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Abstract

New Zealand has one of the highest rates of colorectal cancer (CRC) in the world, resulting in
approximately 1200 deaths per year. Optimising the use of adjuvarhotherapy is one key area

to reduce CR@:lated mortalities. Stage Il colon cancer patieats clinically and biologically
heterogenous. Despite 680% of these patients being cured from surgery alone, a subset of these
patients have a recurrence risk@oximating stage lll disease. Current risk stratification for the
administration of adjuvanchemotherapy fails to accurately detect subgroups with different
prognostic and treatment sensitivities. The discovery and use of molecular biomarkers couttibe us

to improve the power of this risk stratification.

The aim of thigxploratory, pilot study was tocharacterise the expressiaf potential prognostic
biomarkers, CD147, omoRNA-29a and niroRNA21, ina small pilot cohort of stage Il colon cancer
patients. These markers are strongly associated with aggressiveness and progresatenstage
CRCHowever, their prognostic potential in early stage colon cancer has not been well defined.
Additionally, these markers are expressed on tumderivedextracellular vesicle@EVs)which can
home to nearby lymph nodes and promote the spread ofcearConsidering the lymph nodes are
the firstsite for dissemination of tumour cells in CRC, tEVs may be patrticularly relevant to stage Il
colon cancer patients ko undergo recurrencéel herefore, the overexpression of these markers

could be riskfactorsin the tumour and draining lymph nodes of these patients.

Tumour, normal mucosa, and the draining lymph nodes were collected from 13 stage Il colon cancer
patientsat the time of surgical resection. Immunohistochemical and quantitative reverse
transcription PCR techniques were optimised for the detection of CDhR21 and miR29ain all

tissue types. The histological morphology of the lymph nodes was also explored

We foundCD147 was overexpressed in 60% of tumours while2hiRas overexpressed in 5@%o
tumours.When combinedCD147 ad miR21 potentially highlighspecific subsets of patients.

Tumourassociated expression of miR was dysregulated in the lymplodes, whileumour-



specificCD147 expression was not detectable due to immunologissbciated expresgio Instead,
histomorphological findings suggestadarge variation in the number, size and shaps/aiph node
B cell compartments. Specificalthanges in follicle and germinaéntresize density and size were

associated with pathological risk factors such as, the presence of lymphatic invasiostage.T

CD147 and miR1 areconsiderablydysregulated in stage Il colon tumowsd combined withour
knowledge of their functionality in preclinical and clinical studileey represent potential
prognostic biomarkers for this populatiowe have also daonstrated how he heterogenous
hisomorphology of B cell compartmentwithin the lymph nodescoud be a reflection of the
observed clinical éterogeneityin these patientsAltogether, these potential biomarkers could be
used to strengthen the currentgk stratification in stage Il colon cancer patieM#hile our
preliminary data warrants validatioin a future, larger cohort, our findingemonstrate the clinical

feasibility of detecting potential biomarkers andetit the researchiesign of future sidies.
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1.1 COLORECTAL CARGIPREVALENCE, TRIMEENT AND OUTCOMES

1.1.1 PREVALENCE OBLORECTAL CANCER

Colorectal cancer (CRC) is the second most frequently diagnosed malignancy in New Zealand (1).
Over 3000 people are diagnosed with CRC every year, claappngximately 1200 lives. More than

75% of these diagnoses occur in people 60 years and oldehgrgfdre, with an ageing population
these statistics are expected to worsgh 2). In addition to this, New Zealand and Australia have the
highest per capa rate of CRC in the world (1). This highlights the burden of CRC in the clinic and the
tremendous value improved patient outcomes would have for New Zealanders and our health

system

1.1.2 COLORECTAL ©AR AND PATHOLOGIGARGING

CRC is a malignanaf/the colon or the rectum whereby colon cancer represents approximately 74%

2F /w/ Qa sAGK NBOGFE OFYyOSNE YIF{Ay3a dzLJ G4KS YAy2N
make up tke majority of the large intestine with the colon being proximal to thetosigmoid

junction and the rectum being distal (3). More than 90% of colorectal carcinomas are

adenocarcinomas originating from epithelial cells of the mucosa (4) and are charedteyis

glandular structures with varying abnormalities. Other CRC tun@amsarise from neuroendocrine,

squamous, spindle and other cell types, although they are particularly rare (4).

The TNM staging system is the single strongest prognostic indicatGRG which assists in

treatment decision making (1). Histological exaation determines the depth of invasion through

the bowel wall (], the number of lymph nodes involved (N) and presence of distant metastasis (M),
ultimately reflecting the extent fodisease) (Table 1). For stage | the primary tumour has invaded
the submucosa or the muscularis propria while for stage Il it has invaded into the subserosa or

visceral peritoneum (Table 1). By stage Il the cancer has spread to a number of lympanmebtgs
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stage IV the cancer has spread to distant organs (Table 1).diugoothe New Zealand PIPER
Project Statistics (2018), patients diagnosed wittge | colon cancer have an 80% lgegn survival

rate which drops to 6% istage IV patients, reflging the prognostic significance of this system (6).
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Table 1: TNMt8&ging System for Colorectal Cancer (5)

Primary Tumour (T)

Tx Tumour cannot be assessed

Tis Carcinoma in situ

T Tumour invades submucosa

T2 Tumour invades musculagsopria

T3 Tumour invades subserosa

Tsa Tumour directly invades visceral
peritoneum

Tap Tumour invades or has attached to adjace
organs/structures

Regional Lymph Nodes (N)

Ny Lymph nodes cannot be assessed
No No lymph node metastases

N1 Metastases in B lymph nodes

N aSiladlrasSa Ay xn f@
Distant Metastasis (M)

My Metastases cannot be assessed
Mo No distant metastases

M, Distant metastases present

Stage

I Ti-To

A Ts

1B Taa

lIc Tap

A Ta-T2,Ni/Nicor Ti, Nea

B Ti-To, Nop OF To-Tz, Noa OF T-Taa, N1 /1c
nc Tap, Ni-N20r To-Ts N2a OF Ts.Taa, Ni-N2
v Ti-a, Ni2, My

1.1.3 TREATMENT OBN-METASTATIC COLGCKNNCER

Surgical resection of the primary tumour is the mainstay of treatment for CRC cancers. However,
surgical approaches and targeted secondary treatments for colon and rectal cancers are distinct (7,

8) suggesting they should be considered separately.

The type and extent of surgery performed largely depends on the location and stage of the tumour

andthe draining lymph nodes (9). For nametastatic colon cancers where surgeries are performed
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with curative intent, typically the surgical approach is a right/ftefmicolectomy, transverse
colectomy or subtotal colectomy (10). All remove part or the etjiad the colon and draining
mesenteric lymph nodes. Alternatively, the surgical approach for rectal cancers involves a total
mesorectakexcision(TME) which remees the entire mesorectum and lymph nodes and the intact
enveloping fascia (11). Consequenthg rate of complications, including anastomotic leakages,
blood clots and infections, are higher in rectal cancer patients (7). Despite this, associatedynortal

rates are higher in colon cancer patients due to more severe complicationsagry in his

group (7).

Differences also exist in the use of systemic and targeted secondary treatments that aim to reduce
the risk of recurrence and death between colmmd rectal cancer patients ($jor many non

metastatic colon cancers, treatment pestirgery $ limited to chemotherapy while rectal cancer
surgerycan be preceded by neoadjuvant radiotherapy or chemoradiation and less commonly
adjuvant chemotherapy (9figure1). This is largely due to the high risk of locoregional recurrence in
rectal cancers as a reswof closely surrounding organs and the difficulty of achieving wide surgical
margins (9). Additionally, colon and rectal cancers are varied in their respotisese treatments

and their longterm recurrence rates (9). While these two cancers are ofedarred to in

combination, this study has focused on colon cancers due to disparities in treatment and thus we

will refer to colon cancer from here on.
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Patient centered discussion
regarding risk/benefit of
chemotherapy versus
observation

-_— -

Figurel: Basic flow diagram of treatment in nometastatic CRC.

