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Title: Analysis of protein expression in Chinese hamster ovary cells and breast cancer
Name: Mark Gallagher

Abstract

Genomic tools in the last few decades/e made it possible to produce proteins for
pharmaceutical use in mammalian cells such as Chinese Hamster Ovary cells (CHO). As
such there is an ever increasing demand protein biopharmaceuligaldentifying key
proteins involved in the growth patterrof mammalian cells we hope to be able to
manipulate CHO cell for biopharmaceutical production. We used two different methods to
manipulate cell growth and then identified the proteins involved ugiramtitativelabel
free LC-mass spectrometryPrevious studies in our labshowed up-regulation of
microRNA-7 (miR-7) reduces proliferation in CHOK1-SEAP cells but increase
productivity overtime. A similar phenotype is observed in temperature sh{fgddC) CHO
cells and is often used industryfor increaedproductivity. The mechanism dfoth these
phenotyps in CHOare largely unknown at the protein levélsing labelfree LGMS/MS
we identified catalase and stathmin as potential targetsni®-7, the potential roleof
glutathionemetabolism ugregulation andthe potential roleof structural process inhibition
in causing this phenotypeUsing the same techniques combined with subcellular
fractionationto analyse théemperature shift phenotype in CHQ-SEAP cellswe were
able to double the number of peat identificationdrom 960 with no fractionation to 2298
using fractionation Two differentially regulatedproteins, cyclon and lamin A/Gvere
identified as significantly reducingell proliferation and cell sizand mayhavepotential as
targets to indce an industrially relevaphenotypen CHO cells

Breast cancer is the leading cause of cancer death in wtmees is an urgent need
to identify new molecular targets for certaggressie breast cancer subtyptslead to
improved treatmest for pdients. We usedbioinformatics profilingof publicly available
datasetsto compare gene expression across breast canbaypescompared to normal
breasttissueto identify a panel of differentially expressedembrane candidate targets
Candidate targt expression wasalidatedin membrane enriched breast cancer cell line
extracts andxtensive immunohistochenat (IHC) analysisof target expression ibreast
cancer subtypes, normal breast tissue and highly proliferating tissues wed aar Two
proteins IGSF9 and KLRG2,not previously associated with breast canceere
demonstrated tehowsignificantly higher expression in triple negative (TNBC) and HER
positive breast cancerthanin normal breast tissuand also have very low presce in
other normaland highly proliferating)issuesThesetwo proteintargets may have potential
to be further investigated a8DC molecular targets for these aggressive $ireancer

subtypes.



CHAPTER 1

Background



1.1 Generd Introduction - Chinese hamster ovary and bioprocessing

With the elucidation of the structure of DNA the field of genomics emerged and
revolutionised the scientific landscape. With the profiling of genes it was possible to
identify key effectors in diseaspredict and prevent pathologies and eventually control
genetic elements to alter cellular behaviour. While differential expression of genes can
be used to diagnose and predict disease more often it is the protein generated by these
genes which result ipresentation of pathologies. By targeting these proteins it became
possible to treat cellular dysfunctions. With the advent of genetic engineering

techniques in the 1980s it became possible to produce such protein therapeutics.

Among the many expressi@ystems available Chinese hamster ovary cells emerged as
one of the most suitable expression system with their high proliferation and amenability
to genetic manipulation to produce human recombinant proteins as therapeutics. Today
they are widely used ithe biopharmaceutical industry. With an ever increasing demand

on the supply of protein based therapeutics and the ever increasing cost of research and
development the maximising of yield of protein based biopharmaceuticals is of great
interest to the bidparmaceutical industry. While the optimisation of cell culture and
bioreactor operation has been an area of optimisation for several decades there is now a
move toward more molecular based techniques to maximise biopharmaceutical
production from Chinese hester ovary cells. Despite their huge industrial relevémnee
molecular mechanisms underlying Chinese hamster ovary cell functions are under
studied.



1.2  Chinesehamsterovary cells

Over the course of several decades the biopharmaakuntustry has utilised several
different cellular expression systems to produce recombinant proteins fepethtc
applications The first recombinant therapeutic made in 1982 was insulin using
Escherichia colifor diabetes mellitugBerger, Lowe and Tesar 2015pther non
mammalian expression systems include yeast and insdls. Mammaliancells
howeverare required for protein biopharmaceuticals that require protein folding and
posttranslational modification@TM) that can only be performed by mammalian cells
(Jenkins, Parekh and James 199Biis is a particular advantage of mammalian
expression systems overmmammalian systems to produce proteins with consistent
glycogylation and prevent an immune response in the end user of the recombinant
protein(Walsh and Jefferis 200@ymong the most widely @l mammalian expression
systems are baby hamster kidriB{HK) and humarembryonicHEK-293 cells. Chinese

hamster ovary (CHO) atbe most popular of these expression systems

CHO cells werdirst isolated in 1957Puck et al 1958 Gamper, Stockand and Shapiro
2005) In the decades that followed CHO Isalere found to bavell suited togenetic
mutagenesis and cellular functi@xperimentsn culture (Schneiderman, Dewey and
Highfield 1971, Hieber, Beck and Lucktéuhle 1981, Rajaraman and Faulkner 1984)
The large amount of studies established CHO celfsideal candidates for
biopharmaceutical production having high proliferation rates, capable of growing in
large scale capacitiegasily manipulated in culturand also perform the necessary
glycosylation PTMs and protein folding for recombinant proteito be suitable for
human useBy 198 recombinantprotein productiorresearchculminated in theifst
FDA approvedrecombinanttherapeuticproteinin Activase®, a recombinant formof
tissue plasminogen activator (TPA) produced by Gener(dairm 2004) Increasg
the recombinantproteinyield in CHO has been a focus for industriasearchin the
decadeghat followed the approvadf Activase® and the many oth&DA approved
recombinant proteins that followé¢Bigure 1.2.7).

In order to increase recombinaptotein yield from CHO cellsseveral culture
environment based methods such as temperature Sfiitler 2005) chemical
supplementsand more targeted genetic amgering approaches to modify industrially
desirable characteristics such as apopi{hss et al. 2013and metabolic ratéJeon, Yu

and Lee 2011have beerroutinely used.Using these methodsecombinant protein



yields are now in a-80 g/litre rangecompared to 50ng/litre in the 1980s. More
recently howevethe publication of the CHO genome has made the prospect of even
more targeted appexhes possiblgXu et al. 2011) This in turn has allowed
transcrptomic data to be made available for proteomic profil[Bgcker et al. 2011)
Using theséomics' platforms he profiling of CHO cell lines with desirable plutypic
characteristicss now more detailed than evédtrofiling of characteristicsuch as high
productivity (Kelly et al. 2015)or proliferation(Doolan et al. 2010)ow allowsfor the
targeted screening of potential gene or protetandidatesto optimise CHO cell
behaviourfor biopharmaceutical production. This will invarlg lead to far more
focused CHO cell engineering in the future compared to typical mutagenic selection
methods in the past and will also improve current methods such as the utilisation of
endogenous CHO promotdiRontiller et al. 2008}hat will berefit from CHO "omics"
profiling.

1.2.1 Biopharmaceutical uses

Currently CHO cells accountfor approximately 70% of all recombinant
biopharmaceuticaproduction (Jayapal et al. 2007, Huggett and Lahteenmaki 2012)
The largesspecificcategores of biopharmaceuticalare monoclonal antibodies (mAbs)
followed by growth factors and hormondgEigure 1.2.1). A selection of FDA
commercially approved biophareguticals can be seenTable 1.2.1 The complexity

of mAbs compared to more simple protein molecules such as growth factors makes
them expensive to produce butedo their specific binding to protein targets they are

set to gain wider use in diagnostas well as for disease treatmefitelson, Dhimolea

and Reichert 201QJayapal et al. 2007)rhis furtheremphaises the requirement for

CHO cell optimisation for industrial applicatians

Furthermore the emergence of antibody drug conjugates (ADC), which are antibodies to
specific disease associated protein targets coupled to a cytotoxic agent, are set to
increasethe requirement for mABs in the futu(Reichert 2013) This may see CHO
moving away from its original role in other biopharmaceutical categories and further
towards mAbs. A move toward biosimilafBeck and Reichert 2013)iso means that

less difficult to produce non mAb biopharmaceuticals may become less profitable

further increasing the use of CHO for mAb production.
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Figure 1.2.1Top 8 biopharmaceutical product approval categoriesfrom 19822014
(cumulative) and 2010 to 2014 Adapted from(Walsh 2014)

Product Manufacturer  Used for Protein/mAb Year of FDA
approval

Activase Genetech Acute myocardial  TPA 1987
infarction

Epogen Amgen Anemia EPO 1989

Pulmozyme Genetech Cystic fibrosis DNasel 1993

Rituxan Genentech Non-Hodgkire fs CD20 1997
lymphoma

Benefix Wyeth Hemophilia B Factor IX 1997

Herceptin  Genentech Breast cancer ErbB2 1998

Campath Genzyme Lymphocytic CD52 2001

1H leukemia

Zevalin Spectrum Non-Hodgkire's CD20 2002

Pharmaceuticals lymphoma

Humira Abbott Rheumatoid TNF-6¢ 2002
artheritis/Crohn's
disease

Xolair Genentech Asthma IgE 2003

Raptiva Genentech Psoriasis CD11a 2003

Luveris Serono Infertility FSHB 2004

Avastin Genentech Colon or rectum VEGF 2004
cancer

Vectibix Amgen Colorectal cancer EGFR 2006

Simponi Centocor Rheumatoid ath TNF-U 2009
psoriatic arthritis

Arzerra GSK/Genmab  Chronic lymphocytic CD20 2009
leukemia

Elonva Howmedica Ovarian stimulation FSHB 2010

Table 1.2.1Selection of biopharmaceutical products produced from 1987 to 2010

in Chinese hamster ovary cells



1.2.2 Cell factory optimisation

1.2.2.1 CHO cell productivity optimization

Increasing the productivity of recombinant CHO cell lineslieen one of the key goals
of the biopharmaceutical industry for many yearsd has largely focusedn the
trarsfection of selection methodsassociged with dihydrofolate reductase (DHFR)
methotrexate (MTXand glutamine synthag6&s).

DHFRis required for the caltytic production of glycine and purines from folic acid and
tetrahydrdolate. CHO cellsdeficient in DHFR are transfected with @lasmid
containing agene of interes{GOI) which codes for the recombinant protdm be
producedand a functional DHFR ger{(€acciatore, Chasin and Leonard 20M)thout
glycing hypoxyanthine and thymidine media sugpkentation transfected high
producing cellswith the GOI are selected forHigh DHFR producers can also be
selectedusing MTX whichis a chemotherapeutic drugth a long standing association
with acquiredresistance in cancer and cancer cells via thgliioation of DHFR gene
(Goker et al. 1995)GS has been another exploited productivity geBg using aGS
inhibitor CHO cells containing extra copies of thletamire synthase gene along with

the GOl are selecte(Cacciatore, Chasin and Leonard 2010)

More labour intensive approaches like single cell clonal seleatdh remain a
powerful method forobtaining a high producing cell lindJun et al. 2005) The
inclusion of cell sorting method$as made cloning somewhat fastEtuorescent
activated cell sorters (FAC3)as been used tgelectfor high producers via antibody
binding to secreted product on the cell surfdanz et al. 1995, Borth et al. 2000)
Another method uites fluorescent MTX to bind to high DHFR producing cellsiahh
can then be selected using FAQ®shikawa et al. 2001)

1.2.2.2 Media formulation and waste management

Culture mediacan broadly be idided into serum containing and serum free
formulations. Serum containing cultures are mostly advantagelougroviding a
complete nutrient profildor the large scaleclinical use of stencells It has been
reportedthatboth human mesenchymal stem c@iMSC)and human embryonic stem

cellsshow a greater than 3 fold difference in expression in 600 genes and greater than 2

7



fold difference inexpression 095 genes respectively when grownserum freenedia
(Chase et al. 2010, Skottman et al. 2006e of serum freeedia at least with stem
cell production poses problems the consistency of cell and cell produc®nversely

the presence of pathogenddmatch to batch variatiols a major probleminherent to
using serumkFor this reason iarge scale bioprocessing a chemically defined serum
free medium isfavoured for quality control, safetyand downstream processing
purposs. Media formulationconsists of specific vitamins, minerals, amino a@ads
hormonesthe quantities of which have differing effects on different CHO cell lines
(Kim et al. 2005) The requirements of the specific dalle and it's recombinant product
have to be taken into consideration when optimising media compaarahitss in turn

led to many specific findingelated to manyecombinant CHO cell lines.

For exampe a CHO glutamine synthetase producing cell found thatthe addition of
glutamineat 8 mM reduced the requirement of base buffangl improved antibody

yield with no adverse effectau et al. 2014)Converselywith an IgGproducing CHO

cell line it was found that lowancentrationsof 2 mM glutaminewas optimalfor
improved titres of antibody productiqRajendra et al. 2011, Parampalli et al. 2088)
glutamine metabolism producasimonia as a waste pradioth of thesestudies show

that the cell lines tolerance to the growthibitory effects of ammonia play a large part

on glutamine supplementation concentratibime large scale culture and manufacture of
hMSC has in recent years opened the way fothéur development of biological
supplementation. Humanised media containing human platelet lysate has been shown to
expand hMScs in cultur@.ange et al. 2007, Gruber et al. 200While these methods

are successful in some bioprocessing regimes the use of biological méterialith

serum usestill poses pathogenic risks that require screening and pathogen inactivation
if they are to be viable for large scale approved bioproceg€iagtiglia et al. 2014)
Synthetically derived peptides and other synthetic additives as part of a chemical

defined medium do nqtose these risks

Synthetic additives also show similar variable effects and require optimis@nenof
the most commorand earliest usedupplements isodium butyrate(NaBu) (Kruh
1982) which arrests cell gueth by the inhibition of histone deactylase 1 (HDAC1
(Davie 2003)and simultaneouslyenhanes CMV promoters ultimately resuling in
increased specific productivifikim et al. 1999) NaBu has reently been found to have
an additive positive effect on specific productivity CHO cellswhen used with other
synthetic additives caffeine amgxamethylene bisacetamifl¢MBA) (FominaYadlin

8



et al. 2015xhowingthat even an additive with a long history of usay require further
optimisation. In ths studyit was also shown that caffeirsipplementatiordisplayed
specific productivity andiene expression similar to that of the no additive control group
despite caffeine beingnown tohave a dramatic effect on other cell tygesedholm et

al. 1999) The effect ofsyntheticadditives can be recombinant product specific also
such awith the steoid hormonadexamethasonehich has beeshown toreduce CHO

cell death(Jing et & 2012) and alsoincreases recombinant glycoprotein stability

through incresed slylation (Jing, Qian and Li 2010)

Waste products producedy host cell metabolism can be problematic for
biopharmaceutical productioAcetate, ammonia, lactate, formate, nitrate and urea are
typical wage products produced in culture leading to reduced yield of product, reduced
cell growth and reduced cell viability. Each waste product is more often associated with
specific expressionystems. Acetate accumulation is a particular problem in bacterial
fermentation. Acetate accumulation B coli fermentations has long been known to
reduce recombinant protein outddensen and Carlsen 1998Yhile the generation of

low acetate producers and acetate toleEardoli strains has improved yield&iteman

and Altman 2006)t has been found that an alkaline pH shift to 7.5 reduced acetate up
take by 50% and imprewd cell growth by 71% in an acetate high containing media
(Wang et al. 2014)Waste products in culture therefore can be managed by increasing
the tolerance of the host organism to the waste products not just be retheing

accumulation of waste products or their removal.

1.2.2.3 Bioprocess optimisation

Increased producyields have mostly been attributed ébanges in media formulation
(De Jesus and Wurm 2011)imited batch culturem large scalas suitable where the
desired produds the cellshemselve®r the cells are unsuitable to be maintained for a
long period of time in culture otherwisdigh product yield isachievedthrough fed
batchsystens which typically increag life in culture Thisleads to a significant build
up of wastanetabolitesandseveral modifications to the fed batch system exist agch
perfusionculture whichallows was¢ products to be removed from the culture media
and maintain cell viability (Bleckwenn and Shiloach 2004)Other physical

characteristics such as sheer, pH and temperatergtal inthe bioprocess.



The physical apparatusvaries depending on the type of culture used. These can
classified into twocategorieswith batch and fed batch. Batch cultures consist of
growing the cultue and harvesting the cultuseich that the cells are dested at the
end of the bioprocessing. The culture is then started agalitihe processepeatedFor
stem cells and stem cell related products this type of culture is more suitable than
continwbus culture as stem cells differentiate over time in culéume stem cells are
themselves the culture produ@ell line and cell product specific alterations to large
scale bioprocessingre requiredas withmouseembryonicstem cellssmESC)various
strat@ies such as encapsulatiom poly-L-lysine have been showrto reduce
aggregation in large scadgitatedcultureand improve yield of cardiagell markes for
heart cell generatio@ling, Parikh and Tzanakakis 2018}irredsuspension large scale
bioreactor production of humaembronic stem cells(hESC) however is more
challenging thanmESC as hESC requiresome level of aggregation to prevent
uncontrolled differentiatior(Kehoe et al. 2010)Agitation and aggregation therefore
play a critcal role in the scale up and differentiation during theucelbf these cells.
Dissolvedoxygen has also been shown to be ciificahe generation of cardiac cells in
both mESC and hMS@Kehoe et al. 2010, Niebruegge et al. 2009, Bauwens et al.
2005)

The same parameters are important in fed batch culedsatch culture maintathe
cells in culture for as long as applicable to produce the desired product. Thiferan o
be a farmore complex process terms of instrumentatiomvolving the continuous
monitoring andnanagementf nutrient composition and waste metabolite build up. Bio
reactos designed for this type of tture contain manynlet and outletchannels a
regulate parametegther than nutrient supplfrigure 1.2.2). The life of the culture can
be prolonged by the manipulation of many of these param&mrexamplepH control

is used to achieve high biomassBifidobacteriumlarge scale culturedt has been
reported thaat a controlled pH 1t was he concentrigons of acid anions at this neutral
pH that significantly affected the gmth rate of variousifidobacteriumstrains(Cui et

al. 2016) This has also beedemonstrated in CHO cell bioprocessing wifiO,
concentration, ammonia and lactate pibducing CHO cell line and recombinant
product specific effect§Zhou et al. 2010)Gas composition can also prolong culture
stages as seen with hESC where increased dissolved oxygen prolonigen
undifferentiatecculture stage and decreasdidsolvedoxygen promoted differentiation
toward cardiac cell typegNiebruegge et al. 2009)Temper&ure is another well

established parameter to maintain cells at a high biomass for an extended period of time
10



(see Section 1.3 by arresting cell growthand subsequentlyreduéng nutrient
requirementsdissolvedoxygen for high density culture&immer et al. 2014and

increasing apoptosiesistancéKaufmann et al. 1999)

Motor
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T [
odia O 1 O P Waste
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Acid w .

|
1
|

B. :
we——pO— |
|

Temperature
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Figure 1.2.2Bioreactor schematic Inletsandoutletslabelledabove allow the culture

environmento be controlledAdapted from(lsmail et al. 2008)

A key contributor to recombinant protein lossearstress Shearstress is anssential
parameter in keeping suspension host caligatedin culture media but can be
problematic athigh levels. With CHO cells produwy recombinant tPA it wasound
thathigh shearstress causes significant cell death but atssublytic levelst cancause
recombinantPA to be only partially glycosylate(Genger and Karim 2003%imilarly

in the production of human growth hormon&#) it wasfound that sheer stress at high
levels using an anti sheer stress protectant resulted in reduced specific activity of hGH
(Keane, Ryan and Gray 2003)n recent yearscomputational fluid dynamics
simulationsis used to optimiseotor design tadeliver the appropriate shear stress to
agitate cells while alsproducing uniformturbulence(Francis et al. 2006, Szymczak
and Cieplak 2007)Shear can alsoccur in equipment further downstream of the
bioreactorin the clarification and purification step8ioprocessing ands optimisation
also incluésupstream andalvnstreanoperations from the bioreactdfigure 1.2.3.
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TRENDS in Biotachnology

Figure 1.2.3Bioprocessschematicincluding upstream and downstream of the
bioreactor. Colureand producspecific considerations relatetust beoptimised
upstream and downstream of the biorea@ome of tese parameters are shared with
bioreactor optimisation such as media formulation upstream and shear damage

downstream. Figure adaptBdm (Shukla and Thémmes 2010)

Clarification is typically employed to remw cell debris andnsolublematterafter cell
lysis. This is achieve through the use of various pumps to delivelysiage to the
chosen filtration or centrifugation systef@udden changes in m®re and flow rate
during the transportation oli¢ mediacan adversely affeché proten product leading
to aggregatioiGomme et al. 20069nd product losdn a study investigating theffects
of high shear on recombinant hGH and recombinant hDNas&as found that
aggegation did not occur but the presence of low molecular weight fragroehGH

suggested peptide breakamgurredMaa and Hsu 1996)

Contrary to this other proteins studied undegh shear conditions such as horse
cytochrome ¢ were found tmt unfoldin response to shearirigaspe and Hagen 2006)

The negative impact of shear force on the final recombinant product is therefore reliant
on a complex relationship between the agiatequiredtolerance of the cells to shear

force and also the tolerance of the recombinant protein prodsicets.

12



1.3 Temperature Shift

In order to increase the yield product produced by CHO cells over time the cells are
grown at a suboptimaemperatureThis is achievedypically by growingCHO cells to

a high density biomasat the end of exponential phasefore being shifted to 3C
which reduca and almostarrests celkycle progression. This high densibfomassof
CHO cells can then spd a longer time in culte before declininglue to nutrient
depletion or waste metaboliteuild up resulting inincreasedproduct yield This is a
very well established methad acheving increasedroductivity and low to severe
hypothermic conditions arwell documented asducing cell survival longevity in
different celltypes(Schultheiss et al. 2016, Chiou et al. 2013)

Lowering temperature in culturgith recombinant CHO cell$owever has long been
shown to produce different effects in differgaroducers(Barnabe and Butler 1994,
Yoon, Song and Lee 200ahd has varying effects sacombinantintibodies produced
(Sou et al. 2015, Kishishita et al. 2018)is therefordmportantto assess the molecular
effects oftemperatureshift on specific cell lines to better understand hiogroduces an
industrially desirable lpenotype if any, and how cellular mechanisms may alter
antibodyproduction The identification and subsequent manipulation of key regulators
of the temperature shift phenotype will also be valuablhentargetd designof CHO

cell linessuited for indusy.

1.3.1 Temperature shift mechanism

The phenotype induced by temperature st mild hypothermia has long since been
observed as reduced cellowth and metabolic activitin mammals(Van Breukelen
and Martin 202) The molecular reasons for this can also be dividexlsaveral gene
and protein classes attributed wathieduction in transcriptioand translation, inhibition
of RNA degradation, increased transcription of specific gene promakesnative
MRNA splicing and thalifferential expressionof cold/heat shock proteir(§onna et al.
2002)

13
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Figure 1.3.1Temperature shift mechanism(Al-Fageeh and Smales 2006)

A compreheasivereview by Al-Fageeh and Smaleetails what is currently understood
about mild hypothermic (285 °C) response of celli culture (Figure 1.3.1). They
haveproposed lat a ceordinated response occurs betweenupeaegulation ofCSPs
such ascold inducible RNAbinding protein (CIRPand RNA-binding motif protein 3
(Rbm3) result in the stabilisation of mMRNAdirectly and inhibition of microRNA
(miRNA) degradation of mRNAwhich also leads to increased MRNA levels
Simultaneously there islecrease in mRNA translatioin the cytoplasmdue to
phosphorylation ofinitiation factors Initiation factor phosphorylation alsallows
specific MRNAto beprocessed into stress granules which contain transcripts necessary
for cold shock recovery upon warminghe phosphorylatiomf elongation initiation
factor alpha(elF2) specifically also mediatesribosome recruitment tdnternal
ribosomeentry segment (IRESjontaining mRNAwhich are possiblymRNA that are
required for cold shock adaptatias normal cap dependatranslationis reduced
during mild hypothermia Further disruption to the celluldranslationalmachineryis
caused by microtubulalisassemblyassociated with # cytoskeleton.The exact
mechanism of action of these hypermia induced genes and proteins still remain

poorly understoodZhu, Buhrer and Wellmann 2016)
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1.3.2 Temperature shiftand CHO

Despite theexact mechanism behind temperature stottbeing knownit hasseen wide
usein CHO cell culture and bioprocessing optimisatiorMany studies have shown

increased production yields of recombinant eim&icross various CHO cell lines.

rCHO product Temperature | Fold increasein | Source
(°C) rProtein yield

Antibody-IL -2-fusion 30 3.4 (Shi et al. 200p

Chimeric Fab 28 38 (Schatz et al. 2003)

Colony stimulating 33 2.3 (Fogolin et al. 2004)

factor

C-terminal amidating 30 4.3 (Furukawa and

enzyme Ohsuye 1998)

Erythropoietin 33 2.5 (Yoon, Song and Lee
2003)

Interferony 32 1.9 (Fox et al. 2004)

lgG 33 2 (Kantardjief et al.
2010)

SEAP 30 3.4 (Kaufmann et al.
1999)

SEAP 33 8 (Nam, Ermonval and
Sharfstein 2009)

Tissue Plasminogen 32 17 (Herdrick et al. 2001)

Activator

Table 1.3.1Increased recombinant protein yield in temperature shifted CHO cells.

The specific mechanism behind temperature shift in CHO is even less widely studied
than inother cell typedut it has been reported that miRNA expresg@ammell et al.
2007) promoter expressiofAl-Fageeh and Smales 2013, Thaisuchat et al. 28id)
protein PTMs such as phosphorylatigiikaufmann et al. 1999all display differential
expression patterns in response to temperature shift in CHOA=lsible 1.3.1shows
it is also well observed that temperature shift increases recombinant production yield in

CHO celb (Al-Fageeh et al. 2006By indentifying genes and proteins that may be

15



responsible for this industriglidesirable phenotype it would be possible to design a

CHO cell line with the same properties as tempeeashifted CHCcells.

The temperature shift phenotype @HO cells has been investigated both at the
transcriptional and proteomic leveCHO cells grown at 3C were found to
differentially express 26 miRNA§Ganmell et al. 2007) Of theseit was found that
miR-7 up regulation was found to induce a temperature shift like phen{®Bgreon et

al. 2011a) A more recent study compared a non producing CHO cell line with a high
producer and low producing CHO cell linmder temperature shift conditions. In this
study19 miRNA werevalidatedas producing industriallyelevantphenotypegStiefel

et al. 2016)

Transcriptional studies havelsa identified key candidates vonlved in CHO
temperature shifivith 237 genesranscriptshaving been reported dgingbetween 1.4
and 2 folddifferentially reguldaed in temperature shifted CHO ceiéee, Gerdtzen and
Hu 2009) These transcripts were found to be associated ghitolosis, TCA cycle,
pentose phosphate pathwdipid/cholesterol metabolismthe electron transport chain

protein synthesis and cytoskeletal elements.

Proteomic profilinghas been used tientify 53 proteins differentially regulated in
CHO as a result of temperature sliumar et al. 2008)Among these identifiations
were some well known hypothermia assted proteins such adongation initiation
factors and IRESnteracting proteins such aseterogeneousibonucleoproteinC
(HNRPC) the knockdown of which has been foundnhbibit cell growth(Schepens et
al. 2007)

Potential targets for cell line engineggiderived from the temperature shift phenotype

in CHO cells have therefore already emerged. Individual rate limiting targets in
transcriptomic and proteomic data as well have been identified. Potential miRNA
effectors of temperature shift have also beeeniified. These may prove more
promising in determining how the mechanism of temperature shift in CHO and also in
inducing a temperature shift phenotype as the large amount of transcript and protein
dysregulationsuggests that a complex multitude of geaed proteins are affected by

temperature shift
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1.4  microRNA interference

In 1993 the first miRNA, limd, was discovered i€. Elegans (Lee, Feinbaum and
Ambros 1993)A 22 nucleotide non coding RNAwas found to negjively regulate the
expression of LINL4 protein by binding to the 3'UTR of ithmRNA. Since their initial
discovery the processing of miRNA is now well understood with the identification and
functional role of many determined and well established predicalgorithms to

determine the direct targets of miR

The postranscriptionategulatory efect of miRNA are novknown topotentiallyaffect
~30% of all protein codig genes(Filipowicz, Bhattacharyya and Sonenype008) As
mMiRNA in manmalian systems do not require Ifdomplementaty to their mRNA
targets and considerirtgrget mMRNA binding is largely dependent @mplementarity

of the miIRNA seed sequenceirgt 28 nucleotidey each miRNA can pentially
recgnise hundreds of targdShi, Hannon and Darnell 2012, Hata and Kashima 2015)

This specific but multiple targeting function of mIRNA has imated their
involvement in a wide variety ophysiologcal processesand dysfunctioa such as
insulin secretiorand pancreas developméRby et al. 2004, Corrddedina et al. 2009)
as well aspancreatic carer pherotypes and diabetg®ark et al. 2009, Pandey et al.
2009) The association between miRNA apbenotype can therefore be exploitedaas
useful tool for disease diagnogls et al. 2011) treatment(lorio and Croce 2012and
to improve the production of biopharmaceutictisough the manipulation of specific
phenotypegCheng et al. 2005, Barrat al. 2011h)

1.4.1 microRNA formation

The biogenesis of miRNA begins with RNA polymerase Il/lll transcription into a
hairpin looped prmiRNA (primary) several thousand bases in length. The Drosha
RNase type Il enzyme together with an Rikikding adaptor mtein DGCRS8
(DiGeorge Syndrome Critical Region 8) processes thengRiNA into a short hairpin

loop of approximately 70 nucleotides. The resultingmiBNA (preliminary) is then
exported across thauclear membrane into the cytoplasm by RG@TP activated
Exportin5 (Bohnsack, Czaplinski and Gorlich 200€nce localised to the cytoplasm
premiRNA is further processed by another RNase type Il enzyme Dicer together with
RNA- binding protein TRBP (TAR RNA binding pt@in) to produce a double stranded

~22 nucleotide mature miRNA. Argonaute protein family members then load the
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MiRNA-Dicer-TRBP complex into the RNA induced silencing complex (RISC)tdn
double stranded form the miRNA is still not active. Thermodynastability of the
complex largely determines which strand of the duplex will remain in the RISC and
become an active miRNA and which strand (passenger/guide strand) will be degraded
(Schwarz et al. 2B, Cai et al. 2009)

(i) Transcription

pri-miRNA

poly(A)

(i) Nuclear processing

=y
ARAAA
pre- mIRNA
= Xp05
7 Ran GTP

Nucleus
K’ . J Cytoplasm

£ A

|

_~ Ran-GDP

(iii) Nuclear export

(iv) Cytoplasmic processing

RISC
miRNA*
mature miRNA ! é
mlRNA
(v) Gene silencing
RISC
mRNA
/\/\_/'\ ‘ Destablllzauon of mMRNA
| Inhibition of translation

5 UTR 3'UTR

Figure 1.4.1The biogenesisand processingof microRNA in eukaryotes Figure
sourced fron{Hata and Kashima 2015)
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1.4.2 microRNA utility and target prediction

The ability of miRNA to inhibit the translation ohRNA is widely recognised as a
powerful tool in influencing celbehaviour In order to understand the targets upon
which miRNA act onseveral algorithms have been developed which predisntial
targets. As mentionedoreviously a single miRNA can haweany targetgChi, Hannon
and Darnell 2012)Target prediction allows famore guidedapprach in determining
themost likely targets of a given miRNA. This not only allows study of the piype
induced by a miRNA butan also identify protein candidates for knock downtout

achieve a phenotype.

