IκB-α expression in HeLa (A), Jurkat (B) and A-431 (C)
whole cell lysates.



A B C



< IκB-α



132 K -
90 K -



55 K -
43 K -



34 K -



23 K -



Immunofluorescence staining of methanol-fixed A-431
cells showing cytoplasmic staining (A,B). Antibodies
tested include IκB-α (C-15)-G: sc-203 (A) and IκB-α
(C-15)-G: sc-203-G (B).



BA



Try IκκB-αα (H-4): sc-1643 or IκκB-αα (B-3): sc-373893,
our highly recommended monoclonal alternatives to
IκB-α (C-15). Also, for AC, HRP, FITC, PE, Alexa Fluor®



488 and Alexa Fluor® 647 conjugates, see IκκB-αα (H-4):
sc-1643.
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Applications: W—Western  IP—Immunoprecipitation  IHC—Immunohistochemistry  ChIP—Chromatin Immunoprecipitation  IF—Immunofluorescence  F—Flow cytometry  E-P—ELISA-Peptide    Species Cross-Reactivity: H—human  M—mouse  R—rat  Hm—hamster   
Mk—monkey  Mi—mink  C—chicken  Dm—D. melanogaster  X—Xenopus  Z—zebrafish  B—bovine  Dg—dog  Pg—pig  Sc—S. cerevisiae  Ce—C. elegans  Hr—Horse  All—all species expected  Species enclosed in parentheses are predicted to react based on 100% homology.



For Research Use Only. Not For Use In Diagnostic Procedures.



www.cellsignal.com



Support: 877-678-TECH (8324)   
 www.cellsignal.com/support



 
Orders: 877-616-CELL (2355)  



orders@cellsignal.com
  



Thank you for your recent purchase. If you would like 
to provide a review visit www.cellsignal.com/comments.



© 2014 Cell Signaling Technology, Inc.



Applications Species Cross-Reactivity* Molecular Wt. Isotype



IMPORTANT: For western blots, incubate membrane with diluted antibody in 5% w/v BSA, 1X TBS, 0.1% 
Tween®20 at 4°C with gentle shaking, overnight.



W, IP H, M, R, Mk, 
(C, B, Dg, Pg, Guinea Pig)



40 kDa Rabbit IgG**
Endogenous



Background: The NF-κB/Rel transcription factors are present 
in the cytosol in an inactive state complexed with the inhibitory 
IκB proteins (1-3). Activation occurs via phosphorylation of 
IκBα at Ser32 and Ser36 followed by proteasome-mediated 
degradation that results in the release and nuclear translocation 
of active NF-κB (3-7). IκBα phosphorylation and resulting 
Rel-dependent transcription are activated by a highly diverse 
group of extracellular signals including inflammatory cytokines, 
growth factors, and chemokines. Kinases that phosphorylate 
IκB at these activating sites have been identified (8).  



Specificity/Sensitivity: Phospho-IκBα (Ser32) (14D4) 
Rabbit mAb detects endogenous levels of IκBα only when 
phosphorylated at Ser32.



Source/Purification: Monoclonal antibody is produced by 
immunizing animals with a synthetic phosphopeptide cor-
responding to residues surrounding Ser32 of human IκBα.



Background References:
(1)  Baeuerle, P.A. and Baltimore, D. (1988) Science 242, 540-6.



(2)  Beg, A.A. and Baldwin, A.S. (1993) Genes Dev 7, 2064-70.



(3)  Finco, T.S. et al. (1994) Proc Natl Acad Sci USA  
91, 11884-8.



(4)  Brown, K. et al. (1995) Science 267, 1485-8.



(5)  Brockman, J.A. et al. (1995) Mol Cell Biol 15, 2809-18.



(6)  Traenckner, E.B. et al. (1995) EMBO J 14, 2876-83.



(7)  Chen, Z.J. et al. (1996) Cell 84, 853-62.



(8)  Karin, M. and Ben-Neriah, Y. (2000) Annu Rev Immunol  
18, 621-63.



Storage: Supplied in 10 mM sodium HEPES (pH 7.5), 150 
mM NaCl, 100 µg/ml BSA, 50% glycerol and less than 0.02% 
sodium azide. Store at –20°C. Do not aliquot the antibody.



*Species cross-reactivity is determined by western blot.