Colonand rectalcancer patients undergo surgical resection of the primary tumour. Rectal cancer
patients may be preceded by neoadjuvant (chemo)radiation before surgery. TNM dtzage is
confirmed after surgical resection. The choice ofttieCRC patients undergdjuvant

chemotherapy comes down to an informed patient/clinician discussion. Spagjertsrarely

undergo adjuvant chemotherapy while most stage Il patients undergo chemotherapy. The decision
to administer chemotherapy to gja Il patients is usually ledsasghtforward.

1.1.4 RISK ASSESSMHEN STAGE Il COLONNCER PATIENTS

Recurrence following curativiatent surgery and adjuvant therapy in colon cancer is often the
ultimate cause of death (12Complete recovery fortage | patients isargely achieved by surgical
resection alone with these patients having-géar survival rate of approximately 90% (1s8age I
and Il patients experience survival rates of approximatelg@@ and 480% respectively (13)

thereforethe addition of adjivant chemotherapy in these patients is considetiglure 1)
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Despite this, the decision to use chemotherapy, particularly for stage Il patients is complicated and
variable(figure 1) Stage Il patients are clinically heterogenous. @/mbst stage lpatients only

require surgical resection far curefrom the disease, a subset of these patients have a survival rate
approximating or even beyond stage Ill disease (13). This suggests the TNM staging system alone is
limited. Therdore, highriskclinicopathological features are also considered in stage Il patients to
assess their risk of recurrence and guide the administration of chemotherapy. Although no
consensus exists on the definition of higbk stage Il colon cancer, int@tional guidelirs include
features such as T4a and T4b stage, poorly differentiated pathology, perforation, bowel obstruction,
perineural invasion, lymphovascular invasion, less thattZymph nodes examined and positive
surgical margins (13). But eveiith incorporatbn of highrisk features, inconsistencies exisive

1y26 GKIFG WFE@SNF3IS NRA1Q LI GASyda OFy NBOdzZNI 6 KA f
together it appears the current risk assessment for stage Il patients is limited. Téfisdsed by
contradictory evidence from clinical trials and discrepancies between international guidelines over

treatment decisions.

1.1.5 GUIDELINES FOREATMENT DECISIONS

In contrast to stage Il patientdecision making regarding the use and lackss af adjuvant

chemotherapy in stage | and Il colon cancer patients is mostly straightfor8tage patients
GeLIAOrfte 2yfé& NBIdANB a2dz2NBSNE FT2NJ O2YLX SGS NBO2
Provision for Bowel Cancer Patients do reiommend the adhinistration of adjuvant

chemotherapy to these patients (Bble 1) (15). This is consistent with major international guidelines

such as The National Comprehensive Cancer Network (NCCN) (13) and The European Society of

Medical Oncology @VIO)(12) (Table 1)Similarly, the decision to use adjuvant therapy in stage Ill is

also relatively uncomplicated. All guidelines strongly recommend the use of adjuvant therapy in all

stage Il patients (Table 1).
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Despite this, discrepancies exist between onajuidelines ogr the use of adjuvant chemotherapy in
stage Il colon cancer patients. The NCCN guidelines recommend observation, a clinical trial or a
course of adjuvant therapy for all stage |l patients regardless ofrisgteatures (although the
presence of these fatures should weight the decision towards padjuvant therapy) (13).
Fluoropyrimidinebased regimens are recommended with the addition of Oxaliplatin only for high
risk patients (Table 1) MO are more conservative in their recommendasahat adjuvant
chemotherapy should not be administered to stage Il patients and only considered for patients with
highrisk features, however no specific requirements of the chemotherapy regime are given (12).
Similarly, the New Zealand Bowel Cancer Tun&iandards reammend the use of adjuvant

chemotherapy only for highisk stage Il patients (15).

Across all guidelines there is a general agreement that the decision to use adjuvant chemotherapy in
stage Il patients should incorporate informed discussiogtsveen the paient and physician. This

involves consideration of prognostic aspects of the disease itself as well aissase related
characteristics such as comorbidities, fithess and age (12). It cannot be absolutely recommended one

way or another viaether to use cemotherapy.
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Table2: International and New Zealand Guidelines for treatment of stagil lcolon cancer

patients.
Guidelines

NCCN 2018 (13)

Stage |

No adj chemo

Stage |l

No adj chemo or
Clinical triabr
5-FU/LVor

Capecitabin&

Stage Il higkrisk  Stage llI

5-FU/LV or
Capecitabine or
FOLFOr
CapeOkor

FLOXfor
patients with at
least one high
risk factor

FOLFOX or
CapeOx or
FLOX or

5-FU/LV or

Capecitabine

ESMO 2013 (12)

No adj chemo

No adj chemo

Adj chemo (type
not specified)for
patients with at
least one high
risk factor

FOLFOX or
FOLFOX°or
CapeOx or
FLOX or
5-FU/LV or

Capecitabine

NZ Standards of
Service Provision
for Bowel Cancer
Patients 2013
(15)

No adj chemo

No adj chemo

Offered same adj
chemo regimen
asstage Il
patients

Oxaliplatinbased

a5-FU; fluorouracil and leucovorin calcium combined
bCapecitabine; #U prodrug
CFOLFOX, FOLF@®)CapeOX, FLOX; Oxalipitased therapies

1.1.6 EVIDENCE FORETUSE OF ADJUVANHE®IOTHERAPY IN STAGEOLON

CANCER

Contradctory evidence from clinical trials has led to discrepancies in guidelines for the use of

chemotherapy in stage Il colon cancer patients. Prior to 2007, there was no compelling evidence for
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the use of adjuvant chemotherapy in these patief@®@me landmarkials (including IMPACT B2,
Ontario, MOSIAC and NSAB@7Y; failed to find any statistically significant benefit for overall
survival (OS) in stage Il patients (16, 17, 18, 19). Trials comparing FluorotiabiMEh no
chemotherapy fond no benefitm OShowever, a trend towards benefit was noticed§,17, 19)In
contrast to this, the QUASAR trial, which randomly assigned patient&tbdnd no chemotherapy,
found a small but significant 2.9% increase in OS in the treated ge@upg-(rrthermore, tte results
of a 2016 analysis of over 150,000 stage Il colocaapatients, supported the QUASAR trial and
found treatment was statistically associated with improved survival (HR, B<D&)01) 21). These
conflicting results make it difficult to derivtbe true benefit chemotherapy has for stage Il colon

cancer péents.

For highrisk stage Il colon cancer patients, the role of chemotherapy is still debated. Clinical and
pathological data required to subgroup patients in large clinical trials are ngpledenor precise
enough to evaluate treatment in small patiesiibsets (20, 22). Therefore, the idea that
chemotherapy should be administered to higbk patients is based off higisk features that are
only moderately prognostic of outcome in stagedlon cancer. The rationale for providing
chemotherapy to highisk stage Il is the clear benefit seen in stage Il colon cancer. A recent meta
analysis found the-§ear diseasdree survival (DFS) in stage Il colon cancer patient was 49% for
those not treated with chemotherapy and 63.6% for those who were (19). Bexhighrisk stage |l
patients have afyear OS closer to stage Il disease (13), it may be worth exposing only these
patients to chemotherapy as opposed to all stage |l patients. This ietspgrtives ofthe ESMO

and NZ guidelines (12, 15): if theseai benefit from treatment in stage Il patients it is likely to be

small and only pplicablea subgroup.