The most common way a potential target is found is by searchingpfoplementary
base pairing between t&&6-8 nucletide seed sequence of the miRNA and the 3'UTR
of potental targes (Peterson et al. 2014, Clarke et al. 2012ing several prediction
algorithms is generally accepted as good pradiiiarke et al. 2012as output from
each can be scored differently Table 1.4.1are listed some of the most widely used

mMiRNA target searching algorithms

With that said wet lab valation of miRNA targets and associated targstslways
necessary. Recently experimendaita has been included in somediction methods
particularly high throughput sequencing technologies capabl@nalysing miRNA
MRNA complexegLu and Leslie 2016)With 28645 miRNA sequences in the miRNA
database miRB® (Kozomara and Griffithdones 2014)target prediction and

prediction validation will only become more prominent in the future
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Program Species Algorithm description Web server

specificity

miRNA target EMB. Drosophila Compl ement ar ity http:/Awww.russell.

embtheidelbergde/
MiRNAs/
miRNAanda Flies, Compl ement ar ity http:/Awww.
vertebrates  thermodynamic stability, duplex micrornaorg/
species conseation micrornahomedo

RNAhybrid Any Compl ement ar ity http:/bibiserv.
thermodynamic stability, binding techfakuni-
conservation bielefeldde/

rnahybrid/

TargetBoost Wormand  miRNA-mRNA binding site https:/demol.

fruit fly characteristics interagoncom/
targetboost/
miTarget Any Thermodynamic stability and http://[cbit.snuackr/
sequence complementarity ~miTarget/

Pictar Flies Perfect and patrtial http://pictarmdc

Vertebrates complementary sequence with  berlinde/
Worm 3NJUTR, Ther mod)

RNA22 Any MiRNA-mRNA binding sites http://cbcsrv.
characteristics, Complementarity watsonibm.com/
wi t h 3 NjU T-§peciesr o rna22html
conservation

MicroTar Any Compl ement ar ity http:/tigerdbsnus.
thermodynamic stability edusgimicrotar/

EIMMo Humans, mMiRNA binding sites http:/Avww.mirz.

mice, fish, conservation unibasch/EIMMo3/
flies, worms

GenMiR++ Any Sequence complementarity, bas http:/Avww.psi.
on expression data sets torontoedu/genmir/

PITA Any Target site accessibility http:/[genie.
thermodynamic weizmannacil/

pubsmirQ7/mir07
datahtml

NBmiRNATar Any Sequence and duplex http:/Aotanwistar.
characteristics, no seence upennedu/
conservation NBmiRTarlogin.

php

Sylamer Any Based on microarray data to http:/www.ebiac.
identi fy 3NUTR uklenrightsylamer/

MiRTarget2 Vertebrates Based on microarray data to http://mirdb.org/
identify 3NUTR miRDB/

TargetScan TargetSca Vertebrates Comp |l ement ar i t y http:/Avww.

S thermodynant stability, duplex targetscarmrg/
species conservation

DIANA -microT Any Compl ement ar ity http:/Mdianacslab.
thermodynamic stability, duplex ecentuagr/microT/
species conservation, combined
experimental data sets

Table 1.4.1List of online prediction tools for miRNA targets. (Barron et al. 2011b)
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http://www.russell.embl-heidelberg.de/miRNAs/
http://www.russell.embl-heidelberg.de/miRNAs/
http://www.russell.embl-heidelberg.de/miRNAs/
http://www.microrna.org/microrna/home.do
http://www.microrna.org/microrna/home.do
http://www.microrna.org/microrna/home.do
http://bibiserv.techfak.uni-bielefeld.de/rnahybrid/
http://bibiserv.techfak.uni-bielefeld.de/rnahybrid/
http://bibiserv.techfak.uni-bielefeld.de/rnahybrid/
http://bibiserv.techfak.uni-bielefeld.de/rnahybrid/
https://demo1.interagon.com/targetboost/
https://demo1.interagon.com/targetboost/
https://demo1.interagon.com/targetboost/
http://cbit.snu.ac.kr/~miTarget/
http://cbit.snu.ac.kr/~miTarget/
http://pictar.mdc-berlin.de/
http://pictar.mdc-berlin.de/
http://cbcsrv.watson.ibm.com/rna22.html
http://cbcsrv.watson.ibm.com/rna22.html
http://cbcsrv.watson.ibm.com/rna22.html
http://tiger.dbs.nus.edu.sg.dcu.idm.oclc.org/microtar/
http://tiger.dbs.nus.edu.sg.dcu.idm.oclc.org/microtar/
http://www.mirz.unibas.ch/ElMMo3/
http://www.mirz.unibas.ch/ElMMo3/
http://www.psi.toronto.edu/genmir/
http://www.psi.toronto.edu/genmir/
http://genie.weizmann.ac.il/pubs/mir07/mir07_data.html
http://genie.weizmann.ac.il/pubs/mir07/mir07_data.html
http://genie.weizmann.ac.il/pubs/mir07/mir07_data.html
http://genie.weizmann.ac.il/pubs/mir07/mir07_data.html
http://wotan.wistar.upenn.edu/NBmiRTar/login.php
http://wotan.wistar.upenn.edu/NBmiRTar/login.php
http://wotan.wistar.upenn.edu/NBmiRTar/login.php
http://wotan.wistar.upenn.edu/NBmiRTar/login.php
http://www.ebi.ac.uk/enright/sylamer/
http://www.ebi.ac.uk/enright/sylamer/
http://mirdb.org/miRDB/
http://mirdb.org/miRDB/
http://www.targetscan.org/
http://www.targetscan.org/
http://diana.cslab.ece.ntua.gr/microT/
http://diana.cslab.ece.ntua.gr/microT/

1.4.3 CHO and microRNA

The potential us of microRNA as a tools to manipulate CHO cell phenotypes was only
recently considere(Barron et al. 2011b)n the last few years it has been demonstrated
that it is possible to manipulate several industrially rtéwharacteristics of CHO cells

using miRNA.

Several studies have used miRNA to successfully target bioprocess relevant phenotypes
such as apoptosis, cell cycle and metabo(isee et al. 2013, Kelly et al. 2015, Sunley
and Butler 2010, Kim and Lee 200Qurrently there are a number of miRNA that have

beenshownto have potential industrial utility in CHO cells.

mi RNA (9 Effect (9 or Z) |Source

mMiR-7 § Proliferation Z,|(Sanchezetal 2013)

(7]

miR-466h5 p ZApopt os i Z, Pr ol (Druzetal 2013)
yield vy

mR577 § |Proliferation ¢ |(Strotbeketal 2013)

mR1287 9y Productivity y (Strotbek et al. 2013)

miR-1 7 § Proliferation y,|(Jadhavetalk014)
Product yield y

miR-30 § Proliferation §,|(Fischeretal 2014)

mR2861 Yy Productivity y (Fischer et al. 2015)

Table 1.4.2List of miIRNA shown to produce industrially desirable phenotype
y

changes in CHO cells denotes increase, "Z" den

Combining industrially relevant culture methods with miRNA screening has also
provided many potential candidates for folloyy validation. Differentially expressed
mMiRNAs were idenfied in nutrient depleted conditionfDruz, Betenbaugh and
Shiloach 2012)temperature shiffGammell et al. 2007, Barron et al. 201%ad in
different gravth phases of batch cultufélernandez Bort et al. 2012The miRNA
identified from these studies can then be used to understand key regulators in CHO cell
phenotypes allowing for targat CHO cell engineerig.
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1.4.4 microRNA-7 for CHO cell engineering

One such microRNA whit has shown henotypiceffect on CHO cell function is
miR-7. As a potential target for CHO cell engineermgR-7 was found to be associated
with the temperature shift phenotype in GBarron et al. 2011aAn 8 fold decrease

in miR-7 expressiorafter 24 hrat 31°C indicated that down regulation of miRwas
associated with dhiced cell density and increased productivity phenotype of
temperature shifte@HO cells.Upon transient over expreesiof miR-7 it was found

that CHO cell growth was arrested and specific productivity increased

A subsequent study investigating the transciptomic effect of iniiRer expression in
CHO revealegotentialkey targetsof miR-7 (Sanchez et al. 2013 this studyit was
determined thaproteasome activator subunit BSME3, RAD54-like (RAD54L) and
S-phasekinaseassociated protein (SKP2 were potentialdirect targets omiR-7. It
was proposed that miR bindsto SKP2 causing amp-regulation of p27 protein
initiating cell cycle arrest It was also suggested that miRinhibits PSME3thereby
reducing p53 protein and increasing ajpg resistance. The result from this
hypothesiss that these may induce a temperature shift like phenotype in CHO cells.

Several problems are present ugbh in the model. In particular HDAC®vas not
confirmed conclusively to bap-regulatedwhich the modebuggests as being another
potential source ofpoptosis resistance. Furthermore the CHO cell line used in the
study was not confirmed to express pBairther study and validation is required to
determine the effects of miR and identifying the regulators of tiustrially relevant
phenotype it prodces.
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1.5 Proteomics

Proteins form an integral paot cellular function.Ther localisation, post translational
modification, thermodynamic stability, binding paets andabundancell play a role in
their ability to modulate cell function. They study all of these states in relation to
protein is known as"proteomics”. @mpared to large scale genetic profiling high
throughput technologies for pratmic studies are relatively young\s proteomic
prafiling techniques mature it is becoming clearer frateins have just as influential a
role in cellbehaviouras g@e expression and in many cases have powerful overriding
regulation on cell phenotypél'sujimoto 2003) A comprehensiveprofile of protein
expressionwithin a cell can therefore provide much information about the driving
forces ofa given phenotypéMatejovic et al. 2016)The following section will give a

brief overview of the current state of proteomic analysis

1.5.1 Samplepreparation

Sample preparation idependenton the sample source and the method of analysis.
There aregeneraland situational considerations when dealing with tissarapared to
cells and also the nature of the protein derifredh those samplestogetherwith the

downstream analysis to be carried.out

Clinical or in vivo derivedsample tissue requires mechanieathemical breakdown to
access andolubiliseprotein.In circumstances wherehgterogeneousgssue sample is

used careful isolationfdiomogenous tissue samples may lpiired. This depends on

the nature of the experiment but generally the contamination of tissue samples with
blood serum is undesirable as high abundant protein such as albumin can mask the
detection of lower alndant poteins(Liu et al. 2011a)The overall goal in preparing

these samples is tmlubilisethe desired tissue

For culturedcell sample preparation there are less concerns about sample homogeneity
What can be challenging thicell samples however is achieving high concentrations of
protein for analysis. In growth rate limiting experiments it rhbayneessary to perform
replicatesto achieve enough proteirAs with tissue analysis this can be aided

significantly by achieving high degree of protein solubilisation and cell disruption.
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Cellular disruption and proteisolubilisationis carried out for both tissue and cell
culture samplesMechanical disruption of cells often includesnication or narrow
gauge syringdisruptionin a chemical solvent. Sodium dodecyl sulphate (SDS) is
commonly used to botHestabilisethe cell membrane and solubilise prot€ku and
Keiderling 2004) Other solvents such &s[(3-cholamidopropyl)dimethylammonie]-
propanesutinate (CHAPSyand urea are also used golubilise protein (Fountoulakis
and Takacs 2001)Specific considerations may be required for hydrophgbatein
solubilisation Membrane proteins are notorgdy difficult to solubilise and as such
many protocols focus on increasitigir recoveryDuquesne and Sturgis 20189 well

as enriching for thentgction 1.5.2.2

Sample preparation is therefore primarily focused obtaining as much protein or
proteins of interest form a given sample. Secondary to this the downstream analysis
needs to be considered advent exchange maybe be required to remove solvents that
interfere with gel based separation methods digdiid chromatography/mass
spectrometry (LC/MS) baseahethods. With sufficient extraction of protein from the
sample howevesample processing methodee easily performed. If sample material

and subsequent protein concentrations are limited tbh@mpatiblesolvents may be

more suitablefrom the beginningo avoid protein loss with many purification and

processing steps foge analysis.

1.5.2 Samplesepaation

Thecomplexityof a protein sample can be vast. Differential geneisgli RNA editing
andposttranslationamodifications of proteins meahatthere are >1,000,00different
proteins in the humagenome which contains 20,005,000 genegFigure 1.5.])
(Jensen 2004)This sheer magnitude aomplexity results in proteimdentifications
being obscured by more abundant proteBeparatingoroteinsout based on physical
and/or clemical propertiesllows moreidentifications to be achieved in a given protein

sample
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Figure 1.5.1Proteome complexityin humans. Thereare anestimated $x1@ proteins

producedrom only ~2.5x10 protein coding genes.

1.5.2.1 Gel based separation

Sample separation was utilised early on in proteomic analysisote fat proteins to be
analysed(Shaw and Prasad 197Q)raditionally this consist of gel based separation
techniques such as two dimensional Polyacrylamide Gel Electrophoresis (2D PAGE).
This method consists of separation of proteins based on pH on a gel strip followed by
the separation of these pH resolved proteiparass- 2D separationThe result is
thousands of resolved proteins on a gel which can be picked individually and processed
for mass spectrometry identification. Spots are visualised with ditioeescentyes or
colourmetric such as coomassie or silgain. Fluorescentlabels can be used to
perform differential protein analysis known as differentialgéh electrophoresis
(DIGE). Thevariousdyes required for DIGE however can be expensive as well as
requiring afluorescentscanner angpecial quantitéve software Coomassie and silver
stain are cheaperub less sensitive alternativggVinkler et al. 2007) Coomassie is
compatible with downstream mass spectrometry analysis but silver stain is not
compatible Silver stain ge$ require a separate spot picking gel to be fion mass

spectrometry analysignd therefore availabilityof sample material may require
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considerationwith this method Ultimately howeer 2D PAGE techniqueswhile
offering a high degree of sepdion, are time consuming arekpensie and cheaper gel
staining alternatives ladke sensitivity of 2D PAGE

Onedimensionalelsthat only separate by maase also routinely used but are usually
reserved for proteomic technique that do not require kegéls of protein separation.
Western blot analysis and immupeecipitation are two immunological based
techniqus usingspecificantibodies to bind to a specific proteBeparation on a 1D gel
therefore is used to determirge resolved molecular weightlative to a molecular
weight standaréh order to confirm the specificity of the antibody binding on the Ayel.

high degree of separation may not be required if the protein of interest has a known
molecular weightA one dimensional gel in this case da@ used to isolate proteins
within a given weight, cutting out the gel in the correct area ofj#hand preparing it

for mass spectrometry analysis. Several studies even use this technique to maximise
identifications by cutting up a proteimiainto muliple bandsanalysing each barahd
combiningthe resulting dat@§Petushkova et al. 2015)his has been met with relative
success but ondimensionalapproaches are still motabour intensive and less high

throughpu than gelfree methods.

1.5.2.2 Fractionation and enrichment

The heterogonougropertiesof proteins are aharacteristicchat make hem hard to
analyse in a highlhroughputfashion like genes and RNA. This feature of pna
however can be exploited toclaeve separation of protein sub populations.
Characteristics of preins are often spread across a variable range such as highly
hydrophobic all the way up thighly hydrophilic (Sengupta and Kundu 2012)he

word "fractior' usually refes more to the experimental parameterg).(édydrophobic
fraction)when in fact the proteins in the fraction have bpexierentiallyenriched(e.qg.
hydrophobic protein enriched sample). This isimportant distinction to clarify as
many studise use this ternmterchangeablyly and Wasinger 2008 5ome of the most
common attributes exploited for fractionation or enrichment are pratess, protein

charge PTM, differential solubilisationand cellula localisation.

Fractionation by mass can be perfornmgyg size exclusion chromatography These

techniques utilise a porous agarose bead matrix within a vertical cadRnogtein sample
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is added to the column with the highest mpssteinseluting at the babm first. The
smallest proteins are the last to elute from ¢bkimntaking a more convoluted path
through thepores in the matrix. Pore size can be used to preferentegdfrate proteins

based on siz@rvine 20QL).

Proteins can also separated based on charge. Similar to exxdusiona charged resin

can be used to bind proteins wiglirong cationexchangeresins bindingpositively
chargel proteins and strong anion exchange binding negatively charged proteins
(Nakatani et al. 2012Furthermore the proteins bound to the resin can be eluted off the
column with increasing salt conceatibns achieving greater separation between weak

and $rongly charged bound proteiSchmidt, Hafner and Frech 2014)

Charge statecan also be expltéd in relation to separatiomf specific post

translationdly modified proteins Phoshopeptides carry positive charge and can
therefore be preferentiallenriched using cation exchange metho&gpecifically

titanium dioxide is one of the main resins wbdor phospopeptide enrichment
(Ruprecht et al. 2015)

Another characteristic often exploited is differential sdisdétion. Most solubilisation
buffers used in protein sample preparationsagygeousdased. These solvents do not
facilitate the solubilisation of hydrophobic proteins such as membrane pr({idewns]

et al. 2009) To solublise these proteinerganic nonaqueousbufferscan be usedo
solubilise hydrophobic proteins. Membrane proteins in particldait represent a large
proportion of the proteome in the cell which makes these techniques even more
important for enichment. Hydrophobic proteins represent a major class of proteins
often associated with cell membranesdasiten mediatemportantcell signallingand
therapeutic targef€ho and Stahelin 2005)

Cellular membranesytodasmic and nuclear structures and organelles represent large
structures in terms of protein&s these structures are made of proteins it is postible
isolate them based on thegellular localisation. These methods usually involve
centrifugation combind with some of the princies already mentioned such as
differential solubility and differential mass of organell€entle buffers are used first
disrupt the cell structure. Low speed centdtion is then used to isolatee heaviest
organeles suchas the nucleus, ribosomesndeplasmic reticulum mitochadrig
membrangGraham 2015)With heavier organelles removduke retrievalof membrane

proteins can be achieved by usiifferential solubility by using a wn aqueous buffer

27



to enrich for hydrophobic proteinwith a final centrifugation step to remove any
remaining cell debsi These methods in particular are better described as enricament
contamination with proteins from otheelk structures commonly oacs (Murray,
Barrett and Van Eyk 2009)

1.5.2.3 Liquid Chromatography

The separation methods discussed®éaction 1.5.2.2are often perfornma in relatively
large volumes compared to liquid chromatography (LOE can encmpass the
principles of many of these methods including size exclustifferential solubility,

charge andPTMs butusingsmallerpl volumes of sample. This carove particularly
advantageous with limited sample materihe physical princilgs are thesame as
benchtop chromatography but on a smaller scale with sample passogh a resin

(stationary phasai a liquid (mobile phase).

The nature of thetationary and mobile phasesdigpendenbn the desired separation.
Varying the flow rate of mobé phase and therganic solvent compositionf dhe
mobile phase over timis often used to manipulate the elution pEptide fragments.
The degree of separation therefore can be fineted and optimised. Furthermore LC
can be used in conjunction with nsaspectrometry (MS) achieving in line separation
before analysis. Multiple different columns can also be useatheeve even greater
separatia (Shen et al. 2001)

1.5.3 Massspectrometry

Mass spectrometry(MS) has becomethe method of choice for most peit
identification and quantification analysislS allows for a large number of proteins to
be identified in a given sample based on ltkbaviourof their peptidefragmentsin a
magnetic field.It is compatiblewith gel bagd, liquid basedand LC basedrotein
separation techques The following will outline the stepgequired to prepare protein

samples for MS and analyse the resulting data.
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1.5.3.1 Massspectrometry sample preparation

Sample preparation for MS proteomic analysiccompasses two approache%op
down" and bottom up". Top down approaches involve the analysis of whole proteins in
thar native structural form (Scheffler 2014) Bottom up approaches involve
enzymatically digesng the proteins into peptide fragments and tlaralysingthe
fragments with MS. The data associated with each peptide fragraptihen used to
identify the protein and it's abundan&®hile top down approaches require less sample
preparation it is thbottom up approaches whibtlave shown to produce greater number
of identifications wherdealingwith complex protein samples such as tgdhtes and
tissue(Resing and Ahn 2005)

Protein samples for bottom ypoteomicsare typically denatured, reduced, alkylated

and then finally emymatically digested. Each step is performed to allow the protease
erzyme access to the protein polypeptide chain and facilitate cledvagaturation at

95°C andreduction in thepresere of dithiothreitol breaks weak hydrogen bonds and
strongdisulfide bonds respectivelAlkylation, by iodoacetamidenhibits the activity

of cysteinepeptidasgreventing disulphide bonds to reocaura random manndBoja

and Fales 2001)The last step wolves the denatured protein being digested with
protease ezymes. Trypsin and Ly€ are some of the most comnipmused enzymes

with trypsin cleaing proteins at lysine and argenine resid(exscept after groline)
generatingoeptides/-20 peptides in lenbt(Siepen et al. 2007yhile Lys-C cleaves at

the C-terminal sideof lysine residue$Gershon 2014)Enzymes that cleave different
residues can also be used in tandem to increase the number of cleavages and produce
smaller peptide fragmengnd ultimately increase the amount of a identified sequence in

a given proteinGauci et al. 2009)The cleavageatterns are predicable and therefore
can be used to determine the identity of the protein it belongs to hence the term "bottom

up" analysis

1.5.3.2 Nano-liquid chro matography coupled tomass spectrometry

Protein identification using MS is largetiependenbn separation methodas outlined
in Section 1.5.2 there are various separation methods that can be used to process protein
samples before MS prapmtion. As also mentiondglle proteomés estimated to contain

>1x1@ different proteinsPeptidedigestionresults in multiple fragmentsften up to 20
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peptides in lengtrand with hundreds of peptides contained in som@roteinsthe
peptide fragmentation produces an even more complex sample by numbers than the
protein source sample. Separation gbtkes is therefore essential in allowing the MS
analyser time to detect as marpeptides as possibleHigh pressure duid
chromatography (HPLCgoupled with a reverse phase column is the most commonly
used form of separatiotoupled with the MS instruméation. Reverse phase columns
achieve separation by jbiting peptidehydrophilic/hydrophobic (polay) interactions

with an inert C18 stationary phaaed acharged aqueous/organic solvent mobile phase.
By altering he composition of the mobile phapeptides can be retained and eluted
over time. ®lvent ratio gradients over long periods of time have been shown to increase
peptide separation and hence increase the numberot#in identifications achieved

(Ma et al. 2011L A low flow rateof 200-400nL/min is also dsirable b achieve greater

separatior{Luo et al. 2006)

The peptides that elute from the HPLC #nen submittedto the MS In order to be
suitable for analysis the peptisl need to be ionisedhe most commononisation
methods are matrix assisted laser desorption ionisation (MA&Dd) electron spray
ionisation (ESI) MALDI involves mounting peptides onto a plaiefore they are
irradiated by a laser. The resulting abiatgas ioniseshe peptides which then can be
accelerated into the MS instrument. ESI can be easily applid& terminalend of the
HPLC column where an applied voltagesperses the peptides and solvent into an

ionisedaerosothatis drawn into hevaaiumof the MS instrumenfHo et al. 2003)

Mass analysers within the MS instrumepteraé on various princigs all involving the
migration ofpeptides based on their mass and charge through a mdgidtidime of
flight, ion trap quadupole and orbitrapmass analysers are all based on this priecip
The clearest way to describe tlpgnciple is in a quadrupolemass analysemwhich
containsfour rods. Two rods on te same plane (horizontal gertica) have a diretc
current positive voltagevhile the other two rods have a negative direct current voltage
applied(Figure 1.5.2. On top of thidirectcurrent an alternating currentatsoapplied

to all four rods. This meanthat all four rods switch between positie@d negative
voltageswith two on the same plane having a stronger positive claargehe two rods

on the opposite plane having a stronger negative charge.
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Figure 1.5.2Quadrupole mass analyser schematiA direct and dernating current is
applied to four rods. Téoscillation of thegenerated magnetic field allowsnised
peptides of a specific mass to charge (m/z) ratio to pass through to the detector
(resonant ions) whilthose with an m/z ratio too high or too lawllide with the rods or

are expelled from thgystem (norresonant ions

This oscillation perturbs the migration of the charged peptides and impedes their
migration through the mass analyser to the detector. The overall mass of the peptides
also dictates how they migrate through the magnetic fielieo mass analyser. In the

case of the quadrupole instrumentation the heavier the mass of the peptide the less
influenced it will be by weak electromagnetic forces. Conversely strong magnetic forces
mean that heavy peptide fragments have a tendencygb or@ the rods and cannot
readjust their path through the mass analyser as quickly as lighter fragments with the aid

of the magnetic repulsion from the voltage switching.

The end result is #t the mass analyser acts like a filter for peptides of spaudss

(m) and chargdgz) states Anything below a certain mass/charge (m/z) ratals up
crashing into one set of rods and anything above a certain m/z ratio crashes into the
other set of rodsThis leaves only a small m/z ratio window that peptidesaliosved
through the analyser to the detectBy varyingthe voltage over time this window can

be shiftedto higher or lower m/z ratios allowing the detector greater time to analyse
each m/z ratisubset of peptidesffectively amplif/ing detection sensiity (Douglas

and Konenkov 2014)A linear ion trap mass analyses a modification of the
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quadrupolewhich allows ions to bérapped andocused tightly before being released
through an opang to a detectorThis ability to filter ions means that gdrupolemass
analysers are now often used in cowjion with other masanalysersand instead of

being released to a detector are coupled otitler mass analysers.

The orbitrap mass analysier recent years has beeaupled with the linear ion trap to
produce a "hybrid" system, "hybrid&ferringto the coupling of two different mass
analysers in the same instrumefihe orbitrap mass analysecan accurately measer
massas low as 2 ppmandhas amuch higher resolutimat 100,000FWHM (full width

at half maximum)compared to quadrupol®n trap instruments at 50 ppm mass
accuracy andl0,000 FWHM (Krauss, Singer and Hollender 201@rbitrap mass
analysers work on a similar prinogpto quadrupole instruments in that a direct current
is applied to a central electrode which is surrounded gcaumand enclosed in the
excitation electrode. The application of voltaaggossthe external electrode allows for

the excitationandexpulsio of the ions from the orbitrap towards the detector.

In a lineartrap-quadrupoleadrbitrap (LTQ-Orbitrap) hybrid such as the Thernldlr Q-
Orbitrap XL™ the linear trapserves to trap and focus peptide iarsd selectively
deliver focused packets ains tothe orbitrap.lon fragmentation occurs at a faster rate
within the linear ion trap than in the orbitraywhile the orbitrap has much higher
resolving power than thénear ion.High fragmentation and resolution are essential in
achieving a high degree @fotein sequence coverage andrieasing the number of

protein IDs.

lon trap C-trap Fragmentation

lon source | Detector

Orbitrap

Figure 1.5.3Thermo Hybrid LTQ -Orbitrap XL ™ schematic Peptide ions enter
from the ion sourcegre filter based on m/z ratio in the ion trap ardap, analysedat
high resolution in the orbitrap anfdirther fragmentedoefore detection for peptide

fragmentation dat&igure adapted frorfRumachik et al. 2012)
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This firstround of MS can also be followed by further MS analysis. Thisfexredto

as tandem masspectrometry (MS/MS)Figure 1.5.3) The peptides of a specific m/z
ratio from the first MS are submitted to the second MS wherg dne fragmented
further. Fragmentationis typically achieved using one of several methods such as
electrontransferdissaiation (ETD), collision induced dissociation (Cligh collision
dissociation (HCD)or electron capture dissociation (ECD). CIDaose of the most
common methods and results in fragmentation of théigepackbone bwn inert gas
resulting in differentN terminal and @erminal fragmentsinstruments such as the
triple quadrupole mass spectrometer perform this typanafysiswith an initial m/z
sorting quadrupole M$ollowed by a collision chamber for fragmentation and then a
final quadruple MS. The resulting MS/MSdata provides furtherinformation on the

MS ions, strengthing the quantificatiand providing more specific IDs.
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Figure 1.5.4Work flow of tandem mass spectrometry (MS/MS) analysi¢Boja et al.
2010) Q1 involves M5 separation of peptidmns Q2 contains the fragmentation
chamber where peptides are further fragmented and Q3 contains the MS that provides

the finalmass to charge ratio data on the fragmented peptide ions

1.5.3.3 Mass spectrometry data output

At its most fundamental level MS/MS fragmtation allowsthe mass of each peptide in

a peptide ion to be determinedis the peptide ion is fragmentedasesmass and this

loss in mass can be used to determine the mass of each géptitke 1.5.9. Charge

state of thepeptide ion needs to also be considered as this shifts the nthspeptide

from thefirst MS m/z ratio. The MS/MS data however for each peptideprddduce the

same peptide fragmentation peak pattemthe same isotope3he distance beteen
peakschromatographic peaks relating to the different masses of fragmented peptides

can then be used to determine each amino acid iresegufigure 1.5.4).
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Amino Acid | Letter AverageMass (Da)
Glycine G 57.0519
Alanine A 71.0788
Serine S 87.00782
Proline P 97.1167
Valine \% 99.1326
Threonine T 101.1051
Cycteine C 103.1388
Isoleucine I 113.1594
Leucine L 113.1594
Aspargine N 114.1038
Aspartic acid D 115.0886
Glutamine Q 128.1307
Lysine K 1281741
Glutamic acid E 129.1155
Methionine M 131.1926
Histidine H 137.1411
Phenylalanine F 147.1766
Arginine R 156.1875
Tyrosine Y 163.176
Tryptophan W 186.2132

Table 1.5.1Amino acids and their average mass in daltons (Das determined by
MS/MS analysis
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Figure 1.5.5MS/MS spectrum of peptide fragments for Albumin(Ahn et al. 2008)
The peptide sequence QNCELFEQLGEYK is fragmented from tkerminal end
producing "b" ions and from the-@rminal producing "y" ions. Distance betwet
ions or"y" ions which are used to determine the amacals in the peptide sequence.
The"b" ions povide an N to C terminus sequence while ti¢ions provide a C to N
terminus sequence&Combining both provides a more confidgrgptide sequence to
determine the protein identificatiotdnfragmented peptiden/z ratio is also used to
obtain the identification with the MS/Mfé&agmentation data above.

All of this data is collected i@ proprietarymass spectrometry computer filEhermo
Scientific software for example outputs a RAW file wheréAasSciex producaVIFF
files. This means thagiroprietarysoftware is usually required frorhé same vendor to
access the data for further analy3ise overall fle szes caralsovary depending on the

complexity of the samples

1.5.3.4 Bioinformatics processing

At the end of te LC-MS/MS analysis the is several pieces of data that are obtained
for each protein. From the bottom up there is m/z mitivagmented peptide ions, m/z

ratio of peptide ions, the abundance of both peptide fragment and peptide ions and
finally the ra@ention time associated with the peptides ay #merge from the HPLC.

For the purpose of identifying proteins the m/z information is requirddis is all

contained within the resultinfjje output from the MS software.

The data from these files can thige used to search spectral libraries and assign protein
identifications. Search algthhms such as MASCOT and SEQUEST are commonly
used. These algorithmare used tadetermine ifpeptide fragmentation patterns and

sequencesnatchthat of proteins conta@d in an annotated spectral librg§adygov,
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Cociorva and Yates 2004By inputting the enzyme used tacilitate protein cleavage
the peptides can be predicted for every protein in the protein database. These#hieo
fragments can thelpe sarched against the fragment data obtained from the experiment.

The experimental conditions have to be accounted for when processing the peptide data.

