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ABSTRACT

Lung carcinogens, inhaledlzestos and cigarette smokettbelicit a Th17
inflammatory phenotype. Therefore, the study of the intrinsic connection between the
Th17 effector cytokine I£17 and lung tumorigenesis may broaden our current
knowledge about the pathogenesis of lung cancer.

Our study was conducted irkaRas driven autochthonous model of lung cancer
in mice K-Ras™ mice). IL-17 overexpression through lung delivery oflZ-expressing
recombinant adenovirus (Adi-17) significantly promoted lung tumor growth in these
animals compared to Ad@FP treatd littermates. Levels of both MMP and I-6 were
elevated in mouse lung samples during tumor promotion {y/1ln vitro studies using
mK-RasLE cells derived from a lung tumdrearingk-Ras”** mouse showed that {17
enhanced cell motility and invasivess but had no effect on cell proliferation. In addition,
IL-17 increased MMP expression in miRasLE cells, which appeared to be integral to
the enhanced cell motility and invasiveness induced Hy7lLInterestingly, inhibition of
p53 abrogated thero-migratory effect olL-17 and increased levels of MMPmMRNA.
IL-17 stabilized MMPR9 mRNA via egulation of SRSF1 binding to MM® mRNA.

Our study also investigated the consequences-afIbverexpression upon lung
tumor growth in animals harboring bdthRas and p53 mutation&-Ras”"-SPG
DNp53 mice) Lung tumors developed much fasteKiRas”-SPGDNp53 micethan in

K-Ras™! littermatesandIL-17 failed to promote tumor growth itRas*-SPGDNp53



mice. In accord with these findings vivo,experments in mKRasLE cells agreed with
the concept that H17 promoted lung tumor growth by repressing the function of p53.
IL-17 repressed p53 induction by ribosomal stiesstro. Accordingly, p53

mediated activation of p21 in cells undergoing ribosastralss was also downregulated
by IL-17 treatment. SRSF1 was also involved in negatively regulating p53 bg. A
model consistent with these findinigghatIL-17 binding causes formatioof an IL-17
receptorActl-SRSF1 complerand therebyprevens formation ofaMDM2/RPL5/SRSF1
complexduringribosomal stress. Together, our results demonstrate tHat ftimulates

lung tumor growth, at least in part by antagonizing the function oftypd p53.
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CHAPTER I. INTRODUCTION
[. LUNG CANCER

Lung cancer is the leading cause of caras=ociated délas worldwideSociety
[1]. In the United States between 2006 and 2010, lung cancerevssdbnd most
common cancer in both males and fem§BsThe National Cancer Institute estimated
that there were 228,190 new lung cancer cased 39480 lung cancer deaths in United
States in 2013. Lung cancer is histologically classified into two major typesmaih
cell lung cancer (NSCLC) and small cell lung cancer (SCLC), accounting for about 80%
and 20% of the lung cancer cases, respdgtiiiespite the development of diagnostic
techniques in recent years, surgical resection and adjuvant chemotherapy or radiotherapy
remain the standard treatments for lung cancer. However, a definitive role for adjuvant
therapy in preventing lung cancer ue@nce has not been establish@d The 5year
survival rate for lung cancer (16.3%) is much lower than other leading cancer types, such
as breast (90.0%d prostate (99.9%) candél. Therefore, better understanding of the
molecular mechanisms of lung tumorigenesis is needed to develop new therapies and

thereby enhance lung cancrrvival rates.

[I. INTERLEUKIN -17 (IL-17)
1. IL-17 cytokine family
The recently described interleukiry family consists of 6 members: termed IL

17A to IL-17F. They are structurally related and contain highly conserved carboxy



terminal cysteine residugs, 6]. IL-17 cytokine family members originate from different
cell types and perform diverse biological functions. MosLTLcytokine family merners
exist as homodimers except-17B[7]. IL-17A, commonly called IL17, is the first
identified and by fathe most well studied H17 family member. It is predominately
produced by a newly established T helper cell subtype: T helper 17 (Th17) cells, which
also produce I£17F, the family member with the most similar homology td 1A [8].

Th17 cell differentiation and H17 secretion are induced by T®F a n-@lthrdudgh
Stat3[9]. Meanwhile, 11-:17 stimulates the production kf-6, which activatethe
downstream transcriptional factor Stat®, 11]. Therefore, a positive feedback loop
forms between I£17 and thell-6/Stat 3 signaling pathway. Active forms of1lZA and

IL-17F are either homar heterodimers (H17A/F) that bind to the same recepidy.

2. IL-17 receptor family

IL-17 cytokine family members bind to a family of17 receptors which form
hetere and homodimers with bound ligand to activate downstream signaling pathways
[7]. The first identified IL17 receptor is IE17 receptor A (IEL7RA)[12]. Another four
IL-17 receptors have been identified: named TRB to IL-17RE(Figure 11). These
receptor family members have diverse ligdmading specificity and variable tissue
distribution[7, 13]. All IL-17 receptors contain three basic domains, includingitigge
passransmembrane domain, extracellular fibronedti-like domain where the ligals
bind, and the intracellular conserved SEFIIIR (SEFIR)Jdomain[3]. IL-17RA is the
most widely distributed 1117 receptor family member. In both humans and mice, IL

17RA forms a heterodimer with {L7RCwhich can be activated by{17A and IL-17F



homodimers or the H17A/F heterodimef14, 15]. IL-17RA is expressed thughout the

body, while IL-:17 RC is mainly expressed in epithelial cells and fibrobldgis
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Figure 1-1. IL -17 cytokines and receptors.

Figure is adapted frof7].

3. Signal transductionof IL -17

The binding of 1-:17 triggers the activation of {L7RA/RC complexX17] and
induces diverse downstreamrsaling events. IL17 can activate several common
signaling pathways, such as MFBC/EBPand MAPK]18, 19], which induce the
expression of multiple prmmflammatory genes including chemokines, cytokines and
matrix metalloproteinasg®MPs).

Although the mechanisiof how IL-17 induces downstream signals is not
completely understood, several criticat1lZ signalintermediates have been discovered.
The SEFIR domain was identified in both-1I7 receptor cytoplasmic segments and an
adaptor protein Act]20]. Upon IL-17 stmulation, Actl, which is located in the cytosol

directly interacts with IE17RA/RC through the SEFIR domaifl] and works as an



important adaptor protein in 4.7 signal transduction. The {L7RA/RGAct1 complex
subsequently recruits TNF receptor associated factors, including TRAFé&nd

TRAF2/5[22], resulting in the formation of the {IL7RA/RGACT1-TRAF complex.

Upon the formation of IEL7RA/RGACT1-TRAF6 complex,theN®@ B pat hway i s
activated in a TRAR@lependent manner. Besidesdtianing as an adaptor protein for

TRAF6, Actl also works as an E3 ubiquitin ligase and ubiquitinates TRAF6, which

further activates the kinase TAK1, the downstream IKK complex anrd HR23]. IL-
17RA/RCGACT1 can also recruit TRAF2/5 to form another compledtM1RA/RG
ACT1-TRAF2/5, which subsequently modulates the-titdfof several chemokine

MRNAs including CXCL1 mRNA22].

