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ABSTRACT

Colorectal cancer is the third most common cancer worldwide and the second
most common in developed countries. Its pathogenesis is attributed to both genetic
and epigenetic events that take place with tumor initiation and progression. Patient
prognosis and individual response to therapy varies significantly in stage-independent
manner, mainly due to molecular heterogeneity. In this regard, there is an ongoing
attempt to identify specific biomarkers that will allow predicting a patient’s clinical
outcome beyond tumor staging, and facilitate a more effective therapeutic approach.
TPL2 kinase has a contradictory role in cancer, exhibiting tumor-promoting or tumor-
suppressing properties in a tissue-specific manner. In the present study, we aimed to
delineate the role of TPL2 in colon cancer, a field that remains, to date, poorly
elucidated. Using established human colon cancer cell lines, we proceeded to TPL2
inhibition and tp/2 gene silencing. We show that inhibition of TPL2 significantly affects
the proliferative and clonogenic capacity of cell lines HT29 and HCT15. Conversely,
silencing tp/2 does not lead to similar results. Overall, our findings suggest that
although TPL2 may have a role in colon cancer cell proliferation, TPL2-independent

pathways also seem to be crucially involved.



MEPIAHWH

O KapKivog TOU TIOXEOC EVTEPOU Elval O TPLTOC Lo CUXVOG KAPKIVOG O TTAYyKOGULO
eMinedo koL o SeUTEPOG MO CUXVOC OTIC OVENMTUYHUEVEG XWPES. H maboyéveon tou
amobibeTal TOOO Ot YEVETIKA OCO KOl ETILYEVETIKA Yeyovota ta omoia Aappfdavouv
XWPa KATA TV €vapén aAAd kat tnv eEEALEN tNg vooou. H mpoyvwon twv acBevwy,
OAAQ KOl N ATOLKA OmOKpLon Toug otn Bepameia mMoKIAEL onNUAVTIKA, KUplwg Aoyw
HOPLAKNG E€TEPOYEVELRG. M To AOy0 aAUTO UTAPXEL ML CUVEXNG TPOOTIABELN
EVTOTILOMOU OUYKeEKPLUEVWY Blodeiktwy mou Ba erutpéPouv tnv mpoPAedn tou
KAWVIKOU amoteAéopatog yla kabe aoBevy aveédptnta amd 1o otddlo oTo Omoio
Bpiokovtal kat Ba SteukoAUvouv pia mo amodotikr Bepameutiky mpoaogyylon. O
poOAo¢ tng TPL2 kwvaong otov kKapkivo eival apdionuog, pag kot dpa tOoo pe
OYKOYOVEC 000 KOl UE OYKOKATOOTOATIKEG LOLOTNTEG OVAAOYQ E TOV EKACTOTE LOTO.
Itnv mopouoa epyacia otoxeUoapue oto poAo tng TPL2 Kvdong otov KOPKivo Tou
TIAXE0G EVIEPOU, O OTIOLOG TIOPAMEVEL EWC KOL CUEPA AYVWOTOC. XPNOLULOTIOLWVTOG
OVOPWTILVEG KUTTOPIKEC OELPEG KOPKIVOU TOU TIOXEOG EVIEPOU TIPOXWPNOAUE OE
avaoToAn Kal olyaon tou yovidiou tng tpl2. Asixvoupe Twg avactoAn tng TPL2
EMNPEALEL CNUAVTIKA TNV LKOVOTNTO TTOAAATTAQGLAGHOU KOl CXNUATIOUOU QTTOKLWV
TWV KUTTAPLKWV oelpwv HT29 kat HCT15. JuvoAikd, Ta eupnpatd pag umtodnAwvouv
OTL mapoAo mou n TPL2 daivetal va €XeL KATIOLOV POAO OTOV TTOAAQTAQGCLAGHUO TWV
KOPKLVLKWV KUTTApwvY, otn dtadikaoia epmAékovrtal kat dAAa, aveédptnta tng TPL2,

HOVOTTIATLA.



INTRODUCTION




The Mitogen-Activated Protein Kinases (MAPKs) family

Mitogen-activated protein kinases (MAPKs) regulate cell proliferation, survival,
and death in response to a wide range of extra-cellular signals including cytokines,
growth factors and stress (Yang, Sharrocks et al. 2003, Whitmarsh 2007). Therefore,
they have a crucial involvement in the pathogenesis of a plethora of inflammatory and
malignant diseases. There are four main families of MAPKs in mammals: the
extracellular signal regulated kinases (ERKs), Big MAP kinase-1 (BMK-1), clun N-
terminal kinases (JNKs) and p38 MAPKs. The highly conserved MAPK signaling cascade
usually comprises three protein kinase tiers; the upstream MAP3K, the intermediate
MAP2K and the effector downstream kinase MAPK (Burotto, Chiou et al. 2014). Each
kinase family activates through phosphorylation the next kinase family (Figure 1)

(Wang and Tournier 2006, Krishna and Narang 2008, Pritchard and Hayward 2013).
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Figure 1: The typical MAPK signaling pathways. Extracellular stimuli activate the MAPK pathways through GTPases-

mediated mechanisms (ie.RAS, RAC, CDC42 (cell-division cycle 42) and RHO (RAS homologue)). Once activated,
MAP3Ks phosphorylate MAP2Ks on two serine residues. MAP2Ks in turn phosphorylate the MAPKs on both
threonine and tyrosine residues, resulting in the catalytic activation of these MAPKs. Activated MAPKs can
translocate to the nucleus to phosphorylate a number of transcription factors, thus altering gene transcription.

(Image adapted from: Liu, Shepherd et al. 2007)



More specifically, activation of MAPKs by MAP2Ks and MAP2Ks by MAP3Ks
requires a dual specific phosphorylation on serine/tyrosine residues and on
serine/threonine residues respectively (Vougioukalaki, Kanellis et al. 2011). The
increasing abundance of each kinase in this cascade allows for the amplification of the

initial signal at each kinase tier (Sturm, Orton et al. 2010).