Trypsin, for exampleonly cleaves at lysine and angne residuegxceptafter a proline
Missed cleavages can also occur due to various amino acid sequence combinations after
or before the lysin@rgnine cleavage sitéSchechter and Berger 19@Vpnigatti and
Berndt 2005, Yen et al. 2006Jhese missed cleavage events can be accountea for
MASCOT and SEQUESTallowing more of the experimentapeptde data to be
compared to thepeptide datdbase Other modifications tan the peptides from the
digestion and separation can also be accounted for suchthas fixed
carbamidomethylation of cysteirie to iodoacetamide in digestion procedure and the
variable oxidationof methionine.For example the oxidation of methionine can be
detected by aeutral bss of 64 kDan the MS/MSdataattributed to CID fragmentation
removing themethanesulfenic acid (GBOH) group of xidised methionindGriffiths

and Cooney 2002)These experimental parameters can be accounted MASCOT

and SEQUESTwith the users input but the way in which each algoritiscores the
matching between theoretical and experimental peptides difXSCOT calculates
the probabilitythat each peptideion mass or MS/MS fragmenbn massfrom the
experimental datéas a match with the calculated peptide masses iprbieindatabase
(Perkins et al. 1999 SEQUEST compares fragment ions to the MS/MS specamnan
performs a cross correlation analysis against thp 500 scoring peptidéSadygov
2015) Scoring algorithmsire however reliant on input for statistical cut offem the
user therefore the level of stringency in scorisguiser dependant.

1.5.3.5 CHO database

While automated database searching using search algerighinigh throughput it is
dependenbn the quality of the protein datade used to search for theoretical peptides.
Up until 2011 there was no genomic or proteomic database available forv@GtiO
studiesrelying on sequencenomology betweerChinesehamster andvell annotated
mouse and rat databag®oolan et al. 2010, Pontiller et al. 2008, Carlage et al. 2009)
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With the rekase ofie CHO genome by Xu et @u et al. 2011}his changedllowing

the generation of a CHO specific databa&Sebsequent additiont® this including a
cDNA library produced by Melaly et aland a transcriptomic stydoy Becker et al
(Becker et al. 2011, Meleady et al. 201Raye resulted in a reliable and tested database
of identifications that can be used foofgomics.Access to the CHO genome pretse
numerouspossibilitiesin the way of CHO cell engineering and understanding CHO
phenotypes through profilingildegaard et al. 2013)

1.5.3.6 Quantitative label-free LC-MS/MS

Previous sectionsSgction 1.51.2 and 1.5.1.3 have discussedhow proteins are
identified however thegquantificationof protein involves furthesteps. Proteitabelling
methods have been used over many years producing adga&aof information on
cellular physiology. The most widely uskbellingmethods include iTR®, iCAT and
SILAC. Labelling strategiesare capable oproducing very low inter sample variation
(Piehowski et al. 2013)but are subject to many limitations such kbelling
inefficiency, poor dynans range and a limit to the number of comparisons that can be
made(Chandramouli and Qian 2009)

With the increasedapabilities of software analysis andIMS/MS separation it is now
possible ® use a labefree approach{(Patel et al. 2009)This method usespectral
counting or ion peak intensitjneasurementgarea under peak curvas well as the
retention timefrom the LC separatiofFigure 1.5.9. Spectracountingis calculated
from the linear relationship between MS spectra pegdtide abundance. Peak ion
intensity uses the chromatographic peak intensityeptide precursors toalculate
protein abundanc@Neilson et al. 2011, Wong, Sullivan and Cagney 2008)

Labelfree methods are momusceptibleo sample variation as there is no labséd
and variation in calculated abundance can be as a result ofjyaatficationin sample
preparations Labelfree data analysis therefonelies heavily oncomputationaldata
normalisationto minimise sample variation effects leadingitaccuratedifferential
identifications (Listgarten and Emili 2005)As labelfree analysissimultaneously
identifies and quantifies preins the balance between MS and MS/MS moaest also
be consideredA separate analysis excludifigodge et al. 2013)r including (Jaffe et

al. 2008)specific m/zratio peptidesfor MS/MS spectraanalysiscan be conductei
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proteins of a specific m/are being looked for by the user i.e. biomarker aliscy,
increase sequence coveragdis can serve to improve quantitati or identify low
abundant proteinsOverall though these limitations mean that confirmation of
differential expression at the protein level or RNA level risutinely performed to

validate labelfree data.
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Figure 1.5.6Schematicof label-free LC-MS/MS peptide and proteins quantitation.
The peak represents a m/z raditd retention time matched between samples, A and
B. Sample A ha greaterabundance than Bor this particula peptide featurdleft) or
using the spectral count method Sampleas more MS/MS speetrassociated with the
partiaular peptide feature than B (righfigureadapted fron{Neilson et al. 2011)

While comparativelynewwhencompared tdabelledquantificationmethods théabd-
free LGMS/MS methodhasnow gainecconsiderable popularityostly due to the large
experimental comparisons possible and the reduced sample preparatiorstidies
incorporating label free analysis rangenir cell studiegAhn et al. 2008, Van Dyk et al.
2003, Chong et al. 2012)I the way up tdahe analysis ofissues (Christin, Bischoffand
Horvatovich 2011, Maltman et al. 2011, Katz et al. 2010, Piovesana et al. \2id1.6)
associated optimised sample preparatidihe limitations, as mentioned in the previous
parageph, require that experimental design considerations are crucgdnamating

useful and statistically accurate data.
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1.6  Gereral introduction - Novel breast cancer proteins

Breast cancer is the most commonly diagnosed cancer in women accounting for 14% of
all female cancer deaths worldwiflEemal et al. 2011Risk factors includ, but are not
limited to, age, ethnicity, obesity and lifestyl€he ncidence of breast cancisrmore
common in women over 50 and those with a strong family history of breast cancer. In
the last twenty years molity rates related to breast cancer have decreased sharply due
mostly to the implementation of screeningnd early detection Administering
treatments early on has proven to reduce mortality rates aange#llsancrease 5 year

and 10 year disease fragngval (DFS).

Overtime these treatments have become more targeted based on profiling of breast
cancer subtypes. The classic subtypdsuphanepidermalgrowth factoreceptor 2over
expression(HER2+), oestrogen receptor positive (ER+) andgpsterone aceptor
positive (FR+) have been exploitesince the early 1990@nd remain strong prognostic
markers combined with histological grading, node involvement and tumour size
(Simpson et al. 2005While these breast naers now haveeveraltargeted therapies

and hormone basedhergpeutic options available therare still considerableinmet

need associated witkriple negative breast cancgfBNBC) which lak expression of
HER2, ER and PRnd chemoresistant HER2+ disea

In recent years however both HER2+ and TNBC breast cancers have been further
classified into subcategories such as Luminal A and Luminal B subtypes in-tdB&2
HER2+ breast cancer respectively and Bakal 1 (BL1) Basal like 2 (BL2}ubtypes

in TNBC (Lehmann, Pietenpol and Tan 201Byrther to this high k67 expression in
Luminal B breast cancer has been associated with increasaliary lymph node
involvement compared to Luminal A subtyfieic et al. 2014) Another tumour subtype
classified asclaudinlow expressig are a less common subtype within TNBC breast
cancers although not all TNBC breast cancers are cldodinPrat et al. 200).
Specific clinical outcomes are also associated with the expression of Cytokeratin 5/6
(CK5/6) (Nielsen et al. 2004 )Epithelial growth factor receptor (EGFR) and Vimentin

in Basallike breast cance(Livasy et al. 2006) Molecular profiling has therefore
emergd as an effective tool to unravel tbemplexty of this diseaseWith an ever
increasingnumber ofbreast cancer subtypes therediso a growing needto identify

newtherapeutidcargets
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Theserelatively recent developmenis profiling produced by the fields of genomics,
transcriptomics, proteormscand metabolomics ha become irmense. The omics
sciences have since become extremely useful in the field of brewstrcand have
given rise to a growing field of computational biology surrounding breast ctarget
prediction and discovery(Wirapati et al. 2008, Volinia et al. 2006\Vith highly
successfultargeted therapies alreadyvailable for subtypes such as HERZreast
cancer there is now jpush to identify and exploit mofereastcancer specific targets
(Vanneman and Dranoff 2012)cquired dug resistancen HER2+ tumors also means
that these subtypes too requftether target specific treatmenf¥rbic et al. 2013)
Identifying a single agerduch HERZhathas a dramatic effect on cancer phenotypes
uncommonthereforeantibody drug conjugate@DCs) have been proposed as method
to exploit cancer specific antigetisat lacktherapeuticactivity (Sassoon and Blanc
2013) This involves using an antibody against a cancer associated naglprotein
for the targeted @livery of drugs to canceells Profiling data will becomenvaluable
in allowing researchers to mine large profiling data setsociated with # many

varyingbreast cancesubtypes and establish subtype speaificel ADC targets.

1.7  Breast cancer subtypes

Breast cancer classification is achieved through several methods from grading according
to immunaohistology obsevations and staging according to the local or metastatic
development of the cancdrhis is ofterreferredto as the TNM method, tumor SiZE),
involvement of nearby imph nodes (N) and presenceatrsenceof metastatic tumors

(M) and has been aedablishedand standardised method for decaffesntz 2010)
Molecular suktyping has howevealso proven tohold great predictive and pgyoostic
value(Carlson et al. 2009)ith the use of multgene expression arrays and biomarkers
(Rakha, Reid=ilho and Ellis 2010, Buyse et al. 2008)e following section will outline

some of these subtypasad their clinicatelevance

1.7.1 ER positive

Estrogenrecepto (ER) is one of the earliest molecular clinical markers being used since
the mid 190s It is widely known as a key indicatdior early reoccurrenceand

responsiveness to endocrine treatn{®atkha, Reid=ilho and Ellis 201Q)Thepresence
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of ER in breast cancehas now become key component ofnuch larger gene
expression profiles defining the molecular profile of breast cafizar Chen and Bai
2014) ER overexpressingtumors have been repied to comprise/5% of breast
cancers witha higher percentage of 80%sasiated with patients over §8nderson et
al. 2002) Despiteits high prevalence ER+ tumors are associatéti lgss aggressive
pathologies and have a far better outcdnoen surgery(Dunnwald, Rossing and Li
2007)than ER tumors(Putti et al. 2005)Furthermore ER+ tumolsgve been proven to
be responsive to hormone therapigth 50% of ER+ responding to eostrogen inhibitors
(Tamoxifen for early breast cancer: An overview of the randomised trials. early breast
cancer trialists' collaborative group. 19@8)d only a small documented number of-ER
respondingo hormone therapgDowsett et al. 2006)This variability clearly points to
other key regulators within the ER subtype. ER statustsoawn while powerful in
predicting breast cancéias only limited use istratifying patient survival due to high
ratesof long term survivallt has also been reported that Efnors differ greatly at the
transcriptionaland gene leve(Farmer et al. 2005, Natrajan et al. 2010jith the
application of molecularmpfiling ER+ breast cancerare often classified as belonging

to the luminal subtype

1.7.2 PR positive

Progesteroneeceptor(PR) is anotherendocrineactivatel protein like ERIt has been
reported that up to 75% of breast cancers areé @w»lomer et al. 2005)lts clinical
relevance has been questioned in the past with ER status beimmnges predicting
factor in hormondreatmentresponse rate@livotto et al. 2004) It hasbeen shown
however thaup to 10% of all PR+ tumors are EfRakha, Reid=ilho and Ellis 2010)
making the vast majority of PR+ tumoasso ER+. In contrasbtthis approximately
40% of ER+ tumors are RRRakha et al. 2007bYhese ER+PRumors in turn are less
responsive to hormone therapy than ER+R&Rwmors(Arpino et al. 2005)Lack of PR
expression in ER+ breast tumors may thereforenk@d to hormone therapy resistance
(Bardou et al. 2003PR and ER expressidrave become highly connectadd assuch

ER and PR are often reported étiger in their respective combinations. The double
positive grop ER+PR+ accounts for 56 65% of breast tumor®unnwald, Rossing
and Li 2007)with approximately80% of these being responsive to hormone treatment

(Dowsett et al. 2006Double negative PHER- breast cancers on the other hacdount
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for approximately25% of tumors and are associated wiilghler reoccurrence no
response to hormone therapy and poorer overall surfBadou et al. 208). Single
positive tumors such as PR+ERr PRER+ groups respond less well to hormone
treatment than double positive tumors and show increased expression of other
proliferativemarkers such as epidermal growth factor (EGFR) and HBB&lou et al.
2003) The complex relationship between ER and PRehaore recently been given
further levels of sub classificatio@ategorising PR and ER in terms of percentage has
shown clinicalsignificance Overexpresserslefinedas ER>50%PR>50% have been
shown as highly responsive to hormone therdffg/PR<10%, PR/ER>50%re less
responsive to hormone therapy dimhlly ER<10%, PR<10%umors show no benefit
from hormone therapgGoldhirch et al. 2007) Both PR and ER then, taken together,
represent powerfulprognostic markers for patient treatment. Stilpboor outcome

combinations such as PER- still require further treatment options acldssification.

1.7.3 HER2 positive

Human epithial growth recepto? (HER2)has been identified adinically significant

in breast cancer since the late 1980®n it was observed to [2eto 20 fold amplified
in 30% ofbreast tumorgSlamon et al. 1987HER?2 tumos are now known to accot
for approximately50% of invasive ductal breast cancesisich areER-PR- (Dandachi,
Dietze and Hauseéfronberger 2002, Quenel et al. 1996)d therefore do not respond
well to ER and PR associated hormone therajilesre are howevex number of other
solutions such aantibodymediated inhibition of HERZPiccartGebhart et al. 2005)
tyrosine kinase inhibitorWang 2014)and aromatase inhibitoflRasmussen et al.
2008) which are effective against HER@verexpressingtumors as well asor in
conjunction withchemotherap treatmentgPritchard et al. 2008)While there are a
number of treatment optisravailable for this molecular subtympecific combinations
of HER2, PR, ER have moréavourableclinical results than otherwith specific
treatments ER+ PR+, HER2+ for example show very little benefit from single
hormone therapynd often benefit more from an afiER2 therapy(Cuzick et al.
2011) Combinations with the worst outconh@ave been shown &R-, PR, HER2+
andER-, PR, HER2 (Lehmann et al. 2011)raken togethethen ER+,PR+, HER2
have tumors have the best outcome while,BFR, HER2 has the poorest outcome

with the fewest targeted treatment options.
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1.7.4 TNBC and Basallike

Triple negative breast cancers (TNBRY ddinition do not express ER, PBr\dHER
and are resistant to hormone therapies involving these molecular recéptaality
however these tumors can lowly express these molecular matkpending onhe
methodology use{Dowsett et al. 2005, Regitnig et al. 2002, Stendahl et al. 2008)
lead toa TNBC false positive or negativdiagnosigRegitnig et al. 2002, Stendahl et al.
2006) While this subtypes attributed toonly approximatelyl5% of all breast cancers
its poor prognosis disproportionatehakes up a large portion of mettudieson breast
cancer deaths(Boyle 2012, Harris et al. 2006AAs with other breast cancsubtypes
thereareseveral reported subtypes within TNBC.

While "Basatlike" is sometimes used interchangeably WitiNBC" it has been
reported that 7% of Basalike breast cancersas defined by phenotype and gene
expression signature, are TNB@ertucci et al. 2008)Basallike encompasses a
expanding number of immunhistochemistry basedkers from the cytokeratin family
and epithelial growth factor receptofRakha et al. 2009, Cheang et al. 2008} the
most widely accepted definition is ERPR, HER2 with positive expressn of EGFR
and cytokineb and 6 It has even been reported that cytokine expregsiofiling alone
can identify carcinomasthat dsplay typcal basal morphologyRakha et al. 2007a,
Fulford et & 2006) Other markes of the basal subtype include several proteins
involved in adhesion and metastasis such as vimentiR-gadherin(Pan et al. 2010)

The basal sulpe while included in the TNBCsubtype have a tinctly worse
prognosis than ER PR-, HER2 TNBC (Perou 2011)with a poorer respons&
neoadjuvent chemotheragifan et al. 2006)It is therefore important to have robust
clinical markers todistinguish between theselosely related subtypesThe BRCAL
mutation has been suggled as one potential marker to make this distincierihis
mutation has been repeatedly associated with basal type kdnainmer et al. 2007)
To further complicate basal identification a smadrqgentage @ to 18%)of these
tumorsexhibit ER+, PR+ activityRakha, Reid-ilho and Ellis 2010)Similarly HER2+
has been observed a sm#l number of basal marker deéd tumors which show
resistance to trastumab antHER2 antibody treatmergHarris et al. 2007)Taking all
of this into consideration TNBC arits associated subtypes areerfthardto identify.
Identifying the specific type offNBC breast cancer is crucial for individualised

treatment, treatments of whiehrevery limited with only modest advances argeted
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therapies compared fmrmone receptor positive breast can¢@ewn, O'Shaughnessy
and Gullo 2012)

Effective teatment choicearecurrentlylimited to chemotherapyanthiacycline) which

has proven to be quite effectiamd surgeryAnti-angiogemsis, such as antVEGF,
therapyhasalso shown to besuccessfuln triple negative groups in some data sets
well as in othesubtypes VEGRR inhibition is also emerging asuccessfulSuggested
BRCAL driven therag. BRCA1"ness" haslso recently been proposed as a method to
stratify TNBC into further subcategories f&tARP inhibitor therapie¢Severson et al.
2015) To date there are no approved targeted therapies for TNBC

1.8 Breast ancer treatment

1.8.1 Conventional therapy

The first line of cancer éatment is usuallgurgical removabut this depends on a
number of factorsuech asmulticentricity andtumor sizewhere larger tumors may first
be subjected to chent@rapy (neoadjuvant) in order to sdweast tissu¢Carey et al.
2007, Liedtke et al. 2008For small tumors howevesurgery has provethe most
successful and isisually combined with post operative chemotherapy, radiation or
targeted drugherapy(Ruiterkamp and Ernst 2011)

1.8.2 Chemotherapy

Chemotherapeit agentsconsist of a variety of chemical compounds that cause
cytotoxicity. Ideally these have the effect of shrinkifigmors, inhibiting tumor growth

and ultimately destruction of tumossiue These agents can also be used asdgivant
(after firstpresentation) therapy to preveabccurrenc@nd metastasidt is particularly
useful in treating metastatic tumors ashemotherapeutic agents are delivered
intravenously oprally. This hovever also means that chemotherapeutic agents can have
a great hee cytotoxic effects on healthy cells leading to the characteristic symptoms of
hair loss, nausea ammiting as well as many other side effelao, Visvanathan and
Wolff 2015).
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Chemotherapeutics can blassified into several groups depending onrtheechanism

of action The platinumgroup of which cisplatin is a commonly used agent cause DNA
damage by the addition of platinum adduct (Dasari and Tchounwou 2014The
alkylation agents of which cyclophosphamide is a memtemmnage cellular DNA by
addition of alkyl groupgMcCarroll et al. 2008) Another mechanism ithroughthe
inhibition of pyramiding and purine production is by thentimetabolitesgroup of
which methotrexate is a memb@iian and Cronstein 2007/PNA intercolators such as
those of theanthracygline group functionnhibit replicationand DNA repail(Szulawska
and Czyz 2006)

1.8.3 Targeted therapy

As mentioned irSection 1.7various subtypes of breast caneee successfully treated
using targetedherapies These therapies targetrotially relevantproteins associated
with the specific phenotype of a breast cancer subiypibiting growth and tumor
progressionMost of these targets consist of hormone receptors meaning TNBC breast

cancer subtypedo not respond to these treatments.

HER2 msitive breast cancetreatmentshows some of the greatestxamples of
sucessfultargeted therapies. Thesigerapiesact on several members thfe epithelial
growth factor receptor family including EGFR, HER2, HER3 and HER first of
these therapeutiaeveloped was trastuzumavhich is a humanisedAb. The antibody
binds to the extracellular domain of HER2 receptor which inhibits downstream
pathways such as PIBKKT-mTOR resulting in inhibition of proliferatiof{fSlamon et
al. 2001) While using trastuzumab aits own has proven successftilhas also been
shown that usingt in conjunction with chemotherapsignificantly reduces relapse
(PiccartGebhart et al. 2005Another highly effective targeted HER2 treatment called
lapatnib (a small molecule reversible inhibitowhich targetsboth HER2 and EGFR
(Burris et al. 2005)Lapatinib prevents the activation of pro cancethpways such as
Erk/MAPK (extracellularsignatregulated kinase/mitogeactivated protein kinase)
Afatinib works in a similamanner but has been shown to be npatentthan lapatinib
(Khelwatty et al. 2011)

While all these theraps are useful they only relate to a stddegoriesof hormone

receptor positiveaumors. Tumor resistancassociated withrastuzumalireatmenthas
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necessitated st conjugation with a cytotoxic agententansine 1 to produce
Trastuzumabnaytarsinoid entansine (T-DM1) an ADC (Lu et al. 2013) This
approach of conjugating an antibody that targets a cancer specific antigen to a cytotoxic
agentis now emerging as a viable targeted therapy strategyn as arnbody drug
conjugates (ADC)Figure 1.8.1). While the targeted therapies mentioned tezlato
antigens that have a significant role in cell function an ADC target antigen does not
necesarily need to have such a functidine requirements for a useful AD&@get the
antigen must be present on the outside of the cell, ideally be cancer specific to minimise
any toxicity to healthy tissue and lastly the antigen will internalise bound antibody

therebyincorporating the antibodglrugconjugatento the cell.

>

Figure 1.8.1Delivery of cytotoxic drugs conjugated to a monoclonal antibody
(ADC). Binding of cell surface antigen (green) causes internalisation of ADC. Upon
internalisatiorthe linker (light blue) iscleaved from ADC reasingthe cytotoxic agent
(red) (Panowski et al. 2014)

Identifying novel target antigens will benportantin developingthese new targeted

methods
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As well as TDM1 there are severabther targeted therapieavailable based on

monoclonaklantibody specificityd@ cancer specific membrane antigénable 1.8.)).

ADC (market name) | Lead Application | Target | Payload

T-DM1 (Kadcyla) Roche Breast cancel HER2 | Maytansinoid DM1

Brentuximab vedotirl Seatle Hodgkin CD30 | Monomethyl auristatin E
(Adcertis) Genetics | lymphoma

Gemtuzumab Pfizer Acute CD33 | Calicheamicin cytotoxin
0zogamicin myeloid

(Mylotarg) leukemia

Table 1.8.1ADCs approved for therapeutic use as of January 2016.The use of
ADCs is relatively novel with far more ADCs currently awaitifugther clinical trial
results (se Table 1.8.9."Mylotarg was approvedut has since been removed from
marketby Pfizer after it was shown tchave no therapeutic benefi(Petersdorf et al.
2013)

There are also many more currently in the clhicial pipeline. As of 2013 there were
30 ADCs of varyimg applications, targets and cytotoxic payloadkle 1.8.9. Many of

the cytotoxic agents used in these new ADCs Rgtycoprotein substrates such as
monomethyl aristatin E (MMAE) andcalicheamian. MMAE and otheraurisgtins
inhibit tubulin assembly causing cell cycle arrest at G2/M pffaapra and Shor 2013)
Calicheamicin agentsauses doublstrand DNA breaks in cancer cebly binding to
DNA's minor grooveand can be useful for cancer types with low proliferation rates as
cytotoxicity isindependentf cell cycle progressio(Sissi, Moro and Crothers 2015)
The maytansinoid classibulin inhibitors emtasingDM1) and ravtansine (DM4)are

also used in some clinical trial ADCs

As with many targeted therapiasquireddrug resistance can develop through reduced
expression of the target antigevhich has been observed withDIM1 treatment
(Barok, Joensuu and Isola 2014)here is also evidence that activation of the
P13K/AKT, MEK/ERK and JAK/STAT pathways increases AD€sistance and
combination therapies may still be important with ADC treatm@tefetCarasso and
Benhar 2015)
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ADC Lead Application Target Payload | Phase
Inotuzumab ozogamicin |Pfizer Aggressive non-Hodgkin's |CD22 Calicheamicinlll
(CMC-544) lymphoma; acute
lymphoblastic leukaemia
RG-7596 Genentech DLBCL and follicular non- |CD79b MMAE Il
Hodgkin's lymphoma
Pinatuzumab vedotin (R Genentech DLBCL and follicular non- |CD22 MMAE Il
7593) Hodgkin's lymphoma
Glembatumumab vedotifCelldex Breast cancer GPNMB MMAE Il
SAR-3419 Sanofi DLBCL; acute lymphoblastiqCD19 DM4 Il
leukaemia
Lorvotuzumab mertansiifimmunoGen Small-cell lung cancer CD56 DM1 Il
(IMGN-901)
BT-062 BioTest Multiple myeloma CD138 DM4 Il
PSMA-ADC Progenics Prostate cancer PSMA MMAE Il
ABT-414 AbbVie Glioblastoma; non-small-ce| EGFR N/D 1
lung cancer; solid tumour
Milatuzumab doxorubicifimmunomedics |Chronic lymphocytic CD74 Doxorubicin |I/11
leukaemia; multiple myelom
non-Hodgkin's lymphoma
IMMU-132 Immunomedics |Solid tumour TACSTD2 (TROP2/|Irinotecan |
EGP1) metabolite
Labetuzumab-SN-38  |Immunomedics |Cancer; colorectal cancer |CEA (CD66e) Irinotecan |
metabolite
IMGN-853 ImmunoGen Ovarian tumour; solid tumoufFolate receptor 1  |DM4 |
IMGN-529 ImmunoGen B cell lymphoma; chronic  |CD37 DM1 |
lymphocytic leukaemia; non
Hodgkin's lymphoma
RG-7458 Genentech Ovarian tumour Mucin 16 MMAE [
RG-7636 Genentech Melanoma Endothelin receptor  MMAE |
ETB
RG-7450 Genentech Prostate cancer STEAP1 MMAE |
RG-7600 Genentech Ovarian tumour; pancreatic |N/D N/D |
tumour
RG-7598 Genentech Multiple myeloma N/D N/D |
RG-7599 Genentech Non-small-cell lung cancer;{N/D N/D |
ovarian tumour
SGN-CD19A Seattle Genetics|Acute lymphoblastic CD19 MMAE |
leukaemia, aggressive non-
Hodgkin's lymphoma
Vorsetuzumab mafodotifSeattle Genetics|Non-Hodgkin's lymphoma; |CD70 MMAF |
renal cell carcinoma
ASG-5ME Agensys Pancreatic tumour; stomachSLC44A4 (AGS-5) |MMAE |
tumour
ASG-22ME Agensys Solid tumour Nectin 4 MMAE |
AGS-16M8F Agensys Renal cell carcinoma AGS-16 MMAF |
MLN-0264 Millennium Gastrointestinal tumour; sol{Guanylyl cyclase C |MMAE |
tumour
SAR-566658 Sanofi Solid tumour Mucin 1 DM4 |
AMG-172 Amgen Cancer; renal cell carcinomgD70 N/D |
AMG-595 Amgen Glioma EGFRVIII DM1 |
BAY-94-9343 Bayer Mesothelioma Mesothelin DM4 |
Table 1.8.2ADCs for solid tumors in clinical trial phasesl, 1l and 1l . Some ADC

targets were not disclosed as denoted by NMDst payload agents areaytaninoid
(DM1, DM4), auristatin(MMAE, MMAF) or caliceamicin class moleles. Data
adapted fronfMullard 2013)
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1.9 Aims of thesis

The overall aim othe Chinese hamster ovary (CHO) proteomic profiling is to identify
proteins involvedn CHO cell phenotypes and gaiially identify those wheh could be
used adargets for CHO cell engineering industry. The following are the specific
aims for eaclCHO study.

1 To investigate the effect omicroRNA-7 on the CHO proteome
Previous work inour laboratory revealed several microR§yAe.g. nmR-7, to be
differentially regulated in temperature shifted CHO cells. Growing cells at a lower
temperaturgtemperature shiftproduces a phenotype that prolongs growth in culture,
reduces prdferation and overall increases productivity over time.
TransientmiR-7 over expression in cells grown at 3T was foundto produce a
temperature shift phenotyp@arron et al. 2011a)As microRNA regulate protein
translation we proposed usimgiantitativelabetfree LGMS/MS analysis to identify
proteins differentially regulated in response to riiRver expression. The resulting
data would allow us to investigate predicted riiRlirect targets fronbioinformatics
tools and to determine ttepecificeffect of miR7 using pathway analysi&lso since
microRNAs negatively regulate proteirtranslationit would allow us to identify
potential knock downtargets in thedownregulatedproteinsto potentially inducea
temperature shift phenotype

1 To investigate the deeper proteome of temperature shifted CHO cells
In the last number of years in our laboratory we haveldged aguantitativelabelfree
LC-MS/MS platform for poteomic research. The prinailpnethodused previous to this
was 2 dimensional gel electrophoresis (EDGE) (Kumar et al. 2008)Quantitative
labelree LC-MS/MS methods have a higher throughput thaethods such as 2D
DIGE. One of the key disadvantagesoqfantitativelabetree LC-MS/MS however is
the volume of peptide data that the mass analyser ha®d¢ess compared to labelled
methods Highly abundant peptidesan maskthe identification(ID) of less abundant
peptides and ultimately reduces the number of and quality of the resulting pbstein
We proposd using smple benchtop cellular component enrichment kits to reduce
samplecomplexity This should lead to a larger numbelD§ overall between enriched
fractions compared to thenfractiondged sample. It is also expected to produce a
number ofIDs that are unique to the enriched fractions compared to the unprocessed
sample.The functional effect of these proteins GRHO cell phenotypevas investigated

with the aimto replicate the characteristics of temperature shift.
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The breast cancer studwas conducted with the overall aim of identifying novel
membrane expresseprotein targets showing high differential tumr/normaltissue
expressionand alsoto confirm these targetsuitability as potential antibody drug
conjugate (ADC)andidatesThe following werethe specificaimsof the novelbreast
cancer target studyresented in this thesis.

1 To identify potential membrane proteins differentially expresedin breast

cancer versus normal breastissues.

(A) Using bioinformatics profiling of publicly available differentially expressed
transcriptomic data on various breast cancer subtypéetentify potental membrane
proteins highly expressed in breast cancer-tgpbs with respect to normal breast
tissue (i) triple negativebreast cancer (TNBC)(ii) oestrogen receptor positive (ER+),
(iif) lymph node positive (LN+) and (iv) human epidermal growth factorogitive
(HER2+) sub types
(B)  Using uniprot database informatioto predict potential membrane localised
proteins. We wished to identify proteins thatwere ideally, novel breast cancer
candidate targets.e. protein targets which previously had not bedacumentedo
have a functionatole in breast cancer arfdrthermorecould be demonstratedo be
present in the membranThe approachwasto validatetheir expressioracross a large
panel of breast cancer cell lingsvhole cell and membrane enriched extracts)
representing the above subtypes.

1 To investigate the expression ofhesepotential novel membrane protein

targetsin breast cancersub-types,and normal breasttissues.

