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The colon forms an integral part of the large intestine, which accounts fofittheof the length of

the gastrointestinal (Gl) tra¢t). In healthy individuals, the colon has three main functions; absorbing

water and electrolytes, producing and absorbing vitamins, and propelling faeces towards the rectum

for elimination(1). These functions are carried out in specific regions of the colon, which is divided

into four parts: the ascending colon, transverse colon, descending colon, and the sigmoi@23olon

The ascending colon has the role of absorbing the remaining water and other key nutrients from
AYRAISEAGAOGES YIFIGSNALFE gKAOK KI &)Y This matedid i théno & 2 ND S
solidified and stored in the descending colon as faeces which will eventually be secreted via the rectum

(2). The sigmoid colon is able to contract to increase the pressure inside the colon, causing the faeces

to move into the rectum where it is subsequently excre(2y

The anatomy of the intestinal architecture is showrFigure 1 made up of four layersThe colon
contains an additional mucus layer on top of the epithelium. This mucus layer is imperative in forming
the intestinal barrier, which is a direct barrier between the external environment and the internal host
(3). There are several examples of these mucosal barriers throughout the human body, with one of
the largest being found within the GI tra¢4). The intestinal barrier plays a critical role in the
regulation of the immune system in health and disease; and critical to this function is its complex

structure as seen iRigure 2(3).
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The first line of physical defenegainstinvading and commensal bacteria from being able to directly
contact the epithelial cellss the mucus laye(5). The mucus layer is composed of several highly
glycosylated mucin proteins, most notably mucin 2 (MUC2) which is the most abundant mucus protein
secreted by goblet cell). The importance of MUC2 in colonic protection was demonstrated in a
MUC2 knockout mouse model, where these knock out mice spontaneously developed colitis;
inflammation of the large intestin€7). The mucus layer also releases mediators such as secretory
immunoglobulin A (slgA), which prevents pathogens and toxins from attaching to mucosal surfaces by
binding antigens and trapping them in mudi#3. Below the mucus layer are the intestinal epithelial
cells (IECs), which form the strongest physical component of the intestinal L@jrigvithin the IECs

are a pool of pluripotent stem cells which reside in the intestinal crypts giving rise to five distinct cell
types(3). These cell types include goblet cells, tuft cells, Paneth cells and enteroendocrin@)cells
Altogether, these cells form a monolayer separating the intestinal lumen from the lamina p(8pria

The transport of moleculefsom the intestinal lumen to the blood streais highly regulated by three

junctional complexes: tight junctions, adherens junctions, and desmos@hes

MPNIPSHY OStf &

Stem cells are undifferentiated cells with three key traits: extensive proliferation, derivation from a
single cell, and the ability to differentiate into various cell types and tis€L@s Pluripotent stem

cells, from the inner embryonic cell mass or reprogrammed somatic cells, can form tissues from all

three germ layers. In contrast, multipotent stem cells, such as mesenchymal stem cells, differentiate

into tissues from a single germ layéke adipose, bone, and cartila¢)).
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CRC is the second leading cause of caretated mortality worldwide, with an estimated 881,000
deaths being accredited to CRC in 2(0248). There are several factors linked to an increased risk of
developing CRC, including inherited genetic mutations, diet and lifestyle factors, including smoking
and alcohol25). Chronic inflammatory conditions of the large intestine, such as inflammatory bowel
disease (IBD), are also known to increase the risk of developing-asitsiated colorectal cancer
(CACpy 1015%(26, 27)

Noninherited adenocarcinomas account for 80% of CRC diagnoses, with the risk of these increasing
with age (>90% are over 50) as well as other factors such as obesity and a diet high in ré&Bjneat

It is estimated that patients with IBD havel&15% increased risk of developing C&6, 27) The

other 20% of CRC diagnoses are known as hereditary adenocarcinomas where the risk is significantly
increased with a strong family histo(29). Approximately 1% of these hereditary adenocarcinomas

are due to familial adenomatous polyposis (FAP) which is driven by a mutation in the APC gene, which
A & LJ NJcatehiit destrcBon complef9). A loss of heterozygosity mutation in APC prevents
0KS LINR(GS2f &0 A OatenSso Ntl-canl tiadsidogite B Fhe hucleus and cause the
transcription of Wnt target genes such eallularmyelocytomatosis oncogeng-myc and cyclin D1
(Figure 4 (30). Cmyc isa proto-oncogenewhose transcription is dysregulatdéd the majority of
humanCRC casesd is thought to contribute to at least 40%®@RQumours(31). Cmyc is also able

to promote the transcription of preproliferative genes such as cyclin 32). Cyclin D1 is an important
regulator of the G1 to S phase in the cell cyElg\re 5 and has been found to be important for the
development and progression of several cancers, including breast and38hdt is estimated that

all FAP positive patients will develop CRC by the age of 45 and all are offered prophylactic colectomy
(29)
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Another form of hereditary adenocarcinoma is hereditary fpmtyposis colorectal cancer (HNPCC)
which is also known as Lynch syndrof@®). Lynch syndrome accounts for 3% of CRC diagnoses and
is driven by error in DNA repair gené29). These tumours are characterised by a high level of
microsatellite instability, which is a characteristic of CRC arising from defective mismatch repair
(MMR) genescausing errors in DNA to go uncorrect@d). The MMR system includes several genes,
such ahuman mutS homologue AMSH and humamutL homologue thMLHJ), and is imperative

for maintaining genomic stabilitf34). The MMR system does this by correcting siiglee
mismatches and insertiodeletion loops that form during DNA replicati¢®4). The most commonly
mutated MMR genes are hMSH2 and hMLH1 which account for up to 90% of Lynch Syndrome cases
(35)

