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ABSTRACT

Epidemiological studies correlate vitamin D deficiency with asthma sev@atgitriol
modulates receptor and cytokine expression from various leukocytes in anflantmatory
manner. Despite eosinophil activity during mucosal inflammation, knowledge on the direct effect
of calcitriol on this granulocyte is very limited. We poge that calcitriol exerts direct effects on
eosinophil biology by modulating its programmed cell death pathways and other functions.
Purified peripheral blood eosinophils from atopic donors were incubated with calcitriol (10nM)
for up to 14 days with anevithout IL-5. We observed that calcitriol significantleduced
eosinophil necrosis and cytolytic releaseEdtX in media when cencubatedwith IL-5. The

addition of calcitriol also significantly decreased CRTh2 and CCR10 expression on eosinophils.

Eosirophil cytotoxic mediator release into mucosal tissuesulting from necrotic
cytolysis as well as eosinophil recruitment to lurage major contributor® airway inflammation
in allergic asthma. Hence, the reduction of mucosal inflammation achievetkdrgasing
eosinophil necrosis and recruitment unveil new-arflammatory mechanisms for calcitriol in the

context of airway inflammation.
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CHAPTER 1: Introduction



1.1 Vitamin D

1.1.1 Vitamin D Physiology andSynthesis

Vitamin D functions have generally been discovered due to effects related to its deficiency.
Thus, it was originally categorized as a vitamin. Although still controversial, vitamin D deficiency
is determined by25(OH) Ds peripheral blood levels, where < 5M is considered deficient.
Vitamin D was first linked to bone metabolism, specifically calcium absorptioa, td the
development of rickets andsi@oporosis in patients suffering from hypovitaminosis D. In the
199006s, associ at i omiaD detcrerey ambcdneer frevalewte bater, iV i t a
was demonstrated that vitamin D induces cancer cell death through cellacyese[2-4].
Recettly, functional links have been emerging in the literature between vitamin D and the human
immune gstem. Overall, vitamin D ia multifactorial moleculevith diverse roles depending on
tissue typd1, 2, 4-11].

In contrasto its name, vitamin D iactuallya secateroid hormon§l?2]. Secosteroids are
structurallyvery similar to steroidslike corticosteroidsywhere the only difference is tieck of a
bond between G210 to form a fourth carbon ringl0] (Figure 1). Both groupssharesome
precursors, andre both intrenuclear signahg factors[8]. Vitamin D can be obtained thogh
diet, yet humans mainly rely aiftraviolet B UVB)-based vitamin pphotosynthesis. UB light
exposure enabseconversion of -dihydrocholesterol into preitamin Dz, which later becomes
inactive vitamin B (cholecalciferolthrough an isomerisatiaeaction. Next, inactive vitaminaD
is transformed by 2&ydroxylasefrom hepatocytego produce 25(OH) B commonly known as
calcifediol[13]. The latter molecule, which is bound to the Vitamiubidding protein (DBP) while
in circulation, is known as our reservoir which is available for reactions with vitamin D metabolic
enzymes. DBP acts as a transport progeiimarily using blood circuladin to deliver calcifediol
to targeted tissudsr its activation[6]. Calcifediol is modified byl thydroxylasewhich adds a
hydroxyl group tahe latter precursor to forth25 dhydroxyvitamin I, referred to ascalcitriol,
which isthemostphysiologcally active form of viamin D[14]. The latter pathway is summarized
in Figure 2.

The en z-lydrexylasel 8 traditicadly known to reside irproximal convoluted

tubule cells of the kidneys[14], yet has recently been found constitutivekpeessed in airway

2



epithelial cell§15]. Alveolar macrophages, dendritic cells and lymphociiege been shown to
execute this conversion as wdll6]. Consequently, extra e n a-hydrokyldse suggests

significantconcentrations of calcitriol itheairway mucosa microenvironmejit6-18].



0 OH

Steroid: Dexamethasone

0)

Secosteroid: Calcitriol

Figure 1: Structural differences between a steroid (e.g. dexamethasone) and a secosteroid

(e.g., calcitriol). Adapted from Normaset al.[10].
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Figure 2: Schematic representation of UVB-dependent vitamin s synthesis and activation.



1.1.2 Vitamin D Signaling Pathway

Calcitriol mediates its activity by baing tovitamin D receptor ({DR) which residest
the nuclear membranAlthough ligands to VDR include calcifedidafalcitriol exerts the highest
affinity for VDR out of all vitamin D metabolites. Thus calcitriol is considered the active
metabolite of vitamin Dgven though it is found in low concentrations in blddd]. VDR
monomer contais a lipid binding domain (LBD) and a DNA binding domain (DBD). When VDR
exists as a monomer it is its inactive form.VDR heterodimerizes with the retinoic X receptor
(RXR), uponligand-binding activation,through recognition bylphahelices of both meomers
[9]. The DBD of VDR allows ito act as a transcription factarfvitamin D responsivelements
(VDRES)[9, 11, 20]. VDR signaling is said to influendde transcription ofoughly 3% of the
human genoméirectly and indirectly)including approximately 900 genesyhere some target
genes regulatcell differentiation, cell growth, immunomodulation and hormonal systemshwhic

are beyond calcium regulati¢h2, 21].
1.2 Vitamin D and Inflammatory Diseases

1.2.1 Implications of VDR

Studies on VDR in animal models support a rolevitamin D in immune function8/DR
knockout mice arenable to generate airway hyperreactivity in respomsgéaindard experimental
allergen challengeand aredefective in Th2-type cytokine releas22-24]. Only oneother study
demonstrated elevateth2 cytokines ath IgE levels in thesenice yet still failed to induce
experimental asthmg25]. These gidies imply that eliminating vitamin D function in mice is
beneficial against allergic airway iafhmation. This finding from allergic asthmause models
contradicts allergy and autoimmuneelated outcomesassociated with itamin D deficiency
observedn humansRemovingVDR function from mice hasther consequences prouseairway
physiology.VDR-ddficient mice have overall reduced lung function, decreased lung size and lung
structure compared to wild typ26, 27]. Therefore, arrent evidence suggests that a mouse animal
model remains satisfactory to study plbiagical roles of vitamin Don lung development, perhaps
not for investigating vitamin D immunomodulation propertiesother words, mice do not seem
to utilize vitamin D metabolites for immunological functiansthe same mannas humans do.
Hence,it is important © work with primary humanimmune cells when investigating vitamin D

effects.