Structure-Based Activation Mechanism of Tumor Progression Locus 2

(TPL2/Cot/MAP3KS)

Tumor Progression Locus 2 (TPL2), also known as COT or MAP3KS8, was
independently discovered by three different laboratories at the onset of the 90s. First,
Miyoshi et al identified Cot (Cancer Osaka Thyroid) as a novel oncogene, through DNA
isolation from a human thyroid carcinoma cell line (Miyoshi, Higashi et al. 1991). The
rat homolog was subsequently cloned as a proviral integration locus of Moloney
Murine Leukemia (MoMul) virus in murine T-cell lymphoma cells (Patriotis, Makris et
al. 1993). TPL2 is a member of the MAP3K family and plays a major role in the
activation of the ERK MAPK through direct phosphorylation of MEK, the ERK kinase
(Figure 1) (Eliopoulos, Wang et al. 2003). It conveys various intra- and extra-cellular
stimuli to effector proteins of cells provoking adequate adoptive responses. The 36
Kbp long tpl2 gene is located on chromosome 10p11.23 and comprises 13 exons. It
encodes for two protein isoforms of 58 (TPL2 long; Tpl2L) and 52 kDa (TPL2 short;
Tpl2S), due to alternative translational initiation at methionine 1 or methionine 30.
The encoded protein contains a serine/threonine kinase domain, a 29 amino acid long
N-terminal region with unknown function, and a C-terminal region that carries a
“degron” sequence (amino acids 435-457), which is important for TPL2 stability and
regulation of catalytic activity (Figure 2). C-terminal truncations of TPL2 (TPL-2AC)
activate the kinase’s transforming potential via two mechanisms. First, C-terminal
removal elevates the specific kinase activity of TPL2. Although the exact mechanism is
not fully elucidated yet, it has been suggested that the C terminus possibly modulates
TPL2 catalytic activity by folding back onto the kinase domain (Ceci, Patriotis et al.
1997, Gandara, Lopez et al. 2003). Second, C-terminal truncation removes the

“degron” sequence, thus reducing proteasomal degradation of TPL2 (Patriotis, Makris
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et al. 1993, Watford, Hissong et al. 2008, Vougioukalaki, Kanellis et al. 2011).
Consequently, TPL-2AC is expressed at higher levels in cells than TPL2. In comparison
to wild-type TPL2, expression of TPL-2AC is associated with increased catalytic activity
and broader signaling capacity (Ceci, Patriotis et al. 1997). Moreover, the carboxy-
terminal tail of TPL2 carries phosphorylation sites critical for TPL2 activation of ERK-
1/2 (Robinson, Beinke et al. 2007, Roget, Ben-Addi et al. 2012, Ben-Addi, Mambole-
Dema et al. 2014) and is one of the major binding sites for the NF-kB precursor protein
p105 and A20-binding inhibitor of NF-kB-2 (ABIN2) (Gantke, Sriskantharajah et al.
2011).

| Thr8o | | | |
—r 1 Ser400 Ser443
‘.iergr Thi290 | T vy [ v
Kinase domain .
/N /N
Met!  Met30 degron

Figure 2: Schematic representation of the TPL2 primary structure. Two TPL2 isoforms are generated due to
alternative translational initiation at methionine 1 or methionine 30. The TPL2 kinase domain, located in the center
of the protein, is flanked by N-terminal and C-terminal regions. Truncation of the C-terminal results in a protein
(TPL-2AC) with increased activity (Ceci, Patriotis et al. 1997). A “degron” sequence (435-457) found within the C
terminus, confers destabilizing properties to full-length TPL2 (Gandara, Lopez et al. 2003). Consequently, TPL-2AC
has higher expression levels and increased protein stability. Phosphorylation sites T290 and S400 regulate TPL2
MEK kinase activity in vivo. T290 phosphorylation possibly regulates TPL2 release from p105.

(Image source: Vougioukalaki, Kanellis et al. 2011)

TPL2 controls the MEK/ERK pathway in a cell-type- and stimulus-specific manner.
In the absence of any stimulus, the entire pool of TPL2 is confined to a cytoplasmic
complex, comprising the nuclear factor-kB subunit precursor NF-kB1/p105, and ABIN-
2 (Figure 3). Apart from stabilizing TPL2 by masking the “degron” sequence, this
interaction also prevents TPL2 and NF-kB from activating their downstream signaling
cascades by inhibiting the kinase activity of TPL2 and the proteolysis of NF-kB
precursor protein p105 (Belich, Salmeron et al. 1999, Beinke, Deka et al. 2003,
Waterfield, Zhang et al. 2003). Upon stimulation, IKKB phosphorylates p105/NF-kB1
at sites $927 and S932, leading to K48-linked ubiquitination of p105 NF-kB1 by SCF-
BTrCP and triggering its complete degradation by the 26S proteasome (Beinke,
Robinson et al. 2004, Waterfield, Jin et al. 2004). Although essential, IKKB activation is

not per se adequate to stimulate TPL2 activity. Prior to its dissociation from the
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complex, TPL2 gets phosphorylated at multiple sites, two of which -threonine 290
(T290) and serine 400 (S400)- are required for full catalytic activity and subsequent
MEK phosphorylation. There are two alternative scenarios regarding these
phosphorylations; either they are mediated by IKKB-dependent signals (Cho, Melnick
et al. 2005), or they are an autophosphorylation event (Rousseau, Papoutsopoulou et
al. 2008, Mieulet, Yan et al. 2010). The S400 phosphorylation is considered to promote
kinase activation by inducing a conformational change which abolishes the inhibitory
intermolecular interaction between the C-terminal tail and the kinase domain of TPL2
(Robinson, Beinke et al. 2007). S62 autophosphorylates after IL-1 stimulation and has
been proposed to contribute to maximum TPL2 activation (Stafford, Morrice et al.
2006). A recent study came to the conclusion that TPL2 S400 phosphorylation by IKKB
and TPL2 S443 autophosphorylation synergize to elicit interaction of TPL2 with 14-3-
3. Recruitment of 14-3-3 to the phosphorylated C-terminus stimulated TPL2 kinase
activity towards MEK1 and was crucial for LPS-induced production of TNFa by
macrophages, which is regulated by TPL2 independently of ERK-1/2 activation. This
study gave a novel mechanistic insight into the activation of TPL2 signaling and
elucidated how C-terminal deletion generates the oncogenic potential of TPL2 by
rendering its kinase activity independent of 14-3-3 binding (Ben-Addi, Mambole-Dema
et al. 2014). Although active towards MEK1, TPL2 is unstable and therefore undergoes
rapid proteasomal degradation, thus restricting prolonged activation of ERK signaling
(Waterfield, Zhang et al. 2003). As far as ABIN-2 is concerned, studies have shown its
importance for stabilizing, but not activating TPL2 (Beinke, Deka et al. 2003,

Papoutsopoulou, Symons et al. 2006).
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Figure 3: TPL2 regulation through IKK-induced p105 proteolysis. In the absence of any stimulus, TPL2 is confined
to a cytoplasmic complex, comprising the nuclear factor-kB subunit precursor NF-kB1/p105, and ABIN-2, which
inhibits its kinase activity. Upon stimulation, TPL2 is released from this complex and is phosphorylated at multiple
sites, two of which -T290 and S400- are required for full catalytic activity and subsequent MEK phosphorylation.