Patients who are identified as having genetic susceptibility to developing CRC are routinely screened
in the UK with the NHS screening programme. However, most patients will present with advanced CRC
in accident & emergency (A&E) departments or generattme (GP) surgeries due to the early stages

of CRC being asymptomafR6). It is in more advanced stages of CRC where clinical symptoms start

to appear, examples of these include weight loss, abdominal pain, and changes in bowegl37abits

My



Among colon cancers, the most common sites are the sigmoid colon (55%), followed by the ascending
colon (23.3%), transverse colon (8.5%), descending colon (8.1%), cecum (8.0%), and crossing site
(2.1%)(38). CRC may also metastasise to distant organs by invading the lymph vessels and the
bloodstream (39). This is where patient prognosis severely decreases, and current treatment
strategies are redundant. Current treatment modalities for CRC are limited to either surgery or
chemotherapy(40), both of which have detrimental impacts on the patient such as neutropenia,
anaemia, diarrhoea, nausea, vomiting, fatigue, hematologic disorders, and liver t¢dijtyrhese

side effects and the development of drug resistance mean that treatment outcomes to date have not

beenhighlyefficacioug42)

vMia SOKIF yAaya 2F O02f 2NBOGFf OF yOSNI RS@:
The timeline of events which characterise CRC development were first described by Bert Vogelstein in
whathelaterOl f f SR G KS a+23Sf INI Y¢ Figreg®s). 2F OF yOSNJ RSO
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originate from a monoclonal tumour origin, that originates from a single mutated4®)l While the

Vogelstein model provides a foundational framework for understanding colorectal cancer
progression, its linear, mutatieoentric approach is increasingly challenged by emerging evidence of

tumour complexity, heterogeneity, and the interplayggnetic, epigenetic, and environmental factors

that can influence diseadd4).



The colorectal cancer stem cell (CSC) theory offers an alternative framework to the Vogelstein model
for understanding colorectal cancer development. While the Vogelstein model focuses on the linear
accumulation of genetic mutations driving tumour progliesshrough a clonal evolution process, the
CSC theory emphasizes the role of a subpopulation of canceirncdiffering lineagesvith stemlike
properties that drive tumour initiation, growth, and recurren@tb).

MPHDPH DM [/ 2f 2NBOGIT OFYOSN aGSY OStf G(GKS2NE
As previously discussed, stem cells are defined by their ability toesadfv and differentiate into cells

of the tissue of origin(10). Adult colonic stem cells are characterised as being Leuvichaepeat
containing Gorotein coupled receptor 5 (Lgr5) positive and are located at the base of the intestinal
crypt (46). Lgr5positive cells in the colon serve as ISCs that are crucial for maintaining and
regenerating the epithelial lining of the col¢7). Lgr5 is a ligand of the Wnt signalling pathway, and

is therefore constitutively activated at the base of the intestinal crypt to promote cellular proliferation
towards the peak of the intestinal vi(#8). Therefore, it is these LgrE5C which play a pivotal role in
maintaining the plethora of functional intestinal cells, including goblet cells (GC), Paneth cells (PC),
tuft cells (TC), and enteroendocrine cells (E@)ure 7 (49).
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tumorigenic potential; cells that have lost the ability to propagate the tumour and cells which retain
their clonogenic abilitf50). In fact, biologically distinct populations of CSC have been identified in
most solid tumours, including colon candéd). CSCs are thought to have three key characteristics;
the capacity of selfenewal indefinitely, the potential for multilineage differentiation, and the
expression of a distinctive set of surface biomark@2) such asluster of differentiation (CD324,

CD44 and CD1383). CSCs have also been shown to display alterations of DNA repair mechanisms,
due to the presence of cytoprotective properties such as telomerase activation and a high expression
of anti-apoptotic factorg54). CSCs also display a relatively low proliferative potential, which underpins
the failure of most anttumour therapies as they target rapidly dividing cells, leaving CSCs to
proliferate slowly(55). CSCs are also known to express high levels of proteins belonging to the
adenosine triphosphat§ATB binding cassette (ABC) membrane transporters family, which are

involved inresistance tachemotherapeutiarugs such apaclitaxel ad cisplatin(55).

Although the characteristics of CSCs has been well studied, there is still debate surrounding the origin

of cancer formatior{50). There are two possible hypothesis which have been suggested:-ttadlsd

602 Gdeldy | YR-REHY ¢ o i@z NIKSDa -dzbJ2 ( KB YR 1 KSAA & LINRLIRZ &S
either a progenitor or a differentiated cell, is the first transformed cell that differentiates to give rise

directly to cancer cell§¢56). This is typically an APC mutation in the intestinal crypt, leading to

A Y ONB | & S Rcatenth@ifcalulag prolifératiob7) 9 GA RSy OS HAN) ¥RRSd o A&
shown with the significant increase in expression of Lgr5 in human(®&Conversely, a study

showed that the dysplastic cells at the tops of the crypts often exhibited genetic alterations of APC

and neoplasiaassociated patterns of gene expressi@®). In contrast, cells located at the base of

these same crypts did not contain such alterations and were not clonally related to the contiguous
transformed cells above ther(69). These results imply that development of adenomatous polyps

LINE OSSRa (RRBJIIK YIS OKE 3104 Y @
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Disruption of the intestinal barrier has been linked to several pathologies, most notably IBD and CRC