Interestingly the NCCN suggests chemotherapy be an option for all $t@gdients, regedless of
risk status, because the evidence base for the bi¢éfluorouracil (FUpased therapy in stage Ill

patients is clear (13). However, inconsistencies exist within these guidelines. The addition of
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Oxaliplatin to fluoropyrimidine therapies haskar benefit in the OS of stage Il patients. While
there isno such evidence in stage Il patiethi® NCCN recommend the addition of Oxaliplatin to

fluoropyrimidine therapies only to highisk stage Il patients as opposed to all stage |l patients (13).

1.1.7 LIMITATIONS AHE CURRENT RISSSESSMENT FOR STAGRATIENTS

The ultimate decision of whether to administer adjuvant therapy to stage Il patients appears to
come down to an imperfect risk assessment and-d@ease related characteristics. Agjgested,
stage Il colon cancer patients represent a clinjdaditerogeneous group. No largeale study has
thoroughly assessed the prognostic and predictive impact of all risk features together. However,
clinical observations suggest these risk featwmesonly moderately prognostic and lack the ability
to predid responders from nomesponders to chemotherapy in stage Il colon cancer patients. This
suggests the current definition of higisk patients requires refinement or revaluation. In an ideal
situation, prognostic indicators would more accurately strattgge Il patients to prevent the over

or under use of chemotherapy.

1.2 PROGNOSTIC ANBBEDICTIVE MOLECULARMARKERS IN COLCRNNCER

The search for molecular biomarkers for the managemeadients withstage Il colon cancer has
been the focus of agnificant amount of intensive research (20, 23, 24). This is largely based on the
poor predictive power of current pathological and clinical factors, as previously discussed. The
heterogeneouseasponse to adjuvant chemotherapy seen in this populatiokédylia reflection of
heterogeneity at the biological level. Exploring the underlying biology may allow us to detect more
powerful prognostic and predictive factors (25). For this reason, ma@ebibmarkers are a

particularly promising development. Molelew biomarkers could also be additive to
clinicopathological factors currently used to stratify stage Il patients and improve the accuracy of

this stratification.
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Indeed, molecular markers alrdg routinely used in the clinic for CRC, sucRascinoembrynic

antigen CEA, KRAS and microsatellite instabitatus(MSI) have been evaluated for their

prognostic significance in the context of stage Il colon cancer patients. However, only Md$I sta
appears to have any clinical relevance to this patienugrand is now thus routinely used in the

clinic for this population. Conflicting evidence exists as to the effectiveness of CEA and KRAS and
their associations with recurrence are likely weag, (24, 26). Importantly, they have not been

shown to add any wre prognostic/predictiveriformation to current clinicogthological risk features

(23, 24), this is reflected in their infrequent use specifically for stage Il colon cancer patients (12, 13).
Candidate biomarkers such as geagpression profiling have al€merged in the literature.

However, these markers seem to also be limited by their weak associations (27) and our poor

understanding of how their underlying biology is relevant to stage dincchncer patients.

1.2.1 MSic A VALIDAED PRO ADJUVANFROGNOSTIC BIOMARKER

MSlis an example of a successful functional biomarker (currently implemented in the clinic) that has
significant prognostic ability in stage Il colon cancer patients. Missna moleculasignature of
deficiency in the mismatch reyr (AMMR) proteins and as such, MMR proteins are routinely
measured by immunohistochemist@lHC)in the clinic as a surrogate for MSI (28). MSI status has
mostly been used for the detection bfynch syndrome, an inherited form of a dMMR system (13).
Theidentification of this is particularly important to manage the risk of other cancers for the patient
and their family members (13). Additionally, this status has been found to hold valuableogtimg

and predictive information in sporadic cancers whichstdutes more than 75% of all MSI tumours

(29).

Studies have consistently shown patients with MSI tumours in colon cancer have a better prognosis
compared to stable tumours (MSS) (30, 31, BEJI status is a more relevant prognostic factor in
stage Il ptaents, as MSI tumours are more common in stage Il affecting approximately 22% of stage

Il patients and only 12% of stage Il patients (21). Additionally, using data from the PEFiaC
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MS waspotentially more powerful in terms of OS abdSor stage |l patients compared to stage |l
patients treated with adjuvant chemotherapy (33). Stage Il had a hazard ratio (HR) for OS of 0.16
[95% CI 0.00.64, P=0.001] while stage Il patients ladR of 0.70 [95% CI 0-24€9, P=0.04],

which was statistidly significant 83).

MSI status may also be a predictive marker of treatment-f8bchemotherapy igtage Il patients.

This is primarily because the recurrence rate is considered too lovstifyjadjuvant chemotherapy

in patients with MSI tumours (34Additionally, some studies have indicated MSI tumours have a
decreased benefit to adjuvant therapy (31, 35). In a retrospective analysis, stage Il MSI patients who
received chemotherapy did naxperience an increased benefit compared to MSI patients aitio

not receive chemotherapy. HowevevlSS patientslid see a benefit with the addition of
chemotherapy 83). Further, noDFSenefit was detected with a trend towards worse outcesnin

patients with MSI treated with Fluoropyrimidine monottagry 33). This indicates-8U based

chemotherapy may be detrimental to MSI tumours in stage |l patients.

The exploration of the underlying biology I statudurther strengthens this assation. MSI

tumours often arise through disruption of the MLHAMS2, MSH2 or MSH6 genes which results in
changes in pathological and molecular features not seen in BESThe abundance of M&iduced
frameshift peptides are frequent targets of the immausystem in MSI patient8§). Many of these
responses have sgequently been shown to be mediated by tumour infiltrating lymphocy3é. (
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means theyare less likly undego immune evasigran important hallmark of cancer progression

(35).

While MSI status appears to have powerful prognostic significance only 22% of stalps itancer
patients have MSumours (21). This leaves a considerable number of patients with unpredictable
treatment responses. Therefore, there is still a pressingdrfee more biomarkers like this to further

stratify stage Il patients and guide their treatment decisions.
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Taken together, the success of this marker highlights two important points. Firghg, ida great

need for more biomarkers like MSI statugliis population of patients. Secondly, MSI status

highlights the factors necessary for clinically relevant biomarkers. As implied, this includesga st
association with prognostbat is indepenént of the TNM staging system and other
clinicopathologicatisk factors, as well as the ability to predict outcome to treatment. Further, a
clinically feasible way of detecting these markers is necessary. For example, dMMR can effectively
be measured byHC without the requirements of a molecular laboratory (Z3)nctional relevance

of biomarkers to stage Il colon cancer also provides confidence and can be used to form hypothesis
for future drug targets. The effect of MSI on the surrounding turamigroervironment(TME)as
described earlier, is clear, while foxample geneexpression assays, developed through statistical

approaches, do not provide any reassurance of their biological role (37)

More recently, microRNAs and functional proteins associatéid twimour-derived extracellular
vesicles (tEVs) have emedyas potential biomarkers for stage Il colon cancer patients. Their
feasibility as a biomarker in the clinic and their functional relevance to stage Il colon cancer patients

makes them an attractevapproach, as will be discussed.

1.3 MIR21, MIR29AAND ®147 AS MOLECULAROBIARKERS IN CRC
1.3.1 MIRNAS: DEFINON AND FUNCTIONCRARCINOGENESIS

MicroRNAs (miRNA) are small, Aaoding, regulatory RNAs comprised of24 nucleotides (38

They typic8ly function by interacting with specific mMRNAs through ptamentary baseairing to

influence the translation or stability of the target mMRNA molecule (38). These RNA fragments are
involved in many intracellular processes and remarkably, a single miftidiesis capable of

binding and repressing multiple mRNs&dets (38). As such miRNAs have been implicated in several
biological and pathological processes, including carcinogenesis (38). The dysregulation of miRNAs in
cancer cells has been found to irdhce a diverse range of intracellular pathways in cancis ce

namely cell proliferation, apoptosis, differentiation and inflammation (89y this reason, many
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carcinogensis (39).