With new breast cancer subtypes and profiles being generated with better profiling and
computational techniques as well Bessistanceto certain treatments there is still a
constam search for potential drugable targets to widen treatment options.
Theoverallaim wasto validatethe expression giotential targets that could be used for
antibody drug conjugate treatment (AD@$ targeted delivery method for cytotoxic
drugs Such atarget will ideally be preserdt high levelsin the membranef breast
cancer cells so as to be accessible to the AB€have low tmegligible expression in
other healthy tissue3he work presented in this thesis aimed to investigate a panel of
membane associated targeits specific breast cancer stypes to adckess if these
candidate proteins may have the poterttbabe further investigated #DC molecular

targetsfor breast cancer.
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CHAPTER 2

Materials and Methods
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2.1  Cell culture techniques
2.1.1 Preparation of culture media

Glasswareused forcell culturewas soaked in a 2% RB35 (Chemical Products R.
Borghgraef S.A.) for 1 hand washed in an industrial dishwasheith Neodisher
detegent and rinsed twice with UHRJItrapure water (UHP) was purifiedvith a
reverse osmosis system (Millipore MiRO 10 Plus, Elgastat UHR) a standard of 12
18 Mq /cm resistanceAutoclave sterilisation was carried aatt121°C for 20 minat 15
bar (Thermolabile solutions were filtered through 0£28 sterile filters (Millipore,
Millex-GV SLGV025BS)).

2.1.2 Suspensiorculture

Cell culture was carried out incass Il down flow recirculating laminar flow cabinet
(Nuaire Biological Cabinet)Laminar flow cabinets are swabbed with 70% industrial
methylated spirits (IMS) before and after use. Aniis clearing stepvasobserved in
between working with different #dines. Operation of laminar flow cabinetsasdone
under strict aseptic techniques. Cell culture cabinetsiranubators werealso cleaned

with industral detergents (Virkon) and IMS on a weekly rota cleaning schedule

Suspensiorcultureswere grown ineither sterile disposable 250 ménted cagdlasks
(Corning, cat. 431144) with &0-50 ml working media volume or a disposable 50 ml
vented capspintube (Sartorius, DI50MB-SSH) with a2-5 ml working media

volume.

Suspension adapted CHCQL-SEAP cell cltures were maintained at 3 in an
atmosphere with 5% CQwith 80% humidity in an ISFX (Climo-Shaker) Kuhner
incubator at 170pm. Cells were passaged every 3 days, spun dodid(ak g (D00
rpm) for 5 min and the pellet resuspended in D fresh media for a new flask.
Suspension CH@&1-SEAP were grownn serumfree medium in CHES-SFM I
(Gibco, 1205211} a complete, serum free, low protein (<100y / nMedia was
supplemented witlgeneticin (SigmaAldrich, A7120) selection agenat 100G ¢nl.
Cells were counted as Bection2.2.1and seeded at a concentration of Zx&0s/ml.
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2.1.3 Adherent culture

A total of 10 adherent breast cancer cell lines were uésdistedin Table 2.1.1 cells
were grown inRPMI 1640(Gibco, 52400025)Dulbeco'sminimum essential medium
(DMEM) (Gibco, 52400025 or high glucose medi®MEM GlutaM A X E (Gibco,
61965026) as requiredMedia was gpplemengd with 10% (v/v) foetal calf serum
(FCS) (PAA, GE Healthcare BioScience Codo (v/v) L-Glutamine(L-Glut) (Gibco,
1114060350)andor 0.5% (v/v) insulin(Thermo, 414000453s requirechnddetailedin
Table 2.1.1 Cells were grown ivented 75 crh(Costar, 3276pr vented 175 chflasks
(Costar,431466)as requiredat 37°C in an atmosphere with 5% GOSpecifically
MDA-MB-157 requiredL75 cn¥ flasks for cell lysate preparations duelda protein

concentrations in this cell line.

As with suspension culture i8ection 2.1.2 cell culture was carried out in @dass I
down flow recirculating laminar flow cabinet (Nuaire Biological Cabindtaminar
flow cabinets are swabbed with 70% industrial metiegaspirits (IMS) before and after
use. Only one cell line at a time was manipulatsitie the laminar flow cabinet with a
15 min clearing step observed in between working with different cell lineavoid

Cross contamination.

Cell line Basal media Supplementation Source
BT20 DMEM 10% FCS NICB
BT474 RPMI 1640 10% FCS, 2% tGlut NICB
HS578T DMEM 10% FCS, 2% tGlut, 0.5% insulin| NICB
MCF7 DMEM 10% FCS, 2% tGlut NICB
MDA-MB-157 | DMEM G| ut a M| 10% FCS NICB
MDA-MB-231 | RPMI 1640 10% FCS NICB
MDA-MB-361 | RPMI 1640 10% FCS NICB
MDA-MB-468 | RPMI 1640 10% FCS NICB
SKBR3 RPMI 1640 10% FCS NICB
T47D RPMI 1640 10% FCS, 2% tGlut NICB

Table 2.1.1Breast cancer cell lines used itChapter 6. All were gravn in vented 75
cn?’ or vented175cn? flasks at 37C in a 5% CQatmosphere

53



Once media exhaustion was observed the flask was rinsed withPBS solution to
remove spent mediunDepending on the size of the flask52n of trypsin solution
(0.25% (v of trypsin (Gibco, 0435090) and 0.01% (v/v) of EDTA (Sigma, E9884)
solution in PBS (Oxoid, BRI4a)) was then added. Cells were incubated°ax &7
approximately 2 min or until all of the cells detached from the inside surface of the
flask. To deactivate trypsinraequal volume of complete medjeontaining FCSwas
added to the flask

For membrane protein isolation preparations of adherent cells we used Cell Dissociation
Buffer (Gibco,13151014) instead of trypsin due to the likdlgod of membane protein

cleavage by trypsi(SeeSection 3. Detachmenivas monitored by microscep

Cells were then spun a&70 x gfor 5 min in a sterile universal containertégilin, 128a).
The supernatantvasremoved and the cell pellet was resuspended in fresh medium
cell countwasperformed as described 8ection2.2.1 with an aliquot taken to seed a
new flask Waste media and cells were sent for autoclave inaictivat

2.1.4 Cryopreservation of cells

Cells for cryopreservatiowereharvested in midog phase of growtandwerecounted
as described iBection 2.2. Cell pellets were resuspertm a suitable volume of serum
and an equal volume ofinice coldfilter sterlized (0.22 € m polution of 10% (v/v)
DMSO (Sigm-Aldrich, D5&9) in serum was added dropwisehile mixing thecell
suspension. 1 hof cell suspension was aligted into the cryovials (Greiner, 122278)
and stored on ice during immediate transport to-2@C freezer for 1 h Cryovials
werethen placed in a80°C freezer for four hor overnightfollowed by transfetto

liquid nitrogen tank for long term storaget-196 °C.

2.1.5 Thawing cells

Upon remowal from liquid nitrogen theryovial was tlwed in warm water-ollowing
observed thaw, presarmed medig37 °C) wasadded to thaw the pellet fullyrhe cell
suspension was centrifuged at 1¥@ for 5 min, the supernatant removed and the
resulting pellet resuspended in warmed fresh méaiaremove any remaining DMSO

the suspensiortells weregrown in 5ml suspension spin tubes 4 hrand the media
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replaced Similarly adherent cells were grown f84 hrin 75 cn? vented culture flask

and media replaced.

2.1.6 Mycoplasma testing

Routine screang for Mycoplasmawas carried out every 4 months on cell linesing
the Fluorescent Hoechst stain methmd Mr. Michael Henry. Mycoplasmanegative
NRK (Normal rat kidney fibroblast) cells were used as indicator cells for this analysis.
NRK cells were inabated with a sample of supernatant from the cell lines being tested

for the presencef mycoplasma and then stained

2.2  Cell counting and viability
2.2.1 Trypan blue

Trypan blue(Gibco, 525)is a dye exclusion technique that penetrated stains dead

cells blue, excluding live cells with intact membrane§his was the most routine
counting method used for cell culture experimefigual amount of @ls and trypan

blue were mixedl0e | of t hi s mi xt uamocyiomster (Neubauex)f er r
and covered wth a coverslipLive cells and dead cells were countedaar cornergrids

(Figure 2.2.]) in the memocytometeand the average callated

Figure 2.2.1Haemocytometer grid Four corne grids are counted and the average
viable (non dyed) and dead (dyed) cell number is determined
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The celléml concentration was calculated byultiplying by 1¢* (the volume of the
grid) and the dilution factor used when mixing with trypBercetage viable cells were
calaulated by counting the number of non dyee cells anddyeddeadcells to get the
total cell number. Viable cells percentage is tagpressed agdeadcell numbe"/"live
cell number")x 100).

2.2.2 Cedex automatedcell counter

The Cedex Automated Cell Counter (Rocheovatis AG) is an automated cell
counting system based on the Trypan Blue exclusion me#teodell as cell counts and
viability it also determinesell size.Ilt was employed in the cell density, cell viability
andcell size measurements $ection4.4.

Each Cedex XS Smart Slidentains 8 chambers that can holdel0Cells were diluted
with Trypan Blue below 1 x 10 cells/ml in order to obtain an accurate cell cofur
chambers on each slide can be redter insertion into the slide carrier of the
instrument. To read thé chambers at the other side the slgleemoved from the slider
and positioned in the @psite direction. The slide can be pushed ihi® instrument

into four positionsto read each chareh

To avoid cell stress 4 samples were prepared at a hntielly 5 € | of oneddl s wze
with 5¢ | f Trgpan blue in an eppéorf tube Following Cedex XS readings dilutions

wereperformed as necessary to achieve a countable cell number.

2.2.3 Flow cytometry

Guava ViacourftreagentMerck-Millipore) uses two DNA dyes to count cell through
the EasyCyte flow dgmetry system. Thenembranepermeale-dye (LDS751) stains

all nucleated celland is detectedy photomultiper tube 2. hemembrane imperme&

dye (propidium iodide) stains only damaged cdlinguishingviable, apoptotic, and
dead cellsand is detcted by photomultiplier.JFurthermore viable cefluorescegeis
accompanied by #orward light scattering measurement. If tfegward light scattering

is appropriatelylargethen the event is counted as a live cell but if it is too small it is
countedas cell debris.
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Cell countingwasperformed in aound botton®6 well plate formatQostar, 10308005)

which wasloaded into the sample trapo less than 108 | should b® usedoc
all ow the sample syringe to acdgand «5@0. Cel
cell s/ el to obtain an accurate reading

Guava Viacouritreagentwas allowed to reach room temperatiethe darkbefore

aliquoting the requied amount into a stéin (100¢ | per sampl e). Cel
media were thendiluted to 100¢ | to axhlOecel | s/ gl and
concentratiorof cells The 100¢g | vol ume of dil ut edhe el | s

well round bottom platéollowed by the room temperatu@uava Viacourit Cells and
dye were left to complex for 1@nin before reading on the Guava flow cytometer
Wor k Ed i tédte wSsoubet to acquire the data with care taken to theteorrect
cell dilution factor. EasyFit $tware analysis processes the data rparts viable cells/

dead/apoptotic cells and cellular debris.

This counting method is capable of counting very low cell concentrations and was
employed inSection 3.1 as this experiment resulted in cell cycleeatrand low seed
concentrations of cellsL(x 10° cels/ml). These would have been impossible to count
using the Trypan Blue methods Section 2.2.1 and Section 2.2.2 and have sample

remaining for proteomic analysis.

2.3 Molecular techniques
2.3.1 Transfection with miRNA/siRNA

CHO-K1 SEAP cells seeded atx110° cells/ml with a viability at minimum 90%, were
transiently transfected with a total concentration50fnM double standed miRNA
mimic molecules GenePharma#M-01-D), non specific double strandedcontrols
(GenePharma,#M-03-D, double stranded microRNA mimic negative control,
GenePharma) or siRNAs (Custom design, Integrated DNA Technologak)mRNA

and siRNA were purchased in a lyophiligedn and reconstituted using nucledsee

water (Ambion® AM9932) in a laminar flow cabinet. miRN#and siRNA weremade

up to a final s t 0 cRecorstutedcneRNA/sIRNA iverenvortexed 5 0
for 1 min, centrifuged briefly and stored-20°C. Sequences for miRNA can been seen

in Table 2.3.1 and siRNA inTable 2.3.2 below.
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Transfections were carried ousing SPOR¥Ne o FXE transfectjon r
AM4510), a lipid based transfection reagenthe following describes a typical
transfetion using a final concentration of 50 nM MiIRNA/siRNAn all subsquent

volumes 10% extra is included to account ffotentialpipetting errorsTosar t 2. 2 ¢
of 50 &M si RNA/ mi RNA edt oncakr A@gatsunidBeECE@ t o
S-SFM Il mediaNeoFXe wasl owed to reach room tempe
to a separate pre warmed 3110 ¢ | vV o |-89FM Il.daTd coBpleOthe

mi RNA/ si RNA with the NeoFXE bodether. THe2 . 2
resulting 224.4 1 si RNA/ was Ribwved td énoubaxeE / Me
for 10 min at room temperat! Inoculationof 1.8 ml ofcells at 11 x 10° cells/ml @ x
10cells)wit h 200 €l of the 224.4 ¢l si RNA/ mi R
in 2 x 1C cells/ml transfecte@itheran miRNA/siRNA concentration of 56m. Care

was taken t o aped drdphwese t@ e cells With comstant swirling
agitation to minimise transfection cell stresall transfectionswere performed in
triplicate and forrelevant controls. Volumes above were multiplied accordingly

depending on the number of samples reslir

hsamir-7 mimic 5 .
_ uggaagacuagugauuuugudgu
(functional strand)

5' T
Double stranded non UUCUCCgaanugucanﬁtt

specific control acgugagacguucggagaatt

Table 2.3.1Sequence oimiRNA mimic and control used in Chapter 3 Shown are
the functional strand ofthe double stranded pmaiR-7 mimic (Genepharma, #M)1-D)
and sequence of non specific double stranded cq@eaviepharma#M-03-D).
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Target

Seqguence

Negative Control

(NC5- IDT premade
nonspecific sequence)

CAUAUUGCGCGUAUGUCGCGUUAG
CUAACGCGACUAUACGCGCAAUAUGGU

Cyclon (Oligo 1)

AGAGACGUCAUCCAAAUCUCUUCCC
GGGAAGAGAUUUGGAUGACGUCUCUCG

Cyclon(Oligo 2)

CACCGUGUCUGAAACAGGAAGCAGG
CCUGCUUCCUGUUUCAGACACGGUGAU

Cyclon (Oligo3)

CUGGACUCAGAGGUGGUACACGCTA
UAGCGUGUACCACCUCUGAGUCCAGUU

Ezrin (Oligo 1)

CUUUUUGAUCAGGUAGUAAAGACTA
UAGUCUUUACUACCUGAUCAAAAAGCU

Ezrin (Oligo 2)

CGCUAUGUUGGAAUACCUGAAGATT
AAUCUUCAGGUAUUCCAACAUAGCGCU

Ezrin (Oligo 3)

GGACUUAAUAUUUAUGAGAAAGATG
CAUCUUUCUCAUAAAUAUUAAGUCCAA

Moesin (Oligo 1)

GAAUGAGCGUGUGCAGAAGCAUCTT
AAGAUGCUUCUGCACACGCUCAUUCUU

Moesin (Oligo 2)

GCAGAUUGAAGAGCAGACUAAGAAG
CUUCUUAGUCUGCUCUUCAAUCUGCUU

Moesin (Oligo 3)

AGCGUCAAGAAGCUGAAGAAGCCAA
UUGGCUUCUUCAGCUUCUUGACGCUCU

Lamin A (Oligo 1)

GACUUGGUGUGGAAGGCACAGAACA
UGUUCUGUGCCUUCCACACCAAGUCAG

Lamin A (Oligo 2)

AGGCUAAGAAGCAACUUCAGGAUGA
UCAUCCUGAAGUUGCUUCUUAGCCUCA

Lamin A (Oligo 3)

GAACUGGACUUCCAGAAGAACAUCT
AGAUGUUCUUCUGGAAGUCCAGUUCCU

Table 2.3.2Sequences ofustom CHO double strandedsiRNA. A pre made negative
control wassupplied (IDT, NC5) For each target Cyclon, Ezrin, Moesin and Lamin A

there were 3 alternative obgers designed based on the CHO sequence submitted.
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2.3.2 RNA extraction

Tri Reagenit is a mixture of guanidine thiocyanate and phenol in a monophase solution
that separateBNA, RNA and proteins into 3 phases: an aqueous phase (RNA), the
interphase (DNA), and an organic phase (proteihs) is capable of lysings-10 x 10°

cellsin accordance witmanufacturer'shstructions

To achieve this 1 x TOcells were counted (se8ection 2.2.1), centrifugedand the
supernatant removedlysis was preformedvith the addition of 1ml offri Reagerit.
Cells were incubated at room temperature for 5. rRinase gEaration was achieved
with the addition o2 0 0 ¢ | c h | o-AldrichpG2432) THe isagnpi@ was then
vortexed for 15 se@and allowed to stand for 10 min. [&equent centrifugation at
13,709 x g (12,000rpm) for 15 min at #C sepaated the solution it 3 visibly distinct
phases red organic layer containing proteinistermediate phase containing DNA and
the upperaqueousphase containing RNAThe aqueous phase is removed and
transferredto a fresh tube. A 508 | v oof isoprepanol was added theuagus
phase. The mixtaris allowed to stand fdrO min, centrifuged for 10 min &t3,709 x g

at 4°C and the supernatawgs removed. Precipitated RNA may be observed at the side
of the tube. RNAwas then washed with ml 75% ethanol. Sampl&vas mixed
thoroughly by vortex before beingentrifugedat 5,355 x g 7,500 rpm for 10 min at4

°C. The ethanol was then poured off and the RNA pellet allowed to air dry foinl0 m
Before becoming totally dry the RNA pellet was resuspended in nudiessavater.
Theresulting isolated RNA wagsuspended in appropriate volume €20 ) i n- nuc |

free water.

2.3.3 RNA quantitation

A NamoDrop 2000 (Thermo scientificq spectrophotometer for nucleic acid and protein
quantitation was used for DNA/RNA quantitatiomhe instument armwas cleaned

with a lint free wipe and UHP before sample analy&is.RNA/DNA sample solution
of1.5¢e | was applied t o t hTaeupperdaengas laweredountili t h e
a columnof liquid was observed to from the DNA/RNA solution are tupper arm
making contact.Light absorbanceat 260 nm was measurecand sample purity
determined60/280nm with a reading of ~1-2.2 being indicative of pur@NA/DNA.
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2.3.4 RNA to cDNA synthesis

Total RNA was extacted as inSection 2.3.2 and isolation cofirmed by RNA
quantitationasin Section 2.3.3. Reversearanscription was performed to convert RNA

into complementaryDNA (cDNA). RNA sample werereverse transcribed into cDNA
usingTagman microRNA Reverse Transcription (djpplied Biosysems, 4366596)10

el of mast er maverse transeriptioluffen 25rRdNTPIMIXX100mM),

10x Random primers, 4 | of MUReveises Teanscriptase (80/ ¢ | ) e andf 1

RNase Inhibitor, was added toe2g o f BNIA v ortouans580¢ | eppendo
tube.

Component Master Mix single reaction( € | )

100mM dNTPs (with dTTP) 0.15

MultiScribeE Rever se Tr an{1.00

10x Reverse Transcr |15

5x Reversdranscrigiase Primer 3
RNase I nhibitor, 2 0]0.19
Nucleasefree water 4.16
Total Volume 10

Table 2.3.3Reverse transcription master mix volumes for single reaction

Thefinal volume of15¢ (10¢ | Ma sxtarel 5e IM RWBA thersubmitted to the
thermocycler to undergo amplificatioBtep one was run at 2& for 10 min, step at

37 °C for 120 min, step 3 at 8% for 5min and temperature wasltl at 4°C after the
end of the reverse transcription cycle.

2.3.5 Reakttime PCR

PCR reaction for miRNA was performagith TagMan® Smal RNA Assay 20x
(Applied Biog/stems 4440418)and TagMa® UniversalPCRMaster Mix 2x (Applied
Biosystens, 4324018) A single reactionwas prepared with the following volumes
(Table 2.3.4).
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Component Singler eacti on (¢el)
TagMan® Small RNA assay (20x) 1.00

Reverse transcription cDNA product 1.33

(1/15 dilution minimum)

TagMan® Universal Master Mix 2x 10.00

Nucleasefree water 7.67

Total Volume 20

Table 2.3.4Realtime PCR single reaction mix Included is theevese transcription

product fromSection2.3.4

The reactiorwas mixed by getting and applied to a well of the reaction platn hsa

miR-7 primer @pplied Biosystems44
cycler (HT7600)at 95°C for 10 min i

27975) The plates were run in tHeCRthermal

n he first stepfor enzyme activatiothen 95°C

for 15 sec in the second step and 40 cycles 8C%r 15 sec for the denaturation step

and 60°C for 60sec for the annealing stefigure 2.3.1 shows how transcription occurs

in the PCR reactioandFigure 2.3.2shows how amplitation is reported.

Extension of primer o

%, Forward primer
—

n cDNA

3

5

3

5
Synthesis of second cDNA strand
3
5
[ PCR amplification of cDNA
Forward primer
—

5
3

— ——— I

—_ Reverse

(McB) MFQ) (R) primer

Figure 2.3.1Reaktime PCR using miRNA-specific primer. CT values are used to
guantify miRNAs. MGB: Minor Groove Binding. NFQNon-Fluorescent Quencer. R:

Reporter dye (FA

ME)
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Figure 2.3.2Diagram of 5' nucleasereporter process Polymerisation (A), strand
displacement (B), cleavage (C) and the final completion of polymerizatiool¢Byes

the reporter (R) from the quencher (NFQ)

2.4  Proteomic Techniques
2.4.1 Cell lysate preparation

Cells were pelleted by centrifugation at0lx g for 5 min and the media was removed
Cells were washed with ice cold 50M HEPES. The cell suspension was then
transferred to an eppendorf and centrifuged at 140§@or one minutén a4°C pre
cooledmicro-certrifuge. HEPES was then decanted, the eppendorf containing the cell
pellet was submersed in liquid nitrogen for 30 before being stored a80 °C until
required. All procedures from this point forward were performed on ice. Cells were
lysed using an appropriate volume of lysis buffer i Urea, 2M Thiourea, 4%
CHAPS, 30mM Tris, pH 8.5) and incubated on ice for 20 mwith occasional
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vortexing. Halt protease inhibitor (P¥8415 Thermo Scientific)Halt phosphatase
inhibitor (78428 Thermdscientific) and Nuclease mix (850142 GE Healthcarg

were also added to the lysis buffer to form a final concentration of 1x for each inhibitor.
Cells were lysed by pipetting up and down and by vortexing. Sample lysates were
centrifuged at 19,008 g for 15 minat 4°C. Supernatant containing extracted protein

was transferred to a fresh chilled eppendorf tube and stored in aliqudt®at e C i f t
were not going to be used immediately.

2.4.2 Nuclear/Cytoplasmic enrichment

The nuclear/cytoplasmic exsrtion kit works on the principle of swelling the cell
membrane with a hypotonic buffer to incre@sdragility. Addition of detergent causes
cytoplasmic proteins to leak out into the supernatant whichtreambe collectedand
stored. The remaining n@lare then lysed ansblubilisedin a detergent free lysis
buffer.

Nucleartytoplasmicenrichment was carried out as per thanufacturés instructions
(Active Motif, 4041Q. The kit includes10x PBS,Proteaselnhibitor Cocktail, 10x
Hypotonic Buffer, Phosmiase Inhibitor, 10mM DTT, Lysis Buffer AM1 and
Detergentwhich were used in the nuclear/cytoplasmic protein enrichnate 2.4.1
details volumes required for solutions mentioned in phnetocol. The following
protocol was usetb exract nuclear and cytoplasmic enriched fractions féom 10

CHO-K1-SEAP suspension cellsote all reagents are kept on.ice

Cels were counted using the trypan blue exclusion meti8®ttion 2.2.1) and a
volume of cells was taken representing 20% dells. Cells vere centrifuged at70 x g
for 5 min. Meanwhile1.6 ml of 10x PBSwasdiluted with 13.6ml UHP and 0.8 ml of
Phosphatasénhibitor wasadded making a final volume of 16 ml 1x PBS/Phosphatase
Inhibitor solution The sipernatant was removéebm the centrifuged celland the ck
pellet washedn 8 ml of 1x PBS/Phosphatase Inhibit@ells werecentrifugedonce
more as above and washed in the finahl8/0lume of 1x PBS/Phosphase Inhibitor.
The cell pelletwas then resuspended in 1 ml of Hypotonic buffer and incubated on
ice for 15 min After this 50¢| of Detergentwas addedandthe sample wawortexed at
high speed for 10 seBamples were thesdded tceppendorf tubeand centrifugedin a
4°C precooledmicrocentrifugeat 14,000 g for 30 secThe resulting supernatant was

removed and stored. This is the cytoplasmic enriched fraction.
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For the nuclear fraction the pelletasr e sus pended i nlysid Bufler. € | C
Complete |lysis buffier mMoDTdi NBOLGANMIL yand
Protease Inhibitor CocktailThe simple was incubated shaking and onfme30 min.
After incubationthe sample was vortexed at high speed for 30 secanttifuged in a 4
°C precooled microcentrifugeat 14,000x g for 10 min. The fiml supernataniwas

removed and storeab the nuclear enriched fraction.

Reagent Kit Component Volume required for
2 x 10 cells

1x PBS/Phosphatag 10x PBS 1.6 mi

Inhibitor UHP 13.6 mi
Phosphatase Inhibitors 0.8 ml
Total Required 16 mi

1x HypotonicBuffer | 10x Hypotonic Buffer 0.1ml
Distilled Water 0.9ml
Total Required 1.0ml

Complete Lysis 10 mM DTT 10. 0 ¢l

Buffer Lysis Buffer AM1 89.0¢ |
Protease Inhibito€ocktail |1 . 0 ¢ |
Total Required 100. 0 ¢l

Table 2.4.1Volumes required for nuclear/cytoplasmic extraction of 2 x 10cells

2.4.3 Membrane enrichment

Membrane enrichment was carried astng CALBIOCHEM® ProteoExtrdcE  Nat i v e
Membrane ProteirExtraction Kit (Merck Millipore, 444-810KIT). The extraction

buffers within the kit are proprietaryrhe mechanism however has been described as
being gentle enough toetrieve membrane proteins itheir native conformation.
Membrane proteins are first pelleted and theabsequentlysolubilised resulting in a
membraneproteinrich supernatantHigure 2.4.1). It has been shown that this kit when
compared to 5ther membrane protein extraction kits produced the highest enrichment

of membrane associated proteins and at the second highest concer{Batiger,

Roblick and Habermann 2009)
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Figure 2.4.1Schematic of the membrane enrichment methodology. Lysis and
differential centrifugationstepscarried outusing CAL Bl OCHEME Pr ot eoE
Native Membrane Protein Extraction Kit (Merk Millipore, 4840KIT) result in a

membrane protein enrichedmple.

Membrane enrichment was carried out asmeanufacturés recommendationéMerck

Millipore, 444-810KIT) for suspension celland with some modifications for adherent

cells The components of the kitere asfollows: Wash Buffer, Extraction Buffel,
Extraction Buffer lland Protease Inhibitor Cocktallhe following protocol outlines the
stepstakemoto bt ai n a 500 €l membr ane9%coofluent n e
75 cnf adherent culture flask or810° suspension cell#\ll reagentswerekept on ice

except Pragase Inhibitor Cocktail whictvasstored in DMSO andvasallowed to come

to roomtemperatureto thaw.

For adherent cellsonditioned mediavasremoved and ml of ice cold PBSwasused
to wash the cellsCells were washed two more times in PBEtraction Buffer | was
preparedby t aki ng 2 ml ofd@rowasealchidbitom@pcktaitd ml ofl
Extraction Buffer I/Protease Inhibitor Cocktailas added tdhe washed cells in the

flask. The cells were tmescrapd into the buffer using a sterile disposable cell scraper.
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Suspension cellsvere counted using thieypan blue exclusion nieod Section2.2.1)

and a volume of cells was used to obgicell pellet containing x 10°cells Cells were
washedhree times in ice cold PBS with centrifugation at 18@0for 5min in-between
each wash. The last PBS waslas decanted and cells aresuspended iR ml of
Extraction Buffer I/Protease Inhibitor Cocktail (2 oflExtraction Bufferl a n dof 1 0
Protease Inhibitor Cocktail)

From here both adherent and suspension cells are treated the2 sahmamples were
divided into two 1 ml volunes in eppendorf tubes and incubated 4€4or 10 min.
Samples were then centrifuged in @ 4precooledmicrocentrifugeat 16,000x g for 5
min. Following this the supernatant wakscarded Sample pellets were carefully

resuspended irb 0 0 BExractionBu f f er I I/ Protease | nhi

bi

Extraction Buf fer [ and 2.5 ¢l of Prote

and agitated at 4C for 30 min. To remove any remaining debris the samples were then

centrifuged in a £C precooled microcentrifugeat 16,000x g for 15 min. The

supernatant containingplubilisedmembraneroteins was removed and stored.

2.4.4 Protein quantitation

Proteinwas quantifiedusing the BieRad Qui ck StartE Bradf or «
Rad, 0-0205) as followsThe requiredvolume ofBio-Rad Qui ck StartE

Dye Reagen{ 2 50 ¢d) was aliggpe into a steilin tube and allowed taeach

room temperature in the dark.2 mg/ml bovine serum albumin (BSA}ocksolution

(Sigma, A9543) \as prepared in lysis buffer. A protein standard curve (0, 0.125, 0.25,
0.5, 0.75 and 1.0 mg/ml) was prepared from the BSA stock with dilutions made in lysis

buffer. An aliquot of the protein samples were diluted as appropriate with lysis tauffer

fit thelinear rangealetection limits of the assay (123 000 .&5gl e bj st andar

samples were added to a minimum of three separate wells kwalBplate. 250 | of

the BioRad dye solution was added to each well. After 5 mimcubation, the

absorbance was rasured at 595 nm and the concentration of the protein samples was

determined from the plot of the absorbance at 595 nm versus concentration of the

protein standard.
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2.4.5 Brilliant Blue G Colloidal Coomassie staining

After gel electrophoresigels containing gmrated proteins were placada fixation
solution which contained 7% glacial acetic acid in 40% (v/v) methdigbrepare 4 X
working solution of Brilliant Blue G colloidal coomassie (Sigma, B20&%) m UHP
was addedo the stock bottle. Following the fixing stegf 30 min a dye solution
containing 4 parts ofxiworking colloidal coomassie solution and 1 part methanol was
made, mixed by vortexing for 30 se€ixing solution was removed from the geisd
thenthe dye solution waplaced on top of the gels. The gels were left to stain far 2 h
Following this the dye solutiowas poured off and th gelswere destained to remove
background dye. Destaisolution containing 10% acetic acid in 25% methamnab
poured over the gelsn a shakerfor 60 sec. The gels were then rinsed with 25%

methanol for 30 sec and then destained with 25% methanol for 24

2.5 LC-MS/MS protein identification
2.5.1 Protein sample cleanup

Sample clean up was performed using ReadgRp ED Qeanup Kit (BieRad,
1632130). The end product waswashed and precipitated protein sample which was
resuspended in a buffer compatible for mass spectrometry analysislean ugkit can
process a maxi mum of 500 pargionahd apnaxaura i n
sample volume of 108 lasthis method is performed in 11l eppendorf tubesThe
following protocol details the steps taken to process whole lysate sa(@aeson
2.4.1) and thesubcellular enriched sampleSgction2.4.2and2.4.3) . Note allsteps are
carried out on ice unless stated otherwflso Wash Reagent @ustbe pre chilled te

20°C.