(60 WS &ASFNOK LISNF2NXYSR 08 aAOEKStRY LYBSELRAYORK (K?
AYONBI &SR 3dzi LISNNYSIoAtAGES +a YSI &Ad2ZNBEROO®UO T dzy O
CKA& gFa FdzNIKSNI FaaSaasSR dzaiy3a GKS y2@St AYIl3IA
0KS KAIKSAG Ot dzSa 20 aSNDIR) Peryfieatiilly daeSts/id éxplaatg of K O K N.
tissue from IBD patients have shown increased intestinal fluxes and changes in tight junction protein
expression, with alteration in the mucus layer being descr{lg) Evidence points towards a role for
inflammatory cytokines in promoting this increase in intestinal permeab(8)y Tumour necrosis

factor-alpha (TNP 00X | OGN} RAGAZ2Y I f GKSNI LISdziaAO GFNBSG T2
dysfunction of the intestinal barrier by altering the expression of tight junction pro{@&8} Further
SOARSYyOS 2F AG& NRBt{S Ay RNAGAy3a RAaSIaS 02vySa ¥FN
anantiTNFh Yy iA062Re& | LIS NB G2 v AMbviedes he shfghiidhdi G A y | €
effectiveness of such therapies has been shown to differ between younger and older IBD f&éents

66). One study found thatantt b Ch G KSNJ LI Ay L.5 LI GASyGa 20SNI c
increased risk of developing serious infections compared to those not ortamtCh (i 68 NI LJe

therefore this treatment is not a safe option.

A further mechanism for this increase in intestinal permeability is a dysregulation of the protease/anti
protease balance in the gut, contributing to epithelial damage and increased permedb8ity
Proteases can be produced by both the IEB9%and certain species of bacteria within the microbiome

(70). Proteases are enzymes that catalyse proteolysis, by breaking the peptide bonds of proteins, and
are categorised into seven groups based on the catalytic regiti)eThe largest group of proteolytic
enzymes present in the human and mouse genome are the matrix metalloproteases (MMPs), which
have been implicated in several cancers due to their ability to break down physical barriers by cleavage
of tight junction protens (72). In physiological conditions, MMPs are produced at very low levels by
IECs generally in th@on-pathogenic form and are involved in the normal tissue turnover

(73). However, the expression of MMPs significantly increases in inflammatory disorders such as IBD,
where MMPs are suggested to play a role in degrading the intestinal bg@8ie73) Serine proteases,

a group of proteases characterised by the presence of serine in its catalytic site, are also shown to be
upregulated in IBD patien{34, 75)and thought to contribute to disease pathology by loss of the tight

junction protein occludin and myosin light chain phosphorylatio).



Disruption of the inner mucus layer is thought to result in colitis as the resulting penetration of the
intestinal barrier by commensal bacteria resident in the gut leads to inflammafiof). Thiswas
demonstrated in a dextran sodium sulfate (DSS) murine model of colitis, shown by analysing bacterial
localisation using immunofluorescence, with bacteria shown to translocate from the gut lumen into
the usually sterile gut tissu@’7). DSS is widely used asnitlucesthe intestinal barrier dysfunction

and inflammation seen in the human coli(ig8). These observations in a colitis mouse model have
also been seen in ulcerative colitis patients where bacteria are shown to be in present in the
epithelium instead of being localised to the gut lun{&8). This crossing over results in bacteria being
present in a usually sterile environment, therefore triggering an immune response, including the
production of inflammatory cytokines such asnour necrosis factealpha TNF") resulting in an
overall increase in intestinal inflammatidi7). The mechanism behind this is mediated by myosin
light chain kinaseénediated phosphorylation of myosin light chaiwhich promotes tight junction
disruption(80). Inhibition of this ability to phosphorylate myosin light chain restored intestinal barrier
function, highlighting the important role of tight junctions for maintaining barrier funct®o).
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hypothesis, which provides an explanation for the increase in systemic inflammation seen in IBD and
CR{81). A dinical stud revealelevated gut permeability, circulating bacterial DiiAhe blood and
pro-inflammatory markers in affected patien{82). Animal models with genetic mutations affecting

gut barrier proteins exhibit similar permeability and inflammation, while dyshioslaracterized by

reduced beneficial bacteria and increased pathobiofits YA ONR 2 NHI YA aY VY 2NXI f €

microbiome but can become harmful under certain conditiang)rther weakens the intestinal
barrier (83). These findings highlight the central role of gut barrier dysfunction in systemic

inflammatory conditions.

M®o / KIy3IAy3d SLIARSYA2t23e

Currently, the highest incidence of CRC is within-rigbme regions such as Europe and Northern
America. However, the incidence is rapidly starting to increase indog@ middleincome regions,
primarily found in Africa and Asj@4). The incidence of CRC in lamd middleincome regions overall

is estimated to increase rapidly by 71.3% by 2040, in comparison to an increase of 33.8% in the United
Kingdom(84). There are several reasons for this predicted trend, which will now be discussed in more

detail.
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The dietary ratioofomega -6 0 (2 2-$)Pdyunsaiurated fatty acids (PUFAs) has emerged
as one of the key risk factors for developing CRC, with several studies proving its signifibad®)e

¢ KS | @&NB B in.the western diet is estimated to bé:2-50:1, whereas in Asia it is
estimated to be 4:190). This coincides with the low incidence of CRC diagnoses in Asia, where a high
O2yadzyLIi A2y 3 3JuchkaefiiNdD&hd flaRseeds are comif@id ¢ £ SUFA found

in the diet is linoleic acid (LA), which is commonly found in sunflower and coemd#se prominent
features of the western dief90)® ¢ KS Y S (i kco 2 fy3REUFEAs 2 Bhown Figure 8 where
production of oxylipins is linked to activation of pro/airiflammatory responses, e.g. production of
cytokines(91). Whether these oxylipins result in a pror antrinflammatory response is context
dependent, for example prostaglandin(PGE) produced at sites of tissue injury can promote an-anti
inflammatory neutrophil respons€92), but also a pranflammatory response by inducing TNF

production(93).
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PGE is derived fromAAdownstream ofthe . -6 PUFA LAvhereby the substrate prostaglandin H