(Image source: Gantke et al. 2011)

TPL2-mediated signal transduction

Apart from ERK1/2, its direct substrate, TPL2 can also activate —though to a lesser
extent- JNK, p38, and ERK5 by directly phosphorylating their upstream MAP2Ks;
MKK4, MKK6, and MEKS5, respectively (Salmeron, Ahmad et al. 1996, Ceci, Patriotis et
al. 1997, Tsatsanis, Patriotis et al. 1998, Tsatsanis, Patriotis et al. 1998, Lin,
Cunningham et al. 1999). In case of UVB-induced DNA damage, TPL2 translocates to
the nucleus where it then phosphorylates histone H3 at S10 increasing the
transcriptional activity of c-Fos (Choi, Kang et al. 2008). When overexpressed in EGF-
stimulated cells, TPL2 mediates the interaction between Protein Phosphatase 2A
(PP2A) and p53, thereby inhibiting the phosphorylation of p53 at Serl5, a step of

major importance for its stabilization and transcriptional activity (Khanal, Lee et al.
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2009). The aforementioned signaling properties are consistent with the functional role
of TPL2 in stimulating cell proliferation and transformation.

Endogenous TPL2 is inactive. However, overexpression of both wild type TPL2 and
the oncogenic TPL2-AC renders them constitutively active in a variety of cell types
(Ohara, Hirota et al. 1995, Sugimoto, Ohata et al. 2004, Kaiser, Cook et al. 2009,
Khanal, Lee et al. 2009). Subsequently, TPL2 influences cell survival, proliferation, and
transformation by activating multiple signaling pathways in concert with other
signaling molecules, such as MAPK (Patriotis, Makris et al. 1994, Salmeron, Ahmad et
al. 1996, Chiariello, Marinissen et al. 2000), nuclear factor-activated T cells (NFAT), and
NF-kB (Tsatsanis, Patriotis et al. 1998, Tsatsanis, Patriotis et al. 1998, Belich, Salmeron
et al. 1999, Lin, Cunningham et al. 1999). However, this widespread impact of
overexpressed TPL2 may, at least in part, be due to overexpression artifacts, which
needed to be further confirmed by targeted knockout studies for each downstream
signaling component. The Tsichlis laboratory shed light to this possibility through the
generation of a tp/27~ mouse strain. These mice show no overt phenotype, are of
normal size and weight and have a normal lifespan under pathogen-free conditions
(Dumitru, Ceci et al. 2000). The development of immune cells also takes place
normally. Remarkably, in contrast to the results obtained with TPL2 overexpression in
T-cell lines, tp/27/~ CD4+ T cells produce similar amounts of IL-2 to WT cells after TCR
stimulation, suggesting that TPL2 is not crucial for the regulation of IL-2 production
(Dumitru, Ceci et al. 2000, Sriskantharajah, Belich et al. 2009). This was also the case
with NF-kB activation and proteolysis of pl05 after LPS treatment of tp/27/~
macrophages, indicating that TPL2 is not important for TLR4 activation of NF-kB.
However, since TPL2 is only associated with a small fraction of total cellular p105, it is
possible that the kinase regulates the proteolysis of this p105 pool, thus contributing
to only a fraction of total NF-kB activity.

Apart from ERK, TPL2 also contributes to JNK activation in TNF-stimulated
fibroblasts and is necessary for NF-kB transactivation by mediating the MSK1
dependent phosphorylation of the RelA (p65) NF-kB subunit at Ser276 (Das, Cho et al.
2005). A recent study conducted by our laboratory elegantly showed that TPL2 may
also operate in the nucleus as a physical and functional partner of nucleophosmin

(NPM/B23), a key nucleolar phosphoprotein that affects p53 response to DNA damage
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and nucleolar stress, cellular activities that are both linked to malignancy. TPL2
mediates the phosphorylation of a fraction of NPM at Thr199, an event required for
its proteasomal degradation and maintenance of steady state NPM levels underlying

the TPL2 anti-tumor properties (Kanellis, Bursac et al. 2015).

The involvement of TPL2 kinase in Cancer

The role of TPL2 in carcinogenesis remains unclear as both positive and negative
attributes have been described (Table 1). It is possible that TPL2 has multiple roles (i.e.
suppressing carcinogenesis, but playing a positive role in tumor growth or response to

therapy) in a tissue-dependent manner.

TPL2 as a Tumor-Promoting Oncogene

TPL2 was initially identified as a proto-oncogene activated by truncation of the C-
terminal tail in murine models. Indeed, transgenic mice expressing the truncated TPL2
under the control of a T cell-specific promoter develop T-cell lymphoblastic
lymphomas within 3 months whereas expression of wild-type TPL2 did not result in
pathological phenotype (Ceci, Patriotis et al. 1997). Increased levels of TPL2
expression have been reported in a plethora of malignancies, including gastric colon
adenocarcinomas (Ohara, Hirota et al. 1995), T-cell neoplasias (Christoforidou,
Papadaki et al. 2004), Hodgkin’s lymphoma, Epstein-Barr virus (EBV)-related
nasopharyngeal carcinoma, and other virus-related tumors (Eliopoulos, Davies et al.
2002). Up-regulation of TPL2 expression has also been reported in approximately 40%
of human breast cancers, thus indicating that increased copies of the tp/2 gene could
be a possible mechanism for TPL2 over-expression (Sourvinos, Tsatsanis et al. 1999,
Krcova, Ehrmann et al. 2008). A recent study conducted by Choi’s group provided
robust evidence of direct interaction between TPL2 and Pin1 (Peptidyl-prolyl cis-trans
isomerase NIMA-interacting 1) which induces its phosphorylation of Ser16. This event
results in cyclin D1 up-regulation and breast cancer onset (Kim, Khanal et al. 2015).
Work by Kim et al elucidates the implication of the MEK-ERK, JNK, and STAT3 (signal
transducer and activator of transcription 3) signaling pathways in breast tumor

development. First, the research group revealed that TPL2 gets phosphorylated by IL-
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22 through IL-22R1, activates the MEK-ERK, JNK, and STAT3 signaling pathways, and
results in epithelial-mesenchymal transition (EMT) through AP-1 in breast cancer cells
(Kim, Kim et al. 2014). Their second study proposes that the IL-33/ST2/TPL2 cascade
induces the activation of the MEK-ERK, JNK-cJun and STAT3 signaling pathways leading
to increase of AP-1 and STAT3 transcriptional activity which in turn direct IL-33-
induced EMT and support cancer-associated inflammation in the tumor
microenvironment (Kim, Lim et al. 2015). Recently, Gruosso et al, reported that pro-
tumorigenic properties of TPL2 are mainly mediated by the MEK/ERK/p90RSK
pathway. This group demonstrated accumulation of TPL2 in high-grade serous ovarian
carcinomas (HGSCs), thus rendering it a potential prognostic marker for these tumors,
as well as a reliable predictive value for the effectiveness of MEK inhibitor treatment,
a promising new therapeutic approach for HGSC patients (Gruosso, Garnier et al.
2015). TPL2 overexpression has also been reported in some cases of invasive
endometrioid carcinoma (Aparecida Alves, Silva et al. 2006). Pancreatic
adenocarcinoma upregulated factor (PAUF), which is aTLR2 and TLR4 endogenous
ligand, stimulates the TLR2-mediated TPL2-MEK-ERK signaling pathway ending up in
an increase of pro-tumorigenic cytokines expression. At the same time, it blocks TLR-
mediated NF-kB signaling, thereby enabling tumor growth and escape from
immunosurveillance (Park, Lee et al. 2011). An association between aberrant TPL2
expression and recurrence of papillary thyroid cancer has recently been confirmed by
Lee et al. The results obtained by the group’s experiments showed a positive
correlation between increased TPL2 expression levels and higher recurrence rates, as
well as old age at initial diagnosis (Lee, Jeong et al. 2015).