4. The role of IL-17 in inflammation

Emerging evidence shows that1l7 is a prenflammatory cytokine. High levels
of IL-17 expression are associated with autoimmune diseases and chronic inflammatory
diseases, includingulmonary diseasdke asthma and COP[16, 24, 25]. IL-17
promotes inflammation mainly by increasing the production of othemflammatory
cytokines and chemokines. Direct application cfLlil.to mouse embryonic fibroblasts or
lung epithelial cells increases the expression of multiple cytokindading CXCL1,
CCL2, CCL7, Cx3cl and CCL2[8]. IL-17 is also able to stimulate inflammatory cells,
such as macrophages, to induce the generation of other cytokingslike and TNF
[26]. IL-17 synergieswith TNF-U i n upr e gul 7 P8h Besideh e moki nes
inducing inflammatory cytokines and chemokinesl1ILis the inducer of tissue

destructive MMPs, such as MME MMP-3 [29], MMP-7 [30] and MMPR9 [1, 16, 32].



5. 1L-17 in cancer development

The association between inflammation and tumorigenesis has been recognized
[31]. Although inflammation is crucial for immumgiand host defense, excess
inflammatory activities contribute to autoimmune diseada®nic inflammatory
diseases and candds, 24, 25]. Multiple dinical findings show that a worse prognosis
of many types of cancer, such as ga$8®}, prostatd33], colon[34] and lung[35], is
tightly conneted with IL-17 elevation. However, in animal models, elevated expression
of IL-17 is not always associated with cancer promotion. In animals, the rolel@fiiL
tumor growth depends on context. In many models, including imdeficient mice, Ik
17 promoes tumorigenesis mainly by promoting angiogengssughincreasing the
expression of a series of pamgiogenic factors (VEGF, CXCL1, CXCLR36] and
increasingumor resistance to VEGF inhibitigB7]. IL-17 also plays pro-tumorigenic
role through activating transcription factors, such assNE38] and STATJ[10, 11],
which turn on the expression oéres which are important for cell proliferation, survival,
angiogenesis and metastg4d8, 39]. However, in some imunocompetent mice, H17
represesthe growth of tumor allograff2l0, 41], which may be because tumor graf
models lack the natural tumor microenvironment and therefore, are not sufficient to test
the effect of 1l-17 in cancer. Therefore, the molecular mechanisintis-17 regulated

tumor initiation and development still needs more investigation.



[I. TUMOR SU PPRESSOR P53
1. The role p53 in cancer
Since its discovery in 19792, 43], muchevidence has shown that mutatidn o
the tumor suppressor p53 is the most frequent genetic alternation in all human cancers
[44]. For lung cancer, TP53 mutation occurs in approximately half of NJ&@5@6]
and in about 70% of SCL[&7].
p53 mainly functions as a transcriptional factor to prevent tumor development
through regulating a broad rangf genes involved in DNA repair, apoptosis,-cgltle
arrest, and senescer{dd, 49]. The p53 protein contas two DNA binding domains, the
centrally located sequensgpecific core DNAbinding domain and sequennenspecific
C-terminal DNADbinding domair[50]. Most p53 mutations are point mutations within
the core DNA binding domain which lead to a single amino acid cH&igerhese
mutations interfere with the sequersgecific birding to target genes, which disrupts the
ability of p53 to regulate transcription. Therefore thesesgpenissense mutations are
defined as Al oss of functiond p53 mutation
capacity to suppress tumdevelopmentbutalso acquire new proncogenic abilities
[52, which are fAgain of functionodo mutations,

mutation[53] (R172H in mous¢54]).

2. Regulation of p53
In normal cells, the amount of p53 protein igintained at low levels. When cells

receive stress signals, the p53 level is increased and the protein activates diverse



downstream events such as cell cycle arrest or apopd@is herefore, tight regulation
of p53 is crucial to avoid extreme biological effects and maintain cell homeostasis.

The most common p53 reguvatis MDM2, which negatively regulates p53
mainly through two mechanisms: directly binding to theNminal region of p53 and
preventing its transcriptional activiti€S5] or functioning as an E3 ubiquitin ligateat
targets p53 for degradatigh6]. Its structural homolog, MDMX, is also able to
negatively regulate p53 by binding to itst&fminus and inhibiting its transcriptional
activities[57]. MDMX also interacts with, and stabilizes, MDNEZ3].

Interestingly, MDM2 is also a target gene of p53. p53 transcriptionally activates
the MDM2 gene and upregulates its expressionlis f&9]. Increased MDM2 in turn
promotes the degradation of pSerefore, a negative regulatory feedback loop exists

between MDM2 and p5[0].

3. Ribosomal stress and p53

Besides cellular stress induced by DNA damage, ribossiress or nucleolar
stress is another way to activate p53 independent of DNA damage. Ribosomal stress is
caused by the interruption of ribosome biogenesis, such as the disruption of rRNA
biogenesis, ribosome assembly and ribosome ef®hré62]. Several compounds are
commonly used for experimental study of ribosomal stress, incladtimgmycin D (Act
D) [63], 5fluorouracil (5FU) [64] andmycophenolic acid65]. It has been well
established that Act D at low dose (5 nM) selectively inhibits the transcription of rRNAs

by intercalating into & rich region of rDNA66].



Ribosomal stress stimulates the translocation of ribosomal proteins (RP) from the
nucleolus to the nleoplasm, which transmits ribosomal stress signals td 53%7-69].
Ribosomal proteins (RPLZ®7], RPL11[63, 68 and RPLY69]) bind to MDM2 and
inhibit its E3 ubiquitin ligase function. Therefore ribosomal protein translocation induced
by ribosomal stress leads to p53 accumulation in cells. In addite®mreoncogenic

factor SRSF1 is found to be the third component of the RRD®M2 complex[70].

lll. K -RAS MUTATION IN CANCER

K-Ras mutation is another ofdhmost common alterations in human lung
adenocarcinoma, which is detected in 10% to 30% of pafiékitsThe majority of k
Ras mutations are point mutations mostly occurring in codon 12(than 90%), 13 and
61[72, 73]. Misssense mutated-Ras is usually constitutively activat€d3]. Activated
K-Ras consegently interacts witmultiple signal effectors, including MAPK, STAB
and PI3kinaseq74], which regulate downstream events involved in cell survival,
proliferation and invasion.

Since a point mutation in codon 12 accounts for the majority-Ba& mutations,
the K-Ras**?P mutation has been widely used in making dgiea#ly engineered mice to
model human lung carcinoma. In these modelRaé®*?°is either somatically activated
[79] or conditionally activated through Le&topLox (LSL) recombinatiorf76]. In the
LSL K-Ras™**® model, K-Ras activation in the lung induced inflammation with
accumulation of macrophages and neutrophilsgamération of abundant inflammatory
chemokines in the lungy7]. In anotheiK-Ras™*® mouse model, Th17 cells were

recruited to the lung, which may indicate a comrelabetween IL17-mediated



inflammation and tumorigenesigq). In addition, the KRas***® mutation drives tumor

formation through the primflammatory transcription factor, NKB [78§].