** Anti-rabbit secondary antibodies must be used to 
detect this antibody.



Recommended Antibody Dilutions: 
Western blotting 1:1000 
Immunoprecipitation 1:100



For product specific protocols and a complete listing 
of recommended companion products please see the 
product web page at www.cellsignal.com



Cell Signaling Technology® is a trademark of Cell Signaling Technology, Inc.



U. S. Patent No. 5,675,063
Tween® is a registered trademark of ICI Americas, Inc.



Phospho-IκBα (Ser32) (14D4)  
Rabbit mAb



rev. 12/31/15#2
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UniProt ID #P25963
Entrez-Gene ID #4792
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Western blot analysis of extracts from HeLa and NIH/3T3 cells, 
untreated or treated with TNF-α for 5 minutes., using Phospho- 
IκB-α (Ser32) (14D4) Rabbit mAb (upper), or IκB-α (44D4) Rabbit 
mAb #4812 (lower).
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Akt Antibody



rev. 12/26/13



■  100 µl 
(10 western blots)



W, IP, IF-IC, F
Endogenous



H, M, R, Mk, Pg, C, Hm 
B, GP, Dm, Dg



60 kDa Rabbit**



Background: Akt, also referred to as PKB or Rac, plays a 
critical role in controlling survival and apoptosis (1-3). This 
protein kinase is activated by insulin and various growth 
and survival factors to function in a wortmannin-sensitive 
pathway involving PI3 kinase (2,3). Akt is activated by 
phospholipid binding and activation loop phosphorylation 
at Thr308 by PDK1 (4) and by phosphorylation within the 
carboxy terminus at Ser473. The previously elusive PDK2 
responsible for phosphorylation of Akt at Ser473 has been 
identified as mammalian target of rapamycin (mTOR) in 
a rapamycin-insensitive complex with rictor and Sin1 
(5,6). Akt promotes cell survival by inhibiting apoptosis 
through phosphorylation and inactivation of several targets, 
including Bad (7), forkhead transcription factors (8), c-Raf 
(9), and caspase-9. PTEN phosphatase is a major negative 
regulator of the PI3 kinase/Akt signaling pathway (10). 
LY294002 is a specific PI3 kinase inhibitor (11). Another es-
sential Akt function is the regulation of glycogen synthesis 
through phosphorylation and inactivation of GSK-3α and 
β (12,13). Akt may also play a role in insulin stimulation of 
glucose transport (12). In addition to its role in survival and 
glycogen synthesis, Akt is involved in cell cycle regulation 
by preventing GSK-3β-mediated phosphorylation and deg-
radation of cyclin D1 (14) and by negatively regulating the 
cyclin dependent kinase inhibitors p27 Kip1 (15) and p21 
Waf1/Cip1 (16). Akt also plays a critical role in cell growth 
by directly phosphorylating mTOR in a rapamycin-sensitive 
complex containing raptor (17). More importantly, Akt 
phosphorylates and inactivates tuberin (TSC2), an inhibitor 
of mTOR within the mTOR-raptor complex (18,19).  



Storage: Supplied in 10 mM sodium HEPES (pH 7.5), 150 mM 
NaCl, 100 µg/ml BSA and 50% glycerol. Store at –20°C. Do not 
aliquot the antibody.



*Species cross-reactivity is determined by western blot.



** Anti-rabbit secondary antibodies must be used to 
detect this antibody.



Recommended Antibody Dilutions: 
Western blotting 1:1000 
Immunoprecipitation 1:50 
Immunofluorescence (IF-IC) 1:200  
Flow Cytometry: 1:50 



For application specific protocols please see the web 
page for this product at www.cellsignal.com.



Please visit www.cellsignal.com for a complete listing 
of recommended companion products.



Orders ■ 877-616-CELL (2355)
orders@cellsignal.com



Support ■ 877-678-TECH (8324)
info@cellsignal.com



Web ■ www.cellsignal.com



Applications Species Cross-Reactivity* Molecular Wt. Source



Specificity/Sensitivity: Akt Antibody detects endogenous 
levels of total Akt1, Akt2 and Akt3 proteins. The antibody 
does not cross-react with related kinases.