In the field of inflammation-driven carcinogenesis, emerging data point towards a
positive regulation of the inflammatory milieu of myeloma niche through a TLR2/6-
dependent TPL2 pathway. The aforementioned regulation is achieved by promoting
the ‘"inflammatory switch" of macrophages in  myeloma-associated
monocytes/macrophages (MAM) (Hope, Ollar et al. 2014). The potential impact of
TPL2 on hepatocellular carcinoma (HCC) development remains unclear. This gap was
partially filled by Li et al, who demonstrated that TPL2 promotes diethylnitrosamine
(DEN)-induced hepatocellular carcinoma (HCC) in mice through its pro-inflammatory

effect, suggesting that TPL2 could be regarded as a molecular target for HCC
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prevention (Li, Liu et al. 2015). Chronic prostatic inflammation is a major triggering
event for prostate cancer. A possible involvement of the TPL2 signaling pathway in the
development of prostate cancer has been proposed. This conclusion is derived from
the fact that upregulation of TPL2 was found to drive androgen depletion-
independent (ADI) prostate cancer growth through activation of the MEK/ERK and NF-
kB signaling pathways (Jeong, Bhatia et al. 2011).

Apart from carcinogenesis, TPL2 also has an impact on tumor metastasis. The
underlying mechanism seems to involve proteinase-activated receptor 1 (PAR1)
signals transduced by TPL2 which then regulate the expression of matrix
metalloproteinases (MMPs). These signals in turn activate Racl and focal adhesion
kinase (FAK) -which are required for stimulation of cell migration (Nierodzik and
Karpatkin 2006)- and other secreted molecules both in fibroblasts and tumor cells,
thus promoting transformation, tumor cell invasion, and angiogenesis
(Hatziapostolou, Polytarchou et al. 2008). In renal cell carcinoma (RCC), the most
common kidney tumor with innate high metastatic ability, TPL2 mRNA levels are
significantly increased in ccRCC compared with normal kidneys, strongly implying an
association between the kinase and the metastasis and poor prognosis through
activation of MAPK signaling and cross talk with the CXCL12-CXCR4-directed
chemotaxis and chemoinvasion (Lee, Joo et al. 2013). CXCR4 and FAK upregulation by
TPL2 and subsequent activation of CXCL12/CXCR4 and the FAK/Akt signaling pathway
is also a fundamental event that provokes progression and metastasis of castration
resistant prostate cancer (CRPC), the major lethal pathway of prostate cancer (Lee,
Cho et al. 2015).

Angiogenic factors such as vascular endothelial growth factor (VEGF) and CXCL1
are implicated in the process of peritoneal dissemination of cancer cells by amplifying
phosphorylation and kinase activity of TPL2 in a dose- and time-dependent manner.
Hence, development of TPL2 inhibitors could potentially lead to novel anti-angiogenic

and anti-metastatic treatment approaches (Lee, Lan et al. 2013).
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TPL2 as a Tumor-Suppressor Gene

Whereas the aforementioned studies strongly imply a positive association
between TPL2 expression and tumor growth, under certain conditions the kinase may
actually act in a tumor suppressing way. Indeed, in tp/2”7~ mice bred onto a MHC Class
I-restricted T-cell antigen receptor (TCR) transgenic background, a defective ERK-
dependent CTLA4 induction renders CD8* T-lymphocytes hyperproliferative and
eventually leads to development of T-cell lymphomas. This observation clearly
suggests that TPL2 is of vital importance for full ERK activation in response to TCR
signals (Tsatsanis, Vaporidi et al. 2008). Furthermore, in a chemically induced mouse
skin carcinogenesis model, tp/27- mice exhibited notably higher incidence of tumors
(80%) compared to WT mice (17%), as well as a reduced tumor latency and a notably
higher number of total tumors. The tp/27- was also linked to a proinflammatory effect,
due to elevated activity of the NF-kappaB pathway (Decicco-Skinner, Trovato et al.
2011). This finding is further substantiated by a study conducted in human
melanomas, which associated TPL2 with de novo resistance to RAF inhibitors in B-RAF
(V60O0E) established cell lines and acquired resistance in melanoma cells and tissue
(Johannessen, Boehm et al. 2010). More recently, gene expression profiling between
WT and tp/27- keratinocytes revealed a considerable down-regulation in the MMP
inhibitor Timp3 in tp/27- mice, along with up-regulated activity of MMPs that stimulate
the migration and invasion of cancer cells (Decicco-Skinner, Jung et al. 2013).

Another recent addition to the already existing knowledge is the suggestion that
TPL2 may also influence p53-dependent functions. Indeed, a study from our lab
validated that, in lung epithelial cells, TPL2 thwarts oncogene-induced cell
transformation and survival through JNK dependent up-regulation of nucleophosmin
(NPM), which is required for the optimal p53 response to genotoxic stress
(Gkirtzimanaki, Gkouskou et al. 2013). In line with this finding, low TPL2 levels are
clearly linked with meager lung cancer patient survival, earlier onset as well as a wide

range of urethane-induced lung tumors in mice (Gkirtzimanaki, Gkouskou et al. 2013).

TPL2 in Colon Cancer

Colorectal cancer (CRC) is the third most common cancer worldwide and the
second most common in developed countries. According to the World Health
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Organization (WHO), it accounts for roughly 1 million new cases and 600000 deaths
per year.

In an attempt to address the role of TPL2 in colon tumorigenesis, tp/27- mice were
bred into an apc™™* genetic background. Notably, TPL2 ablation was associated with
a 5-fold increase in the number of intestinal adenomas. This effect was attributed to
the impeded IL-10 secretion and regulatory T cells (Tregs) generation in the intestinal
mucosa of tp/27~mice. Both of these events promote inflammation and tumorigenesis
in the context of the apc™” mutation. Even though adenomas and inflammation
increased gradually with time in both apc™™*/tpl2*/* and apc™™*/tpl2~~ mice, the rate
of increase was persistently higher in the tp/27~ mice, pointing towards a plausible
positive feedback mechanism through which TPL2 depletion mediates the
acceleration of polyposis (Serebrennikova, Tsatsanis et al. 2012).