In human populationsa large number 0¥ DR polymorphismsdentified exist between
exons 8 and @f the VDR gengwhich have unknown function while other polymorphisms are
found in regulatory sections of tlieeneg]4]. Overall, researchers seem to agree that identified VDR
polymorphisms are less related to changes in the protein structure, but more to differences in
stability and/or translation efficiency dfie RNA[4]. Still, VDR polymorphisms significantly
correlate with asthma prevalen@8-32]. Hence, the current consensus in human epidemiology is
thatnormally functioning and express®@R is protective in action againhallergic asthma, and
probably other atopic diseadds]].

1.2.2 Human Clinical Evidence for Vitamin D Immune Functions

Vitamin D deficiency has been linked with an increase (and/or adverse outcome) in
autoimmune diseases, infections, cardiovascular diseases, eadcappareht linked with a
higher risk ofmortality in all conditiong1]. Thereis also evidence supportivd sunshine (in
relation o vitamin D production) as a protective factgainst human atopic diseagaown as
t he 06 s uns hi. Roe exdmplettretUBANatiosabHospital Ambulatory Medical Care
Surveyreported significantlyigher incidencef acute allergic reactions in notéiastern regios
compared to southern regiof83]. Specific to lung healtlgurrentliterature associatestamin D
deficiencywith airway hyperrespaiveness, lower pulmonary functions, worse asthma control
and poswbly, corticosteroid resistang&7]. Also, many studies repoatrelationship betwedow
serum levels o€alcifediol(i.e., described as serum vitamin Bid FEM/FVC ratio, a diagnostic
measurement for obstruedi and airwaydisease[14]. Although still controversial due to
contradictory reports, some researchers have demonstrated tlcatdédediol, in seraof pregnant
women, predicts higher prevalence of asthma, wheezing ard attbpic diseases in childhood
[14]. In contrast, ssimilar study contradicted these findingst revealedhat higher maternal
vitamin D lowered the risk of respiratottyact infections in early lifd34]. In general, the
prevalenceof vitamin D deficiencyobserved in Western sociesigsociates witlits increases in
asthma prevalence. A meaaalysis study revealed that 61% of American youth suffering from

asthma arelinically vitamin D deficien{35].

1.2.3 Calcitriol Exerts Direct Effects on Leukocytes

Although human studies, thus far, remain ambiguous towards directly linking vitamin D to

allergic diseases vitro research has been ablestdightenthe matterAs reviewed by Harand
7



colleagues[36], calcitriol hasdirect effects onvariousimmunre cells, incluéhg: monocytes,
macrophages, dendritic cells, T cells and B ddl&ble 1). In general, calcitriol is said to activate

innate immune responses while suppressing adaptive immunity mechf®éms

On the one hand, calcitriol has the capacity to upregulate innate immunity components,
such as antimicrobial peptid¢aMPs), and antiinflammatory strategies Calcitriol directly
promotes the synthesis of AMRcathelicidin and -defensin 2and encourages the production of
tolerogenic dendritic cells (DCs) and T cdlks 37]. Hewisonet al.[38] showed that mnocytes,
macrophages, neutrophils and epithelial cells produce AMPs upon calcitriol exposiire.
Additionally, calcitriol seems to alter immune cell differentiation in an-@fitkmmatory manner.
Baekeet al. [5] demongtated that calcitriol enhances the differentiatimin monocytes into
macrophages withncreased phagocytic capacity as well asadtered cytokine profile that
encourage resolution of inflammatory immune responsBsieke and colleagues also showed
directeffects of calcitriol on T cells. They report that T cells must be properly stimulated through
their T cell receptor (TCR) in order to express VDR. Nonetheless, calcitriol directly and selectively
induces the development of Treg cells, while it failedrtbamce Thl and Th17 ce[ls, 39]. The
sameteamof researcheralso observed increasesahemokine (GC motif) receptor CCR) 10
and CCRS5 expression in T cells as a result of calcitriol treatment, which the researchers suggest
may improve skin and mucosal immunj§; 39]. Furthermore, van der Aat al.[40] observed
enhanced FOXR8xpressing andnterleukin (IL) -10 secreting Treg cells when monocytes,

Langerhans and dermal DCs were incubated with calcitriol.

On the other hand, it predominantly downregulatesipiftammatory elementssuch as
cytokine, cestimulatory cell surface receptors amttibody production.Baekeet al. [5] report
that, even though calcitriol induces monocytes to differentiate into DCs, calcitriol downregulates
cytokine release and «dimulatoy molecule expression on cultured monocytes. In relation to
DCs, van der Aaet al.[40] showed that calcitriol modulates-stimulatory molecules expressed
by mature DCs while reducing the production of-prtammatory cytokines as well as induction
of Thl cellsin vitro. Calcitriol seems toftect pathogen recognition as well. Kheo al. [41]
demonstrated a reduction in pathogeoognition receptors (PRR®)I like receptor (TLR) 2and
TLR4 in mononuclear dis duringM. tuberculosianfection. Finally, calcitriol directly dampens

antibody production. Baeket al. [5] showed reduced B cell differentiation into memory and

8



plasma B cells (thus discouraging antibody production) wadeitriol exposure. Also, incubated
B cells showed reduced capacity to produce antibddiesin respect to eosinophil biology
Hiraguchiet al.have confirmed that eosinophils do express \[BR. At present,ittle is known
about the direct effects of calcitriol on granules/such as eosinophils.