Source/Purification: Polyclonal antibodies are produced 
by immunizing animals with a synthetic peptide corre-
sponding to the carboxy-terminal sequence of mouse Akt. 
Antibodies are purified by protein A and peptide affinity 
chromatography.



IMPORTANT: For Western blots, incubate membrane 
with diluted antibody in 5% w/v BSA, 1X TBS, 0.1% 
Tween® 20 at 4°C with gentle shaking, overnight.
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(Ser473)
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Western blot analysis of extracts from NIH/3T3 cells, untreated 
or PDGF-treated (50 ng/ml) for the indicated times, using 
Phospho-Akt (Ser473) Antibody #9271 (upper) or Akt Antibody 
(lower).



Confocal immunofluorescent images of C2C12 cells showing nuclear and cytoplasmic localization with Akt Antibody (left, red) 
compared to an isotype control (right). Actin filaments have been labeled with fluorescein phalloidin.
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For Research Use Only. Not For Use In Diagnostic Procedures.
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Species Cross-Reactivity Key: H—human M—mouse R—rat Hm—hamster Mk—monkey Mi—mink C—chicken Dm—D. melanogaster X—Xenopus Z—zebrafish B—bovine



Dg—dog Pg—pig Sc—S. cerevisiae Ce—C. elegans Hr—horse All—all species expected Species enclosed in parentheses are predicted to react based on 100% homology.



Applications Key: W—Western IP—Immunoprecipitation IHC—Immunohistochemistry ChIP—Chromatin Immunoprecipitation IF—Immunofluorescence F—Flow cytometry E-P—ELISA-Peptide
Tween® is a registered trademark of ICI Americas, Inc.
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Akt Antibody 
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Flow cytometric analysis of Jurkat cells, untreated (blue) or 
LY294002-treated (green), using Akt Antibody compared to a 
nonspecific negative control antibody (red).



Background References:
 (1)  Franke, T.F. et al. (1997) Cell 88, 435-7.



 (2)  Burgering, B.M. and Coffer, P.J. (1995) Nature 376, 599-
602.



 (3)  Franke, T.F. et al. (1995) Cell 81, 727-36.



 (4)  Alessi, D.R. et al. (1996) EMBO J 15, 6541-51.



 (5)  Sarbassov, D.D. et al. (2005) Science 307, 1098-101.



 (6)  Jacinto, E. et al. (2006) Cell 127, 125-37.



 (7)  Cardone, M.H. et al. (1998) Science 282, 1318-21.



 (8)  Brunet, A. et al. (1999) Cell 96, 857-68.



 (9)  Zimmermann, S. and Moelling, K. (1999) Science 286, 
1741-4.



 (10)  Cantley, L.C. and Neel, B.G. (1999) Proc Natl Acad Sci USA 
96, 4240-5.



 (11)  Vlahos, C.J. et al. (1994) J Biol Chem 269, 5241-8.



 (12)  Hajduch, E. et al. (2001) FEBS Lett 492, 199-203.



 (13)  Cross, D.A. et al. (1995) Nature 378, 785-9.



 (14)  Diehl, J.A. et al. (1998) Genes Dev 12, 3499-511.



 (15)  Gesbert, F. et al. (2000) J Biol Chem 275, 39223-30.



 (16)  Zhou, B.P. et al. (2001) Nat Cell Biol 3, 245-52.



 (17)  Navé, B.T. et al. (1999) Biochem J 344 Pt 2, 427-31.



 (18)  Inoki, K. et al. (2002) Nat Cell Biol 4, 648-57.



 (19)  Manning, B.D. et al. (2002) Mol Cell 10, 151-62.
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Phospho-Akt (Ser473) Antibody



rev. 02/10/15



■  Small 100 µl 
(10 western blots)



■  Large 300 µl 
(30 western blots)



W, IP, IF-IC, F
Endogenous



H, M, R, Pg, Hm,  
B, Dm, Dg, (Mk, C, Hr, X)