A100e |l v ol ume o fwagckeanumhich was pemiquslyequantified using
the Bradford method %ection 2.4.4). For low volumesamples (Nuclear enrichment
fractions)v ol ume was ma dvith mags specogradeOvater.€To 100 of
protein sampl e wRrscipitatdgiAgedt 1.358n@plesewere miked
thoroughly for 1 min by vortexingSamples were then incubated on foe 15 min.
Following this3 0 0  PrecipitatingAgent 2 was added to each samghel mixed for

1 min by vortexing The samples were then centrifuged in ¥ 4nicro-centrifugeat
12,000x g for 5 min.The aientation of theube in the centrifuge wa®ted as to repeat

the same orientation for furthepins and minimise sample loShe sipernatant was
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carefully pipetted off and discardetihe ube was cenifiuged for an additional 15 sec

to remove any remainingrecipitatingagent which was then discked.

A40¢ | aliquot of Wash Reagermndthé tubesavgerea p p |
returned to thenicrocentrifugan the same orientation and spun at 12,0@0for 5 min

The wash reagent was then pipetted off and discategl.| of mass spec
was alded to each sample and the samples were then mixed by vorigfterghis5 ¢ |

of Wash2 Additive and1l ml of pre chilled-20 °C Wash Reagent 2 was added to each
sample They were then incubated overnight2® °C.

Following overnight incubatimsample werecentrifugedat 12,000k g for 5min in a 4
°C micro-centrifuge the supernatant was removeahd discarded with additional spin
for 15 sec to remove and discard any remaining supernatantesulting pellet was air
dried at room temperature fornsaximum of 5 minuntil its edges appear translucent
Pellets were then resuspended in an appropriate volurSdduitable solubilisation
buffer (S2eSection2.5.2) and quantified$ection2.4.1) for further applications

2.5.2 In solution digest for massspectrometry

As outlined inSection2.5.1a 100 pl of volume of whole cell lysate or cell enrichment
fraction was cleaned to remove any agents that could interfere with mass spectrometry
analysis.The resulting protein pellets weresuspended in labélee lysis buffer (6M

Urea, 2M Thiourea, 10mM Tris, pH 8) quantified usingBio-Rad Qui ck St .
Bradford Dye Reager{Bection2.4.4) andvolume ofcleanedup protein representing

eg of protein was volumds ware bfowght updih | with tabelb n . A

freelysis bufferand15 ul of 8 M urea wasaddedo furthersdubilise samples.

A 20 ¢ | v odf 0.8% ProeaseMax Rromega V2071 solution (1 part 1%
ProteaseMax to 4 parts 50 mM ammonium bicarbonate)added ¢ each sample
ProteaseMax is aurfactant which increases protesolubilisationtherebyincreasing
protein digestion.Samples were mixed by vorteg for 3 min 5 8 of 50 M

ammonium bicarbonate was added to each sample

Protein samples were denatured by the additioh ©fl .5 & DTT &GmM DTT final
concentration required). Samples were incubated foni20at 60 °C. After this 2.7 pl
of 0.55 M iododacetamide was added to each sanfpte mM final concentration

required)and incubated in the dark at room temperaftoird.5 min.
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For the digestion step 1 ¢l of 1%thRbot ea

el o&g/0e Il (Rromega,svbli)l A 1:20 ratio of Trypsin: Proteirwasrequired.
Sample were then incubatefdr 6 hr at 37°C. Samples were then quickly spun in a
microcentifuge for 10 sec to collect any coedsation. Digestion reactionaw then
stopped with t hefluoeacetic taicido(fFA) dor a final eeduired r
concentratiorof 0.5% TFA.

This method was used i€hapter 4 for the preparation of wholeell lysates and
subcellularly enriched protein fractions.nAalteration tothis method was used for
Chapter 3 and theanalysisof the effects of miR7 on the CHO cell proteoménstead
of atrypsin and ProteaseMax method a double digestion was used with tryyslys

C. Briefly the alterationsn this protocolvere as follows

1 0 of gotein samplavasresuspended in L o mM d&mbnonium bicarbonate.
Reduction was performed by adding 1. o fmMDUT0and incubatet 60°C for
30min. Samples weréhen alkylated by adding 8 L o fmM Qodo&cetamide and

then incubatedh the dark at room temperature 0 min.

Digestionwas carriedout with sequence grade LyS (PromegaV1071]) at a ratio of
1:20 LysC:Protein at 37C for 4hr, followed by a second digestion with sequence
grade Trypsin (Promega/511]) at a ratio of 125 Trypsin: Protein Incubationwas
carried outovernight at 37C. After 24 hr the digestion reaction wesminated bythe

additionof TFA to a final requireadtoncentratiorof 0.5%.

2.5.3 C18 peptide cleanup

Using C18 resin basedentrifuge columns(Thermo, 89870) the peptides from
enzymatic digestionSection2.5.2) were purified foMS analysis A number of buffers
required preparatiomnvolving methanol, TFA and acetonitrile (ACN). These were as
follows: Activation Solution - 50% Methanol, Equilibrium Buéfr - 0.5% TFA in 5%
ACN, Sample Buffer 2% TFA in 20% ACN, Wash Solution0.5% TFA in 5% ACN
Elution Buffer- 70% ACN.

Columns were prepared by tappiogtil the resin was collected at the bottom end and
then placed into a collection tube. The tapd lottom cap of the C18 columnwas
removed anAttiv&iénhGolwidn wasfadde&amplesvere then centrifuged

at 1,500x g for 1 min and flow through discardethis step was repeated once more.
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Fol l owi ng Eduilibsatiod Buifer wals addeind the samples centrifuged at
1,500x g for 1 minwith flow through discardedThis step was repeated once more.
Peptide sample was then addedthe column.C18 columns were placed into fresh
collection tubesand centrifuged at 1,500 g for 1 min. The lbw through was then

added to the column am and centrifuged at 1,560g for 1 min.The fow throughwas

stored in case oinsufficient peptide binding and the collection tubes for the C18
columns replaced®2 0 0 ¢ H Bufidfawsas added to the colunamd tubes were again
centrifuged at 1,50@ g for 1 min with the flow through discarded. The wash step was
repeated once mor e. Finally the couffdrect i
was added to th€18 column, centrifuged at 1,560g for 1 min and repeated once

more resulting in 4@ | of purified peptides.vacammpl e

centrifuge.

2.5.4 LC/MS analysis

Samples were resolubilised anvolumeof LC-MS grade water with 0.1% TFA a2

ACN such thats ¢ | cont ai ned .1 5e0g edf spuesppteindse so n
peptides (digested protein)12.5 m was transferred to glass vials and the remaining
reconstituted sample stored #0 °C. Mass spectrometry was performed by Mr.
Michael Henry. Nano LCMS/MS analysis was carried out using an Ultimate 3000
nano LC system (Dionex) coupled to a hybrid linear ion trap/Orbitrap mass
spectrometer (LTQ Orbitrap XL; Thermo Fisher Scientifi¢dno electrgpray tips used
wereSi | i caTi p €Eoatdg Taing ®D/D 360/20 pm Tip ID 10 um Length

5cm, (NewObjectiveFS36020-10-CE-5).

A 2.5 ni injection volume of digested sample were picked up using an Ultimate 3000
nano LC system (Dionex)auto samplerusing direct injection pickup ¢o a 20
microlitre injection loopThe sample was loaded onto a C18 trap column (C18 PepMap,
300 em ID I 5 mm, 5 em particle size, 1(
min usinga 25 ¢ | / flowmrrate in 0.1% TFA containing 2% acetonitrile. The trap
column was switched online withte anal yti cal <col umn (PepM
mm, 3 em particle and 100 j pore size; (

peptides were eluted with the following binary gradients

Peptides were eluted inkanary gradient oMobile Phase BuffeA and Mobile phase

buffer B: 0 25% solvent B in 120 min and 250% solvent B in a further 60 min, where
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solvent A consisted of 2% acetonitrile (ACN) and 0.1% formic acid in water and
solvent B consisted of 80% ACN and 0.08% formic acid in water. Collow riate
was set to 350 Imin. Data were acquired with Xcalibur software, version 2.0.7

(Thermo Fisher Scientific).

The Hybrid linear ion trap/Orbitrap mass spectrometer (LTQ Orbitrap XL; Thermo
Fisher Scientificvas runin datadependent mode and ermally calibrated. Survey MS
scans were acquired in the Orbitrap in 3068 2000 m/z range with the resolution set to

a value 0f60,000 at m/z 400. Up teevenof the most intense ions (1+, 2+ and 3+) per
scan were CID fragmented in the linear ion tr&dl tandem mass spectra were

collected using a normiakd collision energy of 35%.

2.5.5 Mass spectrometrygenerated protein identifications

Mass spectrometry data is generated as .RAW files from LTQ XL instruments. Data
was analysed using the search algoritimeboSequest (Thermo Fisher Scientific) and
MASCOT (v2.3.01, Matrix Science, London, UK) through Proteome Discover 1.
(Thermo Fisher Scientific) against Bielefd®KU-CHO databaséBBCHO) (Meleady

et al. 2012apnd CHOK1 genomic data as published by Xu et(2lu et al. 2011 )or

all LC-MS analysis of samples originating from CHO cultures. For sanggasched
against other specieSwissprotuniprotHuman,Mouseor Ratdatabaes (fas file Jan

2014) were usedll data base searches wegrerformedthrough Proteome Discovere

1.4 software. This method was used to obtain qualitative identifications and

identifications ofproteins after quantitative differential analyst®¢tian 2.5.6).

The following search parameters were usédlowed two missed cleavages, fixed
modification of cysteine (carbamidometkgysteine), variable modifications of
methionine (oxidised), The Hybrid linear ion trap/Orbitrap mass spectrometer used a
peptide tolerance of 2ppm and the MBAS toleranceset at 0.Da.

Statistical criteria used for peptide filtering were as follotwsMASCOT criteria of

95% confidence intervdl hr eshol d (p<0.05), wi t h30a mir
while the fdlowing TurboSequest filters were applied: for charge state 1, XCorr > 1.9;

for charge state 2, XCorr > 2.2; for charge state 3, XCorr > 3.75 and a delta CN of 0.1.
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2.5.6 Label-free LC-MS data analysis

Quantitative analysis was performed using Progeri@kfer proteomicssoftware form
Non-Linear Dynamicsby importing the Raw MS data file into the software package.
The software graphicallyepresents retention time and m/z ratio in spot map format
Automatic alignment waperformedwhich alignsall the samplesvith the sample that
containsmost peptide feature$his allows the correspondimeptideidentifications to

be carriedacrosssamples in the experimerggardless of slight differences retention
time. Manualalignmentcorrection wagerformed to impree overall alignment which

is reported as a percentage.

Upon satisfactory alignmeiof all sample rung>80%for each sample)eptide features
were filtered based on amaAva pvalue of less than 0.05 between experimental groups.
A principal component amgsis was generated from this filter feature listensure
separation between sample groups. The MS/MS data from the filtered peptide feature
list was exportedn and searched using MASCOT or SEQUEST thro®gbteome
Discoverer 1.4%ection2.5.5. Onceidentificationswere assigned to each peptide they
were imported back into Progenesis. Identification conflicts were inspeated
resolved manually by looking at the peptide sequence and strengtremal protein
identification (higher ion scores wergdectedover lower ion scores)Conflicts occur
when one peptide is incorrectly assigned to two or rpooéeinidentifications.A fold
change cut ofin differential expression of 1.2 fold between sample groups was used

with an Anova pvalue less than 0.05

2.6  Western Blot analysis
2.6.1 Gelelectrophoresis

Proteins for analysis by Western blotting weeparated usin§DSpolyacrylamide gel
electrophoresis (SDBAGE) with precast 412% BisTris gels (Life Technologies,
NP0322BOX (12 well)or NPO32LBOX (10 well)). Protein was quantified using the
Bradford method $ection 2.4.4) and 5-20 pg of protein was diluted in 2kaemmli
loading buffer (Sigma, S34€1VL). A 2 ¢ | vPoal guenteu | efr E Pl us

protein ladder (Pierce, 26619as loadedalongside samples. The gels were run at
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constant voltage (200) until the Bromophenol blue dyeontained in the 2x laemmli
loading bufferreached the end of the gdlhis was typically achieved after 55 min at
which time sufficientseparationresolution of the molecular weight markers was

achieved.

2.6.2 Westernblot transfer

After electrophoresis had been completed, the gel was removed from the precast casing,
rinsed in distilled water and was equilibratedLth ml of 1x tris-glycine transfer buffer
(Bio-Rad, 1610734) containing 20% methanol fob min. Approximately50 ml of
prepared transfer buffer was required for one Western Blab sets of fivesheets of
Whatman 3 mm filter paper (Whatman, 1001824) weaehsoaked in10 ml freshly
prepared transfebuffer. PYDF membrane (GE Healthcare, 10600021) was cut to filter
paper size, activated for $ec with 100% methanol, rinsed with distilled water and

equilibrated in 10 ml of prepared transfer buffer ¥6rmin.

Following this tle transfer unit was setp. One set of soaked filter papers were placed
on the cathode plate of a sedmy blotting apparatus (Bi®ad) followedby the PVDF,
then the gel and then the final set of soaked filter paperpockets were then removed
from between theandwichedlayerswith gentle rolling using a disposall® ml pipette
taking carenot to disturb the layersAll proteins were transferred from the gel to the
membrane at a current of 340 mA at 15 V for 23.rhmwer molecular weight proteins
such as Histone Hand Histone H4~15 kDa) weretransferredfor 18 min to avoid
transferoff of the PVDF.

The membranes were then blocked Idw using 5%blocking grade blocke{Bio-Rad
1706409 in preprepared TBS-T (1X tris-buffered saline (TBS) (Sigma, t5912)
containng 0.05% Tween 20 (Sigma, P5927)). The membranes were washed with TBS
T prior to the addition of the primary antibody, prepared in td&ekerin TBS-T at
recommended dilutionglembranes werthen incubated overnight at°€ on a shaker
ersuring membrane as adequately coveredith primary antibody solutionAfter
incubation he membranes were rinsed 3 times with TB®r a total of 30 minutes.
Relevant secondary antibody (1/2000 dilution of -ambuse (Dako, P0260) or anti
rabbit (Dalo, P0448)or antirat (Dako, PO450pr antigoat (Santa Cruz Biotechnology,
Sc2098) 1gG peroxidase conjugate in bcking grade blockéfrBS-T) was added for
1 hr at room temperaturddembranes were wash again in FB3hree times to ensure

unbound secondary was washed offeTollowing primary antibodies were used
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Protein target CHO Symbol  Supplier Product# Host Dilution

Histone H3 HISTH3  Cell 4499 Rabbit 1/2000
Signalling

Acetyl Histone H3 HISTH3  Millipore  17-245 Rabbit 1/2000

Histone H4 HISTH4  Cell 13919 Rabbit 1/2000
Signalling

Acetyl Histone H4 HISTH4  Cell 2594 Rabbit 1/2000
Signalling

Protein disulfide isomerase Al PDIA6 Abcam ab11432 Rabbit 1/1000

78 kDa glucoseegulated GRP78 Sigma 4501452 Rabbit 1/750

protein

Heat shock protein family HSPAS Abcam ab19136 Rat 1/1000
(Hsp70) membe8

14-3-3 protein epsilon YWHAE  Abcam ab40117 Rabbit 1/2000
Glyceraldehyde phosphate GAPDH  Abcam ab8245 Mouse 1/10000
dehydrogenase

Catalase CAT Abcam ab1877 Rabbit 1/2000
Stathmin STMN1  Abcam ab52630 Rabbit 1/50000
Ezrin EZR Invitrogen 357300 Mouse 1/2000
Moesin MSN Thermo  38/87 Mouse 1/200
Cyclon CcYcC SantaCruz sc82568 Goat  1/1000
Lamin A/C LMNA Abcam ab26300 Rabbit 1/1000

Protein target breast

cancer

Immunoglobulin Superfamily 1GSF9 Atlas HPAO37753 Rabbit 1/50
Member 9

Killer cell lectin like receptor 2 KLRG2 Abcam ab121563 Rabbit 1/200

Table 2.6.1List of primary antibodies usedfor Western blot analysis Antibodies in
the"Protein targets used for CHQist were used irChapter 3 and4 while IGSP and

KLRG2 antibodies were used breast cancer samplesG@mapter 5.

2.6.3 Enhanced chemiluminescent detection

To develop the mmunoblots an enhanced chemiluminescence (ECL) kit (GE Life
Sciences, RPN2106yas usedwhich allowed for thedetection of bound groxidase
conjugated secondary antiboddfter the final wash in TBS the blots were placeah

a transparent plastic shemtd 3 nh of a freshly prepared 1:1 (v/v) mixture of ECL
reagent A and B was applied ensurfath covelagethe membraneChemilumirescence
reaction was allowed to develop f6rmin in the dark. Following thig\nother clear

plastic sheet was applied over the blot and exE€dsreagent mixture was completely
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removedas well as anyubblesthat formed The membrane was then exposed to
autoradiographic film (GE Life Sciences, 950@81) for various times (from 10 séz

30 min depending on the intensity of the signal). The exposed autoradiographic film
was developed for 3 mim developer solution (Kodak, LX24, diluted 1:5water)or

until clear band development the predicted area could be sedrhe film was then
washed in water for 15 sand transferred to a fixative solution (Kodak,-B®, diluted

1:5 in water) for 510 min. The film was washed with water forl® min andallowedto

dry at room temperature.

2.7 Bioinformatics and statistical analysis

2.7.1 Pathway analysis

Three separate pathway analysis tools were used in the analysis of qudigtstianed
guantitativedifferential lists in Chapter 3 and Chapter 4. The fllowing will explain

how this was performed for each tool.

In preparation for pathway analysige proteindentificationsobtained from th& CHO
specific databases (BBCHO and NCBI Seetion 2.5.5) was changed to corresponding
human gene symbol®roten identifications were in a format unsuitable for edly
analysis tools to recogni&BCHO identifiers were in &ranscript isotigabelledformat
while the NCBI database produced ChiTaRS (Chimefi@nscripts and RN&Aeq
database) identifierd.abels wthin each database were not consistent wh&rerely
limited the amount of automated parsing labels. Each protein identified dhats
peptide sequences BLAST searchi@dugh UniProt http://www.uniprot.org/blas}/to
confirm its correctprotein name rd associatedhousegene name. Annotated proteins
were added to a reference list focreasinglyautomated searchingy matching the
unique CHOisotig number of each identification in the BBCHO databadeeddCBI

accession number of the NCBI databasé wiait of already annotated proteins.

When gene names were assigned to the relevanihdigtathway analysis todDAVID
(https://david.ncifcrf.gov/home.j3pwas used. Gene names were pasted into the
submission windowidentifier selection wasOFFICIAL_GENE_SYMBOL", list type
selection was "Gene List" and then the list was submittiedt the "Mus musculus”
species background was selectdthe drop down menu for "Gene_Ontology" was

selected From herethree categories of enrichment groupings were obtained
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molecular function (GOTERM_MF_FAT), biojical process (GOTERM_BP_FAT)
and cellular component (GOTERM_CC_FAT)the reported chart view for the data a
dropdown menu for options was selected andnfBrroni" was selected followed by
"Rerun using optiosi'. The resulting data was copied into Excel and s@tedrding to
the Bonferroni significance value p<0.0AVID also allowed KEGG pathway
analysis by selecting "Pathwdysand selecting "KEGG_PATHWAY". Again
Bonferroni significance values were used.d&jectingthe "Term" in the data table.g.
Glutathione metabolism, Ribosometc) a graphical representation of the protein

pathwaywas obtained

For PANTHER analysis(pantherdb.org) the gene list was pasted into the submission
box, "Mus musculus" orgasm was selectednd "Statisticaloverrepresentatiotest”
waschosenwith default settings. Again the three categories of annotation ehesen
molecular functbon (PANTHER GGSIlim Molecular Function), biological process
(PANTHER GOSIlim Biological Procss) and cellular component (PANER GO

Slim Cellular ComponentBonferroni significancef p<0.05was used to sort enriched

termsin Excel.

2.7.2  Statistical significance

Statistical significancevas calculatedvhere indicated throughout the results section
usng an unpaired-test. Thisassesses the difference between population nigges?2

t-test inExcel).

High variance between runs in the mIRPCR experiment meant that there was not

enough dat#éo perform such a stringent test this data.

2.7.3 Bioinformatic dataset analysis

Gene lists of potentially novel membrane expressed proteins associated with breast
cancer were generated by Dr. Stephen Madden and Dr. Padraig DNtGE The

following procedure waappliedto produce this data.

Publidy available datasets containing both normiagsue and breast cancer tissue

togetherwith gene profiling were obtained froircoulomb et al(Sircoulomb et al.
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2010) Pau et al(Pau Niet al. 2010)and TolletEgnell & al. (Tollet-Egnell et al. 2001)
as well as this an in house data set of breast cancer vs normal tissue was also used

resulting in the comparisons adiferentialgeneexpressoin numbersn Table 2.7.1.

In-house breast cancer datas¢  Publically available breast
cancer datasets
Genesl.3 | Genesl.3fold | Genesl.3 Genesl.3fold
fold DOWN fold DOWN
UP uUP
Norm vs ER+ 8103 8313 122 144
Norm vs 6870 7333 1718 3060
HER2+
Norm vs LN+ 8364 8127 314 169
Norm vs. Triple 4236 3368 2248 4918
Neg.

Table 2.7.1Number of gene01.3 fold increased i ER+, HER2+, LN+ or triple
negative breast cancer compared to normal breast tissu€hese were generated
using an in houstanscriptprofiling datasetand 3 publity availabletranscript profiling

datesets

Predicted protein localisan was then assessed usagniprot subcellular location
batch searchAs anoverexpressedarget was required only the UP gene lists were
assessed further faoommercial antibody availability, high fold change, no literature
association with breastweer functional stdies and strong association with the cell

membrane.

2.8 Immunohistochemistry

All immunohistochemical (IHC) staining was performed using the DAKO Autostainer
(DAKO, S3800) (table ). Deparaffinisation and antigen retrieval was performed
using Epitope Retrieval-B1-1 Solution (pH 6) (DAKO, S1699) or the Epitope Retrieval
3-in-1 Solution (pH 9) (DAKO, S2375) and the PT Link system (DAKO, PT101).

For epitope retrieval, slides were heated td©@7#or 20 mn and then cooled to 6%C.

The slides were then immersed in wash buffer (DAKO, S3006). On the Autostainer
slides were blocked for 10 mimi t h 200 eL HRP Bl ock ( DAKC
washed withgtwash buffer and(KPR2O0rIGSE9 aotibodyaddedi b o d
to the slides fo27 min. Slides were washed withx Wvash buffer and then incubated

wi t h 200 e L omR@AKO, KAD6H)\or 80 min All slides were
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counterstained with haematoxylin (DAKO) for 5 min, and rinsed with deionised water,

followed by wash buffer.

Slides were then dehydrated in graded alcohols (2 x 3eah in 70% IMS, 90% IMS
and 100% IMS), and cleared xylene (2 x 5 mil, andfinally mounted with coverslips
using DPX mountant (Sigma, 44581).

2.8.1 Scoring guidelines

Immunoreactivity was measured based on the staining inteassibytlinedoy DAKO
"Guidlines for Scoring HercepTest- Breast"which used iteria oulined by Wolff et
al (Wolff et al. 2007) Theseguidelineswere established using HER2 immunoreactivity
as a scoring wdel in patients with invasive breast cancenmunoreactivity was
designated as abse(@), weak (1), moderate (2) or strong (@igure 2.8.1). The
guideline IHC images also showlear examples of membranstainingas HER2 is

expressed in the cell membrane.

Staining intensity was scored for individual tissue sections and tissue matrix array
(TMA) cores. The TMA cores were also scored for percentage coverage of staining and

the data was graphed in an x, y, z scatter plot.
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Score: 2+ (20x) Score: 3+ (20x)

Figure 2.8.1Immunoreactivity guidelines used for shining intensity. Strength of
staining was marked based tme examples abovas provided by DAKO Absent,
weak, moderate and strong immunoreactivity desoted by 0, 1, 2 and 3 respectively.
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CHAPTER 3
Effect of miR-7 on CHO cells
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3.1 Impact of miR-7 on CHO cells

Micro RNA (miR) are a potential tool for the manipulation of Chinese hamster ovary
(CHO) cells in industry. They do not impose any translational burden on cellular
processes and can be used to manipulate a wide variety of phenotypes. In previous work
conducted in our lamiR-7 was found to dramatically reduce cell proliferation without
affecting viability in CHOK1 SEAP cells ultimately leading to increased productivity
over time(Barron et al. 2011a)This is a pknotype that holds industrial relevance
therefore miR7 could be used as a potential target for cell line engineering or by
targeting the proteins that it affects. The objective of this study is to identify these

potential targets of miR and what moledar mechanisms miR affects.

A model producer CHO cell lineshich producessecretedalkaline phosphatag€HO-
K1 SEAP were previouslyadapted to suspension culture in our lab and optimised for
transfection with miR7 ((Barron et al. 2011) The resulting growth cdalitions were
similar to those used in industwith cells being gran in serum free CHE-SFM I
(Gibco) media, 37 °C and % CQ,.. Suspensions were maintained at ¥ptn for

cultures ranging from 250 ml.

To investigatethe effect of miR-7 on the phenotype of CH®1 SEAP cells we
transfected 2xIcells in a 2ml volume (X 10° cells/ml) with a double stranded pre
miR-7 (Genepharma). The effect on cell growhgure 3.1.1) was confirmed using an
automated cell countdiGuava Ecmologies). As cell growth is reducedléd to a
numker of challengegcluding theaccurate countingf cells andlow protein yields in

the premiR-7 transfected samples. Faufficient protein yield for bothnano LG
MS/MS and Westernblot analysis the transfections were performed in technical
duplicate and then pooled for lysates. To further validate the transfection we used
RTPCR to confirmmiR-7 up regulation following transfectiowith premiR-7 (Figure

3.1.2. These were the conatis that were used going forward for further mass

sped¢rometryandWesternblot protein profiling.
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Mean Viable cells/ml: CHO K1 SEAP 48 and 96hr
post pre-miR7 transfection

]
*
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4.00E+05
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Mean viability(%): CHO K1 SEAP 48 and 96hr after
pre-miR7 transfection
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Figure 3.1.1Impact on growth and viability in CHO K1 SEAP cells at 48 and96 hr

after transfection with pre-miR-7. Exogenous preniR-7 is incorporatedinto the

RISC complex and processado maturemiR-7. The resulting phenotype in CHIKOL

SEAP cells is that of reduced cell proliferation (A) with no effect on viability EBjor

bars represent the standard deviation from three biological reglidétofx was the
transfection reagent used and VCP (valosin containing protein) knockdown was used as

a positive control ag was shown in our lab prewusly to reduce cell viabilityDoolan

et al. 2010) ScramblemiR control is represented on the far right (Contrbl). = p O0 . 0 &
** = pO0. 01, **rpared tpGdOtroldl8anples lgreups ns3o
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Relative gene expression of miR7 following
pre-miR7 transfection
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48hr PM-Neg Control 48hr pre-miR7 96hr PM-Neg Control 96hr pre-miR7

Figure 3.1.2 Relative expression of miR7 at 48 and96 hr after transfection with
pre-miR-7 compaed to endogenous miR7 in pre-miR negative control (PM-Neg).
It was confirmedwith RT-PCR that exogenous pmaiR-7 increased mi¥ in CHO
cells. As the transfean is transient it was parti@rly important to confirm if miR7

was increased at the lateme point of 96 hr. One replicate ishown (n=1).
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3.2  Quantitative proteomic profiling of pre-miR-7 transfected CHOK1 SEAP

To identify what proteins were involved in the phenotype observed fromegupation

of miR-7 we used a wgantitative labefree LGMS/MS proteomics approachrhis
methodis camble ofsimultaneouslydentifying and quantifying hundreds or thousands
of proteinsas opposed to der methods such ¢abelledmethods sucBD DIGE which

are not as highroughputand mordabourintensive As unlabelledpeptide fragrants
are submitted directly to the L®S/MS the resulting MS/MS data is mapped to protein
databases allowing for protein identification and quantificafitms proved particularly
challenging with CHO as database annotations required further prar€ssaSection
2.5.6for further detail¥

The resultinglDs were used dr further analysis usg with miR-7 target prediction
software and pathway tools such as DAVID to determine the effeqti®f7 on the
cellular preesses both of whictequired official UniProt accession numbersgane
names. Many of these identifications therefore required manual annofdtisin itself
required a significant amount of time in particular for the CHO databasereshés
from the miR-7 target predition, manualprotein ID annotationand pathway analysis

can be seen in detail below3®ction3.4.

3.2.1 Label-free analysis

Cells were grown in biological triplicate and lysed 48 a6dnr after transfection with
premiR-7 o premiR-7 scramblenegative control (PMNeg)Xell lysates were taken

and processed favlS analysis by usingaReady Prep -D clean up kit (Biorad) to
remove incompatible solvenfsr enzymatic digestion and a double digestion strategy
using Trypsin (Pronega) and LysC (Promega). This respectively extracts the proteins
from the cells, removes incompatible buffers from the lysate, cleaves the proteins at
specific amino acids into peptides ready to be extracted and concentrated. Cleaning and
concentration ofpeptides was performed with €8 resin based micro centrifuge

columns, lyophilised and rehydrated for submission to théViISCfor analysis.

Peptides were separated over lar Beverse phase gradient. Peptide features with +1, +2
and +3 charge state andN®VA <0.05 were then searched using Mascot with UniProt
Swissprot human, mouse and rat databases CHO specific database searched with

Mascot and SequestPrincipal component argsis (PCA) was used to assethe
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separation between protein IDs selecteith these cut offs Kigure 3.2.1).Distinct

sepastion between groups showed that differentially expressed IDs were selected.

48hr CHO Database

Principal Components Analysis
T T

04 1 Scramble control

o8 mMiR-7 overexpressing

+ t + + t + t + +
05 -04 03 02 01 00 01 02 03 04 05

96hr CHO Database

Principal Components Analysis
T

0d Scramble control

25025

= mMiR-7 overexpressing

+ + + t
04 -02 00 02 04 06

Figure 3.2.1Principal component analysis (PCA) of differentially regulated
proteins with statistical cut off of ANOVA <0.05 andfeatures with +1, +2 and +3
charge state using the CHO databasd.arge separation shows the criteria used has
resulted in differentially expressed proteins identifleetweenthe scramble control
group on the left and the preiR-7 up-reguldedgroup on the right (n=3).

During the time of the initial published studhere was no CHO specifiprotein
database available somaulti-speciesapproach was takén(Table 3.2.2 and 3.2.3).