1.3.2 MIRNA21 AND MR-29A AS BIOMARKERSCOLORCTAL CANCER.

Several aspects of tumoassociated miRNAmMake them attractive as a new class of prognostic
biomarkers in earhgtage CRC. Most striking is their stability in biofluids partiaiytd their

presence within membranous nasnicro sizedpar A Of Sa O I-defiv&Bxtratdilday 2 dzNJ
vesicles 6 ({49)+Farther, their aberrant expression profiles vary among difference tumour types
making them specific to CRC (40). At least 37rdifftemiRNA species have been found to be
dysregulated in tmour tissue (41)included amag these areniR21-5p (miR21)and miR29a3p
(miR29a) Both are significantly upregulated in CRC tissue and in the blood of CRC patients (42, 43,
44, 45). More importarly, studies over the last 10 years have gone on to fingifgggnt associations

with these miRNAs and clinical risk factors, namely lymph node positivity and distant metastasis (41,
44, 46). Subsequently, the functional role of @IRand miR29a and theitargets have been

elucidated, further strengthening thepotential as functional prognostic biomarkers in colorectal
cancer (47, 48, 49). Despite this, the potential for these miRNAs as biomarkers in stage Il colon

cancer has been less well explored.

miR-21 represents one of the most intensively studied oncBsdue to its abundant overexpression
in the vast majority of cancers including CRC (50). In CR@Q LrigRrguably one of the most
dysregulated miRNAs (41). Oneof miR1 Q& Y2 &l O &slishtd abilitySdNddiEcE sRabldNP f
activation ofPTENan mportant tumour suppressor. In turn, this stably induces the NFkb
inflammatory pathway (47, 48) which is known to foster conditions to promote cancer progression,

invasion and metastasis (51).

Unairprisingly, elevated miR1 has consistently been assoeidtwith lymph node positivity,
advanced TNM stage, poorly differentiated tumours and other clinical risk factors (41, 42, 46, 52) in

populations consisting of all TNM stages. Furthermore2difsan independent predictor dDFS
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(41, 46, 52). However, fegtudies have focused primarily on the prognostic impact of-giifn

stage Il CRC. Interestingly, rZiRexpression increases from early to late stage CRC and elevated
levels have even been detett in adenomas (46). This suggests-@iiRverexpression add be an

early event in progression of cancer making this miRNA particularly relevant to stage Il colon cancer

patients.

Similarly, miRR9a is dysregulated in the majority of cancer types inclgdiRC. Interestingly, this
mMiRNA is downregulated in mosircer types (53) but significantly upregulated in tumour tissue and
the blood of CRC patients (54) compared to healthy controls. This is consistent with its specific
functional role in CRC wherehibition of Ecadherin, promotes epithelidb-mesenchymatransition
(EMT), thereby promoting cell invasion and metastasis (38). In contrast t8mik prognostic
potential has been less well explored in CRC tissue however, it iskneelh secretoy miRNA that
has both diagnostic and prognostic potentiakie blood of CRC patients (44). Further, this marker
has been associated with distant metastasis and [108{44). Taken together, miR9 could also be

an important prognostic tumour biomarker gtage Il colon cancer.

1.3.3 CD147 AS A BMARKER IN CORECTAL CANCER

In addition to miRNAs, protein markers are particularly important as they provide a more dynamic
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like miR21 and miR29, it is released extracellularlytiBVs and plays an important role in tumour
progression and aggressiveness (56). CD147/EMMPRIN (extracellular matrix metalloproteinase
inducer), is best known for its role as a maitrigtalloproteinase (MMP) inducer (57). MMPs are key
mediators for extrackular matrix (ECM) and basement membrane degradation and therefore
promoters of invasion and metastasis in cancer (57). More recently, CD147 has been shown to be
involved in angiogessis by enhancing VEGF levels in cancer cells and the mesenchymed58), an
other features such as hypoxia, aapoptosis and chemoresistance through a complex network of

interactions (58, 59).
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Notably CD147 has been detected in the vast majority of hucaacer types including CRC (60) and

is one of the most highly expresspibteins in disseminated cancer cells (61). Several publications
have reported increased relative CD147 expression in CRC tumour compared to normal adjacent
tissue and some have sulzgpeently found associations with lymph node positivitistant

metastasisas well as DRB2, 63). Despite this, few studies have explored CD147 expression in stage
Il CRC alone. Those that have are small and variable in their outcomes with some regorting
association with cumulative survival and others failing to validai® 63, 64). This makes forming

definitive conclusions difficult

1.4 SURROGATE MARIKEROR EXTRACELLUNARICLES

The functional relevance of potential biomarkers, including-2iRmiR29a and CD147, may go
beyond their expression in tumour tissue amel utilised in the tumowdraining lymph nodes
(TDLNSs) of stage Il colon cancer patients. This is not in the context of detecting occult lymph node

metastasishowever. Perhaps prelimary tothis is the detection of tEVs

As mentioned, tEVs are bioactiveano-micro sized particles, released from normal cells and tumour
cells but in greater abundance (65). EVs are the generic term for many diverse, secreted vesicles
including exosomesnicroparticles and microvesicles (65). They are central to interaellula
communication by carrying specific nucleic acids and proteins from their donor cell. They are
abundant throughout the body, travelling through several bodily systems, includingrtighatics

and blood and are capable of transferring molecular carg@tipient neighbouring and distant cells
(65). Consequently, tEVs have recently emerged as biomarkers and functional mediators of

tumourigenesis in TDLNs and distant organs of caratems (65).

One mechanism by which tEVs contribute to tumorigenediy iermation of the premetastatic
niche (PMN) in the draining lymph nodes (66). IRmiR29a and CD147 have mostly been
characterised as bloedased tEV markers however, theirtpatial to detect tEVs in the lymph

nodes is highly relevant to higisk stage Il colon cancer patients for two reasons: Firstly, the TDLNs
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are typically the first place for dissemination of tumour cells (67) and secondly, detecting tEVs in
surgically rescted TDLNSs is technically restricted. There is currently no standalisedidated
methodology for isolating tEVs from human tissue samples let alone in a clinically feasible manner.
Therefore, these markers could act both as biomarkers themselveswanoyate biomarkers for

tEVs.

1.4.1 TEVS AND THREEMETASTATIC NICHEMN)

The PMN is a term relatively new to the field of metastatic research; however, it is thought to at
least be partially responsible for metastatic formation (88)ensive researckfforts in animal
models have discovered factors necessary for PNM formaticinding tumourderived secretion
factors (TDSFs) that are capable of conditioning distant sites in the body by regulating
immunosuppression and hypoxia. This allows the regreiit and survival of metastatic cells within
these sites (68). Along with TBSEEVSs are now emerging as potential mediators of PNM formation.
Peinadeet al (2016) demonstrated the mechanistic role for melanedaived EVs to condition the
PMN (66). Using mouse model, they demonstrated the ability for tE/gslated from metastat
melanoma cell lines, to educate bone marrolerived cells (BMDCs)hispromoted vascular
leakiness, a hallmark of praetastatic formation, at pranetastatic sites (66). Whikk\tmediated
PMN formation has not been investigated in CRC it has been darated in animal models for
breast, renal, pancreatic and other canceg9,(70, 7). This suggests PNM formatioould be a

phenomenon in CRC.