60 kDa Rabbit **



Background: Akt, also referred to as PKB or Rac, plays a 
critical role in controlling survival and apoptosis (1-3). This 
protein kinase is activated by insulin and various growth 
and survival factors to function in a wortmannin-sensitive 
pathway involving PI3 kinase (2,3). Akt is activated by 
phospholipid binding and activation loop phosphorylation 
at Thr308 by PDK1 (4) and by phosphorylation within the 
carboxy terminus at Ser473. The previously elusive PDK2 
responsible for phosphorylation of Akt at Ser473 has been 
identified as mammalian target of rapamycin (mTOR) in 
a rapamycin-insensitive complex with rictor and Sin1 
(5,6). Akt promotes cell survival by inhibiting apoptosis 
through phosphorylation and inactivation of several targets, 
including Bad (7), forkhead transcription factors (8), c-Raf 
(9), and caspase-9. PTEN phosphatase is a major negative 
regulator of the PI3 kinase/Akt signaling pathway (10). 
LY294002 is a specific PI3 kinase inhibitor (11). Another es-
sential Akt function is the regulation of glycogen synthesis 
through phosphorylation and inactivation of GSK-3α and 
β (12,13). Akt may also play a role in insulin stimulation of 
glucose transport (12). In addition to its role in survival and 
glycogen synthesis, Akt is involved in cell cycle regulation 
by preventing GSK-3β-mediated phosphorylation and deg-
radation of cyclin D1 (14) and by negatively regulating the 
cyclin dependent kinase inhibitors p27 Kip1 (15) and p21 
Waf1/Cip1 (16). Akt also plays a critical role in cell growth 
by directly phosphorylating mTOR in a rapamycin-sensitive 
complex containing raptor (17). More importantly, Akt 
phosphorylates and inactivates tuberin (TSC2), an inhibitor 
of mTOR within the mTOR-raptor complex (18,19).  



Specificity/Sensitivity: Phospho-Akt (Ser473) Antibody 
detects endogenous levels of Akt1 only when phosphorylat-
ed at Ser473. This antibody also recognizes Akt2 and Akt3 
when phosphorylated at the corresponding residues. It does 
not recognize Akt phosphorylated at other sites, nor does it 
recognize phosphorylated forms of related kinases such as 
PKC or p70 S6 kinase.



Source/Purification: Polyclonal antibodies are produced 
by immunizing animals with a synthetic phosphopeptide 
corresponding to residues surrounding Ser473 of mouse 
Akt. Antibodies are purified by protein A and peptide affinity 
chromatography.



Storage: Supplied in 10 mM sodium HEPES (pH 7.5), 150 mM 
NaCl, 100 µg/ml BSA and 50% glycerol. Store at –20°C.  
Do not aliquot the antibody.



*Species cross-reactivity is determined by western blot.



** Anti-rabbit secondary antibodies must be used to 
detect this antibody.



Recommended Antibody Dilutions: 
Western blotting 1:1000 
Immunoprecipitation 1:100 
Immunofluorescence (IF-IC) 1:25 
Flow Cytometry 1:50



For product specific protocols please see the web page 
for this product at www.cellsignal.com.



Please visit www.cellsignal.com for a complete listing 
of recommended companion products.



Orders ■ 877-616-CELL (2355)
orders@cellsignal.com



Support ■ 877-678-TECH (8324)
info@cellsignal.com



Web ■ www.cellsignal.com



Applications Species Cross-Reactivity* Molecular Wt. Isotype



Entrez Gene ID # 207 
UniProt ID # P31749



Species Cross-Reactivity Key: H—human M—mouse R—rat Hm—hamster Mk—monkey Mi—mink C—chicken Dm—D. melanogaster X—Xenopus Z—zebrafish B—bovine



Dg—dog Pg—pig Sc—S. cerevisiae Ce—C. elegans Hr—horse All—all species expected Species enclosed in parentheses are predicted to react based on 100% homology.



Applications Key: W—Western IP—Immunoprecipitation IHC—Immunohistochemistry ChIP—Chromatin Immunoprecipitation IF—Immunofluorescence F—Flow cytometry E-P—ELISA-Peptide



IMPORTANT: For western blots, incubate membrane with diluted antibody in 5% w/v BSA, 1X TBS, 
0.1% Tween® 20 at 4°C with gentle shaking, overnight.