Table 1: Effects of calcitriol on myeloid and lymphoid leukocytes in vitro(Adapted from

Hartet al [36)]).

Effects on myeloid cells

Upregulates

Downregulates

Cathelicidin and -defensin 2

Monocytes - Antimicrobial peptides: - Co-stimulatory molecules:
Cathelicidin and -defensin 2| CD40, CD80, CD86,
HLA-DR
Macrophages - Antimicrobial peptides: - Cytokines:

IL-1, IL-6, IL-8, IL-12 and

TGF and IL-10

- Treg cell differentiation

- Phagocytosis TNF
- Activin A

Dendritic cells -ILT3 - Co-stimulatory molecules:
- Cytokines: CD1a,CD14, CD40, CD83,

CD86

- Cytokines:

IL-12 and 11-:23

- Thl and Th17 cell

differentiation

Effects on lymphoid cells

CD4*T cells

- Treg cell differentiation:
FOXP3, IL-10, CTLA4,
TLR9, OX40L

- Homing to inflamed tissues

CCR5, CXCR3, CXCR6

-Th1l and Th17 cell
differentiation

- Cytokines:

IL-17, IL-21, IL-2, IFN-2

-Homing to lymph nodes:

- Homing toskin: CD62L, CCR7
CCR4, CCR10

B cells - Homing to skin: - Plasma cell development
CCR10 - Antibody secretion

- Memory B cell

differentiation
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1.3 Asthma- A Complex Inflammatory Disease

Asthma is achronicpulmonaryinflammatory diseaswith many plenotypes Clinically,
asthma is recognized as increased airway hyperresponsiveness leading to events of wheezing
and/or shortness of breath. Allergic asthma isesuty agreed to result from inappropriate Th2
immune responses, triggered by an allergen. As our understanding of the complexity of asthma
etiology and pathogenesis increases, so does
prompted researchotfocus on various target immune cells involved in airway allergic
inflammation, with needed empha®n Th2 cells and eosinoph{l$6, 43]. In addition, current
therapies rely heavilpn glucocorticosteroidso manage asthma symptoms, yet there remains

variability in the response to theseatment$44].

Allergic asthma is described as a Th2 type of inflamnyatiisease which is characterized
by the involvement of specific IgE to aneaben and anajor involvement of mast cells. The
classic asthmatic immune reacti® said to occur in two phaseshe first is an immediate
bronchoconstriction caused by degratian of mast cell histamines, leukotrienes, prostaglandins
and PAF.Phase lis dependent on the activation of mastocytehich is essential for the
subsequenphasg45]. The second phase of bronchoconstwittis probably more dependent on
cytokines and chemokines.§.,IL-5, TNF, GMCSF andCCL11).Factors that specifically trigger
the delayed phaser those whickelicit degranulation of eosinophils once it is found in the
bronchial lumenare not yefully defined.Suchfactors cause the recruitment and activation of
pro-inflammatory cells to be trafficked toward bronchi where eosinophils are activated to release
inflammatory factor§46]. As reviewed by Erlet al.[47], the cell biology of asthma relies on
many complex relationshifetween immune cells and ranmune cells where most mechanisms
are initiated by airway epithelm upon stimulation from environental triggers, such as allergens,
pollutants and viruses. Major cells involved are notably epithelial cells, nerve cellthamerle

cells, mast cells, DCs, eosinophils/basophils and Th2[e&lls

1.4 Eosinophils in Allergic Airway Inflammation

Allergic airway inflammation, as described in allergic asthma pathogenesis, is a

multifaceted condition involving diverse acute and chronic mechanisms. Although many immune
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and norRimmune cells participate in allergic airway inflammgtoesponses, the eosinosdre

known to be a major playg48, 49]. In animal moded, eosinophil functions have been shown to

be implicated in most aspects of asthma pathogenesis, in particular: airway hyperreactivity and
excess mucus production, which resultraversible bronchoconstrictiofb0, 51]. In clinical
studies, eosinmhil sputum countsassociate with asthma eabations[52]. Furthermore,
eosinophils areassociated witHung tissue remodeling, a permanent consequenaghronic

airway inflammatior{53, 54]. Accordingly, eosinophils have been and remain a target in asthma
pathogenesis and therapeutic resegd@ 50, 55, 56]. Many studies, which pertain to asthma,
focus on eosinophil biology according to three major categories: eosinophil survival, phenotyping

eosinophil populations and mdédtion of eosinophil activitiep43].

1.4.1 Eosinophilia and Eosinophil Survival

Eosinophils originate from bone marrow and temporarily circulate in blood, where their
short life is suggested to range from 8 to 18 hours. Once eosinophils reach tissues, their lifespan
increases, dependent on the tissue, from 2 to 5 days. Vamiaitso studieshave shown that
eosinophil survivatanbesustaired forup to 14 days by supplementing with cytokines. In general,

eosinophils are known to Isensitive to death without sufficient aapoptotic stimulu$s7].