In order to investigate the involvement of TPL2 in intestinal homeostasis and
inflammatory bowel disease (IBD) pathogenesis the DSS-induced colitis model was
used. Remarkably, tp/27~ mice were more susceptible to DSS-induced colitis and
showed throughout the protocol significantly increased tissue damage histological
score as reflected in loss of crypts and ulceration, but similar inflammation scores
compared with WT mice. Inspection of immune and cytokine secretion pathways, in
which TPL2 has been demonstrated to be involved in vivo, revealed no divergence in
the secretion pattern in the lamina propria of tp/l27/~ and WT mice. When the
epithelium is injured, intestinal myofibroblasts (IMFs) sense the inflammatory signals
and activate the COX-2/PGE2 signaling pathway through TPL2 (Roulis, Nikolaou et al.
2014).

Another study addressed the role of TPL2 in the azoxymethane (AOM)/dextran
sodium sulfate (DSS) animal model of chronic colitis-associated cancer (CAC) using
complete and tissue-specific ablation of TPL2 in mutant mice. TPL2 knock-down led to
a wider multiplicity in the number and size of tumors. This finding paved the way for
proposing a novel IMF-specific role for TPL2 in the upregulation of HGF production,
which eventually enhances epithelial proliferation and decreases apoptosis and the

prevention of epithelial tumors in CAC (Koliaraki, Roulis et al. 2012).
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Table 1: The contradictory roles of TPL2 in cancer

TPL-2AC T-cell
lymphoblastic lymphomas development

Elevated TPL2
demonstrated in a plethora of malignancies

expression  promotes

expression has been
adenocarcinomas,
EBV-related

nasopharyngeal carcinoma and other virus-

(i.e. gastric colon

Hodgkin’s lymphoma,
related tumors

TPL2
tumorigenesis and cancer progression via

In  breast cancer promotes
Pinl phosphorylation, leading to cyclin D1
upregulation and induces EMT through IL-
22/MEK/ERK and JNK/STA3/AP-1 signaling
pathways

In high-grade serous ovarian carcinomas the
tumorigenic properties of TPL2 are
mediated by the MEK/ERK/p90RSK pathway
TPL2 facilitates tumor growth by PAUF-
mediated MEK-ERK signaling power

TPL2 transduces PAR1 signals to regulate the
expression of MMPs in fibroblasts and
tumor cells, thus promoting cell migration
and actin reorganization

TPL2 overexpression has been reported in
cases of endometrioid carcinoma

Aberrant TPL2
associated with

expression has been
recurrence of papillary
thyroid cancer

the
inflammatory milieu of myeloma niche

TLR2/TLR6-dependent TPL2

There is positive regulation of
through a
pathway
TPL2 promotes hepatocellular carcinoma
through its proinflammatory effect
TPL2 upregulation drives ADI prostate
cancer growth through activation of
MEK/ERK and NFkB pathways

TPL2 contributes to ccRCC progression
crosstalk with CXCL12/CXCR4-
directed chemotaxis and chemoinvasion
TPL2 enhances
metastasis via activation of FAK/Akt and
CXCL12/CXCR4 signaling pathways

VEGF and CXCL1 amplify kinase activity and

phosphorylation of TPL2, mediating the

through

CRPC progression and

process of peritoneal dissemination of

cancer cells

1.

Lack of TPL2 renders CD8* T-lymphocytes

hyperproliferative and leads to T-cell
lymphomas development via defective ERK-
dependent CTLA4 induction

TPL2 ablation enhances tumor initiation and
progression in @ mouse skin cancer model via
upregulated NF-kB signaling and MMP
activity

TPL2 antagonizes cell transformation and
survival via JNK-dependent upregulation of
NPM required for optimal p53 response to
stress in mice lung tumors

Low TPL2 levels are also linked to meager

lung patient survival and earlier disease

onset
TPL2 ablation is associated with a 5-fold
increase in the number of intestinal

adenomas, due to impeded IL-10 secretion
and Tregs generation

tpl27/~ mice are more susceptible to DSS-
induced colitis and show increased tissue
damage histological score

In case of epithelium injury IMFs sense the
inflaimmatory signals and activate the COX-
2/PGE2 signaling pathway through TPL2
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Cell culture and treatments

HT-29 and HCT-15 cells were cultured in RPMI 1640. RKO, HCT-16 and Caco-2 cells
were cultured in DMEM (4.5 g/L D-glucose). LS-174, SW403 and LoVo cells were
cultured in MEM-alpha (+ fatty acids), DMEM (1 g/L D-glucose) and Ham's F-12 (+1.5
g/L sodium bicarbonate). All culture media were purchased by Gibco, Life
Technologies and supplemented with 10% FBS.

Cells were treated with DMSO (Applichem) as vehicle control, 1, 5, 10 and 25uM
of TPL2 kinase inhibitor (Calbiochem, Merck-Millipore) for the indicated timepoints.
In another set of experiments, cells were treated with 10uM of TPL2 kinase inhibitor
(Calbiochem, Merck-Millipore), or 10uM of UO126 (Calbiochem, Merck-Millipore)

30min before stimulation with 100ng/ml of LPS for various time points.

Clonogenic Assay

Materials:

Cell culture medium

Phosphate buffered saline (PBS)

Fetal bovine serum (FBS)

Trypsin/ EDTA (25200-056, Life Technologies, Invitrogen™)
Crystal violet (C3886, Sigma-Aldrich)

Methanol (34860, Sigma-Aldrich)

Glacial acetic acid (320099, Sigma-Aldrich)

Colony fixation solution (Glacial acetic acid/methanol 1:7 vol/vol)

Crystal violet solution (0.5%)

Method:

Treatment and plating:
In a 12-well plate, 4x10* cells were seeded per well, in triplicates and were
incubated for 24 hours in a COzincubator at 37°C to allow them to attach to the plate.

The cells were then treated with Tpl2 inhibitor (5uM and 10uM) and DMSO for 72
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hours. After the indicated time point, they were harvested and 500 cells were seeded
per dish and cultured for 10-15 days, until cells in control plates had formed colonies

that were of a substantially good size (50 cells per colony is the minimum for scoring).

Fixation and staining:

Cells were washed with PBS 1X and fixed with 2-3 ml of fixation solution for 5 min, RT.
The fixation solution was then removed and 0.5% crystal violet solution was added for
20 minutes, RT. After careful removal of the crystal violet, the dishes were immersed

in tap water to wash and let air-dry.