More recently the data was reanalyséth Mascot and Sequest search algorithms with

a CHO specific databagbleleady et al. 2012a)eveloped in partnership with Professor
Nicole Borth at BOKU in Viennand using an NCBI non redundaCHO sequence
database Table 3.24 and 3.25). Statistically significant differentially expressed
protein identifications were considered
change >1.2 between experimental groupgelatively low fold change wt off was
chosen based on the previous work in our lab showing the effect obmistotein
dysregulation(Muniyappa et al. 2009)The only criteria that was used differgly in

both was the minimum peptide number. For the mammalian IDs one peptide hits were
excluded but for the CHO database 1 hit pepiiewere included resulting i817 and
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265 differentially regulated proteins respectivelyaple 3.2.1). A comparison between

the resulting identifications can be found3action3.2.2

Zregulated ¥ regulated
Includes 1
Database peptideIDs 48hr 96 hr 48hr 96hr TOTAL
Mammalian No 48 73 29 67 217
Chinese hamster ovar Yes 63 98 38 66 265

Table 3.2.10verview of the number of down-regulated ( Z) up-regllated ( ¢ )
proteins 48 and96 hr after miR-7 overexpression compared to scramble negative
control in CHO-K1-SEAP cells using a mammalian database search and a tam
Chinese hamster ovary database searcliRelying on sequence homology between
specieghe 1 peptide IDs are often ignored however with reduced sequence coverage in
the (HO database andhe presence & high number o€HO 1 peptide identifications
being present with greater than one pepiidine mammalian list (segection3.2.3for

comparisonthese CHO 1 gptide IDs were included.
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PM-7v PM-Neg 48 h

PM-7v PM-Neg 96 h

Accessiof  Genenamé  Protein description Peptide  Fold changé ANOVA Peptide  Foldchangé ~ ANOVA
Q3TOF4  RPS10 40S ribosomal protein S10 3 1.25 0.05
Q3T0V4  RPSI1 408 ribosomal protein S11 2 38 194x10
P25398 RPS12 40S ribosomal protein S12 2 132 0.03

QIWVHO  RPSI13 408 ribosomal protein S13 3 17.21 3.16x 10
P62265 RPS14 40S ribosomal protein S14 2 1.68 0.04 2 171 0.01
Q5R938  RPS15A 40S ribosomal protein S15a 3 1321 0.01
Q3TOX6  RPS16 408 ribosomal protein S16 2 5,09 710x16 2 543 1.04x 10
P63274 RPS17 40S ribosomal protein S17 2 2.67 0.05
Q3TOR1 RPS18 40S ribosomal protein S18 3 2.97 5.12x 10 5 5.69 2.03% 16
Q5R8M9  RPS19 408 ribosomal protein S19 3 154 0.02 6 127 413x 10
P25444 RPS2 408 ribosomal protein S2 3 5.81 0.03
Q3ZBH8  RPS20 40S ribosomal protein S20 3 1.83 6,09 x 1¢
Q37199  RPS23 40S ribosomal protein S23 3 321 6.50 x 10
Q6Q311  RPS25 40S ribosomal protein S25 2 4.22 0.04
Q0z8U2  RPS3 40S ribosomal protein S3 4 1.49 0.03
P49242 RPS3A 408 ribosomal protein S3a 5 2.25 0.04
P47961 RPS4 40S ribosomal protein S4 2 4.12 57410
P38982 RPSA 40S ribosomal protein SA 7 17 0.02 7 14 0.05
P05388 RPLPO 60S acidic ribosomal protein PO 5 1.46 0.05
Q5R931  RPL10 60S ribosomal protein L10 2 2.93 0.05
Q371087 RPL1L 60S ribosomal protein L11 4 1.39 0.02
Q6QMZ7  RPL12 60S ribosomal protein L12 2 1.69 0.02
QSEAD6  RPL1S 60S ribosomal protein L15 2 2.55 0.04
P35980 RPL18 60S ribosomal protein L18 3 5.25 0.02
Q3TOW9  RPL19 60S ribosomal protein L19 2 6.36 0.02
Q4R5I3 RPL22 60S ribosomal protein L22 3 1.74 0.01 3 1.73 2.74x 16
P21531 RPL3 60S ribosomal protein L3 3 1.79 0.04
Q6QMZz4  RPL6 60S ribosomal protein L6 2 11.97 0.01
Q2TBQ5  RPL7A 60S ribosomal protein L7a 3 3.47 6.46 x 10
Q4R596  AHCY Adenosylhomocysteinase 3 2.89 353x10

Q8SQH5  SLC25A5 ADP/ATP translocase 2 4 2 0.04 4 4.83 1.92x 10
Q5R874  DHX9 ATP-dependent RNA helicase A 2 2.32 0.01
QICWJ9  ATIC Bifunctional purine biosynthesis protein PURH 2 2.55 452x10 2 1.84 155x10
P24210  CAT Catalase 4 407 434x10 4 34 843x1¢
Q5R6X7  CBX3 Chromohox protein homolog 3 3 2.05 0.04

P62629 EEF1AL Elongation factor 1-alpha 1 11 143 0.04 13 1.26 38116
QIDBNO  EEFIG Elongation factor 1-gamma 4 137 0.03 6 1.26 0.01
Q3SZCO  ERH Enhancer of rudimentary homolog 2 35 0.02
Q3SZ54  EIF4AL Eukaryotic initiation factor 4A-| 13 137 8.01x 10
QI9PF5 KHSRP Far upstream element-binding protein 2 2 4.87 5.07x 10

Q14444 CAPRINL  Caprin-1 3 241 445% 10

Q31054 RAN GTP-binding nuclear protein Ran 6 13 0.01
Q4R7Y4  GNB2L1 Guanine nucleotide-hinding protein subunit beta 2-like 1 4 157 0.03 4 1.48 0.01
QINIU2  HSPA6 Heat shock 70 kDa protein 6 3 12 0.01
P19378 HSPA8 Heat shock cognate 71 kDa protein 18 147 432x10

P46633 HSP90AAL  Heat shock protein HSP 90-alpha 8 132 0.024

Q4RATS ~ HSP90ABL  Heat shock protein HSP 90-beta 8 1.64 7.11x10

Q9z2X1 HNRNPF Heterogeneous nuclear ribonucleoprotein F 5 148 6.21x 10

Q00839 HNRNPU  Heterogeneous nuclear ribonucleoprotein U 4 173 0.01 9 1.66 1.94x 10
P02253 Histone H1.1 6 4.48 390x10
POCOS8 Histone H2A type 1 3 2.78 1.27x10
Q96QV6  HISTIH2AA  Histone H2A type 1-A 3 2.85 153x10
POC169 Histone H2A type 1-C 3 2.78 1.48x 10
POC0S4  H2AFZ Histone H2A.Z 4 3.06 6.79x 1
Q2M2T1  HISTIH2BK  Histone H2B type 1-K 4 2.76 434x1¢
Q32048 HISTIH2BN Histone H2B type 1-N 3 2.09 0.04 3 281 459x 1f
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P00494 HPRT1 Hypoxanthine-guanine phosphoribosyltransferase 8 1.6 0.04
Q14974 KPNB1 Importin beta-1 subunit 8 1.44 0.04
P12269 IMPDH2 Inosine-5?-monophosphate dehydrogenase 2 8 5.2 4.76 x 10
Q5R1W9 LDHA L-lactate dehydrogenase A chain 5 2.01 0.05 8 2.06 7.69 x 10°
Q09666 AHNAK Neuroblast differentiation-associated protein AHNAK 2 2.96 8.07 x 10

Q63525 NUDC Nuclear migration protein nudC 3 1.59 4.33x 10 3 1.43 0.01
Q28618 YBX1 Nuclease sensitive element-binding protein 1 3 1.36 7.84 x 10° 3 1.25 0.04
P08199 NUCL Nucleolin 12 176 6.51x 10 16 13 3.74x 10
P06748 NPM1 Nucleophosmin 6 1.82 5.65 x 10°

P28656 NAP1L1 Nucleosome assembly protein 1-like 1 2 1.92 0.05

Q8NC51 SERBP1 Plasminogen activator inhibitor 1 RNA-binding protein 7 1.44 4.36 x 10°
Q5E9A3 PCBP1 Poly(rC)-binding protein 1 2 2.31 4.92 x 10°
Q9EPH8 PABPC1 Polyadenylate-binding protein 1 7 1.45 0.03 9 1.34 0.01
Q2NL22 EIF4A3 Eukaryotic initiation factor 4A-111 2 1.36 5.85 x 10"
P57761 PCNA Proliferating cell nuclear antigen 2 1.88 3.04 x 10 6 1.41 1.40 x 10
QoUQ80 PA2G4 Proliferation-associated protein 2G4 4 1.8 0.02 7 1.5 3.80 x 10°
Q9JIFO PRMT1 Protein arginine N-methyltransferase 1 6 1.39 0.02

Q9EQU5 SET Protein SET (Phosphatase 2A inhibitor I2PP2A) 5 1.3 7.21x 10

P26350 PTMA Prothymosin alpha 3 36.14 6.96 x 10
P14618 PKM2 Pyruvate kinase isozymes M1/M2 3 14 0.01

P43487 RANBP1 Ran-specific GTPase-activating protein 2 1.68 1,58 x 100

Q2HJ58 PRPS1 Ribose-phosphate pyrophosphokinase | 2 2.57 0.03
Q5RE47 BAT1 Spliceosome RNA helicase BAT1 2 1.37 0.05
Q3YLA6 SRSF1 Splicing factor, arginine/serine-rich 1 4 2.01 5.45 x 10
Q3MHR5 SRSF2 Splicing factor, arginine/serine-rich 2 3 2.89 4,67 x 1¢
Q8VIJ6 SFPQ Splicing factor, proline- and glutamine-rich 3 3.29 0.03

Q3T0C7 STMN1 Stathmin 2 6.88 0.04
P80318 CCT3 T-complex protein 1 subunit gamma 3 1.63 3.25x 10

Q86V81L THOC4 THO complex subunit 4 2 2.03 0.02 2 1.61 0.01
P37802 TAGLN2 Transgelin-2 6 1.35 0.02

Q2XVP4 TUBA1B Tubulin alpha-1B chain 13 1.67 7.24x 10 14 1.3 0.02
Q3MHMS TUBB2C Tubulin beta-2 C chain 12 1.91 7.95x 10 14 1.21 0.05
Q3zBU7 TUBB4 Tubulin beta-4 chain 9 1.85 0.02 9 1.29 7.41x 16
Q922F4 TUBB6 Tubulin beta-6 chain 7 1.68 0.04

P69893 TUBB5 Tubulin beta-5 chain 2 1.96 4.91x 10 16 1.27 0.03

a

Uniprot accession number from MASCOT search of UniProtkB-SwissProt, taxonomy Mammalia.
b

Official recommended gene name taken from UniProtkKB-SwissProt (in some cases there is no official gene name available so it has not beer included).
4

Fold change showing decreased protein expression in PM-7 transfected cells compared to PM-Neg transfected cells at 48 and at 96

Further information on MASCOT scores, numbers of peptides matched and molecular weight for each protein can be found in Supplementary Table 1A.

Table 3.2.2List of proteins derived from human, mouse and rat UniProtSwissProt
databases with decreased expression following transient tansfection of miR

CHO cells transientlyover expressingniR-7 were compared to scramble negative
control transfeced cel |ls with ANOVA O0.05 and foc

between experimental groupsingdeemed significant.
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PM-7v PM-Neg 48 h

PM-7v PM-Neg 96 h

Accessioff  Genenamé  Protein description Peptide ~ Fold changé ~ ANOVA Peptide  Fold changé ~ ANOVA
Q4R572 YWHAB 14-3-3 protein heta/alpha 8 13 0.03
P62258  YWHAE 14-3-3 protein epsilon (14-3-3E) 15 1.44 7.37 x 1
Q5RC20  YWHAG 14-3-3 protein gamma 5 141 0.02
Q3SZl4 YWHAQ 14-3-3 protein theta 6 1.32 0.02
Q5R651 YWHAZ 14-3-3 protein zeta/delta 6 1.32 0.04
P17980 PSMC3 26S protease regulatory subunit 6A 3 1.35 0.04

P07823 HSPAS 78 kDa glucose-regulated protein 18 1.58 0.02 20 2.06 2.48 x 10
P60712 ACTB Actin, cytoplasmic 1 4 1.42 0.05

Q4R416 CAP1 Adenylyl cyclase-associated protein 1 3 2.2 0.02
P14550 AKR1A1 Alcohol dehydrogenase [NADP+] 3 1.72 0.05
060218 AKR1B10 Aldo-keto reductase family 1 member B10 2 2.55 2.74x 16
P16116  AKRIBL  Aldose reductase 4 149 639x10 4 193 7.93x 1¢
008782 AKR1B8 Aldose reductase-related protein 2 5 1.73 0.05 7 2.3 2.02x10
QIXSJ4 ENO1 Alpha enolase 2 1.34 0.02

P12763 AHSG Alpha-2-HS-glycoprotein 3 7.01 1.12x10
P07150 ANXAL Annexin AL 5 1.66 0.03 5 1.49 8.26 x 10
P07356 ANXA2 Annexin A2 10 1.72 2.89 x 10
QUR4HT  ANXAS Annexin A5 3 2,01 695x10 6 341 8.44 x 10
Q03265 ATP5AL ATP synthase subunit alpha, mitochondrial 4 143 2.56 x 10
P56480 ATP5B ATP synthase subunit beta, mitochondrial 14 1.37 0.02
Q5RAD2  CALM Calmodulin 4 2.2 0.04
Q8K3H7  CALR Calreticulin 4 1.74 318x 10
Q5R957 CLIC4 Chloride intracellular channel protein 4 2 5.46 2.56 x 10
Q68FD5  CLTC Clathrin heavy chain 1 6 1.77 8.83x 10
Q9D1A2 CNDP2 Cytosolic nonspecific dipeptidase 2 2.19 7.61x 10
P00639 DNASE1 Deoxyribonuclease-1 5 8.15 1.83x 10
P08113 HSP90BL  Endoplasmin 21 1.49 8.15x 10
P15311 EZR Ezrin 6 1.77 1.95x 10
P29389 FTH1 Ferritin heavy chain 6 2.51 45x 108
046638 FKBP3 Peptidyl-proly! cis-trans isomerase FKBP3 2 1.48 599 x 10 2 1.42 0.01
Q923D2  BLVRB Flavin reductase 4 2.06 1.64x 10
P05064 ALDOA Fructose-hisphosphate aldolase A 7 1.26 0.05 8 1.45 6.33 x 10
P4g538  LGALSL  Galectin-l 3 1.94 67510 3 164 2.28x 10
P30116 Glutathione S-transferase 3 1.54 7.62x 10
P08263 GSTAL Glutathione S-transferase Al 2 5.12 1.29x 10
P30115 GSTA3 Glutathione S-transferase A3 3 3.14 0.02 4 4.94 1.12x10
P04905 GSTM1 Glutathione S-transferase Mu 1 3 1.57 0.03
P08010 GSTM2 Glutathione S-transferase Mu 2 4 1.79 7.00 x 10
035660 GSTM6 Glutathione S-transferase Mu 6 4 1.56 0.02
P46424  GSTPL Glutathione S-transferase P 7 2.02 685x10 8 2.93 3.59 x 1¢
Q00285 Glutathione S-transferase Y1 5 2.16 0.03 5 171 9.47x 10
P08009 GSTM3 Glutathione S-transferase Yb-3 4 1.62 0.02
P46413 GSS Glutathione synthetase 2 3.16 0.03
P15991 HSPB1 Heat-shock protein beta-1 4 1.53 0.01 7 15 1.93x 10
Q9Z2K8 IDH1 Isocitrate dehydrogenase [NADP] cytoplasmic 2 2.63 0.04
P48678 LMNA Prelamin-A/C 18 191 5.87 x 10f
P49129 LAMP1 Lysosome-associated membrane glycoprotein 1 2 2.25 8.14x10 2 3.23 6.45 x 1
P24452 CAPG Macrophage capping protein 2 2.28 9.77x10 2 1.62 0.02
Q2HJ49 MSN Moesin 10 1.92 404x10
Q9JKY1 PRDX1 Peroxiredoxin-1 11 2.21 743x 10
QIBGI2 PRDX4 Peroxiredoxin-4 3 2.02 7.34x 10
Q5RFB8  PGAM1L Phosphoglycerate mutase 1 4 1.29 4.38x 10
P11598  PDIA3 Protein disulfide-isomerase A3 R 1.89 198x10 13 24 175x1¢
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Q5R6T1 PDIA6 Protein disulfide-isomerase A6 2 2.15 1.16 x 10 5 2.88 6.37 x 10

P04785  P4HB Protein disulfide-isomerase 14 146 448x10 15 2.19 4.03x 10
P05964 S100A6 Protein S100-A6 2 14 0.01
P11980 PKM2 Pyruvate kinase isozymes M1/M2 10 1.28 0.02
P50399 GDI2 Rab GDP dissociation inhibitor beta 2 151 0.01
Q5RIL3 G3BP2 Ras GTPase-activating protein-binding protein 2 2 4411 0.01

Q8BH97 RCN3 Reticulocalbin-3 3 17 0.02
P02787 TF Serotransferrin 8 4.99 1.56 x 10
P19324 SERPH Serpin H1 7 1.64 0.02

QI9BYNO SRXN1 Sulfiredoxin-1 2 5.28 9.02x 1¢ 2 21.9 147 x 10
P08228 SOD1 Superoxide dismutase [Cu-Zn] 2 2.78 2.91x 10
Q62465 VAT1 Synaptic vesicle membrane protein VAT-1 homolog 2 3.96 1.19 x 10
Q2IBA3  TES Testin 2 3.61 8.29 x 10
P10639 TXN Thioredoxin 2 1.78 454x1¢

Q9JMH6 TXNRD1 Thioredoxin reductase 1, cytoplasmic 5 2.43 0.01 6 2.84 2.80 x 10
P37802 TAGLN2 Transgelin-2 6 1.43 247 x 10
Q01853 VCP Transitional endoplasmic reticulum ATPase 7 2.01 4.86 x 10-4 12 2.08 1.75x 10
P40142 TKT Transketolase 10 1.57 0.03 11 2.16 6.93 x 10
P48500 TPI1 Triosephosphate isomerase 3 1.26 0.04 3 1.65 343x10
P02544 VIM Vimentin 24 1.32 0.04
Q2KJH4 WDR1 WD repeat protein 1 4 3.81 0.02

a

Uniprot accession number from MASCOT search of UniProtkB-SwissProt, taxonomy Mammalia.
b

Official recommended gene name taken from UniProtkB-SwissProt (in some cases there is no official gene name available so it has not been included).
c

Fold change showing increased protein expression in PM-7 transfected cells compared to PM-Neg transfected cells at 48 and at 96 h.

Further information on MASCOT scores, numbers of peptides matched and molecular weight for each protein can be found in Supplementary Table IB.

Table 3.2.3List of proteins derived from human, mouse and rat UniProtSwissProt
databases with increased expression following transientnafection of miR-7. CHO

cells transientlyover expressingniR-7 were compared to scramble negative control
transfected cells with ANOVA O00.05 and

experimental grouplseing deemed significant.
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PM-7 v PM-neg 48hr PM-7 v PM-neg 96hr

Genename  Description Peptide  Anova(p)  Fold Chang@ Peptide  Anova(p) Fold Chang@
YWHAB 14-3-3 protein beta/alpha 1 3.64E-02 2.6

YWHAH 14-3-3 protein eta 1 154E-02  317.64

PSMC1 26S protease regulatory subunit 4 1 3.93E-02 170
RPS10 40S ribosomal protein S10 1 195E-04 1.63
RPS11 40S ribosomal protein S11 1 3.80E-03 3.9
RPS12 40S ribosomal protein S12 1 7.17E-03 148

RPS13 40S ribosomal protein S13 1 3.30E-03  27.99
RPS14 40S ribosomal protein S14 1 136E-03 2.42
RPS15A 40S ribosomal protein S15a 1 9.22E-04  5097.92 2 112603 2421
RPS16 40S ribosomal protein S16 1 533E-03  3.90 1 135602  6.22
RPS17 40S ribosomal protein S17 1 451E-02  3.89
RPS18 40S ribosomal protein S18 2 9.91E-03  2.62 2 8.41E-03  6.41
RPS19 40S ribosomal protein S19 1 3T4E-02 142
RPS2 40S ribosomal protein S2 1 476E-02  4.96 1 417E-03 469
RPS20 40S ribosomal protein S20 1 6.88E-04 2.26
RPSA 40S ribosomal protein S21 2 131E-02 210

RPS23 40S ribosomal protein S23 2 4.93E-02  46.65 1 223802 274
RPS28 40S ribosomal protein S28 1 455E-02  1.65

RS3A 40S ribosomal protein S3a 1 6.57E-03  Infinity 2 197E-02  2.40
RPS7 40S ribosomal protein S7 1 133E-02 2.63
RPSA 40S ribosomal protein SA 4 592603 201 4 4.03E-03 151
CH60 60 kDa heat shock protein, mitochondrial 1 457E-02 188
RLAO 60S acidic ribosomal protein PO 2 3.14E-03 158
RPL10 60S ribosomal protein L10 1 447E-02 246
RPL10A 60S ribosomal protein L10a 1 4.33E-04  9.03
RPLI 60S ribosomal protein L11 1 2.75E-02 134
RPL13 60S ribosomal protein L13 2 4.86E-03  4.08
RPL13A 60S ribosomal protein L13a 1 112E-02 4.9
RPL14 60S ribosomal protein L14 2 2.93E-03  6.50
RPL15 60S ribosomal protein L15 1 7.15E-04  Infinity
RPL18 60S ribosomal protein L18 1 1.75E-02  5.44
RPL19 60S ribosomal protein L19 1 471E-02 353 1 2.24E-02  6.89
RPL21 60S ribosomal protein L21 2 1.36E-02  2.65
RPL22 60S ribosomal protein L22 2 6.86E-03 176 2 9.83E-03  1.83
RPL24 60S ribosomal protein L24 1 4.06E-02  30.06
RPL26L1 60S ribosomal protein L26-like 1 1 2.96E-03  Infinity 3 752E-03 9.3
RPS27A 60S ribosomal protein L27a 1 3.82E-02  52.06

RPL35 60S ribosomal protein L35 1 192E-03 1876
RPL38 60S ribosomal protein L38 1 445E-02 155 1 586E-03 131
RPL6 60S ribosomal protein L6 1 342E-02 1678
RPL7 60S ribosomal protein L7 1 3.85E-02 1215
RPL7A 60S ribosomal protein L7a 1 7.74E-03  2.49
RPL9 60S ribosomal protein L9 1 3.08E-02 8276

ACTB ACTB Actin, cytoplasmic 2 1 847E-03 181
SUBL Activated RNA polymerase I transcriptional coactivator p15 1 3.33E-04  Infinity

AHCY Adenosylhomocysteinase 2 101E-03  2.60

SLC25A5 ADPJATP translocase 2 1 5.66E-03 1144 1 6.07E-03 352
ATP5B ATP synthase, H+ transporting, mitochondrial F1 complex, beta polypeptide 1 2.29E-02  101.90

DDX3Y ATP-dependent RNA helicase 1 4.63E-03 243

EIF4A1 ATP-dependent RNA helicase elF4A 1 482E-02 123 2 152E-02 154
DDX39B BAT1 HLA-B associated transcript 1 1 1.19E-04  Infinity

CAT Catalase 1 330E-03 415 3 1.16E-02 311
CS Citrate synthase 1 118E-02 2.30
CDA Cytidine deaminase 1 168E-03 156
DDX17 DDX5 DEAD (Asp-Glu-Ala-Asp) box polypeptide 17 1 2.58E-03  1.40
TOP2 DNA topoisomerase Il 1 2.60E-07 Infinity
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TADBP DNA-binding protein 43 1 136E-02  2.00
EF1G Elongation factor 1-gamma 1 842E-04 130
EEF? Elongation factor EF-2 2 6.24E-03 159 3 9.55E-03 255
EEFIAL Eukaryotic translation elongation factor 1 alpha 1 454602 150 3 103E-04 145
EIF3| Eukaryotic translation initiation factor 3 subunit | 1 214602 359

EIF4A3 Eukaryotic translation initiation factor 4A3 1 480E-02 145
CSEIL Exportin-2 1 L17E-02  10.03
FUBP2 Far upstream element-binding protein 2 1 476E-02  3.04

FKBP4 FK506 hinding protein 4, 59kDa 1 6.00E-03 170 1 954E-03 142
GSR Glutathione reductase (NADPH) 1 1.36E-03  Infinity

RAN GTP-hinding nuclear protein Ran 3 28303 162

GNB2L1 Guanine nucleotide-binding protein subunit beta-2 1 2 L4TE-02 164
HSPA8 Heat shock 70kDa protein 1/8 4 877E04 173

HSP90A Heat shock protein HSP 90-alpha 3 2.05E-03 146

HSP90AB1  Heat shock protein HSP 90-beta 2 28803 172 1 9.86E-03  2.06
HNRNPH2  Heterogeneous nuclear ribonucleoprotein A/B 1 4.60E-03 151 1 7.38E-03 3.9
HNRNPAL  Heterogeneous nuclear ribonucleaprotein AL 2 243802 172
HNRNPCLL  Heterogeneous nuclear ribonucleaprotein C-like 1 1 3.82E-02 150

HNRNPF Heterogeneous nuclear ribonucleoprotein F 1 368E-02 141 1 4.46E-03 163
HNRPK Heterogeneous nuclear ribonucleoprotein K 1 162E-02 167
HNRNPU Heterogeneous nuclear ribonucleoprotein U (scaffold attachment factor A) 2 3.35E-02 196
RIR2 High mability group protein B1 1 256E-02 127
HISTIHIC  Histone H1.2 1 LE02 191 4 L02E-04 802
HISTIH2AG  Histone H2A type 1 6 4.28E-05 485
H2AFV Histone H2A.V 3 316E-04 386
HoAZ Histone H2A.Z 1 LB4E-03 312
HISTIH2BM  Histone H2B type 1-M 1 358E-02  17.66
HIST3H3 Histone H3.1t 3 9.65E-05 11.28
H33 Histone H3.3 1 391E02 436

H3F3A Histone H3.3 2 9.67E-05 11.28
HISTHAA Histone H4 1 1.35E-03  65.80
N/A® Hypothetical protein LOC100766349 1 8.56E-03 168
HPRT1 Hypoxanthine phosphoribosyltransferase 1 1 375602 162
IMPDH1 IMP dehydrogenase 2 957E-03 287 1 277E-04 408
IMB1 Importin subunit beta-1 2 8.94E-04 298
IMDHZ Inosine-5-monophosphate dehydrogenase 2 2 957E-03 287

KRT1 Keratin, type | cytoskeletal 10 1 T50E-04 184
LDHA Lactate dehydrogenase A 2 22602 208 2 413E-03 201
MIF Macrophage migration inhibitory factor 1 124E-06  Infinity

MAPG Microtubule-associated protein 6 1 740E-03 391
MAPRE1 Microtubule-associated protein RP/EB family member 1 1 6.07E-04  Infinity
HTPG Molecular chaperone HipG 3 444E-03 149

MYL9 Myosin regulatory light polypeptide 9 1 2.89E-03  Infinity

AHNAK Neuroblast differentiation-associated protein AHNAK 2 6.06E-03 3.2

NUDC Nuclear migration protein nudC 1 T21E03 198 1 2.20E04 148
NUCL Nucleolin 5 L03E03 181 4 478E-03 138
NPML Nucleophosmin 1 3T7E-03 291
NAP1L4 Nucleosome assembly protein 1-fike 1 1 203E-02 155
ATIC Phosphoribosylaminoimidazolecarhoxamide formyltransferase / IMP cyclohydrolase 2 841E-03  2.64
PCBP1 Poly(rC)-binding protein 1 1 33102 199
PABP1 Polyadenylate-binding protein 1 2 7.25E-04 152 3 LI7E-02 150
PA2G4 Proliferation-associated protein 2G4 8.27E03 187 1 261E-02 177
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PSME3 Proteasome (prosome, macropain) activator subunit 3 (PA28 gamma) 1 12102 1131 1 419E-04 3213
PRMT1 Protein arginine methyltransferase 1 2 461E-02 170

RANBP1 Ran-specific GTPase-activating protein 2 513E-04 172 1 1.04E-02 194
RBMX RNA hinding motif protein, X-linked 1 120E-03 169

STRAP Serine-threonine kinase receptor-associated protein 1 348E-02 592 1 127E-02 261
PTMA Similar to prothymosin, alpha (gene sequence 28) 4 319E-04  95.19
SNRPTD Small nuclear ribonucleoprotein polypeptide F, isoform CRA b 1 154E-02 159
SNRPD3 Small nuclear ribonucleoprotein Sm D3 1 242602 134
SUMO2 Small ubiquitin-related modifier 2 1 480E-02 135
SRSF1 Splicing factor, arginine/serine-rich 1 2 2.05E-03  2.02
SRSF7 Splicing factor, arginine/serine-rich 7 1 321E-02  9.22

STMNL Stathmin 1 118E-04 2220
CCT3 T-complex protein 1 subunit gamma 1 1.89E-03 395
CCT6A T-complex protein 1 subunit zeta 1 1.08E-03  Infinity 1 3.23E-02 7.3
BTF3 Transcription factor BTF3 1 211E-02 153
RHOA Transforming protein RhoA 1 112603  2.35
TPM4 Tropomyosin alpha-4 chain 1 6.04E-03 234

TUBAIC Tubulin alpha-1C chain 2 L77E-04 191

TUBB Tubulin beta 4 2.01E-02 201

TUBB2E Tubulin beta-2C chain 4 201E-02 2,01

TUBB4 Tubulin beta-4 chain 5 3.37E-03  1.90
FAU Ubiquitin-like protein FUBI 1 448E-02 598

a

Protein identification obtained from NCBI nonredudant database which was not present in BBCHO or had a higher confidence score compared to BBCHO dtabase
b

Fold change showing increased protein expression in PM-7 transfected cells compared to PM-Neg transfected cells at 48 and at 96 h.