(PGH) is converted to PGIby prostaglandin E synthase (PGE®)ure 9 (91). PGEis able to exert

its effects throughout the body through binding prostaglandin E2 (EP) receptors EP1, EP2, EP3, and
EP4(101) These receptors are differentially expressed throughout the body, EP2 and EP4 are
predominantly found in the colagmwhilst EP1 an&P3arefound largely in the kidne¢101)
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In the context of CRC, the role of PGias been well characterised and is shown to play a significant
role in promoting tumorigenesis by increasing tumour growth and invasibiist reducing apoptosis

(102, 103) Levels of PGHlave been shown to be elevated time colon tissue of patients with CRC
(104) Recently, the role of the EP4 receptor has been highlighted in the context of CRC, with the use
of an EP4antagonist significantly reducing liver metastaBism the colon followingintrasplenic
injection of MC26 colon cancer ce({ll05, 106) Furthermore, global deletion of the EP4 receptor

inhibited colorectal tumorigenesis vivo(107)

Binding of PGEto EP1, EP2, and EP4 receptors has been linked with increasing intestinal cell
permeability Figure 10, which as previously discussed is one of the key initiating events i(LGRC

109) PGE9t MK 9t HKkOtn aAIYylffAy3a NBadzZ Ga Ay @i | OGAQ
adenosine monophosphatécAMB levels and activation of protein kinase A (PKA)O) PKA
phosphorylates tight junction proteins such as occludin and claudins, weakening their integrity and
reducing cefcell adhesion (111) Additionally, PGEsignaling can activate smaljuanine
triphosphatasg GTPas@dike Ras homolog family member A (RhoA) andrBlased C3 botulinum

toxin substrate 1 (Racl), disrupting actin cytoskeleton dynamics and further destabilizing tight

junctions(112)
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As thedownstream effects of PGEignalling have been suggested to promote CRC progression by
increasing tumour growth and invasion, this pathway has become a very attractive therapeutic target
for the treatment of malignancie@l13) One such therapeutic to target prostaglandin biosynthesis is
acetylsalicylic acid, also known as aspirin, which targets both1C&nd CO (114) By inhibiting
these key enzymes in prostaglandin synthesis, the production efnfleanmatory prostaglandins
such as PGEHs significantly reduced in the urine of CRC pati€higl, 115) Data from observational
studies and clinical trials both strongly support the use of-ttmge aspirin in CRC, with one study
showing a 69% reduction in the development of metastases by patients who developed cancer whilst
taking aspirin(116-118) Meta-analyses and other systematic reviews of large observational cohort
studies have estimated that aspirin reduces risk for colorectal neoplasia by approximat8§e20
(119) Estimates from adenoma prevention trials typically enrolling higtsér individuals with a
personal history of colorectal adenoma have demonstrated that risk for recurrent neoplasia is reduced
by 13;18%(120-123). Despite aspirin showing efficacy in the treatment of CRC, it is not recommended
for longterm use due to a high risk of developing severe side effects, such as gastrointestinal and
intracranial bleeding124, 125)

HY
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Soittransmitted helminths (STHs) refer to the intestinal worms that are transmitted through soil
contaminated with infective larvaer embryonated egg$126) STHs are classed as a neglected
tropical disease (NTD), a group of about 20 communicable conditions that disproportionately affect
the poorest and most vulnerable communitié27) There are three main STH infections, which are
hookworm @Ancylostoma duodenal@ndNecator americanys Ascaris lumbricoidesand whipworm
(Trichuris trichiurg)and together they account for a major burden of parasitic disease worldwide
(128) STHs have also been shown to have a detrimental impact on livestock, increasing mortality,
reducing growth rate, inducing weight loss, and causing economic 10528% It is estimated that

1.45 billion people worldwide are affected by STH infection, with particularly high prevalence in
regions such as Afric&igure 1) (129, 130) The morbidity of STH infection can be estimated using
the disabilityadjusted life (DALY) indicator, which is expressed as the number of years lost due to ill
health, disability or early deatiti31) STH infections have been attributed to approximately 20 million
DALYs worldwid€130) This is significantly lower than other infectious diseases, with HIV/AIDS
accounting for approximately 42 million DAI¥32) and malaria 49 million DAL{MS83) Patients with

a low STH infection burden tend to be asymptomatic and so potentially may not know they have an
infection (126) Those with a higher worm burden will however experience a variety of health

problems, which could include abdominal pain, diarrhoea, and rectal proldg&

H ¢
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Infection withAscarisor whipworm occurs when the eggs are ingested, invade the intestinal mucosa,
and are carried via the portal, then systemic circulation to the 1{g8) The larvae mature further

in the lungs (10 to 14 days), penetrate the alveolar walls, ascend the bronchial tree to the throat, and
are swallowed(134) Upon reaching the small intestine, they develop into adult woiiz4)
Hookworm eggs hatch in the soil, releasing larvae which mature into a form which can penetrate
human skin(128) On contact with the human host, typically bare feet, the larvae penetrate the skin
and are carried through the blood vessels to the heart and then to the I(&&f$) They penetrate

into the pulmonary alveoli, ascend the bronchial tree to the pharynx, and are swall@@&) The
larvae reach the jejunum of the small intestine, where they reside and mature into 4888% Adult
worms live in the lumen of the small intestine, typically the distal jejunum, where they attach to the

intestinal wall with resultant blood loss by the h@&B85)