1.4.2 EVS AND CONDDNING OF THE LYMRBDES

In CRC the TDLNSs are the first place for dissemination of tumour cells (6y)ridrode

metastasis is the most important prognostic factor differentiating stage Il and Ill CRC (72). Therefore,
certain molecular patterns and subsequent morphological chang&®LNs of stage Il patients may
provide evidence of prenetastatic spreadq3, 74). tEVs present in the lymph nodes could be one of

the first steps involved in metastatic spread to distant organs. Strikingly, melademsd EVs
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have been shown to supgpt PNM formation in the lymph nodes by enhancing melanoma cell

recruitment ard potentially regulating the extracellular matrix and vascular proliferation (75) (Figure

2). This animal study demonstrated the ability of melanoma EVs to home to sentinel hodph

and present molecular signals to influence the recruitment of melanoefia as well as extracellular

matrix deposition and vascular proliferation, ultimately facilitating metastatic spread (75). This fulfils
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preparation for meastasis {6) (Figure2). Following up from this, Het al (2015) tracked melanoma

EVs to specific regions of lymph nodes usingikl&vo(77)C2 NX¥'F A2y 2F thabQa &LISC
lymph nodes via tEVs has also been demonstrated in gastric, breast amahosamcer animal

models (78, 79, 80) however, there is no such evidence in colon cancers.
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Figure2: Melanoma-derived tEVs homing to lymph nodes

A) Exsomesor tEVsshed from the primary melanoma and home to sentinel lymph ndjes.
Exosomes release molecular signals in the lymph nodes to change the extracellular matrix and
promote angiogenesis. C) Exosomes promote the recruitment of melanoma ggfiploriodes and
support their deposition and growth through the changes made. From Hood et al 2011 (75).
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1.4.3 LYMPH NODE TEXS PROGNOSTIC ADIR/PREDICTIVE BIOMERS IN STAGE

[ COLON CANCER

The prevalence of this phenomena across several types of caseggests itould be active in

colon cancer. Extending from this, is the idea of using tEVs or surrogate markers within lymph nodes
as prognostic and/or predictive biomarkers for clinical use. Stage Il and Il colon cancer are stratified
based on the grsence of tumar cells in the lymph nodes. Given tEVs directsjtecific metastasis
through the lymph nodes, (8 etection d tEVs in thdymph nodescould be indicative of higher risk
stage Il diseas€&omparedto other emerging candidatdiomarkerswheresome are limited by lack

of understanding of their mechanistic roiEVs represent attractive biomarkerhis information

could be used to add value to TNM staging and other clinical risk factors to more accurately stratify
stage Il patients. Additionally, they may have préd&value interms of response to adjuvant
chemotherapy, under the hypothesis that patients with micnetastasis or earbgtages of cancer

spread might respond to this type of treatment.

1.4.4 DETECTING TENSLYMPH NODES UGISURROGATE BIOMARSE

Onemajor limiting aspect of tEVs is their detection in humans. Their identification and
characterisation remain a challenge in this field and any current technigues remain impractical in
clinical settingsg§2). However, cancespecific markers such as 2R, miR29a and CD147 are
currently being used as surrogates for bldoased detection of tEVs in CRC patients. This was
recently demonstrated by Yoshika and colleagues (2015) using antibodies againstrCib&4idod

of CRC patients. They found this siengiethod could be used to detect CD147 positive tEVs (56).
Likewise, Tsukamoto and colleagues (2017) detected2hifRrough exosomal plasma in CRC
patients finding significant correlations with tissue levas well as associations with clinical factors

(83). This was achieved through microarray analyses in exosomal plasma.

CD147 is detectable in the invaded lymph nodes of CRC patientdd€ingormalinfixed paraffin

embedded (FFPE) samples (62, B3)mentioned previously, this method is also usedumour
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samples for the clinical detection of MSI. FurthermoreRM#can now be extracted from FFPE
samples and subsequently quantified by quantitative reverse transcription PGP R (84).
Therefore it seems plausible and clinically appropriatatttEVs present in the draining lymph
nodes could be detected through IHC andd®PLR techniques in FFPE samples, after surgical
resection. This would also avoid compromising pathological assessment efiyngsh nodes for

diagnostic confirmation of theigsease.

miR-21, miR29a, CD147 or any tumospecific biomarker encapsulated in tEVs in the lymph nodes
of stage Il colon cancer patients has not been investigated to date but is certainly an interesting
research question. In contrast to other candidaterbarkers, in particular, gerexpression

profiling, these markers along with tEVs may have a clearer functional role. This is particularly
pertinent to earlystage colon cancer where patients typically ai nndergo neeadjuvant therapy,

which is known talisrupt the morphology of lymph nodes in rectal cancer patients (85).

The detection of miRR1, miR29a and CD147 in the tumour and lymph nodes of stage Il patients
could provide additional prognostic poweSuccess in this area may pave the way for nagmirate
stratifying of patients in the clinic, which would significantly improve the health outcomes of many
New Zealanders. Stage Il colon cancer patients are clinically heterogenous and therefore
stratification and subsequent treatment of these patieigsa challenge. MSI status is currently the
only successful biomarker that aids in decision making for treatment of these patients and paves the
way for more biomarkers to be used in the clinic. AnalogoudSI status, miRR1, miR29a, and

CD147 may have clear, functional role in tumour biology. Specifically, these markers are involved in
the initiation and progression of CRC. Further their association with tEVs, which are involved in
priming the lymph ndes for metastatic spread, make these markerdipalarly relevant for

detecting highrisk stage Il colon cancer patients. Lastly, detection of these biomarkers, both on their
own and as surrogates for tEVs, through IHC andAF®OR in FFPE samples, aldov their ease of

translation into clinical pratce.



32

1.5 AIMS AND OBJEWHS

There is an apparent need for more prognostic and predictive biomarkers to improve the risk
assessment and adjuvant chemotherapeutic strategies in stage Il colon cancetpaftien

necessary factors for a clinically sucéessiomarker include: A progrstic and/or predictive impact
that is more informative than current clinicopathological #faktors and a clinically feasible way of
measuring the marker. Further, functiomalevance to the specific populations can suppbg use

of biomarkers. miRR1, miR29a and CD147 have recently emerged as potential biomarkers in CRC.
Due to their functionality in the initiation and development of CRC and their association with tEVs
we hypothesise¢hese markers could provide importaptognostic information for stage Il colon

cancer patients.

The overall aim of this exploratory pilot studsasto characterise the expression of potential

biomarkers: miRR1, miR29a and CD147 in the tumpand draining lymph nodes in a small pilot
cohortof stage Il colon cancer patients. The use of antibodies specific for CD147 in FFPE samples
represents a simple, sensitive and clinically relevant approach. Further, molecular technologies, such
as RTgPCRprovide a strong quantitative tool with a highvel of precision and reproducibility to

detect small differences in expression levels of mMiIRNAs (86). The specific objectives of the study

wereas follows;

1) To establish and optimise the molecular teclugig necessary to detect mi, miR29a and
CD147%n the tumours, normal mucosa tissues and TDLNs of stage Il colon cancer patients.
Optimisation of IHC for the detection of CD147 anejRTR for the detection of M and miR

29a was performed in formatifixed tissues and/or specimens preserved in RiAl

2) To begin to characterise the expression levels of these markers in tumour and normal mucosa in a
small pilot cohort of stage Il colon cancer patients. This was to determine whether these markers

were dysregulated in the tumours and to what exteRtrther,to explore the prognostic significance
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of these markers weomparedthe expression status of these markers to certain pathological risk

features in the cohort.

3) To explore thexpression levels of these markers in the TDLNSs in thertdFhis was to
determine if tumourassociated expression of these markers was present in the TDLNs and could be

indicators of premetastatic spread.

We hypothesisd that cancerassociated miRR1, niR29a and CD147 expression levetsd be
measurable intte tumours and TDLNSs of stage Il colon cancer patients. Further, we believe

expression differences between tumour and normal mucosa tissue sampldd be detectable.