Lung eosinophilia is a key characteristic of allergic asthma, and consequently its
mechanisms have been aimfmcus in eosinophil researfh8, 59]. IL-5is distinct and imperative
to thedifferentiation as well assurvival of eosinophils, therefore is a centfactor in airway
eosinophilig 60]. Furthermore, IE5 has been shown to induce eosinophil activation¢chvis an
additional relevant eosinophil function in the context of airway inflammaba@h IL-5 receptor
(IL-5R) is composed of two subunits termed alpha and heRUis the subunit wich renders
specificity to IL-5 [61]. Hence, changes it sutunit expression provides insight on-5_
sensitivity, specificallylL-5, as well as its family memberH;-3 andgranulocyte macrophage
colony-stimulating facto(GM-CSH), signal through theommon chain leading to anthpoptotic
effects.The IL-5Rb subunit is theignaling component of the bR [61]. As mentioned, thiH
signaling chain is common fat-5, IL-3 and GMCSF receptord43, 49, 57]. Therefore
expression modulation of thesubunit is indicative of the responsiveness to all three respective
cytokinesIL-5signd i ng r el i es on phospreorylatganus kinasgJdAK)Rtoat i on

mediate its downstream effedi82]. In general,c o0 mm o ¢hainbactivation causgsolonged
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eosinophil survival by inhibiting the apoptotic pathwpsimarily by increasing-cel lymphoma

2 (Bcl-2) expression43, 63]. An increased expression of -BR at the célsurfae rendes
eosinophils more responsive toB.cytokine. Thus, an increase inBR would intensify the anti
apoptotic signal, when exposed te3Lcytokine.Indeed, I1-5 is commonly present in the airway
mucosa of asthmatics and allergic rhinitis patiefd]. Hence, eosinophils in asthmatic
individuals are continually stimulated to inhibit apoptotic death resulting in increased eosinophil

survival.

Other cytokineswith antiapoptotic propertigsincluding certaininflammatory factors
have beent®wn toincrease eosinophil survival as wih]. Particularly,Interferon (FN)-o h a s
beenstudied ineosinophi$ due to itsinhibition of apoptosisIFN-2 mediates its antpoptotic
effects through thénterferon gamma receptotFNGR) 1 and2. Its intracellular signaling
initiation relies onJAK1 and 2 activatiorj62]. In contrast to IE5, IFNNO s ust ai ns eosi
survival by a different mecham thanincreasing BeR expressior{66]. Both IL-5 and IFNo
have been shown to successfully inhiggiontaneous apoptosis and fatuced apoptosis, in
eosinophils, by blocking caspa8eand-8 proteolysis, yet fail to alter mitochondrion membrane
potential[67]. Overall, IFNO  ut i | i zes a pat hway vvblpatowhyta s i nd

inhibit apoptosis in eosinopki

Regardless of the manner in which apoptosis is inhibitdyddapoptosis or insufficient
apoptosis of eosinophils i®w recognized as an impant factor in asthma patholoff5, 56, 59,
68]. Although prolonged eosinophil survival may provoke gerspainophilia in asthma, afti -
5 therapy seems successful in reducing blood eosinophilia but not sufficient to resolvesluang tis
eosinophiliaand related symptomis asthmatic§54, 69, 70]. Therefore, therapeutic alternatives
against eosinophilic airway inflammation, beyond the systemic elimination of eosinophils, have

been explored in regards to eosinophil recruitment into pulmonary tissues.

1.4.2 Death SignalingPathwaysand I nflammation

1.4.2.1 Apoptoss is AntiInflammatory

Apoptosis is a caspaskependent pathway, since it is suppressed by -spéetrum

caspase inhibitors such as zVADkK [71]. Although various caspases have been said to be
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involved, aspase8 becomegpredominantlyactivatedto become an eftdor molecule72]. Its
downstream targets include papoptotic proteins from the B& family. At large, these molecules

aim to increase mitochondrial membrane permeabilization to release cytochrome c into the cytosol.
The latter molecule diates intracellular changes such as fragmentatiouciear DNA as well

as plasma membrane alterations, sugbhasphatidylserineXS exposurg71].

Apoptosisis the classicaprogrammed cell deathPCD) pathway, which has been
thoroughly studiedn eosinophs. Most of ourcurrentknowledge of eosinophil apoptosis stems
from studies on theole of IL-5 in eosinophibpoiesis and eosinophil survivgb7, 73, 74].
Apoptosis is morphologically characterizegla redution in cell volumechromatin condensation,
nuclear fragmentatigrplasma membrane blebbing and expression of cell surface components
which facilitate engulfment by phagocyt¢gl]. Therefore, poptotic eosinophils and their
apoptotic bodies are actively phagarsgd by other immune cells, such as macrophages, to avoid
granule elease, which allows resolutigrs]. Apoptosis $ an important component solution
of inflammatory responses. Consequerttig most popudr therapies agnst asthma, which target
eosinophi$, aim to inducapoptosisn this cell typge.g.,antIL-5 therapiegnd corticosteroigs
[72, 75-77]. In contrast to this aninflammatory pathwaynecrosis is commonlignown as the

opposite of apoptosis, since it promateEammation[71].
1.4.2.2 Necrosis iProInflammatory

Necrosis ignainly characterized bgn increase in cellolume, swelling of organelles and
loss of plama membrane integrity T h e t e r m pr@wioasty descsiieds an umguiated
form of cell death whiclinduces inflammatiowlue to the release of intracellular contents. More
recently the concept ofecrosiss understood to be more complex and regulatedtthaditionally
thought. Therefore, Ii[fl,78 79). Carcent scierdific iteralureathee c r o p t
matter tends to utilize three different wordsitolysis, secondary necrosis andcroptosis.
Cytolysis is a general term usean describe cell deattinrough lysis,as a result from damaged
plasma membran#hus expelling their intracellular conten8condary necrosis is said to occur
within a cell that has first been in the apoptastiatefor an extended period of timén contrast,
necroptosis is a newer concept which descrébbgyhly regulated death sigimgy pathway[71].