Data analysis:

To analyze the data, the number of colonies were counted under a stereomicroscope
and the plating efficiency (PE) and surviving fraction (SF) were calculated according to
the following formulas:

a. PE =no. of colonies formed/ no. of cells seeded x 100%

b. SF =no. of colonies formed after treatment/ no. of cells seeded x PE

MTT Cell Proliferation Assay

Materials:

MTT Formazan (Sigma-Aldrich, catalog number: M2003-1G)
Phosphate buffered saline (PBS)

Dimethyl Sulfoxide Reagent (Sigma-Aldrich, catalog number: D5879-1L)

Method:

5000 cells per well were seeded in a 96 well plate, in triplicates, in 100pul final
volume. Cells were incubated for 24 hours in a CO2 incubator at 37°C to allow them to
attach to the plate. The following day, cells were treated with Tpl2 inhibitor (1uM,
5uM & 10uM), in a final volume of 200 ul per well and incubated for up to 72hrs, at
37°C. At each timepoint, 22 ul of 5 mg/ml MTT solution were added aseptically to each
well. Cells were incubated for 4 hours at 37°C in culture hood and then media was

replaced by 200ul DMSO. The absorbance was read at 595 nm.
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siRNA Transfection

Materials:

MAP3K8 siRNA (Ambion, catalog number: 4392420, ID: s3384 & s3385, stock 20uM)
Luci siRNA (Ambion, catalog number: AM16204, stock 20uM)

RIP siRNA (40pM)

Opti-MEM Reduced Serum Medium (Invitrogen, catalog number: 11058021)

Method:

Day 0: Cells were seeded to be 60-80% confluent at transfection

Day 1: Lipofectamine® RNAIMAX Reagent and siRNAs were diluted in Opti-MEM®
Medium. Diluted siRNAs were added to the diluted Lipofectamine® RNAIMAX Reagent
(1:1 ratio) and mixed thoroughly. After 5 minutes of incubation, the siRNA-lipid
complex was added to the cells dropwise and cells were incubated for 1-3 days at
37°C.

Day 2-4: Transfected cells were analyzed.

Protein isolation

Following treatment, cells were lysed in RIPA buffer, containing 50mM Tris-HCl (pH
7.4), 150mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, protease
inhibitors (Sigma- Aldrich, catalog number: S8830), 100mM NasVOs (Sigma-Aldrich)
and 1mM NaF (Sigma-Aldrich). For Western blot analysis, levels of total proteins were

determined using the BCA assay (Thermo-Scientific, catalog number: 23227).
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SDS-PAGE and Western blot analysis

Materials:

Separating gel (10%)

7.9 ml H,0

6.7 ml 30% Acrylamide mix
5ml 1,5M Tris-HCI (pH 8.8)
0.2 ml 10% SDS

0.2 ml APS 10%

0.008 ml TEMED

Running buffer (TGS) 10X (pH 8.3), 1L

Stacking gel
4.1 ml H,0

1 ml Acrylamide mix

0.75 ml 1M Tris-HCl (pH 6.8)
0.06 ml 10% SDS

0.06 ml APS 10%

0.006 ml TEMED

Transfer buffer, 1L

30.3 gr Tris-Base
144.2 gr Glycine
10 gr SDS

Loading buffer (5X)

5 ml 1M Tris-HCI (pH 6.8)
4 ml Glycerol

1.6 gr SDS

8 gr bromophenol blue
1.6 ml B-mercaptoethanol

dH20 up to 20 ml

Method:

100 ml 10X TGS
200 ml methanol

700ml dH20

An amount of 30ug protein per sample was subjected to SDS-PAGE. Protein
samples were supplemented with the 5x loading buffer, and boiled at 100°C for 10
min in order to be denatured in their primary structure. Samples were centrifuged at
13000rpm for 1 min at 42C and loaded on 10% SDS polyacrylamide gel. The BenchMark
Prestained Protein Ladder (10748010, Invitrogen) was used as size marker. Gel

Electrophoresis was performed in 1X Running Buffer at 100-120Volts using Mini-
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PROTEAN Tetra Cell System (Biorad). Following SDS-PAGE, proteins were transferred
to nitrocellulose transfer membrane. The transfer procedure was performed using
Mini-PROTEAN Tetra Cell System (Biorad) by electroblotting in 1L transfer buffer at
400mA for 90min. Membranes were blocked in 5% non-fat milk in TBS-Tween-20 (TBS-
T) for 30min-1h. Incubation with the primary antibodies was performed according to
the manufacturer’s guidelines.

The following antibodies were used for immunoblotting: TPL2 (M-20, SC-720,
Santa Cruz Biotechnology Inc.), pERK1/2 (CS4370, Cell Signaling Technology Inc.),
ERK1/2 (CS4695, Cell Signaling Technology Inc.), RIP (SC-7881, Santa Cruz
Biotechnology Inc.), B-actin (clone X-4, Millipore), GAPDH (G8795, Sigma Aldrich).
Secondary anti-rabbit and anti-mouse HRP-conjugated antibodies were purchased by
Sigma and used at a concentration of 1:15.000 in 5% non-fat milk in TBS-T. Membranes
were incubated for 1h, RT. Enhanced Chemiluminesence ECL method (NEL104001EA,
PerkinElmer, Life Sciences) was used for signal development. Protein bands were

visualized on a ChemiDoc XRS+ imaging system (Biorad).
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TPL2 protein levels of colon cancer cell lines do not correlate with their p53,

BRAF and KRAS mutational status

After determining the p53, BRAF and KRAS mutational status of the available colon
cancer cell lines through data mining (Table 2), we attempted to reveal a possible
correlation with the TPL2 expression levels. Interestingly, although TPL2 expression
levels varied significantly between the different cell lines, there was no association

with their p53, BRAF or KRAS status (Figure 4).

Table 2: p53, BRAF and KRAS mutational status of colon cancer cell lines CaCo2, RKO,
HCT116, HT29, LS174T, SW403, LoVo and HCT15.

Mut (Glu204Xaa) WT WT

m WT Mut (Val600Glu) WT

WT WT Mut (Gly13Asp)

Mut (Arg273His) Mut (Val600Glu) WT

WT WT Mut (Gly12Asp)
m Mut (Glu51*) WT Mut (Gly12Val)

WT WT Mut (Gly13Asp, Alal4Val)
Mut (Ser241Phe) WT Mut (Gly13Asp)

v . ’
64 kDa- QFQF-H ™ TPL2
. -
BT Tt I
B

48 kDa- - ‘ DERK

37 kDa- Pr— —— e — — GAPDH

Figure 4: Western blot analysis, screening the TPL2, tERK and pERK protein levels of colon cancer cell lines CaCo2,
RKO, HCT116, HT29, LS174T, SW403, LoVo and HCT15.
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Response of colon cancer cell lines to TPL2 inhibitor treatment

In order to address the role of TPL2 in cell proliferation, we treated the

aforementioned cell lines with TPL2 inhibitor and assessed their proliferation rates at

three different time points (24, 48 and 72hrs) using MTT assay (Figure 5). Notably, a

significant difference in the response of each cell line was observed. Overall, the

proliferation of RKO and CaCo2 was less affected (Figure 5, A and H). Conversely, TPL2

inhibitor almost completely thwarted the proliferation of HCT15 and HT29 cells (Figure

5, Band G). Therefore, they were selected for use in all future experiments. In all cases,

the impact TPL2 inhibitor was evident only after the 48hr time point.
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Figure 5: Response of colon cancer cell lines to TPL2 inhibitor treatment
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As a next step, using only the HCT15 and HT29 cell lines, we evaluated the optimal
concentration of TPL2 inhibitor to achieve its maximum effect and concluded that
10uM of inhibitor was able to consistently impede proliferation by roughly 80% (Figure
5, landJ).