The results of this pilot stly will allow us to understand whether CD147, fAlRand niR-29a have

any prognostic utility in stage Il colon cancer patients, form hypotheses and determine whether the
detection of these markers is clinically feasible. Further, the results will detenvtieéher tumour
associated expression is present in theLlNB of these patients and has any prognostic potential.
Ultimately, this study will inform larger, future prospective cohorts which will validate the prognostic
significance of these markers to deteine whether they are more informative than current
clinicopathological riskactors and could add power to the current risk stratification of stage Il colon

cancer patients.
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2.1 ETHICAL CONSIDHRONS AND CASE SETBEN

2.1.1 ETHICS APPRQ@VND CONSENT TO PAKRPATE

At the beginning of the study period, the primary researcher selected patients (to be in the current

study) from the wekbased application Research Electronic Data Capture (REDCap), a database for

the Supical Cancer Research Group (SCRG) Colorectal CancekBidta multdisciplinary

research group collects and stores blood and tissue samples from CRC patients at Wellington
HospitalwhoK | @S O2y aSyiSR (2 o6S | LJ NIliPagedt a¢3ISYySGAO Iy
demographics and clinicopathological features also collected prospectively from hospital records

and stored within the REDcap database. Informed consent to collect tissue samples for banking and

future, unspecified research was obtained frontkagarticipant. Ethical approval for this biobank

and thecurrent study was obtained from the Central Health Ethics Committee (15/CEN/143).

2.2.2 ETHICAL CONERATIONS

Because the patients had already consented into being a part of the biobank, thedahe ethical
considerations of the current study. Howesy it was essential that the primary researcher was

aware of some aspects that were outlined during the recruitment process. For example, the
voluntary nature of participation, which means patieat® free to withdraw from the study at any

time. Furtherthe researcher had access to a secure database that contained specific patient details.
Therefore, it was a requirement of the researcher to adhere teddmtification and the

confidentiality of hese patients.

2.2.2 TE ARA TIKA
It was also important thisthe primary researcher was cognisant of the ethical considerations
AdzZNNR dzy RAy3 an2NR LI NOAOALI GA2y® wSaLISOG F2NJ I yF

example, Te Whakahoki i te Taongetirn of the gift) which refers to providing access fondos to
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research reports and raw data when requested, was discussed at the time of recruitment. Further,
disposal of tissues by a karakia (blessing) was offered at the time of recruitment anddhcho
adhered to. Specifically, the author of this studgatred all samples with respect during the research

protocols and kept in mind at all times the importance tikanga.

2.2.3 CASE SELECTHKND SAMPLE COLLEIN'|

A search strategy was applied basedtloa following inclusion/exclusion criteria: TNM stageolba
adenocarcinomas (5), excluding those within the rectosigmoid junction and patients that have
received neeadjuvant therapy. Patients with a previous history of malignancies or inflammatory
bowe conditions were also excluded. Of note, the biobankuwdes patients with emergency
presentations due the time constraints and ethical considerations of obtaining informed consent in a

short time frame.

The same search strategy was applied but withitiwtusion of stage Il patients for a positive
control. The database was further searched for a negative control patient with surgically resected
lymph nodes of the colon, who previously had a high suspicion of cancer, (and therefore falls under

the ethical requirements of this study) but was found to be negafier cancer.

Available colonic tumour and normal mucosa samples of selected patients were collected from the

biobank of surgical samples. Samples frozen in RNAlater or fixed in 4% paraformal@®@Fipeere

A % 4 A x A % L oA X

assessment.

2.2.4 PATIENT CLINBEATHOLOGICAL CHARBRRISTICS

Patient demographics were collected from the REDCap database. This include@nalge,agnd
ethnicity. Selected clinicopathological charactéc were also collected. This included; T staging,

tumour cell type, gradeCEAevel, extramural vascular invasion, perineural invasion, lymphatic
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invasion, presence of multiple polyps, dMMR status and the number of lymph nodes surgically

resected.

2.2 IMMUNOHISTOCHEMAC DETECTION OF CDh14

2.2.1 PARAFFIN PRGSENG OF TISSUE

Tumour and normal mucosa samples that were previously fixed in 4% PE&Zé hours were
prepared for paraffin infiltration using the Sakura Tissue Tek Processor overnigissittes.
Briefly, tissues were dehydrated through a series of graded ethanol baths to displace water and then

infiltrated with paraffin wax.

Specifically, tissue was processed as follows:

1 Dehydration in 70% ethanol (etoh)xhbur (hr)

1 95% etoh, dhr

1 100% etoh, ihr

1 100% etoh, 1,-hrs

1 100% etoh, .-hrs

1 100% etoh, zhrs

1 Xylene (clearing agent);Hr

1 Xylene, thr

9 First paraffin wax, -hr

1 Secouw paraffin wax, dhr
Tissues processed into paraffin were then embedded into smooth paraffin blocks usindtina Sa
¢tA&aadsS ¢S1 9YOSRRAYy3 /SyiNBd ¢AaadzSa 6SNB LI | OSF
surface wax away. A mold was chosen thattlm®rresponded with the size of the tissue. Tissue was
placed into the mold (cut side placed face down) andtemoparaffin was subsequently dispensed

into the mold. The mold was transferred to a cold plate to allow paraffin to solidify and hold tissue in
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the desired orientation. The labelled tissue cassette was placed on top of the mold as the backing.
More moltenparaffin was added to cover the face of the plastic cassette. Paraffin blocks were
allowed to solidify on ice for 30 minutes. The paraffin kla@s then popped out of the mold and

the tissue was checked for any cracks or air bubbles. If artefacts weserir the blocks were

melted and reembedded in paraffin

2.2.2 SECTIONING $LES FOR REPRESENERAH&E SLIDES

Tissue blocks were sectionading the Sakura Tissue Tek microtome. In preparation, tissue blocks

were placed face down on ice for 10 minsit@locks were then sectioned at 4uM. Sections laid on

G2L3 2F | oT1 /wrigkle Se&ibds antl subseqiiedtly Ricked up on adhesiafjyely
OKIFNBESR afARSa® {fARSa&a ¢SNBE GKSy Fftt26SR (2 I ANJ

1 hour until paraffin was transparent.
Sections were stained with Haemotoxylin and Eosin (H&E) as follows:

1 Dewaxed in xylene, 3xrbinute washea (min)
1 Rehydration in 100% etoh, 2xin

1 95% etoh, 2x ®nin

1 80% etoh, 2x ®nin

1 70% etoh, 2x #nin

1 Tap water,  5min

T IFENNAREAQ | SY2(2E@fAyImnYAya
I Tap water, 20 seconds (sec)

1 1% Acid alcohol,-5ec

9 Scotts tap water, 2nin,

M Eosin, 2min

1 Tap water, 26sec.
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1 Rinsed in distilled water
Slides were then blotted dry around the sections. DPX mounting media was distriévealy over

the tissue and slides were coverslipped.

2.2.3 TMA CONSTRUON

Tumour, normal mucosa and lymph node FFPE sssrim all patients that were available were

represented in 7x Unitma prmade tissue microarray (TMA) blocks as 3mm diameteFscosing

the QuickRay™ Manual Tissue Microarrayer (figudg. Representative areas from the donor blocks

were chosen basedmthe density of tissue (using the H&E reference slides) (fguré® ¢ a! NB OA LIA

0f 2014 6SNB (KSYy Ay GedzolubitiBtfnspaient)dnard embefidinldnaidp Y A y dz

>

Paraffin was poured over the TMA block and solidified to a cassette on ol i S® nxY &SSO

J

6SNB Odzi I YR (i NIORE TSNNBR ARS aF REBIyAESS nt'/ YR p)

SectionswBlB | ANJ RNASR IyR GKSy LXLFOSR Ay | cn'/ 2@Sy

Tumour

Normal

4uM Sections

Figure3: Tissue Microarray construction

3mm cores were extracted from the densest area of donor tissue blocks (tumour, normal mucosa and
lymph node sampk), using the reference H&E sections. Cores wergtireriured and organised

into recipient tissue microarray (TMA) blocks. Typica#lghblockcontained aumour, normal

mucosa sample and correspondiggiph nodedor each patient4uM sections were cut from the

TMA blocks usgna microtome. Adapted from Brown 2014 (87).
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2.2.4 CD1Z2 IMMUNOHISTOCHEMPSYT

The expression of CD147 was analysetH@staining of the TMA sections. The following methods
were based off recommendations from the Manufacturers protocol (Novus BiologiSaisjions

were deparaffinised and rehydrated as follew

1 Xylene 3x Bnin

1 Rehydration in 100% etoh, 2x-hfin

1 95% etoh, 2x 10nin

1 70% etoh, 2x 1@nin

1 50% etoh, 2x 1@nin

1 Deionized water, 2x-Bninute
Antigen retrieval was trialled using both a microwavel @ressure cooker method. Spare sections
were placedn 1mM EDTA and 0.05% Tween solution (pH 8.0) and either microwaved foni@x 5
bursts or placed in the pressure cooker on high fonif. After optimisation, all samples were
placed in antigen retrieal solution in the pressure cooker on high for 5 mirsut8ectionsvere

cooled to room temperature in antigen retrieval solution.