Table 3.2.4List of proteins derived from CHO databasewith decreased expression
following transient tansfection of miR-7. CHO cells transientlpver expressingniR-
7 were compared to scramble negative
fold change >1.2 and >1 peptide between experimental groepsy deemed

significant.
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PM-7 v PM-neg 48hr

PM-7 v PM-neg 96hr

Genename  Description Peptide  Anova (p) Fold Chang@ Peptide  Anova (p) Fold Chang@
YWHAB 14-3-3 protein beta/alpha 1 4.98E-02 1.29
YWAHE 14-3-3 protein epsilon 2 5.84E-03 1.62
YWHAH 14-3-3 protein eta 1 3.46E-02 25650.97
YWHAG 14-3-3 protein gamma 1 2.68E-03 177 1 4.91E-03 2.01
YWHAZ 14-3-3 protein zeta/delta 1 1.69E-02 131
PSMD4 26S proteasome non-ATPase regulatory subunit 4 1 2.50E-02 1.74
MRPL12 39S ribosomal protein L12, mitochondrial 1 4.58E-04 Infinity
GRP78 78 kDa glucose-regulated protein 5 1.05E-02 2.17 8 6.40E-04 2.64
CAP1 Adenylyl cyclase-associated protein 1 2 3.74E-03 2.21
AKR1AL Aldehyde reductase 1 8.03E-05 1.28
AKR1B8 Aldo-keto reductase family 1, member B8 1 7.56E-03 1.78 1 6.72E-05 2.56
FBAA Aldolase A, fructose-hisphosphate 1 4.40E-02 121
ACTN1 Alpha-actinin-1 1 3.86E-02 375

ANXAL Annexin A1 2 5.69E-03 1.58
ANXA2 Annexin A2 2 1.19E-02 181
ANXAS Annexin A5 1 2.37E-02 151 3 7.67E-04 3.02
BLVRB Biliverdin reductase B (flavin reductase (NADPH)) 1 2.89E-02 2.38 4 5.98E-04 1.99
CALR Calreticulin 1 3.92E-02 7.54 2 1.54E-02 1.80
CES1 Carboxylesterase 1 (monocyte/macrophage serine esterase 1) 1 1.84E-07 Infinity
CLTC Clathrin heavy chain 1 1 2.45E-02 2.19
CLU Clusterin 2 2.07E-04 16.60 3 1.75E-03 23.74
ENPL Endoplasmin 1 3.51E-02 171 4 8.01E-04 1.68
ERP57 ERP57 protein 9 3.66E-04 2.45
ESD Esterase D/formylglutathione hydrolase 1 2.56E-02 1.69 2 2.46E-02 1.84
EIF5A Eukaryotic translation initiation factor 5A-1 1 4.06E-02 110.86
FTH1 Ferritin, heavy polypeptide 1 1 1.01E-02 1.96
ATP5B F-type H+-transporting ATPase subunit beta 3 2.49E-02 1.65
LEG3 Galectin-3 1 1.50E-02 3.53
GAA Glucosidase, alpha 1 5.13E-03 6.37 1 5.05E-06 2418
GCLM Glutamate-cysteine ligase, modifier subunit 1 1.22E-02 1.62 1 2.55E-02 2.37
GSTA3 Glutathione S-transferase alpha 3 1 2.56E-03 7.91
GSTML Glutathione S-transferase mu 1 2 3.91E-02 1.93 1 2.25E-03 1.90
GSTP1 Glutathione S-transferase P 5 3.24E-04 2.83 5 4.89E-04 3.60
GSTP2 Glutathione S-transferase P 2 3 1.18E-03 17337
GS8 Glutathione synthetase 1 1.88E-02 225

G3P Glyceraldehyde-3-phosphate dehydrogenase 1 1.22E-02 Infinity

GAPDH Glyceraldehyde-3-phosphate dehydrogenase pseudogene 1 1.22E-02 Infinity

HSPB1 Heat shock protein beta-1 1 1.11E-02 1.53
ROAL Heterogeneous nuclear ribonucleoprotein AL 1 2.23E-02 132.87

HNRNPAL Heterogeneous nuclear ribonucleoprotein Al isoform a 1 2.23E-02 132.87

HNRDL Heterogeneous nuclear ribonucleoprotein D-like 1 1.36E-02 1.40
ROA2 Heterogeneous nuclear ribonucleaproteins A2/B1 1 3.37E-03 18.72

CDC37 Hsp90 co-chaperone Cdc37 1 4.31E-02 2157

IDH1 Isocitrate dehydrogenase 1 (NADP+), soluble 1 3.76E-04 1.87
KRT77 Keratin, type Il cytoskeletal 1b 1 4.66E-02 1.94

MFGES Lactadherin 1 8.95E-05 10.83
LMNA Lamin-A/C 6 2.18E-03 1.94
LGMN LGMN Legumain 1 5.61E-03 60.91
LAMP1 Lysosome-associated membrane glycoprotein 1 2 1.07E-03 3.20
LAMP2 Lysosome-associated membrane glycoprotein 2 1 9.61E-03 10.42
MIF Macrophage migration inhibitory factor 1 3.92E-03 1.28
MOES Moesin 3 8.32E-04 2.42
NME1L NME1 non-metastatic cells 1, protein (NM23A) expressed in 1 4.30E-02 61.52

PRDX1 Peroxiredoxin 1 3 4.53E-03 2.14
PGAM1 Phosphoglycerate mutase 1 2.17E-02 88.19 1 7.48E-04 1.40
P4HB Prolyl 4-hydroxylase, beta polypeptide 2 1.80E-04 1.57 9 3.71E-04 2.45

95



PDIA6 Protein disulfide isomerase family A, member 6 4 2.70E-03 2.29
S100A13 Protein S100-A13 1 2.32E-02 251 1 4.38E-02 2.85
PKLR Pyruvate kinase 2 1.32E-02 1.25
GDI2 Rab GDP dissociation inhibitor beta 1 7.74E-03 140
G3BP2 Ras GTPase-activating protein-binding protein 2 1 2.90E-02 38.04

GDIL Rho GDP-dissociation inhibitor 1 1 1.29E-04 171
RPL37A Ribosomal protein L37a 1 1.38E-02 158.89

SERPH Serpin H1 1 1.55E-02 179

SOD2 SOD2 superoxide dismutase 2, mitochondrial 1 2.09E-02 5.26
SRSF3 Splicing factor, arginine/serine-rich 3 1 4.45E-04 40989.80
STIPL Stress-induced-phosphoprotein 1 1 7.38E-04 Infinity

SRXN1 Sulfiredoxin 1 1.18E-03 459 1 2.44E-04 18.07
SOD1 Superoxide dismutase 1, soluble 2 3.15E-03 2.8
TXN Thioredoxin 1 2.03E-02 4.40

TXNRD1 Thioredoxin reductase 1 2 1.60E-04 2.15 4 5.56E-03 2.59
TYMS Thymidylate synthase 1 4.56E-04 Infinity

TPIL TPI1 Triosephosphate isomerase 1 2 2.90E-03 1.69
TAGLN2 Transgelin-2 3 4.74E-05 1.46
VCP Transitional endoplasmic reticulum ATPase 1 1.23E-02 17 4 1.69E-04 1.90
TKTL2 Transketolase-like 2 3 6.16E-03 176 5 1.50E-03 2.35
WARS Tryptophanyl-tRNA synthetase 1 2.88E-03 2.34
UMAL Ubiquitin-like modifier activating enzyme 1 3 1.98E-04 1.66

UAPIL1 UDP-N-acteylglucosamine pyrophosphorylase 1-like 1 1 4.53E-02 2.18
UBE2N Uubiquitin-conjugating enzyme E2 N 1 4.48E-02 131
WDR1 WD repeat-containing protein 1 1 2.51E-02 16.26

a

Protein identification obtained from NCBI nonredudant database which was not present in BBCHO or had a higher confidence score compared to BBCHO database
b

Fold change showing increased protein expression in PM-7 transfected cells compared to PM-Neg transfected cells at 48 and at 96 h.

Table 3.2.5List of proteins derived from CHO database with increased expression
following transient tansfection of miR-7. CHO cells transientlpver expressingniR-

7 were compared to scramble negative coni
fold change >1.2 and >1 peptide between experategroups being deemed

significant.
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3.2.2 Mammalian vs CHO databases

Having completed the differential analysis with both the BBCHO combined with NCBI
Chinese hamster databases and also the multi species human, mouse and rat database
(mammalia) the two could be compared. Standard statistical cut offeewvsed for
both searches with ANOVA The Gnarnmliamdatdbast o | d
search resulted in 217 differentially expressed proteins, excluding 1 hit peptide IDs,
while the CHO database search resulted in 265 differentially expressed proteins,
including 1 hit peptides. Due to the large number of 1 peptide hits from the CHO
database search (66%) we decided to include them and investigate overlap with the
mammalian list.

This resulted in four comparisons betwe@&lup-regulated48 hrdownregulated 96

hr up-regulatedand 96 hrdownregulatedists. As the 1peptide IDs were included for

the BBCHO and not the mammalian list we were more interested in the oveatlags

than compring total numbersThere were 1221, 33 and 4@verlapped identifications

found between the BBCHO and mammalian datab@gseChapter 3) in the 8 hrup,

48 hrdown, 96 hrup and96 hrdown lists respectivelyFigure 3.2.2). In all caseshere

were more peptideidentified in each of the overlapping IDs withe mammalian list

than in theCHO databaselist (Figure 3.2.3 - 3.26). This strengthens the 1 hit
identifications found in th€HO database with the presence of multiple pepiitése
mammalia search.

48hr 96hr

Mammalian BBCHO/NCBI Mammalian BBCHO/NCBI

26 .‘ 33
42 ‘. 58

Figure 3.2.20verlap between gene name identifications associated with

DOWN

differentially expressed proteins in CHOK1_SEAP cells over expressing mi
IDs werederived from a mammalian (human, mouse and rat) and Chinese hamster

(BBCHO and NCBInon redundant) databases
97



yoJeas aseqerep uelewwrew ayl uiyimwisigwey Auew jo asuasald pawliiyuod osfe siy Ing

@l saadsHuipuodsallod ay) ul punoy a1em sapndad aiow sased e U] §'Z'SpueS Z'S 9|qa@ |Ie1ap Ul Usas aq Ued YdIYym JO |ezddED ‘SYXNV ‘NXL
‘HAY38IA ‘82dH9O ‘89THMV ‘INXYHS ‘€VIAd ‘TdEE®d ‘TAYNXL a1e ybu 0] Y| woij umoys sawreu auab Buipuodsallodaseqerep (abuelo)
aiswey [9ON/OHOdg pue (sdind) uelrewwew ayy usamiag parenbai-dn 1y g re uisloid yoes Joy punoy sapndad jo Jaquinu jo ydeiHg gz s ainbi4

P L W wn -
m < = = < M ut £ o m 2 s
o = > = o] -] w = I= o L (]
] n = I o 0 co = w [t = =
0
T
Z
€
14
S
9
L
8
6
OHOggm (0] 8
T
Ellewwen | T

sapndad jo Jequny

‘saseqelep
I9DN/OHIg9g pue (asnow‘iel ‘uewny) elewwew Wo.tj uoijdajsues)
LYiw 1a)e 1ygy dn suieroad jennuasapiip Suiddejiano jo saquinu apiidad

98



"UyoJeas aseqelep ueleuwiweLl
Byl UuIyum sq| Jerswey Auew Jo 9auasald pawljuod osfe siyl Ing sq| salnadsmw Buipuodsaliod sypumo) aiom sapndad alow sased |e u| {'g spue
Z'C€ 9|q8Q [re1ap ul Usss aq ued YIIYM JEEZI1S ‘VSdY ‘8TSdY '9T1SdY CTSA&E1Hd TdANVY ‘TLNYd ‘TdAVd ‘vO2vd ‘OdNN “10NN ‘YHAT

‘8VdSH ‘'TAV06dSH ‘AdNNH ‘2d9N4d ‘TYT433 ‘'1vD ‘MVYNHY ‘ADHY 1ybu 01 39| wawou|s sswreu ausb Buipuodsaliodeseqerep (abuelo) Jsiswey
1I9DN/OHD9g pue (s1dind) uelrewwew ay) usamiag pare|nbai-umop 1y g ¥e uisjold yoes Joy punoy sapndad jo Jaqunu jo ydeiy g€ ainbi4

T
o ] $ T
S » =z z =z 3 = 2 % % z =z ¢ & £ 3 = § >
wn o IV A G = =] < o o [ c =} o &= Z @ [y 0 z T
& ¥ 5 =2 K N 2 & 2 2 B 2 2 B B 2T S 2 oz oz Q
0
1
7
€
¥
S
9
L
8
=
OHDggm 6 ¢
or 3
m__mr_.._r_.._m_._)_. ._”._”E
T %
€T B
VT B
mﬁm
9T
[T
8T
6T
o
14
(44
€2
e
‘saseqelep

I9DN/OHDg9g pue (asnow‘lel ‘uewny) ejjewiwiew wouj uoldajsuel)
LYW J3)je 1ygy NAMOQ suiarodd |eninuaaapjip suiddeliano jo Jaquinu apndad

99



‘yoJeas asH@RpueWw syl Ulylum sqgj Jaiswey Auew Jo 9duasald pawluod osfe SsIYl Ing sdj saloads-pinw
Ipuodsa1109 3y ul punoj a1om sapndad aio0w Sased |[e U] §'Z'EPURE ZE d|gEdl USS 3q UeD YdIYM JO e ZVHMA ‘OVHMA ‘GVYHMA ‘dOA ‘TAYNXL
‘TIdL ‘INTOVL INXTEOS ‘TXA¥d ‘TAVOd ‘OVIAd ‘€VIdd ‘GHYdSION ‘VNINT ‘TdINVT ‘THAI ‘TdSHALSD ‘TALSD ‘€V1SO ‘2IdD

‘H1d ‘0170 ‘TdVO ‘d1vD ‘9dA1d '9Sd1V ‘SYXVYNY ‘ZVXNY ‘TVXRETHMV 1ybu 01 48] woly sswreu sush Buipuodsaliodsseqerep (sbuelo)
Jaiswey [g9ON/OHD9g pue (sjdnd) uelrewwew syl usamiaq pareinbai-dn iy gge uislold yoes Joy punoy sapndad jo Jaqunu jo ydeiHg-z's ainbi4

=

1 l

i : _ 2 _.:%5 23 zz:z5E 228898z, ZE:EZ

E x E &8 8 £z 28 & =8 3z £33 2 :FZ 22238z 533t F % EFEE
1]
T
z
£
¥
g
a9
L
g8
[
ot
ﬁﬁm
Nﬁw.

OHoEg®
glewwey B

a3 9
sapidad jo

38 RA R AL NR

el
31

*saseqelep |9IN/OHI9d pue (asnowels
‘UBWINY) EI[EWIWEL WOJ} UOIIIBJSUBL] ZHIW J2LJE JY9e dN sulaloid [enuatapip Suiddepsano jo ssquinu apndad

100



ep’ uelfewiweW 3yl UIylm sq| Jaiswey Auew Jo aouasald pawiluod osfe siyl INg sd| Semdds-HuIpuodsaliod ayl Ul punoj a1am sapidad aloW Sased

Ile Ul y'g'epuegz’g e S| D [fe1op ul ussas aq ued Ydiym Jo IpddNLTININLS ‘TASHEZIE 'VSdY ‘€2SdY '02SdY ‘2SdY ‘6TSdY ‘8TSdY 'ISdY
ITSdY 'VSISdY 7T1SdY ‘€T1SdY ‘TTSdISdY ‘'V21dY ‘91dY ‘221dd ‘6T 18I 1dY 'ST1dd ‘TT1dY ‘0T1dd ‘VINLd ‘v92vd ‘OdNN 1DONN ‘FHAT
‘TLddH ‘NANYNH 'VYHLSIH ‘T12aND ' TVPHI3 D143 TvT433 ‘LD "OWlu 01 Ya| woly ssweu susb Buipuodsaiiogeseqerep (sbueio) saiswey
1I9DN/OHD9g pue (s1dind) uelrewwew ay) usamiadg pare|nbai-umop Iy gge uislold yoes Joy punoy sapndad jo Jaqunu jo ydeiHg g's ainbi4

Gl & nur& 9 a op
> (&w 2 @ 2 2 2 S S S S
P g K o & & R
& %%V P ITF T TR & & &

4
& &
R & A E

&

L L -]

oo
448

OHJ9gm m
ljewwely m

IT @

'saseqelep |9IN/OHIdg pue (asnowiel ‘uewny)
Bl|ELLLIEL WO UOIIRJSUBLL LHIW J31e 1496 NMOQA sul2ro.ad [enuatayip Suiddeliano jo Jaquinu apndad

101



3.2.3 Westernblot identifi cation validation

Having completed the differential analysis with both the CBED/NCBI Chinese
hamster databases attte multi specieslatabaseghuman, mouserat) a number of
proteins were chosen for validation hYestern blotanalysis Often comnercially
available antibodies raised against proteins of interest derived from a different species to
Chinese hamster will not react with CHO samplBise targets therefore were chosen
first from the multi-specieslist as these were likely highly conserveequences that
commercial antibodies wouldossiblyhave immunoreactivity to and then followed up

if that the same protein was reporthgregulatedn the CHO database output.

We chose4 proteins that were reported to be >2 falifferentially regulatedwith
ANOVA p<0.05 according to the mammalian lisind 2 protein that was <2 fold
dysregulatedn the miR-7 transfected group compared to the scramble negative control
group(Table 3.2.6).

Mammalian fold change BBCHO/NCBI fold change

Target 48 hr 96 hr 48 hr 96 hr
Histone H3 3.837Z 9.137Z 4.367Z 11.28
Histone H4 3.627 8.077 - 65. 08
PDIAG 2.159 2.88Y - 2.299
GRP78 1.589 2.069 2.179 2.6479
HSPAS 182 - 1.737 -

14-3-3 epsilon - 1. 44y - 1.629

Table 3.2.6Label free LC-MS fold change of proteins chosen foWestern blot
validation. Targes were chosen initially from the mammalian list to maximise
commercial antibody immunoreactivity and then follow up with their presence in the
CHO list (BBCHO/NCBI) Down regul ation is denoted

noaAon

denoted by %

All the proteins bosen forWestern blot validatiordisplayed the same differgal
expression patternbservedn the label freefold change datdor miR-7 transient up
regulationusingthe CHO databaseThe most pronounced differential expression was
seen with Histone H3 and H#igure 3.2.7 and 3.2.8). The other 4 proteins PDIAG,
GRP78, HSPA8 and 133 epsilon were less prominenttlysregulatedaccording to
Western blot resultsF{gure 3.2.9 - 3.2.12) but did still follow the same expression
trend observed in the label free data. Equal loading was also observed with all samples
(Figure 3.2.13).
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Western Blot

48 hr 96 hr

PM-7  PMNeg PM7 PM-Neg

—

Quantitative label free protein expressiorf6 hr
Selected protein: Histone H3.3

b Scramble control 6hr miR7

Figure 3.2.7Western blot analysis showing down regulation of Histone H3 in
CHO-SEAP cells over expressing miF (PM-7) compared to a transfected
negative control (PM-Neg. Quantitative labefree LC-MS/MS data using CHO
databasealso shows reduced expressian96 hr after transfectiorin the miR7 up-

regulatedgroup (right) compakkto the negative control (I¢fin=3). As seen inTable

3.24 Histone HB is downregulated4.36 fold at 8 hr(p=3.91x 102).
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Western Blot

48 hr 96 hr

PM-7  PM-Neg PM7 PM-Neg

Quantitative label free protein expressiorf6 hr
Selected protein: Histone H4

96hr Scramble control 96he miR7

ed Abundance

ArcSinh Normalis:

Figure 3.2.8 Western blot analysis showing down regulation of Histone H4ni
CHO- SEAP cells over expressing mi¥ (PM-7) compared to a transfected
negative control (PM-Neg). Quantitative labefree LC-MS/MS data using CHO

databasealso showsreduced expression &6 hr after transfection in the miR up-

regulate group (right) compakkto the negative control (I¢fin=3). As seen inTable

3.2 4 Histone H3 isdown regulate®5.8 fold at 8 hr(p=1.35x 10°).
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Western Blot
48 hr 96 hr

PM-7T  PM-Neg PM-T  PM-Neg

Quantitative label free protein expression96 hr

Selected protein: Protein disulfide isomerase family A, member 6

Y6hr Scramble control Y6r mik?

Figure 3.2.9Western blot showing up regulation of PDIA6 in CHOSEAP cells
over expressing miR7 (PM-7) compared to a transfected negative control (PM
Neg). Quantitative labefree LC-MS datausing CHO databasalso slows increased
expression a®6 hrafter transfection in the miR up-regulatedgroup (right) compared
to the negatie control (left)(n=3). FromTable 3.25 PDIAG6 is up-regulated2.29fold
at96 hr(p=2.7x 10°).
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Western Blot

48 hr 96 hr

PM-T  PM-Neg PM-7  PM-Neg

Quantitative label free protein expressiorf6 hr
Selected protein: 78 kDa glucose-regulated protein

96he Scramble control ohe miR7

Figure 3.2.10 Western blot showing up regulation of GRP78 in CHGSEAP cells
over expressing miR7 (PM-7) compared to a transfected negative otrol (PM -
Neg). Quantitative label free.C-MS datausing CHO databasalso shows increased
expression a®6 hrafter transfection in the miR up-regulatedgroup (right) compared
to the negative control (I9f{n=3). FromTable 3.25 GRP®B is up-regulated?.64fold
at96 hr(p=6.4x 10%).
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Western Blot

48 hr 86 hr

PM-7  PM-Neg PM-7 PM-Neg

Quantitative label free protein expression 8 hr

Selected protein: Heat shock 70kDa protein 1/8

View peptide measy

4Bhr Scramble control 48hr miR7

Figure 3.2.11Western blot analysis showing down regulation of HSP&at 48 hr in
CHO-SEAP cells over expressing miF (PM-7) compared to a transfected
negative control (PMNeg). Quantitative labefree LC-MS datausing CHO database
also shows reduced expression & Hr after transfection in the miR up-regulated
group ¢ight) compareé to the negative control (I¢f{n=3). As seen inTable 3.2.4
HSPASis downregulatedL.73fold at 48 hr(p=8.77x 10°%).
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Western Blot

48 hr 96 hr

PM-7  PMNeg PM-7  PM-Neg

Quantitative label free protein expression 8 hr
Selected protein: 14-3-3 protein epsilon

96he Scramble control 96hr miR?

Figure 3.2.12Western blot analysis (left) showing up regulation of 18-3 epsilon in
CHO-SEAP cells over expressing miF (PM-7) compared to a transfected
negative control (PMNeg). Quantitative labefree LC-MS datausing CHO database
alsoshows increased expression &t l after transfection in the miR up-regulated
group ¢ight) compare to the negative control (I¢f(h=3). As seen imable 3.25 14-3-

3 epsilon isup-regulated317 fold at 8 hr(p=1.54x 102

Western Blot GAPDH
48 hr 96 hr

PM-T  PM-Neg PM-T  PM-Neg

Figure 3.2.13Western blotanalsis for GAPDH showng equal loading forFigure
3.2.7t0 3.2.12.
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3.3  Predicted miR-7 target analysis using miRWalk

The targets for translational ifidition by miR-7 in CHO cells werénvestigated using
the quantitativelabelfree LGMS data inTable 3.22. Specifically we focused on
downregulatedproteins as mRNA inhibits translation of its target mRNA withne
mMiRNA potentially havingseveral mRNAtargetswhile up regulation ioften aby-
product of miRNA mediated negative regulatiomPAn online tool MIRWALK
(http://mww.umm.uniheidelberg.de/apps/zmf/mirwalk/index.n)ml was  used to
determine if any of thelownregulatedproteins in miR7 overexpressing cells were
significantdirect targets of miR7. These directcompkementary targets of miR may
have a domino effectesulting in the observed proteomic prefibf miR-7 up
regulation The miRWALK bioinformatics tool combas the output of several miRNA
target prediction algorithms (Dweep et al. 2011)We searched RNA22, miRanda,
miRDB, TargetScan and RNAhybrid across mouse, rat and human ss|@eaion
1.4.2. The nost probabledirect targets omiR-7 were those that appeared across as
many of the 5 algorithms used which is generally regarded as best peaudicdso
across as many of the three species that were searthétk (3.3.2. Following
confirmation that these proteins were present in the differentially expressed lists two

were chosen for validatiocatalasendstathmin

According to the laldefree LGMS data in for the mammalian databa$alle 3.2.2
and forthe CHO databasé @ble 3.2.4) catalasevas downregulatedat 48 andd6 hr

while stathminwas at96 hrin miR-7 over expressing cel(3able 3.3.1).

Mammalian fold change BBCHO/NCBI fold change
Target 48 hr 96 hr 48 hr 96 hr
Catalase 4.072Z2 4.347 4.1572 3.1127
Stathmin - 6.887Z - 22.27

Table 3.3.1Catalase andstathmind own r egul at i7mver ekpfessing n
CHO-K1-SEAP cells according to label free LEMS data from mammalian and
CHO (BBCHO/NCBI) databases.(Table 3.3.2).

The downregulation ofstathminand catalasewas furthervalidated byWestern blot
(Figure 3.31 and 3.32). Interestingly these predictedargets were identified as

differentially expressed from one peptide in the CHO database whilauhiespecies
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search yielded peptides forcatalaseand 2 peptides fostathmin Going forward with
this information and observing tHarge amount of overlap between the mammalian
multi-speciedist and the CHO databe Figure 3.2.2) the CHO database was used as
follow up pathway analysis and for the CHO temperature shift analysapter 4).

Gene name MicroRNA StemLoop ID miRanda miRDB miRWalk  RNA22 RNAhybrid TargetScan Overlap

Mouse

Cat mru-miB-FB mmo-rnir-7b - - - - - [
Cat mrmu-rmif-7a mrn-rir-7.a-2 - - - - 4
Strnn1 mmu-mif-Fa  mmu-mir-7a-2 - - - 3
Serbpl mmu-miB-Fb mmu-mic-7e - . - 3
Sfrs1 rru-mif-Fa mmu-mir-7a-2 . - 2
Caprind rmimu-rmiB-7a mrnu-rir-7a-2 . . 2
Cct3 rrmu-miF-Fb mmue-rnir-7b . . 2
Sfrs1 rmmu-miF-FB mmuernir-7b . . 2
FPazgd mmu-miF-Fb mmu-mir-7b . - 2
Caprind mmu-miF-Fb -7 - - 2
Strnl mru-miB-FB mmo-rnir-7b - - 2
Impdhz mmu-rmiB-7b rmmu-mir-7b . - 2
Rat

Cat rno-miF-7a rno-mir-7a-2 - - - - 4
Strnnl rho-rik-7a rho-rmir-7.a-2 . . . . 4
Cat rho-miF-7b rho-mir-7b . . - - 4
Strrn1 rho-rmiF-7b rho-rmir-7b . . . 3
Tubbh rno-rmif-7a rho-rmir-7a-2 . . 2
Far rno-rif-7a rho-rir-7a-2 . - 2
Mapll rho-miF-7a rho-mir-7a-2 - - 2
TaglnZ rno-miF-7a rho-mir-7a-2 - - 2
Eeflal rho-rniF-7a rho-rnir-7.a-2 - - 2
Hspad0aal rho-miF-7a rho-mir-7a-2 - - 2
Cct3 rno-miF-7a rho-rmir-7a-2 . - 2
Kpnbl rho-miF-7a rho-mir-7a-2 - - 2
Tubbh rro-rmiF-7b rho-rmir-7b . - 2
Far rno-rmiF-7b rho-rmir-7b . - 2
Mapll rho-mif-7b rho-mir-fb - - 2
TaglnZ rho-mif-7b rho-mir-fb - - 2
Eeflal rho-rmiF-7b rho-rmir-7b . - 2
Hspa0aal rho-miF-7b rho-mir-7b - - 2
Cctd rho-rnif-7b rho-mir-7b - - 2
Kpnbl rho-miB-7b rho-rmir-7b . - 2
Human

PazG4 hza-miR-7 hza-mir-7-3 - - - 3
RPL1G hza-miR-7 hza-rnir-7-3 . . 2
SFRS1 hza-miR-7 h=a-rnir-7-3 . . 2
AHMAR hza-miR-7 hza-rnir-7-3 . . 2
CAPRIN hza-miR-7 hza-rnir-7-3 . - 2

Table 3.3.2Predicted direct targets of mir-7 using mMRWALK across mouse, rat
and human species. In total 5 search algorithms were used to search tthewn-
regulated label-free LC-MS mammalian protein data associated with miR7 over

expression(Table 4.2.2). Catalase andtathminwere tosen for follomup based on the
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high number of hits across multiple databases in both rat and mouse species as well as
appearingdownregulatedin labetlfree LGMS for both the mammalian and CHO
database lists.

Catalase

48 hr 96 hr

PM-7  PM-Neg PM7 PM-Neg

48hr Scramble control 48hr miR7

Selected protein: Catalase
View peptide measurements

L

96hr Scramble control 96hr miR7

LAl

Figure 3.3.1Normalised abundance of peptides associated with predicted direct
target of miR-7 catalasefrom the quantitative label-free LC-MS/MS data using the
CHO database (Table 4.2.4). Each line represents a peptide while each point
represents a sample. Expressioncatalaseis reduced on the right in pmaiR-7
transfected cells compared to scramble control cells on th€bdtlaseexpression was
reduced4.15 fold (p=3.39 x 18) at 8 hrandcatalasexpression was reduced 3.11 fold
(p=1.16 x 1() at96 hr(n=3).

111



Stathmin

48 hr 96 hr

PM-7 PM-Neg PM-7 PM-Neg

GAPDH

Selected protein: Stathmin

ents

96hr Scramble control 96hr miRT

Figure 3.3.2Normalised abundance of peptides associated with predicted direct
target of miR-7 stathmin from the quantitative label-free LC-MS/MS data using
the CHO database(Table 4.24). Expression oftathminis reducedon the righf in
premiR-7 transfected cells compared to scramble control cells on thestaftimin
expression was reduc@?®.2 fold (p=1.18 x 16) at 96 hrwith no significant change at
48 hr(n=3).

112



3.4  Pathwayanalysis

In proteomics and othépmics' fields large amounts of idéfication data is produced.
In an effort to contextumse these large lists of idefitations pathway analysis tools
are used. Generally these comprise of eviddrased and literate mining associated
links between genes and/or proteins and their relationships to eacHrothreler to use
these tools to search identification datiae data must be in a usable form for the
pathway tool. As therotein identifiers from the Chinesemster proteomic databases
arenot in a form thats usable for pathway analysis the annotatiad to be conducted
manually Section 3.4.1). Once the identifications were converted to corresponding
gene names they were submitted to pathway analysis. ®oice different pathway
tools have different hierarchical ways of assigning these relationships anchidetg
what relationships are significatiiree different pathway analysis toalsreused

TDAVID - Database foAnnotation,Visualisation andintegratedDiscovery)
(Section3.4.2

TPANTHER- Protein AnalysisThroughEvolutionaryRelationships
(Sectin 3.4.3

TKEGG (Kyoto Encyclopaediaf Genes andsenomes
(Section3.4.4)

The output from each pathway tool is different but each is cangitary to the other
giving a greater insight to the processes, functions, componethtsadimvays affected

by increasedniR-7 expression in CHO cells

3.4.1 Protein annotation

In order to use the protein identifications for pathway analysis and predict functional
effects of the differentially expressed proteitiee protein identifications musehn a
suitable format. For lists such as the human, mouse anthutitspeciesanalysis
(Table 3.2.2 and 3.2.3) these databases have well annotated protein accession numbers
associated with each identification making them immediately ready for pathway
analysis tools. The BBCHO and NCBI Chinese hamster ovary protein identifications do

not have the same identifiers.
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The BBCHO database being derived from transcriptomic data'ieasg’ number
identifiers for each protein identification as well as otidormation as part of the text
string thatis the protein identificatiorwhile the NCBI nonredundant CHO list consists

of a protein namand unofficial gene name derived from ChiTaRS hksa(Figure

3.4.1). In order to use these lists the identifioaghadto be converted to official gene
names or uniprot accession numbése Section 1.5.1.% This required significant
manual searching and required each peptide identification to be searched using BLAST
to validate the correct protein idemtétion. This was an extremely tire®@nsuming

process spanning 4 differential lists for théR-7 study Table 3.24 and 3.25).

BBCHO

‘Accession
CHOIs0tig08417v2 RecName: Full=Chromodomain-helicase-DNA-binding protein 4; Short=CHD-4; AtName: Full=ATP-dependent helicase CHD4; AttName: Full=Mi-2 autoantigen 218 kDa protein; AtName: Full=Mi2-beta

NCBI

|Accession H Description
CHOisotig09352v1 product="Phosphoserine aminotransferase” homologue_to="gi;@ 20140196 sp|Q99K85.1|SERC_MOUSE" gene_name="SERC"

Annotation summary

Unique gene count Unique name count
1135 746

Figure 3.4.1 Examples of typical text strings from the BBCHO in house CHO
database {op) and the NCBI non redundant CHO database (bottom) requiring
annotation. A combination of text mining, manual parsing and blast search of peptide
sequences through UniProt resultedlitB5 gene names and 746 protagsigned to
CHO IDs.