For Research Use Only. Not For Use In Diagnostic Procedures.
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DRAQ5 is a registered trademark of Biostatus Limited. 
DyLight is a trademark of Thermo Fisher Scientific Inc. and its  
subsidiaries. 
Tween is a registered trademark of ICI Americas, Inc.
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Western blot analysis of extracts from NIH/3T3 cells, untreated 
or treated with PDGF, wortmannin, LY294002, rapamycin or 
PD98059, using Phospho-Akt (Ser473) Antibody.
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Western blot analysis of immunoprecipitated Akt from 293 cells 
transiently transfected with HA-tagged Akt (WT), HA-tagged 
K179A mutant Akt and HA-tagged K179A/S473A mutant Akt, 
using Phospho-Akt (Ser473) Antibody (upper), Akt antibody 
(middle) or HA antibody (lower). Phospho-Akt (Ser473) 
Antibody does not recognize Akt with an alanine substituion 
at Ser473. (Polakiewicz, R.D. et al. [1998] J. Biol. Chem. 273, 
23534–23541.)
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Western blot analysis of extracts from NIH/3T3 cells, untreated 
or treated with PDGF for the indicated times, using Phospho-Akt 
(Ser473) Antibody (upper) or Akt Antibody #9272 (lower).
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Flow cytometric analysis of LNCaP cells, untreated (green) or 
LY294002-treated (blue), using Phospho-Akt (Ser473) Antibody 
compared to a nonspecific negative control antibody (red).



Confocal immunofluorescent analysis of C2C12 cells, treated with LY294002 #9901 (50 uM, 2 hrs; left) or 
insulin-treated (100 ng/mL, 30 min; right), using Phospho-Akt (Ser473) Antibody (green). Actin filaments were 
labeled with DyLight™ 554 Phalloidin #13054 (red). Blue pseudocolor = DRAQ5® #4084 (fluorescent DNA dye).
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   Pierce Biotechnology PO Box 117 (815) 968-0747 www.thermoscientific.com/pierce 
   3747 N. Meridian Road Rockford, lL 61105 USA (815) 968-7316 fax  



 



Number Description 
16117 Active Ras Pull-Down and Detection Kit, contains sufficient reagents for 30 pull-down reactions 



 
 Kit Contents: 



Box 89855X (these items ship together on dry ice; upon receipt store at -70°C): 
GST-Raf1-RBD, 2.4mg, contains 2-3mg/mL in 50mM Tris•HCl, pH 7.2, 150mM NaCl,  
0.5% Triton® X-100, 5mM MgCl2, 1mM DTT and 10% glycerol; GST-Raf1-RBD interacts with Ras 
from human and mouse, and possibly from all mammalian species, store at -70oC 
100X GTPJS, 50µL, 10mM in sterile water, store at -70°C (or -20qC) 
100X GDP, 50µL, 100mM in sterile water, store at -70°C (or -20qC) 



 
Box 89855Y (these items ship together with an ice pack; upon receipt store at 4°C): 
Anti-Ras Antibody, 250µL (5 units) mouse monoclonal Ig2aN; Anti-Ras antibody reacts with Ras of 
human, rat, and mouse; store at 4qC. Note: One unit of Anti-Ras antibody is defined as the amount of 
antibody required to efficiently detect Ras in 20µg NIH3T3 whole cell lysate by Western blotting (8.5 
u 7.5cm membrane). 
Glutathione Resin, 3.0mL, supplied as 50% slurry containing 0.05% sodium azide, store at 4qC 
1X Lysis/Binding/Wash Buffer, 100mL, contains 25mM Tris•HCl, pH 7.2, 150mM NaCl, 
5mM MgCl2, 1% NP-40 and 5% glycerol, store at 4qC 
2X SDS Sample Buffer, 1.5mL, contains 125mM Tris•HCl, pH 6.8, 2% glycerol, 4% SDS (w/v) and 
0.05% bromophenol blue, store at 4qC 



 Spin Cups, 30 each, maximum volume 850µL, store at room temperature or 4°C 
 Collection Tubes, 90 each, store at room temperature or 4°C 
 
 
Table of Contents 
Introduction .................................................................................................................................................................................2 
Important Product Information ....................................................................................................................................................2 
Additional Materials Required.....................................................................................................................................................2 
Procedure for using the Ras Pull-Down and Detection ...............................................................................................................3 



A. Cell Lysis.......................................................................................................................................................................3 
B. In vitro GTPJS or GDP Treatment (Optional ................................................................................................................3 
C. Affinity Precipitation of Activated Ras .........................................................................................................................3 
D. Western Blot Analysis...................................................................................................................................................4 
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SANTA CRUZ BIOTECHNOLOGY, INC.