It is now known that necroptosis can be initiated, similarly tipépsis such ady Tumor Necrosis
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Factor (TNF), &s Ligand (FasL) and DNA damagd80-83. It hasalso been demonstrated that

necrasis can be specifically triggered througRRs

Since it inducemflammation, necroptosis is beginning to be studied in Somaune cells,
such as Tcells[78, 84]. It has been proposed thatmune cells & more prone to die by necrosis
than other cell typegr9]. As reviewed by Haet al.[78], there are many reports suggestingtth
necrosis is a backup death pathway, whltlkctly competes with apoptosis1 order to prompt
immune responseg78]. It is distinct from apoptosis by the formation wdceptorinteracting
serine/threoningrotein kinase(RIP) 1 and3 protein complex, known as necrosome, which
inhibits caspas® in order to inititee downstream cytolytic effect8, 80]. In general, our
familiarity with apoptosisnecrgtosis crosgalk remains basjcyet there isncreasing ewence
that both PCD pathwayishibit each othef78, 85, 86]. (This information was @dapted from a
review by Ethieret al.[87])

1.4.2.3 Autophagy Induces8vival

Besidesits complicated relationship with apoptosis, necrosis has also been shown to infkelence
survival throughautophagy.Necrosis has been associated to changeasuiophagy through
intracellular reactive oxygen species (ROS) production.[2&jtophagy is an intracellular
programmed pathway which specificagtiomotes cell survivd3, 84, 88]. Even hough cell death

can occur during autophagy induction, the suppression of autophagy by genetic knockout and
knockdown of autophagy essential genes, teratgdresults in accelerated cell death. Therefore,
autophagy was categorized as aguovival pathwg [71]. Briefly, autophagys characterizetby

the formation of autophagosome fusion to lysosome ytwptasmic material degradation where
redistribution ofmicrotubuleassociated protein 1 light chair(I3C3) fusion proteinsn vesicular
structures, includip autophagosomes and autolysosomes, is obsgftpdAutophagosomes are
distinctly twomembraned vesicles which degrade degenerating cytoplasmic organelles and
cytosol components by acidic lysosomal hydrolagdthough autophagy is characterized by
massive autdpagic vacuolization of the cytoplasm, accumulation of autophagosomes and
autolysosomes is deemed insufficient in identifying autophagic[@d]lsResearchenly heavily

on intracellular signaling molecules which have been identified as distinct to autopladyce

cell survival. Its intracellular signaling pathway is distinctive due to phosphorylation of

serine/threoningrotein kinase ULKIUIk-1) which permitsinteraction withmammaliantarget
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of rapamycin(mTOR) to directly inducesurvival [89-91]. Although the molecular mechanism is
not fully understood, it has been recommended to identify Béctlissociation from BeR, by
co-immunoprecipitation, and p6%? degradation, by immunoblotting, as they are events which

occur when autophagy is induced.

It is important to note that research pertaining to death and survival signaling pathways is
still a fairly new field in cdl biology. PCD pathways have not yet been fully described
mechanistically. Furthermore, apart from apoptosis, PCD pathways, resulting in death or survival,
have not yet been studied specifically within the contegbsinophil biology. Most of owurrent
knowledge of PCD pathways relies on studies using epithelial cell lines and transgenic animal
modelg[71]. Therefore, above mentioned signaling may slightly differ in human peripheral blood
eosinophils. Investigation of eosinophil PCD pathways warrants atteation due to lack of

knowledge and therapeutic potential.

1.4.3 Corticosteroid-Induced Eosinophil Death

Current therapies in asthma management largely rely on corticosteroids, due to their potent
antrinflammatory effects. One of the known mechanisms byclidorticosteroids improve
asthma symptoms is through drastic reduction of active eosinophils. This reduction is achieved by
inducing eosinophiipoptosis (among other cells, such as: mast cells and T cells) resulting in
increased eosinophil clearanf@?]. Kawabori et al. [93] were the first todemonstrate that
intraperitoneal injection®f dexamethasone in rats induced eosinophil apoptotic death and
disappearance from the intestinal mucoka.humans, clinical improvement of asthma by
corticosteroid therapy was associated with a higher proportion of apoptaiicoghils in
bronchial biopsie$94], in sputum samplg®5, 96], and with eosinophil apoptic bodies within
macrophageqd96]. In vitro, the detection of apoptotic characteristics on peripheral blood
eosinophils, such as PS exposure, is usually detectable aff@ri#&lrs oexposure talinically
effective concentratiaof corticosteroid497]. Spee¢ f i cal | vy, Dexamet hasone
shown to nduce eosinophil apoptosis within Bdursin vitro [98]. Although corticosteroids are
commonly used to treat asthma, knowledge on the intracellular signaling of such molecules leading
to eosinophil apoptosis is limited. At present, evidence suggests that dexamethdsoed
apoptosis, although associated with th@vaton of c-Jun Nterminal kinase JNK) and p38
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MAPK, is regulated byinknowncaspases.€., not through apoptosielated caspas@ and-8),

in human eosinophil§].