R&D Systems Goat VisUCHteIRP PolymebAB Cell & Tissue Staining Kit for detection of goat IgG
Antibodies was used in combinatiavith R&D Systems Human EMMPRIN/CD147 Affinity Rlrifie
Polyclonal Antibody (Ab). The manufacturers protocol was followed for the blocking, IHC and
chromogenic staining procedure. Conditions for the primary Ab were optimised using spare TMA

sections. 3 FSNBy i 02y OSy i NI A 2y a/miglstheSinalioptinisedf S R'Y

M Z

LINE G202t ff ¢a! aSOlA2ya 6SNB adtlAySR +i nop

occasionsPBS controls for each TMA were also included.

All TMA sectionwvere counterstained with Haematoxylin as follows:

1 Water5-min

n

>

(
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T 11-SYFG2E@ftAYy WRALBEQ

T ¢FL) 61 GSNJ ASyse€ @ WRALIWILIAYIQI on
1 Dehydrated in 75% etoh;rin

T 90% etoh, imin

1 100% etoh, dmin

1 Xylene 2x 4nin washes

Sections were then air dried and coverslipped vibfPX mounting media as described earlier.

4x, 10xand 20x field of view images for each sample within the stained TMA sections were taken
using a confocal microscope. Evaluation of staining intensity was performed while blinded to cohort
and clinicopatholgical characteristics. Evaluation was strictlyldgatve and a modified version of a
previously described scoring system (62). A score of O indicates no difference, 1 indicates a moderate
increase and 2 indicates a high increase in staining of the tugwmapared to normal mucosa.

Tumours with a scorefd-2 were considered positive and a score of 0 was considered negative for

CD147 overexpression.

2.3 MIRNA ANALYSIS

2.3.1 TOTAL RNA E>XAIIION FROM FFPE PHWODE CORES

During TMA construction, additiah3mm cores were taken from the same FFPE lyn®pRi5 & I Y R
FTNRIBYi"VaGdzydAt dzaSod / 2NB& 6SNB (GKSY RSLI NI} FFAYA:
twice. Homogenisation of spare cores was trialled using a mortar and pestle in 100% ethanol

however this proved inefficient and instead the cores wdromogenised in 100% ethanol using a
hand-operated motor driven grinder. Total RNA was prepared from the cores using the Qiagen

RNeasy FFPE kit following the manufacturers protocol. Total RNA was qdartifig the Nanodrop

spectrophotometer.
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2.3.2 TOTA RNA EXTRACTION MROSSUES STOREORNA.ATER

/| 2NNBALRYRAY 3 (GdzY2dzNJ I YR yaINV |- flatgiveomdsh fnbntodid Y LI Sa 3
reagent stabilises and protects cellular RNA) were colleatedb@mg of tissue was cut from the

original sample. Samples were washed in PBS 3x and minced using surgical blades to assist the
homogenisation process. The minced tissue was homogenised in QlAzole Lysis Reagent using a hand
operated motor driven grindeiTotal RNA was prepared from the samples usingQlagen

YAwbSF&ae 1AG F2tt26Ay3T GKS YIydzZFl OGdzNENDR& LINE (2 C

spectrophotometer.

2.3.3 CDNA SYNTHESIS

10ug of total RNA from the tumour and normal tissue of patgamples that were available was
used to synthesie doublestranded cDNA. Additionally, total RNA fr@randomly selectetymph
nodesacross alpatients were used to synthesise cDNA. The TagMan Advanced miRNA cDNA

Synthesis Kit (Applied Biosystems) wasd for this purpose following the manufactuy@®tocol.

2.3.4 QUANTITATIVEERLTIME PCBASED BEBTECTION OF MPR AND MIR29A

MiRNA expression of hsaiR21-5p, hsamiR-29a3p, hsamiR3455p and hsamiR-16-5p was
examined by realime PCR using thEagMariMFast Advanced Master Mix, miRNA assapgpl{&d
Biosystems) and the RotorGene 6000 detection system. The manufacturers protocol for detection

was followed.

mMiRNA was measured using threshold cycle valugsTiae threshold was set at 0.06529 ithgrthe
log phase of replication for each rgfigure 4) Each sample was run in duplicate to obtain 2 C
values. Duplicate:@alues were less than 0.5 units ap#itjure 4) Averaged Gralues of miR345
and miR16 were used to normalise iR and miR29a average (walues. The fold change forada

sample was calculated using th&"?method (88).
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s

Figured:Representative RTGPCR amplification curves for miR, miR29a and miR345 in a
tumour sample performed in duplicates
Threshold bar set at 0.06529 abtain threshold cycle values.

2.4 HISTOMORPHOLOGICANALYSIS

The following evaluation procedure was based on previous methodology (73). Morphometrical
analysis was performed on 4x (field of view) lymph node imagésestéor CD147 (figur®). All

lymph nodes compartments were annotated using ImageJ software (ImageJ 1.52a Wayne Rasban,
National Institutes of Health, USA). Specifically, germinal centres (GCs) (characterised by CD147
(brown) staining), follicles (charaeised by an intense blue rirayound the GCs) and primary

follicles (intense blue compartments with no GCs) were quantified (figurollicle and GC density,
were calculated as the average number of follicles/GCs per lymph node and follicle and B& iz
calculated by averagingp¢é circumference of the 3 largest follicles/GCs in each LN. Further, primary
follicle density was calculated as the average number of follicles minus the average number of GCs

per lymph node.
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Annotations Calculations

Follicle and GC densityaverage # of follicles/GC:
per LN

Follicle and GC sizeaverage circumference of the
3 largest follias/GCs per LN

Primary follicle density= average # of follicles
average # GCs per LN

Figure5:Evaluation procedure for lymph nodgistomorphological analysis
Left: All ymph nodes were annotated for B cell compartments (red and yellow dashed lines) using
ImageJ. (1) Circular Germinal centre (GCs), (IlcMamar/fused @, (lll) follicle. Right: Calculations
for follicle andGCdensity (number of follicles/GCs per lymph node), follicle and GC size and primary
follicle density (number of primary follicles per lymph node).

2.4 ASSOCIATIONS WMIPATHOLOGICAL FERBS

miR-21, miR29a and CD147 tumour expression levels were compared to certain pathological risk
factors. WhileOSandDFSare considered goldtandard endpoints (89) in investigations of

prognostic biomarkers, it was not possible to examine these end pagtsemean followup

period since the time of surgery was 8 months (ta®)lewWhile DFS at 3 years is considered

appropriate for assessing prognosis in colon cancer patients, OS at 5 years is the most quoted metric
for this purpose (89). Current patholegi rsk factors used in stage Il colon cancer patients are not
completely accurate (14) however, correlations of potential biomarkers with these factors could be

used to form hypotheses regarding the prognostic utility of these biomarkers.