Actin (C-11): sc-1615



Santa Cruz Biotechnology, Inc. 1.800.457.3801 831.457.3800 fax 831.457.3801 Europe +00800 4573 8000 49 6221 4503 0 www.scbt.com



BACKGROUND
All eukaryotic cells express Actin, which often constitutes as much as 50% of
total cellular protein. Actin filaments can form both stable and labile struc-
tures and are crucial components of microvilli and the contractile apparatus
of muscle cells. While lower eukaryotes, such as yeast, have only one Actin
gene, higher eukaryotes have several isoforms encoded by a family of genes.
At least six types of Actin are present in mammalian tissues and fall into three
classes. α Actin expression is limited to various types of muscle, whereas β
and γ are the principle constituents of filaments in other tissues. Members of
the small GTPase family regulate the organization of the Actin cytoskeleton.
Rho controls the assembly of Actin stress fibers and focal adhesion, Rac
regulates Actin filament accumulation at the plasma membrane and Cdc42
stimulates formation of filopodia.



SOURCE
Actin (C-11) is available as either goat (sc-1615) or rabbit (sc-1615-R) poly-
clonal affinity purified antibody raised against a peptide mapping at the
C-terminus of Actin of human origin.



PRODUCT
Each vial contains either 100 µg (sc-1615) or 200 µg (sc-1615-R) IgG in 1.0 ml
of PBS with < 0.1% sodium azide and 0.1% gelatin. Also available as
TransCruz reagent for ChIP application, sc-1615 X, 200 µg/0.1 ml.



Actin (C-11) is available conjugated to agarose (sc-1615 AC), 500 µg/0.25 ml
agarose in 1 ml, for IP; to HRP (sc-1615 HRP), 200 µg/ml, for WB, IHC(P) and
ELISA; and to either phycoerythrin (sc-1615 PE, 200 µg/ml), fluorescein
(sc-1615 FITC, 200 µg/ml), Alexa Fluor® 488 (sc-1615 AF488, 200 µg/ml) or
Alexa Fluor® 647 (sc-1615 AF647, 200 µg/ml), for IF, IHC(P) and FCM.



In addition, Actin (C-11) is available conjugated to either TRITC
(sc-1615 TRITC, 200 µg/ml) or Alexa Fluor® 405 (sc-1615 AF405), 100 µg/
2 ml, for IF, IHC(P) and FCM.
Blocking peptide available for competition studies, sc-1615 P, (100 µg peptide
in 0.5 ml PBS containing < 0.1% sodium azide and 0.2% BSA).



APPLICATIONS
Actin (C-11) is recommended for detection of a broad range of Actin isoforms
of mouse, rat, human, Xenopus laevis, zebrafish and Caenorhabditis elegans
origin by Western Blotting (starting dilution 1:200, dilution range 1:100-
1:1000), immunoprecipitation [1-2 µg per 100-500 µg of total protein (1 ml
of cell lysate)], immunofluorescence (starting dilution 1:50, dilution range
1:50-1:500), flow cytometry (1 µg per 1 x 106 cells) and solid phase ELISA
(starting dilution 1:30, dilution range 1:30-1:3000).



Actin (C-11) is also recommended for detection of a broad range of Actin
isoforms in additional species, including equine, canine, bovine, porcine and
avian.



Actin (C-11) X TransCruz antibody is recommended for ChIP assays.



Molecular Weight of Actin: 43 kDa.



Positive Controls: C32 whole cell lysate: sc-2205, Sol8 cell lysate: sc-2249 or
HeLa whole cell lysate: sc-2200.



STORAGE
Store at 4° C, **DO NOT FREEZE**. Stable for one year from the date of
shipment. Non-hazardous. No MSDS required.



DATA



SELECT PRODUCT CITATIONS
1. Yip-Schneider, M.T., et al. 2000. Cyclooxygenase-2 expression in human



pancreatic adenocarcinomas. Carcinogenesis 21: 139-146.



2. Li, B. and Dou, Q.P. 2000. Bax degradation by the ubiquitin/proteasome-
dependent pathway: involvement in tumor survival and progression. Proc.
Natl. Acad. Sci. USA 97: 3850-3855.