Regrettably, current corticosted treatments in asthma are marfect in particular for
corticosteroidresistant asthmaticp44, 92], which haspromptedresearch toward optimizing
corticosteroid response. Interestingly, vitamin D has been linked to differenttesresponse to
corticosteroid treatmentVitamin D deficiency is currently discussed as factor in steroid
resistancg99]. Since corticosteroid and calcitriol are structurally similar as well as sigaadisig
propertieq 8], direct interactions betweehdse two molecules is plausib@orticosteroids, also
known as glucocorticoids, mediate theffects through the Glucocorticoid recep{@R). GR
translocates from the cytosol to the nuclearsce activated byligand binding leading to
dimerization and direct interactions with glucocorticogdponsive elemen{&RES) to regulz
expression of sp#fic genes, such anitogenactivated kinase phosphatase 1 (MKPMKP-1 is
known to inhibit preinflammatory mediator production via the MAPK pathwBgcently Leung
et al. [100 showed thatvitamin D enhance GR activity in monocytesby stimulating
glucocorticoid induction of MKFL. Even though pr@poptotic effects of corticosteroids have

beenstudied in eosinophilshé relationship betweenDR and GR is yet tbe examined

1.4.4 Recruitment of Eosinophils to the Lung

Eosinophils areproduced in the bone marrow, yet are primarily tissweling cells,
which rely on various mech&ms in order to enter tissugs0, 57]. Eosinophils are primarily
trafficked towardnflamedlung tissue by chemoattractants produced by the airway epithelium and

lung-residing immune cells during inflammatory responses.

Although a variety of eosinophil chemokine receptors may be involved in eosinophil
recruitment, a few haveeln prioritized in asthma research, sucic@R3andchemoattractant
receptorhomologous molecule expressed on TERTh2 [43, 50]. CCR3, which binds a total
of 11 ligands, is selectively arabundantly expressed eonsinophild43]. Accordingly, evidence
demonstrates that CCR3, when boundiemokine (CC motif) ligand(CCL) 11, is crucial in the
recruitment and accumulation of eosinophils experimental models of asthmand other
eosinophilic disordergt3, 101, 107. Furthermore, CCR3 antagonists reduce airway eosinophilia
in chronic experimental asthnja03 104]. In humans, increased expression of CCR3 as&sciat

with greater asthma severity0g.
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Similarly, CRTh2 has been shown to mediate eosinophil recroitnb@ lung in
experimental modes of asthiit06, 107]. This receptor binds specifically wostaglandin R
(PGD), a product released by activated inflammatorysceuing an allergic responsgt3].
Consequently, CRTh2 antagonist therapies ddiglly attenuate pulmonargosinophilia in
various modelg108 109. Although several CRTh2 antagonists are currently available, their
efficacy against asthma in humans continues to be studied. Thus far, tha @142 antagonist
OCO000459n patients with chronic asthma, who were not on other asthma management treatments,
improved FEV1, quality of life, nighttime symptonscoresand eosinophitounts[11Q.

There is extensivetérature surrounding the roles of CCR3 and CRTh2 on eosinophils in
allergic inflammation.It has been shown that bothemokine receptors mediate eosinophil
recruitmentto lungs in experimental asthmdence CCR3 and CRThare classicmarkers in

asthmaesearch

Interestingly, there are a variety of undéwdied eosinophil receptors which have
recruitment functionsral, thus, therapeutic potentiadDne chemokine receptof interest, which
is expressed by eosinophiis CCRA4.It is known that CCR4 pécularly binds to inflammatory
mediators, such astromal cellderived factor 1 $DF1) and Thymus and activation regulated
chemoking(TARC). Furthemore, eosinophils collected from bronchoalveolar lav&gyel () in
allergic patients i@ known to highly epress CCR4111]]. Unfortunately, CCR4 remains to be
functionally described in eosinophils. Otherwise, CCR4 has been shopmogagateairway
inflammation when expressed on Th2 cells. Recetitly,elimination of CCR4 in T cells was
considered sufficient to control allergic airway inflammation as well aswagir
hyperresponsiveness in migeLl]. Consequently, an extensive review onrabg&ines in airway

inflammation has named CCR4 asew target for asthma thergydyl 2.

Another receptor which is gaining attention in allergy research is CCR10. CCR10 is
chemokine receptor which is primarily&nwn to serve as a mucosal homing receftbus far,
has mainly been studied within the contekskin immunity on lymphocytegl13. Two major
cell pqoulations seem to express CCRI@ells and B cellsAlthough various sulbypes of Tcells
may express CCR10, Homeyal.demonstrated a sigficant expression of CCR10 in cutaneous
lymphocyteassociated antigen (CLA) positive T cells from human blood, dermal microvascular
endothelium and fibroblasf& 14. In respect to B celld&unkel et al.[115 have shown thdgA
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antibody-producing B cellgi.e.,plasma cellsg¢xpress CCR10 for their migration and maintenance

at mucosal sitesAlthough not functionallydefined CCR10 is also known to be expressed by
Langerhans, melanocytes and dermal endothelial (L. Recent studietiavereveaéd that
CCR10 (and its kown ligands: CCL27 and CCL28) af@ctors in several atopic diseagéd3.

CCL27 is predominantly expressed by keratinocytes while CCL28 is expressed by epithelial cells
from variousmucosal tissud4.13. Thus, CCR10 expssion allows cells to enter specific mucosal

tissues.

Some chemokine receptors also activate eosinophils to releasenflammatory
mediators. Tie subject of eosinophil activation and release of mediators has incited research into
another area of eosinophilic asthrteamed eosinophil degranulatipf3].