IV. MATRIX METALLOPROTEINASES ( MMPS) IN CANCER

MMPSs are dargefamily of proteolytic enzymes that degrade different
components of the extracellular matrix (ECM). More than 20 tgp&4VMPs have been
recognized and can be divided into several subgroups based on their substrates, including
collagenases (MMR, -8 and-13), gelatinases (MMR and-9), stromelysin (MMP3 , -

10 and-11) and matrilysin (MMF7) [79]. MMPs contain the following common
domains: prepeptide domain, catalytic domain, hemopexin domain and linker peptide
[80]. Newly synthesizeIMPs are in the inactive form (pfdMPs), which will be
activated after the interaction between the cysteine residue in tpeptide domain and
zinc ion in the catalytic domain is interruptfe1]. The activities of MMPs are also
regulated by tissue inhibitors of metalloproteinases (TIMPSs), which is a family of
protease inhibitors that consists of four isoforms (TIMP1 to TIMBZ)).

The level of MMPs remains low in normal tissues, but they are inducible by
various stimuli, such as growth factors, cytokines and oncogenic sj§8hls
Overexpresion of MMPs is found in several cancer types, such as breast ¢84jcand
NSCLC[85]. Emergng evidence shows that MMPs play an important role in cancer
development. It is well known that MMPs contribute to tumor invasion and metastasis
based on their ability to degrade the ECM that surrounds the tumor i86lies

Moreover, the effect of MMPs on cancer development is not only limited to

promoting tumor invasion. Evidence shows that different MMP family members can also
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affect tumorigenesis througither mechanisms. MMPs (MMP[87], MMP-3 and
MMP-9 [88]) promote tmor growth by cleaving the insulgrowth-factorbinding
protein (IGFBP) and releasing the bioactivesulinlike growth factors (IGF) into cells.
MMPs can also positively regulate the angiogenesis process. Both vivi MMR9
contribute to increasing éhsize of tumor blood vess¢B9]. MMP-13 indirectly
promotes angiogenesis by increasing the secretion edrqgmgenic growth factor
VEGF-A [90]. MMPs are also involved in regulating cell survival. MMRan prevent

cancer cell apoptosis by cleaving and releasing the Fas lj§anep).

V. SERINE/ARGININE -RICH SPLICING FACTOR 1(SRSF1)
SRSF1 (also known as ASF/SF2) belongs to the sameargininerich splicing
factorprotein family (SR proteins). The most important functional domain in SRSF1 is
the RNA binding domain, which interacts with the-pt&NA and spliceosome to control
downstream splicing event83]. SRSF1 is involved in multiple RANmetabolism
activities, including prenRNA alternativesplicing, mRNA translationnRNA export
from the nucleus to cytoplasm and cytoplasmic mRNA d§@4@7]. A recent report
revealed that SRSF1 is also involved in destabilizing mMRNA by reducing itbfeg22].
For example, SRSF1 binding destabilizes CXCL1 mRNA. Upeh7ktimulation,
di sassociation of SRSF1 from 36UTR region
[22].
Since most eukaryotic pmaRNAs need to be spliced to become matuRNA,
SRSF1 is crucial for the normal expression of a broad range of genes. Altered expression

of SRSF1 is found to be associated with the initiation of many diseases, including cancer
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[98, 99 and enhanced expression of SRSF1 directly drives the transformation of
immortal rodent fibroblas§98 and mammary epithelial cel|89]. In contrasto this
pro-tumor function, SRSF1 is also involvedinducing cell senescence coupled with

ribosomal stresgr0, 100 .
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CHAPTER Il. MECHANISMS OF MATRIX METALLOPROTEINASE -9
ACTIVATION DURING LUNG TUMOR PRO MOTION BY INTERLEUKIN -17
I: INTRODUCTION

The Interleukinl7 family consists of six members.-ll7A to IL-17F. Although
the family members are structurally related, they originate from different cell types and
have diverse biological functiof$01]. IL-17 family members bind to a family of {17
receptors (IL17 receptor A to E) which form heterand homodimers witbound ligand
to activate downstream signalifi. As these IL17 receptor family members have
different ligandbinding specificities and variable tissue distributions, thé TLcytokine
family associates with multiple inflammatory responseslTiA, commonly called 1117,
is the first identified and by far the most wstudied 11-:17 family member. T helper 17
(Th17) cells are a primary source of-Il7A and homologous family member-I7F[8].
In both humans and mice,-IL7A and IL-:17F bind and activate a heterodimeric receptor
formed by IL-17RA and IL:17RC[14, 15]. IL-17RA is expressed ubiquitously, while-IL
17RC is mainly expressed in epithétalls and fibroblastgl6).

Multiple clinical findings with a variety of cancers, such as gap3at, prostate
[33], colon[34] and lung cancg35], demonstrate that elevated levels oflIL correlate
with a worse prognosis. However, in experimental models, the role bf Ia tumor
growth depends on context. In many models, pagrtuin immunedeficient mice, Ik
17 promotes tumorigenesis and enhanced angiogenesis appears to account, in large part,

for this pretumorigenic effecf102. However, in immune competent mice;1l/
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impairs growth of tumor allografts by stimulating atumor immunity[40, 41]. A
possible explanation for these disparate findings is that tumor graft models are inadequate
in testing the effect of H17 in tumorigenesis. In an autochthonous model of prostate
cancer in immunocompetent mice;1IZ deficiency leads to impad tumor growtt 30].

In lung cancer, dissection of the inflammatory response to cigarette smoke, the
predominant lung carcinogen, could be used to identifyipadlammatory mediators
that promote lung tumor progression. In support of this view, lung inflammation induced
by cigarette smoke accelerates progression of lung adenocarcinoma [103cS&ince
cigarette smoke elicits a Th17 inflammatory respdtéd, 109, tumors arsing in the
lung must adapt to this inflammatory phenotype. This observation prompted us to
determine the consequence of overexpression-@f7/i, the prototypical Th17 cytokine,

upon progression of mutatRasdriven lung adenocarcinoma.
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II: MATERI ALS AND METHODS

1. Animal Model

K-Ras”! mice in the C57BL/6 background were provided by Dr. Tyler Jacks through the
National Cancer Institute Mouse Repository. Mice were maintained under pathegen
conditions and experimental protocols were approvetthéy ulane University

Institutional Animal Careand Use Committee (IACUC) following guidelines of the

Association for Assessment and Accreditation of Laboratory Animal Care.

2. Plasmids

Plasmids pCMWp53wt [106 and pCMV{p53-R175H express the witype human p53

and dominant negative R175H mutant human p53, respectively, from the CMV promoter.
The pCMVLp53R175H plasmid was constructed by digesting the-FER17H
plasmid[107] with BamHI and adding EcoRlinkers after filling in the restricted DNA.

After digestion with HindlIl, the R175H mutant p53 cDNA was subclonatbithe
pCMV12S.FS plasmifll0g at the EcoR-Hind Il sites after removal of the EIA cDNA

insert.