3. Vijayalingam, S., et al. 2015. The cellular protein complex associated with
a transforming region of E1A contains c-MYC. J. Virol. 90: 1070-1079.



4. Melehani, J.H., et al. 2015. Staphylococcus aureus Leukocidin A/B (LukAB)
kills human monocytes via host NLRP3 and ASC when extracellular, but
not intracellular. PLoS Pathog. 11: e1004970.



5. Callaway, J.B., et al. 2015. Spleen tyrosine kinase (Syk) mediates IL-1β
induction by primary human monocytes during antibody-enhanced dengue
virus infection. J. Biol. Chem. 290: 17306-17320.



6. Myklebust, L.M., et al. 2015. Biochemical and cellular analysis of Ogden
syndrome reveals downstream Nt-acetylation defects. Hum. Mol. Genet.
24: 1956-1976.



7. Nagamatsu, K., et al. 2015. Dysregulation of Escherichia coli α-hemolysin
expression alters the course of acute and persistent urinary tract infec-
tion. Proc. Natl. Acad. Sci. USA 112: E871-E880.



RESEARCH USE
For research use only, not for use in diagnostic procedures.



Alexa Fluor® is a trademark of Molecular Probes, Inc., Oregon, USA



Actin (C-11): sc-1615. Western blot analysis of Actin
expression in C32 (A), BC3H1 (B), Sol8 (C), HeLa (D),
KNRK (E) and NIH/3T3 (F) whole cell lysates.
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Actin (C-11): sc-1615. Immunofluorescence staining of
methanol-fixed KNRK cells showing cytoplasmic local-
ization using indirect Rhodamine (A) staining and HeLa
cells using direct Alexa Fluor® 488 (B) staining.



BA



Try ββ-Actin (C4): sc-47778 or Actin (C-2): sc-8432, 
our highly recommended monoclonal aternatives to
Actin (C-11). Also, for AC, HRP, FITC, PE, Alexa Fluor®



488 and Alexa Fluor® 647 conjugates, see 
ββ-Actin (C4): sc-47778.
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Animals in Science Regulation Unit
Home Office Science

PO Box 31

SHREWSBURY SY3 7WN

Tel 01743 241612 Fax 01743 344691
Web Site http://www.homeoffice.gov.uk/

Home Office

Miss E Murphy Your Reference
C/O Mr Brouwer-Ince

Veterinary Services Unit Our Reference PIL 40/10604
University of Sheffield

3 Palmerston Road Date 26 September 2012
Sheffield

S10 2TE

Dear Miss Murphy
ANIMALS (SCIENTIFIC PROCEDURES) ACT 1986

am pleased to inform you that the Secretary of State has granted your application for a personal licence.

You should check through your licence carefully for any endorsements on this licence in relation to animal
ypes, procedures, establishments, and the conditions attached to it. A personal licence on its own does not
authorise you to perform regulated procedures on protected animals. You may only perform the procedures
specified on it in the course of a project for which a project licence has been issued under the Act. The use

of unauthorised procedures is a breach of the Act and may result in a prosecution and/or revocation of your
icence.

You are required to keep a record of all procedures performed under the authority of your licence. This
information must be made readily available to the Inspector or Secretary of State when required. If you

cease to carry out work requiring a licence (for example leaving the UK to work abroad) you must retum your
icence to the Home Office.

As soon as you cease to work at the establishment given as the primary availability on your licencs, or it
ceases to be the place where you wish your ficence to be primarily available, you must notify the Home .
Office, as this change will affect the fees charged. Under the Act you may not delegate the authorities
granted to you under this licence to any other person. No other person may perform, either in whole or in
part, any procedure authorised by your licence. The only excepticns are certain specific tasks of a non-

technicat nature. If you have been granted permission to delegate any such tasks, this will be recorded in
additional conditions attached to your licence. No other delegation is permitted.

Should you wish any part of this licence to be amended, you must apply to the Home Office giving detalls of
the changes requested and using the Application for change(s) to a Personal Licence form located at:
hitp:/fwww.homeoffice gov.uk/science-research/animal-research/

If a condition of supervision is attached fo your licence it is your responsibility to ensure that your supervisor
is aware of the authority granted to you under this licence. }

;-
v

Yours sincerely

e

usan Judson

WORKING TOGETHER TG PROTECT THE PUBLIC
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