1.4.5 Eosinophilic Degranulation

1.4.5.1 Eosinophil Ganules and Modes of Degranulation

Eosinophils are generally known to be potent inducers taEmrhation due to the
release ofjranule content. Eosinophiligranules contaiver 35 different types afhemokines,
cytokines and growth factors in additido cytotoxic granule proteif§5]. Major basic protein
(MBP), eosinophil cationic protein (ECP) aedsinophil peroxidase (EPX), in particular, are
consideredo beinvolved in asthma pathogenegld §. From all of thestudied eosinophil granule
proteins, EPX is recognized to be the most specific to the eosinophil granulocyte llreage.
al. [5]] developed an eosinophdEficient transgenic mouse, which they named RBiisilencing
the EPX gene. While other eosinophil granule protein genes caused decreases in other lineages,
EPX silencing selectively reduced eosinophil cougBX, and other granule proteiase released
through a process termédd e g r a nwhithaeferis  thé release of preformed, grarsitered
componentsin general, there are fodegranulation modegescribed foeosinophilscompound
exocytosisclassical exocytosigytolysisand piecemeal degranulation (PMQurrent literatue
seems to faes on the latter modesince granule exocytosis is rarely documented during
inflammatory responses while PM@hdcytolysis aremore frequentlydocumentediuring human
disease$117]. According to Erjefaltet al, the release of mediators from eosinophils in airway
lumen occurs by PMD, in approximately 67% of tissue eosinophildyyacytolysis, characterized
by a break in thentegrity of the cell mmbrane, in 33% of eosinoph{l$18 119.
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PMD is cefined as selective release of eosinophil granules through secretory vesicles,
resulting in intact eosinophils harboring empty granfiiex)]. During PMD, activatechuman
eosinophilsexecutevescular trafficking whichdirects transport of granutored proteins from
secretory granules to the cell surfddd7]. In short, stimulusinduced release of preformed
eosinophilgranule proteins occufom granulederived vesicles, not granules themselves. Loaded
vesiclesdock atspecific cell membrane argand release their contents through membrane fusion.
Although medanisms involved in the docking afgsion ofeosinophil scretory vesicleat the
cellularmembrane remain to be fully elucidatedfew key molecules have been identified. Lacy
et al [121]] demonstrated that eosinophil secretory vesicles expresglesoluble NSF
attachment reeptor (v-SNARE) vesicle associated membeaprotein (VAMP)2, which ce
localizeswith CCL5 during IFN-2-inducedPMD of CCL5. Furthermore, Logast al.[122 123
showed that \SNARE mediates specific membrane docking through interagtath plasma
membrane-SENARES,soluble NSF attachment proteiSNAP)-23 and syntaxi#. In contrast,
cytolysis causes intact granules be releasedue to plasma membrarmksintegration.Unlike
PMD, where eosinophils remain viablgtaysis results inell demise[120. Although eosinophil
cytolysis has been thoroughly observed, mechanisms regulating this mode of degranulation in

eosinophils have yet to be eluded.

1.4.5.2 PAFinduced Eosinophil Degranulation

Platelet activating factorPAF) is a phospholipid mediator released by activated
macrophages, mast cells and basophils, which motivates pathophysiological inflammation. PAF
mediated responses in human eosinophils include: chemotaxis, superoxide production, adhesion,
and releae of catiaic granule proteingl24-131]. This mediator initiates the latter actichsough
PAF receptor (PAFR) signaling. PAFR is acGupled receptor present on human eosinophils,
which has been extensively dited in relation to anaphylaxjd32-13q.

As previaisly elaboratd, eosinophil degranulation is of high importanoeallergic
inflammation[63, 75, 137]. Usually, asthma therapignainlyaim to eliminate eosinophils in order
to decrease lung eosinajpa as well as asthma symptorf#3]. Hence, maintainingosinophil
survivd in asthma and allergg beyondraditionaltherapeuti@approachedt may be suggested
that vitamin D metabolés could caudewer responsiveness to common stimstich as PAK.e.,

eosinophils may enter an anerjjle state).As mentionedhuman studies seem to suggest that
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vitamin D drives antinflammatory procsseq14]. Anergy is defined as a generalized functional
inactive state, which occurs intrinsically, where immune cells remain viable yet desensitized.
Consequently, anergy is broadly known as a mechanism of tolerance in immunology. Although it
has primarily been studied in T cells, anergy is believed tobgige h mosimmune cell§13§.
Studying PAF sensitivity oosinophils, in the context of vitamin D, is pertinéor clarifying
unresponsiveness to degranulation stimin the form of anergy, asn antrinflammatory

mechanism.

1.4.5.3 Eosinophil Cytolysis as a Cell Demise Process

Even thoughmostreportsdo notboldly make this link, cytolytic death can also be termed
nhecrosi@ Against traditional outlook of PCD, various studies have shown that the necrotic
process islaoregulatedby signaling pathway( newl y t er med Onecroptosi s
naturg, which heavily crossalk with apoptosis while &ving specific immaoe functiong78, 85].
Unfortunately, the topic of eosinophil cytolysis is oftest taken into accour leading reviews
whereasstudies observing cytolysis lagkoper discussionf the mattef75]. While necrosis has
yet to be studied in eosinophils, our tedrad the privilegeto present possibléunctional
mechanisms related tbservations ogosinophil necrosis angytolysis. Thisreview is included
in Appendix 1. While the subject is debatethounting evidence of eosinophil cytolysis and
cytolytic release of granulas inflammatoryconditions compels us to carry ounbre researchn

these mechanisms

1.4.5.4 Eosinophil Cytolysis in Airway Inflammation

As previously revewed,the presence afytolytic eosinophils is a comon observation in
tissues exhibitingosinophilic inflammatiori139. Specifically, here is evidere that cytolytic
eosinophils as well aslustes of free granules arpresentin inflamed airway mucos@r5).
Furthermore, allergen exposure inducascosal eosinophiligdPMD and significanamounts of
eosinophil cytolysis and depositiofgranulesn patient137]. In fact, mcroscopic observations
of humannasal polypshave shown thabnethird of the mucosal tissue eosinoppdpulation
appears to bandergoing necrodisytolysis The presence of clussssf eosinophil free granules
in the bronchial mucosa also correlatathwhe severity of asthmgs, 140, 141]. Eosinophil
cytolysis is also observed in other disorders, such as eosinophilic esophagites gakinophilic

inflammation isprominen{142. Since cytolysis is distinct mode of degranulation while causing
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cell demise, eosinophil cytolysis may be a key mechanism in airway inflammation due to

significant releas of cytotoxic granule proteif35, 139.