3. Adenovirus Administration to Mice and Assessment of Tumor Rogression

Lung tumorbearingk-Ras”! mice 810 weeks of age weanaesthetizedith isoflurane
before being administered 181fu IL-17-expressing adenovirus (AdN.-17) by
oropharyngeal aspiration. Conti¢iRas”* mice received an identical amount@FP
expressing adenovirus (Ad@FP). Three weeks after treatment the mice were

euthanized and the lungs were inflated by perfusion with fbdftalin at 30 cm pressure
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for 20 minutes before removahfter overnight fixation, the number of lung tumors on
the pleural surface was quantified without knowledge of the sample identity. Tissue
sections prepared from paraf@mbedded lung tissue were stained wigématoxylin and
eosin (H&E)before evaluation of tumor burden. The tumor burden (defined as the ratio
of hyperplastic lesion area to total lung section area on H&E stained se¢ti68syvas

guantified with an Aperio ScanScope slide scanner

4. Immunofluorescene

Deparaffinized and rehydrated lung tissue sections were blocked with 10% donkey

normal serum and 0.1% Triton in PBS at room temperature for 1 hour in a humid

chamber. Immunofluorescent staining of lung sections fdralteceptor C was

performed using mese 1L-17 Receptor C primary antibody (R&D Systems, Minneapolis,

MN) diluted 120in PBS containind% donkey serum and@% Triton X100

overnight at £. The primary antibody was removed, and the slides wms in 200

el of P BS. Secdndaeyelonkey AtezasFluor® 594 antibqthywitrogen) diluted
1:1000and0 . 14 € g/ ml DAPI asthe ptinhaey anditeodyeveres ol ut i on
incubated for 1 hour at room temperature Af t er washing wimesh 200 ¢
the slides were mounted with a cover slip using Prolong Gold antifade (Invitrogen).

Images wer¢akenusing an Olympus BX60 fluorescent microscope and Magnafire

image acquisition software
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5. Cell Culture

mK-RasLE cells, a murindung cancer epithial cell line, were established from a lung
tumorbearingk-Ras”™! mouse110. ThemK-RasLE cellsform tumors in syngeneic

mice and express the lung epithelial eedirkers surfactant protein C anet&dherin, but
fail to express Clara cell secretory protein ecatiherin ¢ur unpublished observatipn
mK-RasR172HLE cells were established from a lung turbearingk-Ras”! mouse

that was also heterozygous for a RA#&hockin mutation of p§311]. The linehad been
backcrossed to the C57BL/6 inbred strain for more than 10 generations before the cells
were preparedThemK-RasR172H-LE cells are positive for SPC and cytokeratin, but
negative for Ecadherin and slightly positive for vimentin (our unpublished observation).
Both cell lines wereultured inRPMI medium with 10% FBS and 1%

pencicillin/streptomycin (complete mediu) 37 € with 5% CO, [11Q.

6. Wound Healing Assay
Cells were seeded on-li&ll plates with RPMI complete medium. When the cells
reached about 80% confluence, the mediuas veplaced with serufnee RPMI

followed by overnight incubation. Then a single artificial wound was made by scratching

the centerofte monol ayer of cells with a 200 ¢l

the cells were washed with PBS to remove detached cells and freshfesgRPMI was
added containing increasing concentrations of mousk 1IDuring thepostwounding
period, images within the same area of the scratches were taken with acpnasest
microscope. Ten measurements of wound width were taken for each scratch and were

averaged. Percent of wound closure was

c al
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migrated relativeo the initial scratch width. In some experiments, a selective inhibitor of
MMP-9 (10nM,MMP-9 Inhibitor I, CAS 117774%8-4, Millipore, Billerica, MA) was

added simultaneously with 1L7. For the migration assays with p53 knockdown
experiments, cells grang in 1 ml RPMI containing 10% FBS in 24ell plate were
transfected with 5pm siRNA using Lipofectamine diluted in 50  @pEM according

to the supplierds (Il nvitrogerasjorampeci ficati
experiments, cells growing in 1 RIPMI containing 10% FBS in 24ell plate were
transfected with 5pm siRNA plus 150 ng pCAN83-wt plasmid or PCMWp53R175H
plasmid using Lipofectamine diluted in 50 g4 OfMEM. The protocol for the wound

healing assay in p53 knockdown or knockdenestogation experiments was the same as

in untransfected cells, except the treatment incubation time was 30 hours. Silencer®
Select siRNAs specifically targeting mouse p53 (gene ID: s75472) and Silencer® Select

Negative Control No. 1 siRNA were purchased frowmthogen.

7. Transwell Migration Assays

Cells at about 80% confluence were incubated overnight with seeenRPMI. The next

day, the cells were trypsinized and resuspended in seeenRPMI before seeding 2.5 x

10° cells in 2004 in 24well transwelmi gr ati on inserts (8 em por
Jose, CA). Serurfree RPMI with or without 10ng/ml mouse-Il7 was added to the

lower chamber. After 24 hours, the cells on the upper surface of the insert were removed

by scraping with cotton swabs ane tbells that migrated to the lower surface were fixed

and stained with the HEMA staining kit (Thermo Fisher Scientific, Waltham, MA).

After air-drying, the inserts were mounted using Permount on glass slides. At least 5
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random images were taken at 200agnification under a light microscope. The number

of migrated cells were quantified per image and averaged per well.

8. Transwell Invasion Assays

The invasion assays were performed withn2d | | BD BioCoatE Matrige
Chambers as described by the supplier (BD Biosciences). Briefly, cells were seeded in

the inserts coated with growth factor reduced matrigel at a density of 2°%&ltswell

in 200ul serurrfree RPMI. RPMI containing 0.5% FBS with or without 10ng/ml mouse

IL-17 was added to the lower chamber. After 48 hours, the inserts were stained and
photographed as described above and the number of cells that invaded through the

matrigel was quantified as described above.

9. RNA Quantification

Total RNA was extracted from cultured cellsneouselung tissue with TriPure Isolation
Reagent (Roche Applied Science, Mannheim, Germany) and purifiedtheiRfleasy

Mini Kit (Qiagen, Valencia, C} followedbyTURBOE DNase treat ment
Carlsbad, CA) adescribed by the suppliRNA purity and concentration @re

measured usingNanoDrop Spectrophotometer (Thermo Scientific). FSteind cDNA

was generatehy reverse transcription (RTisingtheiScript ¢ DNA Synt hesi s K
(Bio-Rad, Hercules, CA). Quantitative PCR of the cDNA was perforimesMP-9 and

b-actinwith primer setsNIMP-9 fo r w a «CAATGNJTGCAATGTGGATG3 Nj and

MMP-9r e v e ITAASGARABGGGCCCTGTAAT-3 Mjactinforward5 -Nj

TCTACGAGGGCTATGCTCTCGE3,Njaétin revers® -Nj
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GGATGCCACAGGATTCCATAG3 Nj) using i QE SYBRERadr een S
PCR conditions were 95€ for 3 miripllowed by45 cycles at 95€ for 15 seconds,

60€ for 30 seconds, and 72€ for 15 seconddter PCR, amelting curve validatd the

specificity oftheamplification. Relative expression of the MMPMRNA was

normal i zed agai nst tabtie mRNA using the®P'mettod t r o1 mo

[112.