Treatment with TPL2 inhibitor affects the clonogenic capacity of HT29 cells

Cancer cells are generally characterized by increased clonogenicity, an attribute
that has been correlated with their metastatic potential in vivo. We therefore decided
to investigate whether cells that had undergone treatment with TPL2 inhibitor
exhibited reduced clonogenic capacity.

Indeed, when treated with 5uM or 10uM of TPL2 inhibitor for 72hrs, the capacity
of HT29 cells to form colonies was diminished by 50% (Figure 6).

Control

DMSO 5uM 10uM

e

Plating efficiency (PE) = no. of colonies formed/ no. of cells seeded x 100%

Control: 48.6% DMSO0: 42.2% 5uM: 22.9% 10uM: 22.9%

Figure 6: TPL2 inhibitor treatment reduces the clonogenic capacity of colon cancer cells. HT29 cells that had
undergone treatment with 5uM or 10uM of TPL2 inhibitor for 72hrs were seeded in 100mm? plates at 500 cells

per well, and were stained with crystal violet 15-20 days later. Plates are representative of three independent

experiments for each treatment condition.
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The effect of TPL2 inhibitor treatment as an add-on therapy to 5-FU

To date, the most widely used chemotherapeutic agent in colorectal cancer cases
remains 5-FU. Despite their positive initial response, a significant percentage of
patients eventually stop responding to treatment. Hence, we examined the possibility
of a synergistic effect between 5-FU and TPL2 inhibitor. To address this hypothesis,
we treated HT29 and HCT15 cells with various 5-FU and TPL2 concentrations, both
alone and in combination, for a 72hr period and then performed MTT assay to
measure their proliferation rates. Interestingly, administration of TPL2 inhibitor was

not able to add to the effect already induced by 5-FU (Figure 7).
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Figure 7: Treatment with TPL2 inhibitor has no synergistic effect with 5-FU. 0, 1, 5 and 10uM of TPL2 inhibitor
were used as stand-alone or add on treatment with 1, 5, 10 and 20uM 5-FU in HT29 (A) and HCT15 (B) cells.

After 72hrs, cell proliferation did not change significantly when the inhibitor was added to the standard 5-FU

treatment.
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Response of colon cancer cell lines to MEK inhibitor treatment

It is well established that MEK is directly phosphorylated by TPL2, in a signaling
cascade that leads to activation of ERK. To explore the impact of MEK/ERK signaling
pathway in cell proliferation, cells were exposed to the MEK inhibitor UO126.
Inhibition of MEK did not alter cell proliferation of neither HT29 nor HCT15 cells (Figure
8, A and B). Remarkably, cell lines that did not respond to TPL2 inhibitor treatment

were not affected by MEK inhibition either (Figure 8, C and D).
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Figure 8: Cell proliferation is not affected by MEK inhibitor treatment. Cells were exposed to 1, 5 and 10uM of MEK

inhibitor and cell proliferation was measured at three different time points (24, 48 and 72hrs) via MTT assay.

ERK phosphorylation is regulated through a TPL2 independent mechanism

The fact that proliferation of the aforementioned cell lines was not affected by
MEK inhibition, prompted us to further delineate the ERK activation mechanism. To
assess this question, HT29 cells were exposed to the TPL2 inhibitor or the MEK
inhibitor UO126 prior to LPS stimulation. Inhibition of MEK but not TPL2 completely
impeded ERK phosphorylation compared to cells treated with LPS alone (Figure 9, A).

This observation, coupled with the insignificant effect of TPL2 inhibitor on LPS-
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mediated ERK phosphorylation (Figure 9, B), indicates the involvement of TPL2-

independent pathways in ERK regulation.
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Figure 9: ERK phosphorylation is regulated through a TPL2 independent mechanism. HT29 cells were treated with
TPL2 inhibitor, MEK inhibitor or vehicle control in the presence or absence of LPS for 30 and 60min. Protein lysates
were collected and analyzed for TPL2, phosphorylated and total ERK1/2, with GAPDH serving as control for equal
loading. Levels of pERK and tERK1/2 were quantified and pERK/ tERK1/2 ratio was calculated

TPL2 knock down has no impact on the effect of TPL2 inhibitor treatment

To further substantiate the impact of TPL2 on cell proliferation, we proceeded to
silencing tpl2 gene expression in HT29 cells, which were then treated with TPL2
inhibitor. The effectiveness of the knock down was validated with western blot
analysis (Figure 10, A). Contrary to our expectations, tp/2 silencing did not alter the
effect of TPL2 inhibitor treatment on cell proliferation compared to control (Figure 10,
B and C). These data suggest that the TPL2 inhibitor may actually have secondary

targets other that TPL2 kinase itself that are able to majorly affect cell proliferation.
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Figure 10: TPL2 knock down has no impact on the effect of TPL2 inhibitor treatment. siRNA was performed for the
tpl2 gene (C), with siLuci serving as control (B). After validating the success of the knock down, silenced cells were

treated with TPL2 inhibitor and their proliferation was measured via MTT assay.

Generation of TPL2 inhibitor-resistant cell lines

At the prospect of elucidating the genes involved in resistance to TPL2 inhibitor
treatment, we attempted to generate TPL2 inhibitor-resistant HT29 and HCT15 cell
lines by submitting them to chronic treatment with increasing concentrations of TPL2
inhibitor for a two-month period of time. We then evaluate the progress made, by
measuring cell proliferation after inhibitor treatment in both parental and treated
cells (Figure 11). The results showed no improvement in cell proliferation of either cell

line, indicating that treatment for a significantly longer period of time is probably

required.
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Figure 11: Generation of TPL2 inhibitor-resistant cell lines. HT29 and HCT15 cell lines were treated with 10uM TPL2

inhibitor over a 2-month period. Effectiveness of the treatment was evaluated with MTT assay.
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Colorectal canceris the third most commonly diagnosed cancerin men and
second most commonly diagnosed cancer in women worldwide. Its pathogenesis is
the result of both genetic and epigenetic events that take place with tumor initiation
and progression. Patient prognosis and individual response to therapy varies
significantly in stage-independent manner, mainly due to molecular heterogeneity. In
this regard, there is an ongoing attempt to identify specific biomarkers that will allow
predicting a patient’s clinical outcome beyond tumor staging, and facilitate a more
effective therapeutic approach. Nowadays, next-generation sequencing allows for
high throughput gene expression profiling that identified certain genes exhibiting
mutations with important roles in colorectal cancer. TP53, APC, SMAD4, PIK3CA, BRAF
and KRAS mutations were, as anticipated, among these genes (The Cancer Genome
Atlas 2012). Based on these data, several groups have reported molecular
classifications of colorectal cancer and in many cases these subtypes have been
proven a valuable predictive (De Sousa E Melo, Wang et al. 2013, Sadanandam,
Lyssiotis et al. 2013) or prognostic tool (Budinska, Popovici et al. 2013, De Sousa E
Melo, Wang et al. 2013, Marisa, de Reyniés et al. 2013, Roepman, Schlicker et al.
2014).