Current diagnosis of STH infection involves a lafiai@nsive method of identifying eggs in a stool
specimen using a microscofE36) The use of this conventional technique is potentially going to be
replaced with molecular techniques such as gRG& ELISAas this is estimated to have a higher
sensitivity to a lower worm burden, can easily distinguish between species, andetect if an
individual has had previous exposure to infect{@87) In terms of treatment, there are a variety of
broad-spectrum anthelmintics such as albendazole and mebendazole which are used to treat parasitic
infections (138) Albendazole typically has higher efficacy, curingl99% ofAscaris lumbricoides
infections, 7@95% of hookworm, and 284% ofTrichuris trichiurd139) Mebendazole also achieves

high cure rates foA. lumbricoide$90¢95%) but is less effective against hookworm dndrichiura

(139) This class of drug has been known to block the microtubule systems of developing larva and
adult helminths, thus leading to a cease in the cell cycle ultimately causing cell(@d88)hRecently,

cases of drug resistance to both albendazole and mebendazole have been reported in hookworm
infections which is predicted to become a significant global i§$4@) There is currently no vaccine
available against human STH infectid40) but a vaccine foNecator americanuss currentlyin

development with early studies showing the vaccine is safe anetalethted (141)
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The rodent intestinal nematodeéleligmosomoides polygyrus bakérs been extensively used to
model human STH infectidfigure 12142) H. polygyruss a roundworm, causing chronic lefagting
infections, whilst replicating the human immune response to infec(ib#?) The chronicity oH.
polygyrusinfections in rodents has been shown to be strain depend&48) This was demonstrated

by Filbeyet al who compared adult worm burden and egg production in SJL, BALB/c, C57BL/6, and
CBA mic€143) Filbeyet al showed that C57BL/6 and CBA mice had a significantly higher adult worm
burden and egg count at day 28 péstection in comparison to SJL and BALB/c r(lid&) UsingH.
polygyrusas a model for intestinal infection offers researchers an incredible insight into the parasite

host relationship.
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Despite residing in the small intestind, polygyrusan have both local and systemic consequences
on the inflammatory response to infecti¢h44) This is thought to be due to a number of mechanisms,
including the release of excretory/secretory products (HES) during chronic parasitic infection,
modulation of host immune responses to evade detection, suppression of inflammatory pathways to
reduce immue-mediated damage, alteration of cytokine production to favour a regulatory immune
environment, and interference with antigen presentation by host immune cells, thereby diminishing

the host's ability to mount an effective defen¢b44)
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HES is a complex mixture of proteins, lipids, carbohydrates, exosaxteacellular vesiclesand
MRNAg145)which has been characterised by proteomic analysis as containing 446 different proteins
(145) Several secreteenzymefamilies have been identified in the HES, with predominant examples
including proteases, lysozymes, apyrases, and acetylcholines{@iseAlong with different enzyme
families, many HES proteins have also been identified, with the most abundant being members of the
venom allergedike (VAL) family145) The VAL family of proteins are the major immunogens, which
lead to an immune response in the host and an increase in antibody produd#s) Immune
regulatory proteins have also been discovered in HES, such as a transforming growthdse{(@iGF

0 YAYAO LINEYZ2 i X gdulatdnkT&g RIS(1Ld6)yaddihaH/ polggFrusinds Alarmin
Receptor and Inhibits (HpBARI) protein which inhibits the alarmin cytokine inter88k{t-33)

binding to its receptor and activating mast cell degranulatibfi7)
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Where indicated, HES was heaactivated by incubating at 95°C for 20 mins in accordance with a
published protoco(146) For protease inhibition, the Halt protease inhibitor cocktail, ED¥free

100X stock (ThermoFisher Scientific, MA, USA, Cat #78430) was added to cells at a final
concentration of 1X. To perform size fractionation, Vivaspin 500 molecular weight cut off (MWCO)
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protein concentration quantified using the BCA assay as described previouslgr(se2tB).
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HES concentration (ug/mL) FD4 concentration (pug/mL) Fold change from
untreated
0 1.8 +/-0.2 1
0.001 3.2 +/-0.1 1.8
0.01 11.3 +/-1.2 3.5
1 69.5 +/- 2.1 6.2
10 211.2 +/-4.5 3
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Treatment FD4 concentration (ug/mL) Fold change from
untreated
Untreated 1.8+/-0.2 1
dmPGE, 222.9+/-4.0 123.8
dmPGE, + 9.0+/-0.8 5
EP2 Inb
dmPGE, + 45.77 +/- 0.8 25.4
EP4 Inb
dmPGE, + 0.8+/-0.09 0.4
EP2/EP4 Inb

Mn



Treatment FD4 concentration (ug/mL) | Fold change from
untreated

Untreated 1.8+/-0.2 1

HES 211.2+/-4.5 117.4

HES + EP2 Inb 9.3+/-2.0 5.2

HES + EP4 Inb 49.7+/-0.4 27.6

HES + EP2/EP4Inb | 0.5 +/-0.1 0.3
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Untreated 1.8 +/-0.2 -
Trypsin 227.4 +/-6.1 100
Trypsin + Pl 11.1 +/-1.7 4.9
Trypsin HI 2.2+/-1.3 0.9
HES 202.7 +/- 0.1 100
HES + Pl 199.8 +/-1.3 98
HES HI 127.6 +/-0.9 63
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GO Molecular Function