10. Cell Viability Assay

mK-RasLE cells were seeded into 9¢ell plates in RPMI complete medium for 24
hours. Then the complete medium was removed and sieegnRPMI was adied

followed by incubation overnight. The next day the medium was replaced with-serum
free RPMI with increasing concentrations of mousd. T After 48 hours, the cell

viability was determined using the MTT Cell Proliferation Assay kit (ATCC, Manassas,

VA)according to the manufacturerdés protocol

11.Gelatin Zymography

MMP-9 enzymatic activity in cell culture media or bronchoalveolar lavage (BAL) fluid
from mice was determined by gelatin zymography3. An equal volume of each
sample was mixed with 4x Trglycine SDSsamplebuffer (40% glycerol, 250mM Tris-
HCI pH 6.8 8% SDS 0.01% bromophenol blyeand incubated 10 minutes at room
temperature. The samples wéyaded on a Novex® 10%ymogram @elatin) gel
(Invitrogen). The gel was run at constant voltagé@V) at 4 € until the bromophenol

blue tracking marker reached the bottom. Then the gel was incubatedyimagram
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renaturingouffer (2.5% Triton X100in water) for 30 minutes at room temperature with
gentle agitation and subsequently incubated iayixogramdevelopingbuffer (5amM

Tris, 5mM CaCl}, 0.2M NaCl) for another 30 minutes. The gel was incubated in fresh 1x
developing buffer overnight at 37 @r maximum sensitivity. Then the gel was stained
with 0.5% Coomassie Blue methanol:acetic acidwater, 50: 10: 40 for 45 minutes and

destained in the same solution without dye to detect the clear area of protease activity.

12. mRNA Stability Assay

mK-RasLE cells were prdreated in seruaree RPMI with or without 10 ng/ml H17

for 2 hours. The medium was replaced with fresh sérammRPMI medium entaining

10 ¢eg/ ml a cSigimaAkrly, StiLouis, Misspuri) or the same concentration
actinomycin D plus 10ng/ml H17 for 2.5, 5 and 8 hours before preparing total RNA

with Tripure (Roche) and RNeasy Mini Kit (Qiagen) as described above. Thdaine

of mMRNA for MMP-9 | -actin, CXCL:-1 and CXCI:2 at different time points was

determined byuantitativeRT-PCR (CXCL1 f o r Me&6GQIGCETRTCGCCAAT3 Nj,
CXCL-1 r e v-ACGCITECAAGHITCTGGATGTTCTTG3 Nj; @XCElor war d 5 N;j
TGTCAATGCCTGAAGACCCTGCE3 Nj, <@XClev-er se 5N;j
AACTTTTTGACCGCCCTTGAGA3 Nj) . P CR <c on dliandiCX@-2wefeor CXC

95€ for 3 min followed by40 cycles at 95€ for 15 seconds, 60€ for 1 minute.

13.siRNA Transfection
Cells growing in 2 ml RPMI containing 10#BS in a éwell plate werdransfected with

30 pm si RNA using LipofectamineE 2000 tran
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500 | of Opti-MEM® | reducedserum medium (Invitrogen) according to the
manufacturerds recommendations. SilencerE
serne/argininerich splicing factor 1 (SRSF1) (gene ID: s200965) and Silencer® Select
Negative Control No. 1 siRNA were purchased from Invitrogen. After 48 hours, total

cellular RNA was prepared and subjecteduantitativeRT-PCR as described above.

14.RNA Immunoprecipitation

RNA co-immunoprecipitation assays were performed as described previously with some
modifications[114]. mK-RasLE cells were incubated in sen-free RPMI medium
overnight and treated with or without 10ng/m}1Z for another 48 hours. After

treatment, 4 x 10cells were harvested by trypsinization and fixed in PBS solution with
0.1% formalin for 15 minutes. The fixation procedure was quenchatchbating in 10

ml PBS with 0.25M glycine (pH 7) for 5 minutes. Then cells were washed with PBS and
resuspended in 1ml RIPA buffer (50Mm F@$ pH 8, 150mM NacCl, 1% NP40, 0.5%
Sodium Deoxycholate, 0.1% SDS) containing 1x protease inhibitors (Rocte), an
sonicated (30% power, 12 seconds; 40% power, 12 seconds; 50% power, 5 seconds twice)
with a Branson Sonifier. After removal of insoluble material by centrifugation at 16,0009
for 15 minutes, 1ml of each cell extract was incubated with 5 g antibody $-$5R

(Santa CruBiotechnology, Santa Cruz, GAr the same volume of PBS for 1 hour.

Then 20 4 BSA preblocked protein A/G Pluggarose beads (Santa Cruz) were added
and incubated on a rotating incubator overnight at 4C. The next day, the agarose beads
were collected by centrifugation at 3,6@04€C for 5 minutes. After washing the beads 3

times with 1ml RIPA buffer, they were resuspended in 200 @ elution buffer (50mM Tris
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ClpH 7, 5mM EDTA, 10mM DTT, 1% SDS) and incubated at 70€C for 1 hour to reverse
formalin crosdinking. RNA was extracted from the eluate using TriPure (Roche) reagent
according to the Manufacturero6s protocol
same volume of each cDNA product (1.5 out of 40 ) was subjected to quantitative RT

PCR for measuring CXCR, b-actinand MMR9 mRNA levels as described above.

15. Statistical Analysis
Data are presented as means N t@&MManDat a we
Whitney test when appropriate with GrapdPad Prism 5 softywas@ues lower than 0.05

were considered as statistically significant.



23

1. RESULTS.
1. IL -17 over-expressionincreasedung tumor growth in K-Ras”*! mice

IL-17A signals through a heterodimer of1Z receptor A (IEL7RA), which is
ubiquitously expressed, dnL-17 receptor C (ILL7RC), which has a restricted pattern of
expression15, 115. We performed immunofluorescent staigito determine if IEL7RC
is expressed in lung tumor tissuekoRas” mice. We found more prominent17RC
immunostaining within hyperplastic lung lesions than in normal parenchyigar ¢ 2-
1A). These findings are consistent with the postulate thatrttissue responds directly
to IL-17A.

To evaluate the effect of {L7A on lung tumor growth, H17A-expressing
recombinant adenovirus (Ad\.-17)[116 was delivered by oropharyngeal aspiration to
the lungs of tumoebearingk-Ras”! mice at 8 to 10 weeks of age. For control purposes,
an equivalent amount of green fluorescent pregsipressing adenovirus (Ad@FP)
was delivered t&-Ras" littermates. Thee weeks after adenovirus treatment, the
number of visible tumors on the pleural surface of AdV17-treated mice doubled
relative to that in the control group treated with AG¥P Figure2-1B). K-Ras™*
littermates that did not receive adenovirus hadraparable number of tumors on the
pleural surface relative to that of the A@3FP-treated miceControl experiments
demonstrated that AAVL-17 treatment of micexpresse@levated levels of H17in the
BAL fluid with a correspondingighernumber oflung neutrophilia.

To confirm IL-17-mediated acceleration of lung tumor growth, we used a slide
scanner to quantify tumor burden on hematoxylin and eosin (H&E) stained lung tissue

sections from the adenovirieated animals. Consistent with quantificatidérumors on
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the pleural surface, tumor burden expressed as the ratio of tumor lesion area to total lung

area in H&E stained tissue sectidd®9 nearly doubledn K-Ras”' mice

overexpressing H17 (AdV-IL-17) relative to the AAVGFP control groupHigure2-1C).
Quantification of nucleoside analog€thynyl2 -@leoxyuridine, EdU)

incorporation and tumor cell number per hyperplastic lesion confirmed an app®@mat

fold increase in lung tumor growth KrRas”*! mice treated with AdML-17 relative to

AdV-GFRtreated littermated{gure 32B). These data confirmed that-17

overexpression stimulated a rapidrease in lung tumor growth vivoover a relatively

brief threeweek period
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To assess the effect of-IL7 upon proliferation of lung tumor ceils vitro, we
performed MTT assays with lung tumor cell line prepared fraiRas” mice[110.
An increasing amount of HL7 had little effect on proliferation of serestarvedmK-
RasLE cells Figure2-2). Indeed, at the highest dose (&ml), IL-17 slightly repressed
lung tumor cell viability, but the decrease was nomigicant. We concluded that the
observed increase in lung tumor growth in Al\/17-treated mice was not due to a

direct effect of the cytokine upon lung tumor cell proliferation.
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Figure 2-1. Overexpression of IL-17 promoteslung tumor growth in K-Ras”! mice.