In the setting of metastatic colorectal cancer, great progress has been made
concerning personalized medicine. When used as an add on therapy to conventional
cytotoxic chemotherapeutic agents, monoclonal antibodies targeting angiogenesis or
the epidermal growth factor receptor (EGFR) signaling pathway have made a great
impact on patient survival (Hurwitz , Fehrenbacher et al. 2004, Karapetis , Khambata-
Ford et al. 2008, Douillard , Oliner et al. 2013, Heinemann, von Weikersthal et al.
2014). Conversely, the aforementioned monoclonal antibodies fail to improve
outcome of non-metastatic patients (Alberts, Sargent et al. 2012, Allegra, Yothers et
al. 2013, Taieb, Tabernero et al. 2014).

TPL2 kinase has a contradictory role in cancer with tumor-promoting or tumor-
suppressing properties. Initially, the kinase was identified as a proto-oncogene, an
attribute that has been confirmed in cases including high-grade serous ovarian
carcinoma (Gruosso, Garnier et al. 2015), gastric colon adenocarcinomas (Ohara,
Hirota et al. 1995), Hodgkin’s lymphoma, nasopharyngeal carcinoma (Eliopoulos,

Davies et al. 2002), breast cancer (Sourvinos, Tsatsanis et al. 1999), prostate cancer
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(Jeong, Bhatia et al. 2011) etc. On the other hand, there is robust evidence regarding
TPL2’s tumor-suppressive role in T-cell lymphomas (Tsatsanis, Vaporidi et al. 2008),
melanomas (Decicco-Skinner, Trovato et al. 2011), lung cancer (Gkirtzimanaki,
Gkouskou et al. 2013), intestinal adenomas (Serebrennikova, Tsatsanis et al. 2012) and
DSS-induced colitis (Roulis, Nikolaou et al. 2014). In the present study, we aimed to
delineate the role of TPL2 in colon cancer, a field that remains, to date, poorly
elucidated.

In contrast to other cancer types, in established human colon cancer cell lines
there seems to be no association between neither TPL2 protein levels or their
response to TPL2 inhibitor treatment and their p53, KRAS or BRAF mutation status.
This observation does not exclude the possibility of TPL2 playing a role in colon
carcinogenesis through its activity, rather than its protein levels. At the same time,
PERK levels varied significantly among the different cell lines, thus indicating that
phosphorylation of ERK is achieved through TPL2-independent pathways. The fact that
cell lines were affected by the TPL2 inhibitor regardless of their p53, KRAS and BRAF
status indicates that the inhibitor could be considered a possible candidate for treating
colon cancer cases. Granted, further studies are required towards this direction before
reaching a solid conclusion. Treatment with TPL2 inhibitor also led to a significant
decrease in the clonogenic capacity of HT29 cells. This could prove of great
importance, since clonogenicity is directly implicated in the metastatic ability of
cancer cells.

5-fluorouracil is still the gold standard when it comes to treatment of colorectal
cancer. Hence, new drugs and combination regiments have to be compared with it,
despite the absence of an ideal dose-intense 5-FU monotherapy approach (Sobrero,
Aschele et al. 1997). Therefore, we decided to evaluate the effect of 5-FU when used
alone, or combined with TPL2 inhibitor in various concentrations. Data presented in
this study show that once reaching a certain level by using each of the agents alone
cell proliferation could not be further reduced by a combination of the two, suggesting
a lack of synergistic effect in their mechanism of action.

MEK is directly phosphorylated by TPL2, eventually leading to ERK activation.
Constitutive activation of the MEK/ERK pathway has been implicated in cancer cell

resistance to chemotherapeutic agents in a plethora of human malignancies, including

36



pancreatic, colon, lung, ovary, breast, thyroid and kidney cancers (Seger, Ahn et al.
1992, Mansour, Matten et al. 1994). Of note, inhibition of MEK did not yield a result
similar to that of TPL2 inhibition regarding cancer cell proliferation. This observation
applies for both responsive and non-responsive to TPL2 inhibitor cells. The fact that in
cells pretreated with the MEK inhibitor, LPS stimulation resulted in complete
impediment of ERK phosphorylation indicates the involvement of TPL2-independent
pathways in ERK regulation. Strikingly, knock down of TPL2 does not modify the effect
observed by TPL2 inhibitor treatment. When put together, these data demonstrate
that the TPL2 inhibitor probably has secondary targets, other that TPL2 kinase itself
that are the main regulators of cell proliferation. This comes in accordance with the
results obtained by screen profiling of TPL2 inhibitor for its inhibitory activity against
human kinases, which revealed that the inhibitor actually radically decreased the
activity of MAP4K4, and EGFR by 55% and 75% respectively
(http://www.guidetopharmacology.org/).

The epidermal growth factor receptor (EGFR) is involved in the development and
progression of many neoplasias, including colon cancer. Although the significance of
EGFR protein expression in colorectal cancer remains controversial, is seems that
overexpression of EGFR is linked with tumor progression and poor survival in
colorectal cancer patients (McKay, Murray et al. , Goldstein and Armin 2001, Resnick,
Routhier et al. 2004, Ceccarelli, Piazzi et al. 2005, Spano, Fagard et al. 2005). Increased
MAP4K4 levels are associated with the processes of cell migration, invasiveness and
adhesion in different types of cancers including ovarian cancer, prostate cancer and
hepatocellular carcinoma. In the latter case, Han et al elegantly showed that
knockdown of MAP4K4 in HepG2 cells inhibits the adhesion and cell growth (Han, Zhu
et al. 2010). Furthermore, in vivo silencing of MAP4K4 resulted in a retarded tumor
xenograft growth (Liu, Cai et al. 2011). It is therefore possible that the observed effect
of TPL2 inhibitor could be attributed to inhibition of either EGFR or MAP4K.

According to the outcome of the experimental procedure we followed for the
study of TPL2 kinase in colorectal cancer, we did not conclude to a significant role for
TPL2 in colon carcinogenesis. Our ongoing studies aim to delineate the pathways
affected by TPL2 inhibition, as well as elucidate the genes that are implicated in

resistance to TPL2 inhibitor treatment. It will be interesting to investigate the
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existence of a putative correlation between the expression of TPL2/COT and clinical,
molecular and histopathological data in human colon cancer specimens. In the future,
investigation of the effect of TPL2 inhibitor treatment in an animal model for colon

cancer could also prove of significant value.
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