19.08% catalytic activity

10.56% hydrolase activity

6.91% catalytic activity, acting on a protein
6.47% metal ion binding

6.47% cation binding

5.16% peptidase activity

3.36% endopeptidase activity

3.31% transition metal ion binding

3.02% oxidoreductase activity

2.63% metallopeptidase activity

1.80% molecular function regulator activity
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GO Biological Function

14.09% metabolic process

13.58% organic substance metabolic process
9.78% organonitrogen compound metabolic process
7.19% protein metabolic process

5.05% proteoclysis

3.11% small molecule metabolic process

2.04% carbohydrate metabolic process

1.99% catabolic process

1.90% organic substance catabolic process

1.81% carbohydrate derivative metabolic process
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GO Cellular Component
29.71% extracellular region
18.29% cell surface
6.29% proteasome complex
6.29% endopeptidase complex
6.29% peptidase complex
5.71% proton-transporting two-sector ATPase complex
5.71% ATPase complex
5.14% proteasome core complex
4.57% proton-transporting V-type ATPase complex
4.00% proteasome core complex, alpha-subunit complex
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D

= 43.71% SP- = 17.40% Novel proteins
= 56.29% SP+ = 82.60% Known proteins

CAImeNIDh RAAGNROdza2Yy 2 F cpi/KSn AINRYISMAY@AdzA Y NIGKE
ARSYaUSR LINEZ G SHpwWaE niyi RS SwaZ h Nh 6 SAIKG  FNI
hyG2ft238 YR OIVvSO3Q#A SR . WMg@dAKDI f 6 LINPIG:!
O2YLRYSYylid 2AGKAY SIOK OFGS3I2NR:E GKS (2L
LISNF 2 NY SR dzoBy0EER [TYNIN2YW 8NP a@ AWE If A yLASYL I RISNES
t NELI2Nb2ya 2F y20St FyR OKIFINIOGSNAT SR LINEZ
02y RdzOG SR mzphw3a { ATyl £t

MH N



noendpRSLBY RSYld Ay ONBlFrasSa Ay OSti LIS N
RSLISYRSYy

2AGK YERENBDIYG FyR SOARSYOS FTNBY / KELISNI o #dza3Sa
AY AYONBIFaAAY3T LISNX¥SIoAfAGET i SreS OaddR O eqF (ize2f Eaél X S

AYKAOAG2NI G2 |
PaAy3d Ryt D9 NBOS

R2asSa 2F | aLANRY
I RYA WRYGNIF mn
aSSy 6AGK wmn  YCa IldzBIRAENI YA

I Oa @l a2y 2F [ h-H
9t HKk9t n dNBOSLIi 2 NR

FYR I

A } T | B g 200+ % % % %
%ok K Fe)
I 2009 — ' = 150
E | | < 0=0-=Q
2 150 =
3 g 100-
" c
'E 100+ 8
3 S 50
5 50 . (&) Y
: (] 3 poq
E 0 p-?-q T T T T p‘;’iq L 0 1 I I
] & XY <& Vehicle HES HES + Asp
Ag\\\c}" ,,,é’g 02 Qﬁé\ Q@'& o
&< G,Q xv") a;'Q ?‘)Q
& &
O
ng@o & ng‘f
CAIdzNBE pd ¢KS oAfAlE 2FY RdazQBRANY QWNEH 4 Y SA
RYt pob & | RRSR G wnn y3kY[ 6AGK RAGSNBY
R2aS GKFG OFdzASR Y2ald aA3yAdiOKEG SRSONER &
FALIANRY 6mn>Ha[ d 20 NBHG SR nO0Stfta 2y C5n 02
5Ll akz2éy Aa GKS Y8y 2F §KNESanER SKISywR
neonnpI FFFF LI X nonnmZ SNNRBNI oFNER aSky p
nondc 19{ SyO2RSa aSOSNIf K2vz2f23d83
9PARSYOS Ay (KAa QKVLIGIKRR) KPERZAK26$OFRI t BBLIISNI o

FofS G2 AYyONBIFasS 9twukotn
65 Ly AYONBI &S Ay
NBYIF Aya

OKFG GKS

I Oa Bl a2y
2NJ | dzii 2 ONR y K A%t HK 9t
Ay@Saedl SR

LI N} ONR Yy S
dzy1y26y® ¢KSNBT2NBX

f SFRAY3 (2

L ySEi

IKS ORYRNOSHRs AYONBI AK- AYO8 D]
Ji2N) 32y Aal FYRYRNBRHDIGFI RRASAY
AaAIYyAUOK yif #ho NFR ZQERBIEEIS op LIS NI
Yad Kk BM[LIAINRY &&RIymUOI yif &
IAfYZLYE S\ Séi
adzo & Slj dg@ Kk OKy OME/ I &K SNy | (

NBRdzOSR O
RRA 9

NS

Ay O

2]



t DBeYyiKSara IINB SyO2RSR Ay GKS 3ISy2YS:z LyR 0O2d:
LIN2 RdzOe 2y FNRY (KS OSttazx fSIFIRAy3I G2 AyONBIasSR

Lddzo £ A Of & o G2 OBFRINEL 6t wW9 . Mmyodc O Ay 22N¥olasS t I N
GSNYa O2NNBaLRyRAy3I (G2 AYLERNIIyd Syl evySa Ay LINEI
dza S G KA A& &dz0ad NICA SaNB ¢LKINE RNIBSIZA ¢t BNBIKa K S @G NIA Y
NEJSI f SRO alFRfHBr62 YS O2NNBalLRyRAy3 (2 a2YS 2F GKS
YSihl o2t A0 Syl & vYSa,a®yNINSHLIZAY RANYET 16652 L2y FENIGR v ¢ A0 K
4SS AT lFyeée 2F (KS&Scgp NGB nanS GNeB (BN Qlay? YU K25F M n9z{nzn nL
FNRY 22NX. &S tIFINYaAaGgsS oFO1 G2 GKS LINRPGIS2YAO0&a RI
02y UNXNSR KACIDY HEBER AV &A@t I YRAY 9 &deydKIasS o6tD9{0Z