(A) Lung tumors express HL7RC. A fixed and paraffiembedded lung tissue section
from aK-Ras”! mouse was stained with an antibody tellfTRC by immunofluorescence.
The figure shows a mged image of red H17RC immunofluorescence adl 6
diamidino2-phenylindole(DAPI) blue nuclear stainingmages were taken a200x

magnification.

(B) Quantification of tumor nodules on the lung pleural surfacésRas” mice after
AdV-IL-17 treatnent K-Ras”' mice at 810 weeks received 1x1pfu IL-17-expressing
recombinant adenovirus (Ad\.-17) (n=9),green fluorescent protegxpressing

adenovirus (AdVGFP) (n=6), or no virus treatment (n=3) by oropharyngeal aspiration.
Three weeks after adevirus treatment, the mice were evaluated for lung tumor nodules
on the pleural surface. The graph shows the mean number (+SEM) of tumor modules on
the pleural surface of fixed lung tissue fréRas”! mice untreated (grey bar, n=3), or
treated with cotrol virus (AdV-GFP, white bar, n=6), or treated with-1l7-expressing

adenovirus (AdVIL-17, black bar, n=9). p < 0.05.

(C) Evaluation of tumor burden. The area of hyperplastic lesions and total area of lung
tissue examined was quantified on H&E stditissue sections from each mouse. The

graph shows the mean lung tumor burden (+SEM) as measured by the ratio (percent) of
the tumor area versus total area evaluated. The white bar represents the tumor burden of
AdV-GFP treatedk-Ras”! mice (n=6) and thblack bar represents the tumor burden of

AdV-IL-17-treated littermates (n=9).p< 0.05.
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Figure 2-2.1L -17 doesnot stimulate proliferation of lung tumor cells in culture.

Serumstarved mKRasLE cells, which were derivefilom aK-Ras”! mouse, were
treated with increasing concentrations of mouséLlfor 48 hours. Relative cell number

was assessed by MTT assay. The experiment was repeated twice in triplicate. Data shown

are mean +SEM.
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2. 1L -17 enhancesmatrix M etallopeptidase 9 (MMR9) expressionin Vivo and In
Vitro

The result above suggested thatllL stimulated tumor growth indirectly,
possibly by overcoming physical barriers to proliferationivo. Consequently, we
evaluated gelatinase activity in the beboalveolar lavage (BAL) fluid from adenovirus
treated mice by gelatin zymography. One week after virus delivery, BAL fluid and lung
tissue were prepared from witgpe mice treated with ANL-17 or AdV-GFP. Gelatin
zymography revealed a less thafoll increase in MMP2 and a more thanfold
increase in MMP9 in the BAL fluid from Ad\AIL-17-treated mice relative to that from
AdV-GFRtreated littermatedq{gure2-3A). The increased amount of MV#in the
BAL fluid correlated with more than af@ld increase in MMP9 mRNA in total lung
RNA (Figure2-3B). These data are consistent with the possibility that induction of
MMP-9 could at least partially account for lung tumor growth mediated 4y’ IL
overexpression. Since MM® has been implicated in progressiof lung
adenocarcinoma in a number of studies/-123, we addressed the mechanism of
MMP-9 activation by 17 in cell culture.

We treated seruratarved mKRasLE cells in culture with 1E17 to determine if
the cytokine can act directly on the lung tumor cells to induce MMRpression.
Gelatinzymography of the cell culture supernatant confirmed a time and concentration
dependent increase in MM®Pfollowing IL-17 treatment Figure2-4A). In accord with
these findings, IL17 treatment increased MMPmMRNA levels more than-#ld relative
t o-actn MRNA in mkRasLE cells Figure2-4B). Thus, Il-17 enhanced expression of

MMP-9 in murine lung tumor cells.
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Figure 2-3. Induction of MMP -9 in the lungs ofmice by IL-17.

Wild-type mice were treated with 1>86fu AdV-IL-17 or AdV-GFP.One week after

treatment, the mice were sacrificed and evaluated for NdMBpression.

(A) Equal volumes of BAL fluid from AdML-17- or AdV-GFPtreated mice was

assessed by gelatin zymography for MMP acti{iity4 per group)
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(B) Total lung RNA prepared from the mice in part A was assessed YPGRITor
MMP-9 mRNA levels wih -aotin mRNA as the internal control.id4 treated with
AdV-IL-17 (Hack bar) showed a 218ld increase (F®“hethod in MMP-9 mRNA
levels compared to AANGFP treated littermates (white bar). Data shown are means *

SEM. n=3 per group. p < 0.05.
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Figure 2-4. IL-17 treatmentincreases MMR9 protein and mRNA levels in mK-Ras

LE cells.

(A) Serumstarved mKRasLE cells were incubated with L7 (0, 10, or 50 ng/ml) for 8,

24, and 48 hours. Cdlupernatants were collected and tested for MMPs by gelatin

zymography.

(B) Total RNA was prepared from mRasLE cells at increasing times after treatment
with 10 ng/ml IL-17. The graph shows mean levels of MMAIMRNA relative tdb-actin
(2% hethod at the indicated time after addition of117 to the serurstarvedcells.

Error bargepresenmean +SEM (n(4). * p < 0.05.
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3.IL -17increases thanotility and invasion ofmK-RasLE cells

MMP-9 can increase cell motility and invasi[124]. Therefore, we determined if L7

could increase the motility and invasivenesséf-RasLE cells. IL.-17 promoted

migration of mkRasLE cells ina scratchwound closure assafigure2-5A). In

agreement with the concept that the enhanced motility and invasiorl@ftleatedmK-
RasLE cells required MMPR, a selective MMB inhibitor prevented augmented
migration mediated by H17 (Figure2-5B). In addition, enhanced invasion of-1l7-
treatednK-RasLE cells through a matrigel matrix in transwell invasion assays was also
repressed by the MMB inhibitor Figure2-5C). Control experiments demonstrated that

the MMP-9 inhibitor had no effect on theability of the mk-RasLE cells(Figure2-5D).
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Figure 2-5. IL-17 promotes migration and invasion of mkRasLE cells.

(A) Confluent mkRasLE cells in 24well plates were serustarved overnight, then a
scratch wound was made at time O (Ohr) and fresh serenmedium or serufree

medium supplemented with 10 or 50 ng/mi1EZ was added before returning thd<e&

the incubator. Cell motility was measured as the ratio of wound closure relative to initial
wound width. The graph shows the percentage of wound closure versus time for cells

incubated in O (dotted line), 10 (solid line) and 50 (dashed line) ngAtT IL
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(B) A selective inhibitor of MMP9 prevents enhanced migration mediated b TL
mK-RasLE cells were plated onto a porous membrane without serum.-lualhs
migration assays were performed with (black bar) or without (white bar) addition of 10
ngml IL-17 added to the bottom of the transweEnhanced migration by these cells in
the presence of HL7 could be reduced by a selective Mihhibitor (gray bar). The
extent of migration ixpressed as the number of migrated cells relative to thbemof

migrated cells in the negative control group, which was normalized to 100.