The risk factas congdered included moderat@oor tumour differentiation grade, T4 tumours (size
or extent of the primary tumour), presence of multiple polyps, mucinous tumour type, lymphatic
invasion, perineural invasion and extramural vascular invasion. All havealsseaated with a

worse prognosis in stage Il colon cancer patients and are recognised-tsctisk by several expert
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panels including ASCO ar@Nb (12, 13). However, due to a small cohort size, only tumour grade, T
stage and lymphatic invasion werersparedto expression levels of miRL and miRk9a. Of note,
CD147 was not considered in any comparisons due to a small sample size. For the lymph node
morphological featurefollicle and GC density and size were compared to tumour grade, T stage,

lymphatic invasion and dMMR status.

2.5 STATISTICAL ANRIS

For descriptive statistics and statistical testing, GraphPad Prism software (GraphPad Prism 7.00
software, Incwas usedFor comparisons between tumour and normal mucosasided paired
testing was ued be@use it was a withiisubject comparison and data was normally distributed.
While unpaired testing was used for comparisons between two independent groups. Appropriate
adjustments were made when data was not normally distributed or standard deviatieresnot
equalusingMand KA Gy S& s 2 St Okidsis. ltimyiskbe hoket! id@dvet, yhat due to the

small samples size in this study, statistical power was limited.
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3.1 COHORT CHARACTERTSTI

Based on thénclusion/exalision criteria applied to the REDCap database of the SCRG CRC Biobank,
13 cases of TNM stage Il and 6 cases of TNM stage Ill colon adenocarcinomas were available from
the report output. A stage lll patiemtas chosen as a positive controhtrtiosely mathed the

median age of all 13 stage Il patients and where surgical samples were available. Further, a patient
with diverticulosis (previous high suspicion of CRC) was chosen as a negative control.

Frozen and formalifixed tumour andhormal mucosa sampsewere available for 10 stage Il patients
and for the stage Ill positive control. FurthEFPE TDLNs were available for all stage Il pstidre

stage Il patient anthesenteric FFPE lymph nodes from the foancer patient (negativeontrol).

A detaila listing of cohort and clinicopathological characteristics of all cancer patients in the study

are listed in table3. Of the entire patient cohort (n=14), age at the time of diagnosis was 67 years (

14), with an even number of males temales. The cohbwas predominately European (n=13) with

onea n 2ddffent. Thiscloselyre3eo f S& G KS Ay OAoRiB NewFearld whichis Ay an

approximately6% @).

Of the selected tumour characteristics and risk factors, all tumours weraarcinomas with rly

2 cases being mucinous adenocarcinomas. As expected, majority of the tumours were T3 stage (n=9)
and had well differentiated pathology (n=9) with few patients havidg/b tumours (n=5) and

moderate to poorly differentiated tumowr (n=5). The preseamf extramural vascular, perineural or
lymphatic invasion was only present in the stage Il patient and 5 stage Il patients. 3 stage Il patients
had evidence of multiplpolypsalong with the primary tumour. 3rig/mlwas chosen as theut-off

value for thepreoperativeCEA(private communication). 8 patients had a CEA vailoee than

3.5ng/ml. Lastly, 1Tumours were tested for dAMMR with 5 of these patients having evidence of

dMMR.
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Of note, perforation and obstruction are also considkrisk factors howeer, the biobank excludes

emergency presentations. Therefore, these patients are not represented in this study.



Table3: Cohort and tumour cliftcopathological characteristics

Characteristic

Cases
Agé
Gender
Ethnicity
Stage

Tstage

Cell type

Grade

CEA

Extramuralvascularinvasion

Perineurd Invasion
Lymphatic Invasion
Multiple Polyps

MMR deficiency

Lymph nodes examined

Follow-up period since surgery

(months)

Male
Female
European
anz2NRA
Il

[

T3

T4a

T4b

Adenocarcinoma
Mucinous
adenocarcinora

Well differentiated
Moderately
differentiated
Poorly
differentiated

<3.5
X0 ®p
Yes

No

Yes

No

Yes

No

Yes

No

Not tested

No evidence
Evidence

X M H

<12

aThe median was used for the age-afitvalue

PCEA level 3.:g/ml cut-off (private communication)
‘Deficiency in at least one of MSH2, MSH6, PMS2, MLH1

d<12 resected lymph nodes is considered afaskor due tainder sampling13)

N (%) Median (range)
14

7 (50 67+14(34-78)
7 (50)

7 (50)

13 (93)

1(7)

13 (93)

1(7)

9 (64.3)

3(21.3)

2 (14.3)

12 (86)

2 (14)
9 (64)

1(7)

4 (29)

643  1.95:£0.5707 (1.12.4)
8(57  6.5+11.62(5.532.4)

2(7)
12 (86)
2(7)
12 (86)
5(39
9 (64)
4 (29)
10 (7)
3 (21)
6 (43)
5 (36)
13(93) 21 (539)
1(

8 (315)
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3.2 OPTIMISATION OF THOKQUES FOR THE DETEXN OF CD147

To characterise the expression levels and distribution of CD147 in stage Il colon tumour samples
using a clinically feasibpproach, IH@as applied to 10 pairs @blon cancer and normal mucosa
formalin-fixed tissues. This required establishment andimgation of this technique to the

specified tissues.

3.2.1ANTIGEN (OR EPITORERIEVAL

Two heatinduced antigen retrieval methods were used to reverse fixatlependent protein
crosslinking and masking of antigenic sites. Both a microwave and peassaker were trialled to
determine the best technique for antigen retrieval. The microwave method was deemed
inappropriate due to uneven staining of the top haltloé sections compared to the bottom half
suggesting uneven antigen retrieval (fig@eThe pressure cooker method produced more

consistent staining across sections.
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Normal Mucosa Tumour

Figure6: CD147 stainingising the microwave and pressuemoker method of antigen retrieval.

A) Overstained normal mucosa and tumour tissue using microwave method. B) Under stained normal
mucosa and tumour tissue using microwave method. C) Consistent staining of normal muatcosa an
tumour using the pressure cookaethod.

3.2.2PRIMARY ANTIBODY CDINNIONS FOR TMA SEGNS

To visualise specific CD147 staining while minimizingspeuific background signals the

appropriate conditions for the primary antibody were determined by lingl 3 different

concentrations at single exposure time of 1 hour. The antibody was trialled against TMA sections
containing stage Ill and Il tumours, normal mucosa and lymph node sampie®dt, 0.5 and 0.2
>g/ml for 1 hour at room temperature (figuré) along with PBS controls. Tleesonditions were

61 48R 2y GKS YIydzZFl OGdNBNRE NBO2YYSYRIGA2YE 6w 5
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0.5>g/ml appeared to be the most appropriate, shing less background staining, greater
membrane localisation signal and sufficiémtensity of staining compared to>g/ml and 0.2g/ml

in both tumour and normal mucosa tissues (figdyeFurther, low to moderate intensity of staining
was still observedhithe normal mucosa tissue at &&'ml, which is representative of physiological
levels of CD147 in the colon. Despite this, intensity of staining in tumour tissues was visually
distinguishable to normal mucosa tissue (figidf@. Therefore, tumour tissuesith overexpression

of CD147 could be visually detected.

Normal Mucosa Tumour
A

1>g/ml

0.5>g/ml

0.2>g/ml

Figure7: Primary antibodyconcentration optimisation for IH@etection of CD147

A) No difference between normal mucosa and tumour CD147 stainingeanthtoxylin cannot be

seen using 1 pg/ml primary antibody. B) Greater intensity of CD147 staining in tumour compared to
normal mucosa and haematoxylin provides contrast using 0.5 pg/ml. C) No CD147 staining visible in
normal mucosa or tumour using 0.2 mgbf primary antibodyScale bar=250M.































































































































