LINBaSyld AycphRSnmnaAanFANLPasSWNB2FyItesr (GKS LINRGS?
LNBaSyOoS 27 lth[gnnnnoyncnm SYyO2RAYASYyH eyypasy

Ot PHS5Z.DpE!DIH[AZ.DE [ E.DH[ E.DHPDX I th[ywnnnnduynnam SyO
2NI K2t 23dz2S 2 DMPKS FRY WV ht[[ghnamndmnam gKAOK R2Sa
odzii | LIS NBR dzaAy3d (KS£EaSyNDRNYSHES a6 ¢ KESEISE SNB120d2A
ddz33S8ai G(KS LINBaASYyOS @aXiKKNBRKAIWMADRAASANR Doy [ P



Linoleic

acid
@ PLC
A YO 000 l FADS2

Diacylglycerol <=3/t v/ v/ 0o/ v}

"_é'ﬂk
y-Linoleic
DAGL PLA, acid
FADS1 ELOVLS
2-Arachidonylglycerol =———3> Arachidonic g dihomo-y-Linoleic
FAAH acld (7 acid
MAGL COX
v
PGH;
PGES
v
PGE, > 15-keto
15-PGDH prostaglandin

CAIdcdeNB 3 O0OKSYlI oRQ2adzvXNI DBEARFYAO | OAR Aa ae
2 HDINI OKAR2YAO | OAR A3 udKAKOKZHE RN BSlo
I N} OKAR2YyAO I OAR 6KAOK Aa YSiloz2t anabml ®»X
Ad YSOlI 02t @RISRLINERE & I1DDf | Yy RAuy®D KR a4 &2 RILAE & So
RAI Oéf 3f @OSNRf 65! D0 FTNRY LKRBLERLIRRYN KRBT
fALI &S 065! D[V YR GKSy (2 | N} QKahl RR[yOA O2 NJ
I YAR2KERNRPOPAF206ERADI 0 DARTAF2YVYSAIO0 2 OARS R &
6C!5{H0Z GKSY VYSuitdbZgenaadsq@ KOARAKEBYZFIlI g& |
YSGFo2fAaY (2 FN}OKAR2YAO | Ox Bo@e AfyH Oom @l

. A2NBYRSNHO2Y



¢t-oftS md 9yl evy3a d.AZdEB’eSEWeZ\MMDNIEK ALV&NWa dza SR
G2 ARSyoFeé KAlGaszx gA0GK DSyS L5a fAaGSRe 2K
O2f 2dzZNBR Ay ofl O] @
{ S NOK (SNY | ACDSYS L5 al LILISIRNHIBS2 Y S
t K2ALK2LALI AS wmT ,9{
't h[ wnnn AR
I'th[nnnH bh
I'th[ynnnanmbh
l'th[ wnnnmbh
l'th[ wnnnu bh
l'th[ gnnnn bh
I'th[ gnnnH bh
I'th[ gnnnmbh
l'th[gynnnn bh
I'th[ nnnn bh
IR . o
l'th[gynnnn bh
I'th[wnnnnbh
I'th[wnnnambh
I'th[wnnnnbh
I'th[wnnnanmbh
| @0f 22Ee3Syl 48U m |t h[gynnnn bh
SYR2LISNREARS &
t N2aGlF 3t YRAY l'th[ wnnnn bh
Clg&®OAR RSM I GdzN n l'th[ wnnnmbh
I'th[ wnnnambh
I'th[ wnnnn bh
I'th[ wnnnambh
Crge I OAR RSal H l'th[ wnnnn bh
It h[ Qmmapomwm b h
Crge I OAR St2yin Tt Tt
5AF Ot BAROSENRE ™ l'th[wnnnc bh
az2zy2l 0eft 3t @O0SNIn Tt Tt
Crge I OAR FYAR:nN Tt Tt
t K2alK2t ALl &S .n I T
| @ RNRE@LINRAGI Iin T T

RSKeRNRISYlFasSn
LINREEGE 6 YRAY |

nondtr tD9{H 3IASYyS A Fa BIELIWSEIB EBRIBRNIZAKS |
¢2 Ay@Saedl (S 3ISyS SELINBaairAzy 27Tl o DIOF me @ & WORS TS NI
SYLX 28SR ¢6A0GK O5b! LHNSAN WBRS FINRdZE & I NI i $BHWBISO |
LINA YSNE RS aAMEWIR hT2ANMInKiP mocamd O5b! &SljdSyOoSao ¢
fATSO0e0fS | YL & USREOBDEES N STR2 NJa + K2dzaS1SSLIA Yy 3
aK2gy (2 0S5 Sldzatfeée SEAINBEMBRR NF4&dA ftapOFBHFBe OKB
SELINB&&aA2Y | LIISENA (2 0 SRNSHGNK DI SRIP IR SHRERE | R dzf



| 26 SOSNE Al akKz2dZ B b8t & 2FWHRBEROWRY(H D & SNIBSR Ay
AAIAYAUOFyYyhte fRuodwWiKENEYTBERISOIH SR yy2i 0SS 02y Of dzR
f AT