(C) The same treatments as shown in panel B except the porous membrane was coated
with matrigel. Enhanced invasion mediated byl was reduced by the inhibitor of

MMP-9. * p < 0.05.

(D) MMP-9 inhibition does not inhibit the viability ehK-RasLE cells. Serunstarved
mK-RasLE cells were treated with HL7 (10 ng/ml) with or without MMB inhibitor |
(210nM), or MMP-9 inhibitor alone for 24 hours. Cell viability was measuiby MTT

assay.
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4. Knockdown or mutation of p53 abrogatespromotion of lung tumor cell motility
and invasion by IL-17

Lung tumors harboring mutations in bd€kFRasand the p53 tumor suppressor
protein grow more rapidly and metastasize more reduily tung tumors with mutations
only inK-Ras[111, 125. To address the effects of p53 mutation upon lung tumor
promotion by IL-17, we prepared a lung tumor cell line, asR172HLE cells, from
K-Ras”! mice that were also heterozygous kndrtkor the tumor promoting R172H
mutation of p53111]. Treatment of mKRasR172HLE cells with IL-17 had no effect
on migration Figure2-6A) or invasion Figure2-6B). Moreover, basal levels of MMP
MRNA in mK-RasR172HLE cells were greater tha®-fold higherr el at dactire t o b
than this ratio in mkKRasLE cells and [:17 failed to increase MMB mRNA levels in

mK-RasR172HLE cells Figure2-6C).
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Figure 2-6. IL -17 fails to enhancemigration, invasion and MMP-9 expression in

mutant p53-expressinglung tumor cells.
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(A) Effect of IL-17 upon migration of mutant p&pressing cells. Same as Figure 5A
except confluent mkRasR172HLE cells were asessed for migration in sertfnee

medium (closed circles) or serdm@e medium supplemented with 10 (squares) or 50
(triangles) ng/ml IE17. The graph shows the percentage of wound closure versus time.

Data shown are means +SEM (n=4)p% 0.05.

(B) IL-17 does not promote invasion of mutant #pressing cells. Transell
migration assays (see FigtéB) were performed with miRasR172HLE cells in
serumfree media with (black bar) or without (white bar) 10 ng/milil. Data shown

are means +SEMn=4).

(C) Total RNA was prepared from mRasR172HLE cells at increasing times after
treatment with 10 ng/ml H17. The graph shows mean level of MMPNRNA relative
to b-actin (2%*®“hethod at the indicated time after addition of17 to the serum

starved cellsData shown are means +SEMd). * p < 0.05.
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Data in the preceding section suggested that promotion of lung tumor cell
invasion by I-:17 is p53 depadent. To test this concept directly, we determined the
consequences of p53 knockdown in fRi&sLE cells upon promotion of migration by
IL-17. Knockdown of p53 enhanced migration of #REsLE cells and prevented
enhanced migration mediated by1Z (Figure 2-7A). In contrast, mKRasLE cells
transfected with a mock siRNA migrated more slowly than the p53 siRalfsfected
counterparts and retained the response tb7IL In accord with these findings,-Il7
increased MM mRNA levels in the mock siRN&ansfected cells, while p53
knockdown increased MMBP mRNA levels and 1117 had no additional effedEigure
2-7B). Thus, the effect of the p53 siRNA on migration and response 1@ torrelated
with a similar effect on MM expression. Transfection thfe p53 siRNA into mK
RasR172HLE cells had no effect upon the failure of these cells to respond1@ ih
the migration assay{gure 27C). Restoration of p53 by ewansfection of the p53
siRNA with a plasmid that expresses a siRNA resistanttypeé human p53 into mK
RasLE cells repressed migration and restored the enhanced migratory respon&& to 1L
(Figure2-7D). Furthermore, restoration of wilgpe p53 rescued HL7-mediated
induction of MMR9 mRNA Figure2-7E). These wiletype p53 rescuexperiments
demonstrated a correlation between p53 status add-tediated induction of MM
and migration. In contrast, ¢tansfection of a plasmid that expresses a p53 siRNA
resistant R175H mutant human p53 with the p53 siRNA did not restoreltaercenl
migratory response to L7 (Figure2-7F). Taken together, these data suggest thaf7IL
enhances migration of lung tumor cells by inhibiting wiyjge p53mediated repression

of MMP-9 expression.
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Figure 2-7. P53status alters IL -17-mediated promotion of migration and induction

of MMP -9.

(A) Knockdown of p53 prevents enhanced migration efLil-treated cells. mKRasLE

cells were transfected with a p&&geting siRNA (sip53) or a nemargeting control
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SiRNA (siMock) before growth to confluence. A scratch wound was made in the
confluent culturestaime 0 (Ohr) and fresh serufree medium or serutfree medium
supplemented with 10 ng/ml{L7 was added before returning the cells to the incubator.
At 15 and 30 hours after the addition of1lz, the percentage of wound closure was
assessed for mockdashed lines) and p8argeting (solid lines) siRNAransfected cells
incubated without (X) or with (circles) HL7. Data shown are means +SEM (n=4).p

<0.01.

(B) RNA was prepared from the cells at the 30 hour time point in part A and levels of
MMP-9 mRNA were determined by gRAICR. The graph shows the mean fold change
(+SEM) of MMP-9 mRNA levels relative té-actin(2*®hethod with (black bars) or
without (white bars) IE17. For normalization purposes, the MMP-detin mRNA ratio

in siMock-transfected, untreated cells was made equalt@X 0.05

(C) Transfection of mKRasR172HLE cells with a p53argeting siRNA does not
restore I-:17-dependent enhanced migration. RisR172HLE cells were transfected
with a p53targeting siRNA (sip53) or a naargeting control siRNA (siMock) before
growth to confluence. A scratch wound was made in the corftudtures at time 0 (Ohr)
and fresh serurdree medium or serusiree medium supplemented with 10 ng/milz
was added before returning the cells to the incubator. At 24 and 48 hours after the
addition of IL-17, the percentage of wound closure was asddss mock (dashed lines)
and p53targeting (solid lines) siRNAransfected cells incubated without (X) or with

(circles) IL-17. Data shown are means +SEM (n=4).
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(D) Restoration of wiletype p53rescues enhanced motility mediated bylll. mK-Ras

LE cells were cdransfected with a p5targeting siRNA (sip53) or a netargeting

control siRNA (siMock) with a plasmid (pCMY53wt) that expresses witype human
p53, which is siRNA resistant. The graph shows the percentage wound closure at the
indicatedtimes after wildtype human p53 expression in mock siRMAnsfected cells
(dashed lines) versus p53 siRMransfected cells (solid lines) in the presence (circles)
and absence (X) of 10 ng/ml-iL.7. Data shown are means +SEM (n=4p £ 0.05 ** p

< 001.