In summary for the BBCHO protein identificatiotext string the name was isolated
from between "RecName: Full=" and "; Short=". For the NCBI text string the name was
isolated from beteen "product="andiomologugo=". Multiple names occurred in the
same text stringhereforethe peptide sequences associated with each protein was then
blast searched using UniProthe full name confirmed and the gene name added.
Frequent manual parsing was also required for text strings that followed different
patterns A masterreferencelist was compiled fothe miR-7 study and the temperature
shift study inChapter 4 resulting in1135 gene names and 746 protein nabeiag

manually assigned across the differential lists using the above method.
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3.4.2 DAVID analysis

The database for anntitan, visualisation and integrated discovery (DAV(D)
https://david.ncifcrf.gov/home.j$pis a computational tool combining several publicly
available gene databases to assess the functional and biological patterns associated with
a list of submitted iddifications (Huang da, Sherman and Lempicki 2009a, Huang da,
Sherman and Lempicki 200915or this analysis we lookeat molecular function (MF),
biological process (BP) and cellular component (CC) which uses the gene ontology
(GO) database through DAVID. Orsibown GO is anencycbpaedicdatabase of gene
functions and their relationships. These three costekMF, BP and CC are defined by

GO (Ashburner et al. 2000DAVID further categorises this information into 5 é&w

based on order of complexitvith level 1 being general idamental categies up to

level 5 which encompasses immune response terminology. To understand the
fundamentals of our observed phenotype we used the FAT category which includes the

lower 3 levels obrganisation in DAVID.

A process was deemed to be significantly @med when adjusted Bonferronivalue

was OO0.05. The anal ysi s was 86 hutimelpoidts i nt o
and increased or decreaseqmotein abundancein response to transient transfection
mediatedover expression of miR. As an initial comparisotthe BP enrichedfrom the
multi-specieshuman, mouse, réist at 48 hr (Figure 3.4.1A) and96 hr(Figure 3.4.2A)

were compared to the enriched BP from correspon@H@ database listat 8 hr

(Figure 3.4.1B) and 96 hr (Figure 3.4.2B) after miR7 upregulation.The following

observations were made on this comparison:

1 At 48 hr, cell redox homeostasisas associated withup-regulatedproteinsin
both the multi species and @lese hamster lists with additional pro@=sa the
CHOllist related tchomeostasis and apoptosis.

1 At 48 hr, downregulatedproteinsin the multi-speciedist were associated with
translational elngation, macromolecule, chromatin and nectomeassembt
with the CHO list showng translation and translational efgationenrichment

1 At 96 hr, up-regulatedoroteinsin the multi-speciesvere associated wittellular
homeostasis and regulation of apoptgmiscesses which waadso seen in the
CHOlist enriched BRoutput.
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1 At 96 hr downregulatedproteinsin the multi-specieslist were related t@BP
termstranslation, RNA processing and assemiil the nucleosome, chromatin
and macromolecule complexsimilar ouput was also observed for the
corresponding CHO list

Due to the high similarity between the output for BP between theliffevent database
lists it was decided that theHO database list would be used & subsequent pathway

analysis.

AnalysingMF (Table 34.3) with the differentially expressed proteins derived from the

CHO database in response to R1iRver expression we observed the following:
1 At 48 hr, up-regulatedproteins were not significantly associated with any MF.

1 At 48 hr, downregulatedoroteins wereassociated witlstructural conttuent of

the ribosome, structural riezule activity and RNA binding

1 At 96 hr protein up regulation was associated witlntramolkcular

oxidoreductase activity, aokidant activity and glutathiantransferase activity.

1 At 96 hr, down regulation of proteins was relatedstouctural constituent of the

ribosome, structural molecule activity and RNinding.

The greater degree of enrichment of functions associaigid down regulation
potentially highlights the negative regulation of riRon cellular activities. This is
most evident at & hr, but interestingly it is in up regulation and glutathione transferase

activity which we see more references tKEBGG pdahway analysi®utput.

Finally with CC (Table 3.4.4) analysison the differentially expressed proteins derived
from the CHO database in response to iRver expression we observed the

following:
1 At 48 hr, upregulation of proteing/ere associated witthe cytosol.

1 At 48 hr, downregulatedoroteins weressociated with a larger number of
components including the cytosol, ribosome, intracellularmembrane
bounded organelle, nemembrane bounded organeleglanosome and pigment
granuk.
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1 At 96 hr, up-regulatedproteinswereassociated with the melanosensytosol,

soluble fraction and vesicle.

1 At 96 hr, thedownregulatedoroteins weressociated with the ribosome,

cytosol, intracellular noimembrane band organelle

Again, this emphasi®n negative regulatory effect of miRNA with a large number of
CC terms enriched in theown-regulatedproteins. By96 hrthe enriched CC terms are

more balanced in number between up down-regulatedproteins.

To takeBP, MF and CC into consideratigagetherthe following conclusions can be
made regarding up and down région of proteins in response to miRup regulation
in CHO-K1-SEAP cells

1 Up regulation of proteins areelated to homeostasis processeslated to
antioxidant activityat 48 hrwhich arelocalised inthe cytosal This carries over
to 96 hr with addedup-regulation of antapoptoticand apoptotic regulation
processeshat are functionally linke to oxidoreductase activity and glutathione
transferase activitpnd associated with the met@omal, cytosolic and vesicle
componentsThis suggests that early 48 hr stagédative streshlomeostasiss
activated with antioxidant proteins such as themoxn, thioredoxin reductase
and superoxide dismutageing enriched in tki pathway. The maintaining of
oxidativestresgesporse proteingnayin turn berelated to cell survival with the
addition of antrapoptotic upregulation at 96 hrin that regardhomeostais
process up regulation may be related to regulatoryiam@itory elements of

homeostasisather than an up regulation of homeostasis activity.

1 Downregulated proteins at 8 hr are involved in translationprocesses
functionaly linked with RNA binding and structural molecule activity and most
significantly localised to the ribonucleo complex, cytosol, ribosome and
melanosome. Similarly a®6 hr there wasdown regulation of translational
chromatinand ribosomalprocess prieins which were functionally related to
structural constituent of the ribosome, structural molecule activity and RNA
binding with localisation associated with the ribosome and cytosolic

components.
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Biological process Count p-value Adjusted
Up-regulated at 48hr p-value
G0:0045454 ~ cell redox homeostasis 5 42x10% 1.4x10%

Down-regulated at 48hr

G0:0006414 ~ translational elongation 9 46x10™ 1.8x107
G0:0034622 ~ cellular macromolecular complex assembly 1 2.0x10% 8.1x10%
G0:0034621 ~ cellular macromolecular complex subunit 11 6.0x 10 2.4x10%
G0:0006333 ~ chromatin assembly or disassembly 7 1.8x 10 7.1x10™
G0:0065003 ~ macromolecular complex assembly 12 2.3x10% 9.3x10*
G0:0042274 ~ ribosomal small subunit biogenesis 4 3.8x10% 1.5x10™
G0:0043933 ~ macromolecular complex subunit organisation 12 44x10™ 1.7%10™
G0:0006334 ~ nucleosome assembly 6 4.5x10% 1.8x10°
G0:0006412 ~ translation 9 45x10% 1.8x10%
60:0031497 ~ chromatin assembly 6 5.4x10% 2.1%10®
G0:0065004 ~ protein-DNA complex assembly 6 6.7 x 10 2.6x10%
G0:0034728 ~ nucleosome organisation 6 7.5%10% 2.9x10%
G0:0006323 ~ DNA packaging 6 2.2x10% 9.1x10%
B

Biological Process Count p-value Adjusted
Up regulated at 48hr p-value
G0:0019725cellular homeostasis 7 2.99E-05 1.39E-02
G0:0042981~regulation of apoptosis 8 6.84E-05 3.16E-02
G0:0043067"regulation of programmed cell death 8 7.29€E-05 3.36E-02
G0:0010941~regulation of cell death 8 7.46E-05 3.44E-02
(G0:0045454"cell redox homeostasis 4 8.84E-05 4.06E-02
G0:0051235~maintenance of location 4 9.27E-05 4.26E-02
Down regulated at 48hr

(G0:0006414~translational elongation 16 1.77€-21 9.79E-19
G0:0006412~translation 18 2.37E-16 1.23E-13

Table 3.4.1GO biological process (BP) analsis through DAVID of up or down-
regulated proteins 48 hr after transient over expression of miR7 in CHO-K1-

SEAP cells Themulti-speciegA) and CHO databas€B) were both used and enriched

BP compared in bothThe number of proteins fmo the submitted list associated with
each GO term is represented by the count value. Enrichment was deemed significant

with a Bonferroni adjustedp al ue OO0. 05.
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Biological process Count p-value Adjusted
Up regulated at 96hr p-value

G0:0019725 ~ cellular homeostasis 13 5.1x 107 4.3 x 10
G0:0042981 ~ regulation of apoptosis 15 5.3 x 10 4.5 % 10
G0:0043067 ~ regulation of programmed cell death 15 6.0 x 10™ 5.1 %10
G0:0010941 ~ regulation of cell death 15 6.2 x 10 5.3 x 10
G0:0045454 ~ cell redox homeostasis 6 7.0 x 10 6.0 x 10
G0:0051235 ~ maintenance of location 6 7.6 x 10 6.4 x 10
GO:0006916 ~ anti-apoptosis 8 2.6x10° 2.2 x 107

Down-regulated at 96hr

G0:0006414 ~ translational elongation 30 9.1x10™ 4.0x 10
GO:0006412 ~ translation 31 2.9x10™ 1.3 %107
G0:0006334 ~ nucleosome assembly 9 6.7 x 10 2.9 %10
G0:0031497 ~ chromatin assembly 9 8.9 x 10 3.9 %10
G0:0065004 ~ protein-DNA complex assembly 9 1.2 x 10 5.6 x 10
G0:0034621 ~ cellular macromolecular complex subunit 14 1.4 %10 6.2 x 107
G0:0034728 ~ nucleosome organisation 9 1.5 % 10 6.7 % 107
G0:0034622 ~ cellular macromolecular complex assembly 13 3.6x10° 1.6 x 10
GO:0006323 ~ DNA packaging 9 9.3 x 10 4.1 %10
G0:0006333 ~ chromatin assembly or disassembly 9 1.7 x 107 7.8 x 10
G0:0043933 ~ macromolecular complex subunit organisation 16 1.2 % 10° 5.3 x 10
G0:0006396 ~ RNA processing 14 1.9 x 10™ 8.4 x 10™
G0:0042254 ~ ribosome biogenesis 8 2.0 x 10 9.0 x 10
G0:0022613 ~ ribonucleoprotein complex biogenesis 9 2.5 x 107 1.1x10°
GO:0065003 ~ macromolecular complex assembly 15 3.0x 10 1.3x 10
G0:0042274 ~ ribosomal small subunit biogenesis 4 1.7 x 10 7.8 x 10
G0:0006364 ~ rRNA processing 6 8.4 x 10 3.6 x 10
G0:0000398 ~ nuclear mRNA splicing, via spliceosome 7 9.8 x 10™ 4.2 x 10
GO:0000375 ~ RNA splicing, via transesterification reactions 7 9.8 x 10 4.2 x 107
GO:0000377 ~ RNA splicing, via transesterification reactions 7 9.8 x 10 4.2 x 107
GO:0016072 ~ rRNA metabolic process 6 1.0 x 10 4.4 %10
Biological Process Count p-value Adjusted
Up regulated at 96hr p-value
G0:0042981~regulation of apoptosis 16 6.18E-08 6.12E-05
GO:0043067~regulation of programmed cell death 16 7.04E-08 6.98E-05
G0:0010941~regulation of cell death 16 7.39E-08 7.32E-05
G0:0043066™negative regulation of apoptosis 11 3.58E-07 3.55E-04
G0:0043069~negative regulation of programmed cell death 11 4.07E-07 4.03E-04
G0:0060548~negative regulation of cell death 11 4.18E-07 4.14E-04
G0:0019725~cellular homeostasis 12 5.14E-07 5.09E-04
G0:0006916™anti-apoptosis 8 7.44E-06 7.34E-03
G0:0006979~response to oxidative stress 7 2.33E-05 2.29E-02
G0:0006886~intracellular protein transport 9 4.54E-05 4.40E-02
G0:0042592~homeostatic process 12 4.90E-05 4.74E-02
Down regulated at 96hr
GO:0006414~translational elongation 33 8.38E-51 4.96E-48
GO:0006412~translation 34 1.92E-34 1.14E-31
G0:0042254~ribosome biogenesis 12 3.86E-11 2.29E-08
G0:0022613~ribonucleoprotein complex biogenesis 13 1.64E-10 9.68E-08
G0:0042274~ribosomal small subunit biogenesis 6 1.67E-09 9.89E-07
GO:0006396~RNA processing 17 2.07E-08 1.22E-05
G0:0006364~rRNA processing 9 2.82E-08 1.67E-05
G0:0016072~rRNA metabolic process 9 3.94E-08 2.33E-05
G0:0034621~cellular macromolecular complex subunit organi 13 3.51E-07 2.08E-04
G0:0034622~cellular macromolecular complex assembly 12 8.58E-07 5.08E-04
G0:0043933~macromolecular complex subunit organization 16 3.84E-06 2.27E-03
G0:0034470~ncRNA processing 9 6.45E-06 3.81E-03
G0:0065003~macromolecular complex assembly 15 8.86E-06 5.23E-03
G0:0042273~ribosomal large subunit biogenesis 4 1.69E-05 9.95E-03
G0:0034660~ncRNA metabolic process 9 2.90E-05 1.70E-02
G0:0006334~nuclecsome assembly 6 8.26E-05 4.77E-02

Table 3.4.2GO biological process (BP) analysis through DXID of up or down-regulated

proteins 96 hr after transient over expression of miR7 in CHO-K1-SEAP cells The multt

species (A) and CHO databases (B) were both used and enriched BP compared in both. The
number of proteins from the subreitt list associated with each GO term is represented by the
count value. Enrichment was deemed significant with a Bonferroni adjusteibue OO0 . 05 .
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Molecular Function Count p-value Adjusted
Up regulated at 48hr p-value
NONE

Down regulated at 48hr

(G0:0003735structural constituent of ribosome 14 1.72€-14 2.93E-12
G0:0005198~structural molecule activity 18 2.87E-11 4.88E-09
G0:0003723~RNA binding 15 1.37E-07 2.33E-05
B

Molecular Function Count p-value Adjusted
Up regulated at 96hr p-value
G0:0016862~intramolecular oxidoreductase activity, intercon 4 8.45E-06 1.96E-03
G0:0016860~intramolecular oxidoreductase activity 5 1.91E-05 4.43E-03
G0:0016209~antioxidant activity 5 4.49E-05 1.04E-02
G0:0004364~glutathione transferase activity 4 7.79E-05 1.79€-02
Down regulated at 96hr

G0:0003735~structural constituent of ribosome 30 6.07E-37 9.54E-35
G0:0005198~structural molecule activity 32 2.07E-22 3.25E-20
G0:0003723~RNA binding 32 8.13E-21 1.28E-18

Table 3.4.3GO molecular function (MF) analysis through DAVID of up or down-
regulated proteins from the CHO protein database & hr (A) and 96 hr (B) after
transient over expression of miR7 in CHO-K1-SEAP cells The number of proteins

from the submitted list associated with each GO term is represented by the count value.

Enrichment was deemedysificant with a Bonferroni adjustedypa | ue. O0. 05
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Cellular Component Count p-value Adjusted
Up regulated at 48hr p-value
G0:0005829~cytosol 10 1.56E-05 0.001136

Down regulated at 48hr

G0:0030529~ribonucleoprotein complex 21 1.78E-16 2.55E-14
G0:0005829~cytosol 26 1.74E-13 2.00E-11
G0:0022626~cytosolic ribosome 11 2.00E-13 2.30E-11
G0:0005840~ribosome 14 3.74E-13 4.31E-11
G0:0033279"~ribosomal subunit 12 6.51E-13 7.49E-11
G0:0044445~cytosolic part 12 4.36E-12 5.01E-10
G0:0022627~cytosolic small ribosomal subunit 8 8.27E-11 9.51E-09
G0:0015935~small ribosomal subunit 8 2.31E-09 2.65E-07
G0:0043232~intracellular non-membrane-bounded organelle 28 1.27E-08 1.46E-06
G0:0043228~non-membrane-bounded organelle 28 1.27E-08 1.46E-06
G0:0042470~melanosome 5 2.87E-04 0.032434
G0:0048770~pigment granule 5 2.87E-04 0.032434
B
Cellular Component Count p-value Adjusted
Up regulated at 96hr p-value
G0:0042470~melanosome 8 1.64E-08 2.96E-06
G0:0048770~pigment granule 8 1.64E-08 2.96E-06
G0:0000267~cell fraction 16 1.18E-06 2.13E-04
G0:0005829~cytosol 17 2.99E-06 5.37E-04
G0:0031410~cytoplasmic vesicle 12 6.21E-06 0.001118
G0:0005625"soluble fraction 9 8.13E-06 0.001462
G0:0031982~vesicle 12 9.33E-06 0.001678
G0:0016023~cytoplasmic membrane-bounded vesicle 11 1.06E-05 0.001914
G0:0031988~membrane-bounded vesicle 11 1.41E-05 0.002534
G0:0005788~endoplasmic reticulum lumen 5 1.46E-04 0.025912

Down regulated at 96hr

G0:0022626~cytosolic ribosome 26 9.56E-39 1.25E-36
G0:0030529~ribonucleoprotein complex 41 6.41E-38 8.40E-36
G0:0005840~ribosome 32 4.33E-37 5.68E-35
G0:0033279~ribosomal subunit 28 7.20E-37 9.43E-35
G0:0044445~cytosolic part 27 6.92E-33 9.07E-31
G0:0005829~cytosol 46 1.37E-27 1.80E-25
G0:0043232 intracellular non-membrane-bounded organelle 52 3.04E-21 3.98E-19
G0:0043228~non-membrane-bounded organelle 52 3.04E-21 3.98E-19
G0:0022627~cytosolic small ribosomal subunit 14 1.30E-20 1.71E-18
G0:0015935~small ribosomal subunit 35 1.65E-19 2.16E-17
G0:0015934~large ribosomal subunit 14 2.44E-17 3.19E-15
G0:0022625~cytosolic large ribosomal subunit 11 5.25E-15 6.84E-13

Table 3.4.4GO cellular component (CC) analysis through DAVID of up ordown-
regulated proteins from the CHO protein database 8 hr (A) and 96 hr (B) after
transient over expresson of miR-7 in CHO-K1-SEAP cells The number of proteins

from the submitted list associated with each GO term is represented by the count value.
Enrichment was deemed significant with a Bonferroni adjustecapl ue OO0 . 05 .
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3.4.3 PANTHER analysis

The second onlingpathway tool used was PRWHER (Protein Analysis Through
Evolutionary Relationshipé)http://pantherdb.orgy Much like DAVID (Section 3.4.2)

this tool also uses Gene Ontolo@yO) terms that have been associated with genes and
proteins for their functins and relationships to each other based on biological processes
(BP), molecular fudion (MF) and cellular component (CCIPANTHER classifies
function related to evolutionary familyrees through statistical analysibefore
annotating each node through nmal review intothree types of grouping associated
with UniProt for "subfamily membership” and GO terms fprotein class" and "gene
function” (Thomas et al. 2003, Mi et al. 2009hese have been continually revised and
defined since the conception of PANTHER over the last 17 yaadlsis constantly
revised and awently on version 10.0 since Ap&D15.

Several tools are available through PANTHRIuding an oer-representation tool
and enrichment anadis tool for gene list analysis withoth analysedeing processed
differently. Forour differential lists which are proteins that are positively or negatively
enriched for with respect to a given comparison therrepresentation analysis was
used. Thisanalysis compares differential praginlist to a reference gene set. As human
gene names were chosen for the corresponding CHO pifisia refeence list of

20,814 human genes were used to assess overreptiesentthin each differential list.

The first analysis focused on searching BP using PANTHER on the uplcamna
regulatedproteins 8 hr (Table 3.4.5A) and96 hr(Table 3.4.5B) after transienbver
expression of miF in CHOK1-SEAP cells. The following key findings were
observed:

1 At 48 and96 hrPANTHER showsip-regulatedoroteins from the CHO database
lists to be associated wighotein folding, protein metabolic process and
metabolicprocess.

1 At 48 and96 hrPANTHER showslownregulatedoroteins from the CHO
database lists to be associated wn#mslation protein metabolic process,
metabolic processnRNA splicing, cellular component biogenesis and nuclear
transport arelownregultedat 48 ad 96 hr

Of note is that metabolic processes are both updamdrregulatedsuggesting a non

linear relationship between the proteins associated with that prddessmay point
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toward a level of sulzategorisation of process that PANTHER is pointing tout
unable tdformally identify.

EnrichedMF in the up anddownregulatedproteins 4 hr (Table 3.4.6A) and 96 hr
(Table 3.4.6B) after transient over expression of mfRn CHOK1-SEAP cells shows
a similar trend toBP with many of the same functions being affected8ahdas at96

hr. The key observations were as follows:

1 At 48 and96 hr upregulatedproteins a linked tocoxidoreductase activity,
catalytic ativity and translocas with glucosidase activitypecifically associated
with 48 hr and protein disulfide isomerase activdgecifically associated with
96 hr.

1 At 48 and96 hrdownregulatedoroteins are linked ttermsrelated to structural
constitient of the ribosome, structal molecule activity, nucleic acid binding,
RNA binding, translational initiation, elongation and transtzioregulator
activity.

Using CC analysis it was possible to see what components the BP and MF were
as®ciated with As with the other analyses CC enrichment was assessed with the up and
downregulatedproteins 8 hr (Table 3.4.7A) and96 hr(Table 3.4.7B) after transient

over expression of miR in CHOK1-SEAP cellsThe key observations:

1 At 48 and96 hrup-regulatedproteins were not significantly overrepresented in
anyCCterms.

1 At 48 and 96 hr downregulated proteins were associated with the
ribonucleoprotein complex, ribosome, macromolecular complex and cytosol
with additionalCC of the macromolecular complex, organeltgracellularand

cell part beingverrepresenteat 48 hr.

Taking BP,MF and CC obtained through PANTHER into account as a whole there is a
clear effect on metabolic, ribosomal amdclear processes specifically related to down
regulation of translational functions with an rggulation of enzymatic functions. This
activity is localised to a wider range of cellular components8ahrthan at96 hr.
Overall BP and MF wadownregulatedmore thanup-regulatedin response taniR-7

over expression at 48 aB6@ hrwhich was a trend also seen with DAVID analysis in the
previous section.
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Biological Process Count Adjusted
Up regulated at 48hr p-value

Protein folding 7 6.17E-06
Protein metabolic process 16 6.69E-04
Metabolic process 26 1.49E-02
Monosaccharide metabolic process 4 1.55E-02

Down regulated at 48hr

Translation 19 3.33E-16
Protein metabolic process 33 2.11E-12
Primary metabolic process 46 1.01E-09
Metabolic process 49 5.71E-09
mRNA splicing, via spliceosome 9 1.59E-04
Cellular component biogenesis 6 1.69E-04
Regulation of translation 6 4.45E-04
MRNA processing 9 6.55E-04
Nuclear transport 5 4.68E-03
Nucleobase-containing compound metabolic process 22 2.12E-02
Purine nucleobase metabolic process 4 4.13E-02
B

Biological Process Count Adjusted
Up regulated at 96hr p-value
Protein folding 7 2.66E-04
Protein metabolic process 21 2.82E-03
Metabolic process 39 2.08E-02
Down regulated at 96hr

Translation 35 1.36E-33
Protein metabolic process 52 1.81E-20
Primary metabolic process 75 8.36E-19
Metabolic process 79 4.20E-17
MRNA splicing, via spliceosome < & § 1.14E-04
rRNA metabolic process 7 2.92E-04
Nucleobase-containing compound metabolic process 34 3.42E-04
mRNA processing 11 6.05E-04
Cellular component biogenesis 6 2.22E-03
Nuclear transport 6 3.09E-03
RNA splicing 8 4.89E-03
RNA splicing, via transesterification reactions 8 4.89E-03
Regulation of translation 6 5.69E-03
Organelle organization 8 1.46E-02
Cellular component organization or biogenesis 15 1.95E-02

Table 3.4.5PANTHER biological process (BP) enrichment of up or down-
regulated proteins from the CHO protein database 8 hr (A) and 96 hr (B) after
transient over expression of miR7 in CHO-K1-SEAP cells The number of proteins
from the submitted list associated with e&B term is represented by the count value.

Enrichment was deemed significant with a Bonferroni adjustecapl ue OO0 . 05 .
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Molecular Function Count Adjusted p-
Up regulated at 48hr value

Oxidoreductase activity 9 3.67E-04
Catalytic activity 23 4,49E-03
Transketolase activity 2 7.03E-03
Glucosidase activity 2 4,02E-02

Down regulated at 48hr

Structural constituent of ribosome 19 3.40E-20
Structural molecule activity 30 1.77E-16
Nucleic acid binding 37 1.42E-10
RNA binding 18 3.79E-10
Translation initiation factor activity 9 1.15E-08
Translation regulator activity 9 1.08E-07
Translation factor activity, nucleic acid binding 9 1.49E-07
Binding e 2.97E-07
mRNA binding 8 1.56E-03
Translation elongation factor activity 4 2.51E-03
Poly(A) RNA binding 4 3.30E-02
RNA helicase activity 4 3.75E-02
B

Molecular Function Count Adjusted p-
Up regulated at 96hr value
Oxidoreductase activity 13 3.46E-05
Protein disulfide isomerase activity 3 4.04E-03
Transketolase activity 2 2.30E-02
Catalytic activity 33 4.16E-02
Down regulated at 96hr

Structural constituent of ribosome 39 8.93E-48
Structural molecule activity 48 1.15€-27
Nucleic acid binding 67 3.69E-25
Binding 75 1.66E-16
RNA binding 23 2.72E-11
Translation regulator activity 10 3.21E-07
Translation factor activity, nucleic acid binding 10 4,55E-07
Translation initiation factor activity 9 5.79E-07
Translation elongation factor activity 5 5.89E-04
MRNA binding 10 8.40E-04
Poly(A) RNA binding 6 9.81E-04
RNA helicase activity 5 1.66E-02

Table 3.4.6PANTHER molecular function (MF) enrichment of up or down-
regulated proteins from the CHO protein database 8 hr (A) and 96 hr (B) after
transient over expression of miR7 in CHO-K1-SEAP cells The number of proteins

from the submitted list associated with each GO term is represented by the count value.
Enrichment was deemed significant with a Bonferraijistedpv al ue OO0. 05
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Cellular Component Count Adjusted
Up regulated at 48hr p-value
NONE

Down regulated at 48hr

Ribonucleoprotein complex 13 3.97e-14
Macromolecular complex 17 1.38E-09
Ribosome 5 1.96E-08
Organelle 13 1.62E-03
Cytosol 3 3.73E-03
Cytoplasm 7 4.90E-03
Intracellular 14 9.80E-03
Cell part 14 2.81E-02
B

Cellular Component Count Adjusted
Up regulated at 96hr p-value
NONE

Down regulated at 48hr

Ribonucleoprotein complex 15 2.32E-14
Ribosome 5 1.76E-07
Macromolecular complex 18 2.43E-07
Cytosol 3 1.34E-02

Table 3.4.7PANTHER cellular component (CC) enrichment in up or down-
regulated proteins from the CHO protein database 8 hr (A) and 96 hr (B) after
transient over expression of miR7 in CHO-K1-SEAP cells Thenumber of proteins

from the submitted list associated with each GO term is represented by the count value.

Enrichment was deemed significant with a Bonferroni adjustecapl ue OO0. 05 .
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3.4.4 KEGG analysis

KEGG (KyotoEncyclopaediaf Genes and Genomés)ttp://www.genome.jp/kegdiis

a database of 472 pathways tbte 372,728 genes which are searched against
submitted lis of identifiers A number of search functions are available including
pathological associations and ligar{f&nehisa et al. 2002Yhe basic pathway search

was used for the purposes of this experiment. The lists were searched against the KEGG
pathway human database through DAVID and then the corresponding significant
pathway bart was obtained froldEGG.

UsingKEGG with the differentially expressed proteins derived from the CHO database

in response to mi over expressiothe following was observed

1 At 48 and 96 hr up-regulated proteins weresignificantly assaiated wth
Glutathione metabolisn(Figure 3.4.2 and 3.44). Specifically these proteins
were Glutamateysteine ligase, modifier subunit (GCLM), Glutathione
Synthase (GSS)Glutathione Sransferasemu (GSTM1), Glutathione -S
transferase pi (GSTP1) a8 4r. The same proteins weadsounregulated a6
hr in Glutathionemetabolismwith the exception ofGSS and the additionf
Isocitrate dehydrogenase 1 (NADP+), soluppl2H1), Glutathione Sransferase
alpha 3(GSTA3J). These proteins are indieat in the pathway as being involved
in enzymaticreduction (RX) of glutathione which is important in detgiif

functions in the cell

1 At 48 and96 hr downregulatedproteinswere associated with the ribosome
pathway (Figure 4.43 and 4.4.5). There are a large number of ribosomal
proteins downregulatedin the ribosomal pathwayl8 at 48 and33 at96 hr
respectively. Due to the highly -@perative nature of ribosomal proteins as well
as some ribosomal proteins involved only in the formation of the ribosome itself
it may be difficult to determine the role of this pathway. Generally hewesth
SO many proteins in thi pathwaydownregulatedand the reduced growth
phenotype observed in tmeiR-7 transfected cells it may indicate a large scale
down regulaton of protein synthesis reducing proliferation. This again would be
consistent with ta findings in DAVID and PANTHER relatedown regulation
of proteins involved irribosomalstrucural subunit formation, RNA synthesis,

translation and dowregulation rehted to proteins localised to the ribosome
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Figure 3.4.2Diagram represening protein up-regulation in the Glutathione
Metabolism pathway using DAVID and KEGG analysis Four proteinghighlighted

in orange abovwith two proteins representdxy "2.5.1.18") were upregulated in CHO

cells at 8 hr after transfection withmiR-7. The KEGG diagram denotes Glutamate
cysteine ligase, modifier subunit (GCLM) and Glutathione Synthase (GSS) as 6.3.2.2
and 6.3.2.3 respectivellutathione Sransferase mu (G3T1) and Glutathione S
transferase pi (GSTP1) are denoted by 2.5.1.18 where a number of enzymes reduce
(RX) glutathione in performing importaxetoxifying functions in the cellContrary to

DAVID and PANTHER this analysis shows the exact locaiohproteins in enriched

pathways.
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Figure 3.4.3Diagram representing protein down-regulation in the ribosome
pathway using DAVID and KEGG analysis From the differential list ofdown
regulatedproteins at 8 hrin miR-7 over expressig CHO cells 18 ribosomal members
(highlighted in orange aboysome contain more than one) Were found to enrich for

the ribosomal KEGG pathway (Bonferonni p<0.05). The above KEGG diagram

represents the large ribosoma0d$) and small 80S) ribosomal subunit
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Figure 3.4.4Diagram represening protein up-regulation in the Glutathione
Metabolism pathway using DAVID and KEGG analysis Six proteins(highlighted in
orange abovevith "2.5.1.18" representing 3 prote)ngereup-regulatedn CHOccells at

96 hr after transfection wittmiR-7. The KEGG diagram denotes Glutamaysteine
ligase, modifier subunit (GCLM) as 6.3.2, Isocitrate dehydrogenase 1 (NADP+), soluble
(IDH1) as 1.1.1.42 and the remaining fopiroteinsGlutathione Sransferasealpha 3
(GSTA3), Glutathione Stransferase alpha (GSTA2), Glutathione Sransferase, mu 1
(GSTM1) andGlutathioneS-transferase RGSTP1) are denoted by 2.5.1.
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Figure 3.4.5Diagram representing protein downregulation in the ribosome
pathway using DAVID and KEGG analysis. All 33 members of the ribosomal
membersdown-regulatedin CHO cells96 hr after miR-7 transfection are labelled
(highlighted in orange abové) the KEGG diagram representing the large ribosomal
(50S) and small30S) ribosomal subunit.
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