GKIFIG tD9{wn A& y2i SELNBaasSR Ay G(KS S§33 ATS0e o

~h
N

I LKef23SySa®olf mbB §12 OXNISHEE & ISYSNIGSR dzaAy3a 22N
AK20QAAYNEBE WS L2t e J388YA A D9GK20Y (12 KIFPS KAIKE @ NJ
Y SYI (bRl & A fHAaS y@aSitats a KAIKEe NBfFGSR 3ISyS L5a |
Ay Of RS YAy OK dzal yBRyOh AiNINdzA YSNIERIAZAES & oy 3d 02y & SNDI o
ALISOASA

MHDP



Actin adult
ActinlL3
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PGES2 adult
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HPOL_0000513601, Heligmosomoides polygyrus (PRJEB15396)

Nippo_chrX.g15392, Nippostrongylus brasiliensis (PRJNA994163)

HCON_00166900, Haemonchus contortus (PRJEB506)
HPLM_0002169401, Haemonchus placei (PRJEB509)
" ] TELCIR_14975, Teladorsagia circumcincta (PRJNA72569)
CYNAS_LOCUS10861, Cylicocyclus nassatus (PRJEB63274)
0 SVUK_0001830301, Strongylus vulgaris (PRJEB531)
n OESDEN_01733, Oesophagostomum dentatum (PRJNA72579)
— 3 0 Necator_chrX.prel.921302, Necator americanus (PRJNA1007425)

ANCDUO_27825, Ancylostoma duodenale (PRINA72581)

ANCCAN_27230, Ancylostoma caninum (PRJNA72585)

ANCCAN_27453, Ancylostoma caninum (PRJNA72585)
ANCDUO_12969, Ancylostoma duodenale (PRJNA72581)
Acey_s0132.v2.g18749, Ancylostoma ceylanicum (PRJNA231479)
ACOC_0000158101, Angiostrongylus costaricensis (PRJEB494)
ACOC_0000973201, Angiostrongylus costaricensis (PRJEB494)
AngVas-contig_768-1.3, Angiostrongylus vasorum (PRJNA663250)

AngVas-contig_768-4.2, Angiostrongylus vasorum (PR|NA663250)
Angca_007114, Angiostrongylus cantonensis (PRJNA350391)

L——— DICVIV_12629, Dictyocaulus viviparus (PRJNA72587)
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HPOL_00800513601 EFYGFSYELVEVNPVTKSQLSFSRDYKKMPVVTSSEGT - - - -FVESSLIISELATYLRRP 135
Homo_sapien DFHALPYQVVEVNPVRRAEIKFS -SYRKMPILVAQEGESSQOLNDSSVIISALKTYLVS- 178
Mus_musculus DFHSLPYQVVEVNPVRRTEIKFS-SYRKMPILVAQEGDSLQQLNDSSVIISALKTYLVYS- 177

Tkl okIldekkdkkk 1IID.kk _kIkkkIILI.kk IoIkkIkkk Kk kkk
HPOL_0000513601 DRNLFEIGDMYPSIDAINDEGKRVKCCPNMYFIMKGNDDDD--- -~ LGAEREERKWREWY 190
Homo_sapien GOPLEEIITYYPAMKAVNEQGKEVTEFGNKYWLMLNEKEAQQVYGGKEARTEEMKWROWA 238
Mus_musculus GQPLEEVITYYPPMKAMNDQGKEVTEFCNKYWLMLDEKEAQQMYGGKEARTEEMKWRQWA 237

L kk ILkIKIIkk Kk, * kIik L1.I k. kk sk Ik,
HPOL_0000513601 DDHFIHLISPNIYRSLTESFQTFEWFSHYGEWDVHFSTWSRLLAKYVGAFVMWMVAKRLK 250
Homo_sapien DDWLVHLISPNVYRTPTEALASFDYIVREGKF - - - -GAVEGAVAKYMGAAAMYLISKRLK 294
Mus_musculus DDWLYHLISPNVYRTPAEALASFDYIVREGKF - - - -GAVEAAMAKYVGAAAMYLISKRLK 293
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HPOL_0000513601 RRHNITDE-RKALTDAFNDWMNAIGPNRKYMGGDAPNLADLAMYGAMIAFAGCSAFNEAY 309
Homo_sapien SRHRLOQDNVREDLYEAADKWVAAVGKDRPFMGGQKPNLADLAVYGVLRVMEGLDAFDDLM 354
Mus_musculus SRHHLQDDVRVDLYEAANKWVTAVGKDRPFMGGOKPNLADLAVYGVLRVMEGLEAFDDLM 353

kk. 1 kI ok ok Ik I.okI kIk Ik IkkkI kkkkkkkIkk.D LI ok kkID o
HPOL_0000513601 VNNPIERWFSDMRRAVQNHDGRAMIAERTKNLPIQAN 346
Homo_sapien OHTHIQPWYLRVERAITEASPAH-------------- 377
Mus_musculus RHSHIQPWYLRMERAIEEAPSYHHVNPSCKD------ 384
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PGES2 concentration FD4 concentration (pg/mL) | Fold change from
(ug/mL) untreated
0 1.8+/-0.2 1
0.001 4.1+/-0.2 2.28
0.01 10.4 +/-2.2 2.54
0.1 73.2+/-12.3 7.04
1 134.7 +/-10.2 1.84
10 206 +/-1.3 1.53
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PLA, concentration (ug/mL) FD4 concentration (ug/mlL) Fold change from control
0 1.8+/-0.2 1
0.001 7.6+/-0.2 4.22
0.01 8.1+/-0.3 1.10
0.1 10.1+/-0.5 1.25
1 71.6+/-2.6 7.09
10 106.3+/-0.7 1.48
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