(E) Restoration of wiletype p53 rescues induction of MMPMRNA by IL-17. Same as
part B, except the levels of MM® mRNA at the 30 hour time point from the cells in part

C were determined. py< 0.05

(F) Same as Figura-7D, except the coransfeted plasmid (pCMW53R175H)

expressed the R175H mutant of human pSBénmk-RasLE cells with p53 knocked

down. The graph shows the percentage wound closure at the indicated times after mutant
human p53 expression in mock siRNiansfected cells (dast lines) versus p53
siRNA-transfected cells (solid lines) in the presence (circles) and absence (X) of 10

ng/ml IL-17. Data shown are means +SEM (n=4).
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5. Upregulation of MMP -9 expression by IL-17 dependspartially on IL -6

Previous findings indicatedhat IL-17 increased MM expression via the 1b-
Stat3 pathway12€. Both IL-6 mMRNA and protein levels are significantly higher in the
lungs of IL-17-overexpressingramals than in the AAVGFP control groupRigure 28A,
Figure 28B). To test involvement of H6 in the IL-17-mediated upregulation of MMP
MRNA expression imK-RasLE cells an antibody to I1t6 was added to the cells
simultaneously with IE17 treatmentThe IL-6 antibody reduced MMB mRNA levels
in IL-17-treatedmK-RasLE cellsby 8 hours Figure2-8C). By 48 hours posireatment,
the 3.5fold increase in MMFO mRNA in IL-17-treatednK-RasLE cells( r el ati ve t o
actin) was reduced to about £@d by the antibody to IL6. In agreement with this result,
the IL-6 antibody rapidly reduced levels of suppressarypdkine3 (SOCS3) mRNA,
an established target of the-®&Stat3 pathwa)[127], in IL-17-treatednK-RasLE cells
by more than 50% at 8 houfsigure 28D). These findings indicated that-Il.7

increased MMP mRNA, in part, through H6.
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Figure 2-8. IL-17 regulates MMPR9 partially through IL -6.

(A) IL-17 upregulatelL-6 mRNA in the nouse lung. Totalung RNA was collected one
week post treatmeratf wild-type micewith 1x10° AdV-GFP or AIV-IL-17. qRT-PCR
forlL-6 mMRNA | evel s -actnsnRIpAeserded as the idternalfzontroick
treated with AdVIL-17 (Hack bar) showed3.6-fold increasg2®® hethod in IL-6
MRNA levels compared to AGFP treated littermates (white bar).3nger group* p <

0.05.

(B) BAL fluid from AdV-IL-17- or AdV-GFPRtreated mice waanalyzedor IL-6 protein.

n=8 per group* p < 0.05.

(C) IL-6-dependentegulation of MMR9 by IL-17. Serumstarved mKRasLE cells

were incubated with 10 ng/ml {L7 inthe presence (x) and absence (open circles) of 2

g/ml antibody to IL-6. RNA was prepared from the cells at the indicated times and

levels of MMR9 mRNA were determined by qRFCR (2*®“hethod r el ati ve t o

actin mRNA Data shown are means +SEM@). * p < 0.05.
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(D) IL-17 regulates SOGS mRNA through IL6 in mK-RasLE cells. Total RNA was
prepared from serwstarved mKRasLE cells that were incubated with-iL.7 (10 ng/ml)
with or without IL-6 antibody (3.9/ml) for 8, 24, 48 hours. The graph shows the levels
of SOCS3 mRNA (determined by qFAICR with the 2®< method and-actinmRNA

as control) at the indicated times pesgposure to IL17 in the presence (white bar) or

absene of (black bar) antibody to 1B.
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6. IL -17 upregulates MMP-9 expression via mRNAstabilization

A previous report demonstrated thatlZ enhanced the stability of chemokine
MRNAs[22]. To test whether I£17 could also affect the stability of MM®mRNA in
mK-rasLE cells, we treated the cells with-IL7 for 2 hours before inhibiting
transcription with 10 pg/ml actinomycin D. The decayfséctin mMRNA appeared similar
in mK-RasLE cellsin the presence and absence LIl (Figure2-9A). Consistent with
previous findings, IE17 treatment delayed the decay of chemokine mRNAs, GXCL
(Figure2-9B) and CXCL:1 (Figure2-9C). Similarly, IL-17 treatment also stabilized
MMP-9 mRNA (Figure2-9D). Chemokine mRNA stabilization by {17 requires the
serine/arginingich splicing factor 1, SRSHR2?Z]. To determinef SRSF1 altered the
stability of MMP-9 mRNA, we transfected mRasLE cells with a sSiRNA that targeted
SRSF1. After 48 hours, gRFCR assays indicated an ~80% reduction of SRSF1 mRNA
levels in SRSF1 siRNAransfected cells. Accordingly, western blots$&SF1 protein
also showed efficient knockdown of the SRSF1 protemkzRasLE cellswith this
SRSF1 targeting siRNAFgure2-10A). TheSRSFtargeting siRNA increased MMP
MRNA ~1.4 fold in transfectechK-RasLE cells relative to control cells transted with
scrambled siRNAKigure 210B). To demonstrate H17-regulated interaction between
SRSF1 and MM mRNA, we performed RNA eonmunoprecipitation assays
followed by mRNA quantification by gRPCR. An antibody to SRSF1-co
immunoprecipitated approxiately #fold more MMR9 mRNA than the negative control
from whole cell extracts of untreated seratarvednK-RasLE cells Figure2-100).
Treatment of the cells with 10 ng/ml-lL7 reduced the amount of MMPmRNA that

co-immunoprecipitated with the antdy to SRSFL to levels approximating the negative
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control. Additional assays did not show an association betbreetin mRNA with
SRSF1 in extracts from untreated orll-treated cells. Immunoblots confirmed that
equal amounts of SRSF1 immunoprecipitated specifically with or witheli¥ IL
treatment. Positive control experiments replicated previous finflirigh demonstrating
an IL-17-dependent association between SRSthd CXCl-2 mRNA (Figure 210D).
These observations support the concept thdf/lincreased MM mRNA staility by
reducing interaction with SRSFIhese data agree with our conclusion that L
increases expression of MMPin lung tumor cells viiwo mechanisms: an indirect-L
6-dependent mechanism and a direct mechanism related ttrgrustriptional

stebilization of the MMR9 mRNA by reducing interaction with SRIF
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Figure 2-9. IL-17 enhanced MMP-9 mRNA stability in mK -RasLE cells.

Serumstaned mK-RasLE cells were untreated (circles) or treated with 10 ng/ril L

(X) for 2 hours. Then 10 pg/ml actinomycin D was added to both groups. Equal amounts
of total RNA prepared at 2.5, 5, and 8 hours from duplicate or triplicate samples were
assessefbr the target mMRNAs by gRPCR. The results are presented as decay over

time. The mRNA levels before actinomycin D treatment were set to 1.

(A) AdditionofIL-1 7 had no effect (dashed -dctinne, ope:i
MRNA (solid line, X). Thegr aph s hows t fadinrpRNA®meaminage of b

versus time.

(B) Same as part A, except the percentages of GX@GIRNA remaining at the indicate
times for IL-17-treated (dashed line, open circles) and untreated cells (solid line, X) are

shown.
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(C) Same as part A, except the percentages of CX@IRNA remaining at the indicate
times for IL-17-treated (dashed line, open circles) and untreated cells (solid line, X) are

shown.

(D) Same as paA, except stabilization of MMP mRNA by IL-17 is shown.

Data shown are means +SEM@#). *p < 0.05.
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