1.5 The Relationship betweerRespiratory Syncytial Virus and Eosinophils

In respect toeosin@hil pathogerrelated functions,various reports suggeghat
eosinophils exercise antiral capacitiesThe idea that eosinophils can exantiviral properties
is notnew. This perspective of eosinophil biology originates from a collection of studies since the
19906s demonstrat i ng ard bereficial doo gral rtleapahdd43. Theinct i o
majority of these studies focus on eosinophil granule proteins having RNase activity, such as ECP
and EDN allowing RNA virus brealdown[144]. In particular respiratory syncytial ivus (RSV)
has received a lot of attention in research d@sehigh prevalence in infants and children.
Additionally, RSV had become controversial f ol

demonstrated the development of hypersentivity towards RSV anfitéBs

The direct responsef eosinophilsto RSV is recently gaining attention in the field of
allergic airway inflammatiof145.0One study actually demonstrated that eosinophils are recruited
and induced to degranulate in lung tissuegsponse to human RSV infectiph4€g. There is
accumulating evidence that RSV respiratory tract infections in infants are probably linked to the
development of recurrent wheezing and childhood asthma. RSV is also interconnected with asthma
exacerbations. Newer studissiggest that RSV infection may play a role in the inception of
asthma. Furthermore, latent persistent respiratory virus infections maginsustway
inflammation and hyperresnsiveness in a chronic manpg&47). Overall, a recent review on the
matter concluded that, although associations have been made between primaryeRi®w ianhd
pulmonary eosinophilia as well as pregsion of asthma, there is still no clear link, such as a

pathophysiological mechanisfh45.

Interestingly, lmman studies imply an association between vitamin D and respiratory
infection dearance. For example, vitamin D deficiency and insufficienBUight, due to time of
year and season, are factors which have been correlated withipeaggiratory tract infections
[148 149. More recently, numerous epidemiological studies have found an association between
low serum vitamin D and increased suscefitybto respiratory infectiong16]. Furthermore,
studies have shown that vitamin D seems to dampen inflammatory chemokine expression while

potentiating innate immunity, through upregulationchister of differentiation @D) 14 and
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cathelicidn, for viral pathogen clearan¢g5, 150. The common opinion remains that vitamin D
seems to be benefadiagainst respiratory viruses. One may question whether theralirect
relationshipbetween vitamin D, eosinophil function and RSV infectién.present, all three
variables have not been studied together.

1.6 Hypothesis and Objectives

Given theestablished associations between eosinophil functions and airway inflammatory
pathologiesandthec o mpl ex r ol e of VDR in all ervgamm ast hn
D play a modul at ory r dxkpkeitly, we questisnednwhetter the b i ol
commonality of vitamin D deficiency in allergic inflammatory diseases could be linked to
chamcteristic eosinophil functions involvedimmune responses, at the cellukrel.

1.6.1 Main Hypothesis

The vitamin D active metabolite, calcitriol, exerts direct effects on human eosinophil

functions

1.6.2 Specific Objectives

We chose to investigatiirect efects of calcitriol on human peripheral bldaosinophils
from mildly eosinophilic donotsex viva We were specifically interested in the capacity of

cdcitriol to modulate three functional aspects of eosinophil bialogy

1) Define the effect of calcitriol oneosinophil survival
We wanted to investigate whether calcitriol could influence eosinophil survival in
a shoriterm (.e.,24 hours) or longerm {.e., 14 days) manner. We also tested if calcitriol
would have a@mbined effect with antapoptoticcytokines, induding IL-5 andIFN-2. We
hypothesized that calcitriol may decrease eosinophil survival, as supported by the ability

of calcitriol to nduce apoptosis in cancer cq®.
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2)

3)

4)

5)

Investigate if calcitriol can modulate eosinophikytotoxic mediator release

Our aim was to examine the role of calcitriol in cytolytic release of pro
inflammatory factors. Thus, we decided to evaluate the effect of calcitriol on spontaneous
release of granules and granule protein ERMreover, we alsoetsted the effect of
calcitriol o n ® @AF adegm@iulatiors simuludcsomiogtcscarrent
suggestive literature that vitamin D has anfiammatory properties, we hypothesized that

calcitriol would reduce the release of eosinophitc-ipflammatory mediators.

Determine calcitriol-induced eosinophil phenotype alterations in cell surface receptor
expression.

We were interested in calcitriol possibly modulating eosinophil cell surface
receptor expression. We focussed on receptorgaiei¢o asthma pathologiy survival,
such as IE5R, and recruitment, such as CRTh2, CCR10, CCR3 and CCR4. We
hypothesized that calcitriol would decrease the expression of these receptors, due to their

established or potential role in inflammatory resgsns

Determine if calcitriol alters dexamethasone killing of eosinophils.

Our goal was to investigate whether calcitriol could direictiiyence the efficacy
of dexamethsone in killing of eosinophilsPopulation studies associate vitamin D
deficiencywith poor responses to corticosteroiddiich suggests a relationship between
corticosteroids and calcitriol. Thereforegvaypothesized that calcitriol would improve
dexamethasone Kkillingf eosinophils.

Determine if calcitriol effects cytolysis of eosiophils in response to respiratory
syncytial virus infection.

We wished to explore the possibility that eosinophil cytolysis may be a
programmed aniral responseWe wanted to determine if eosinophil viability would
decrease in response to RSV infectind reveal if calcitriol could protect against
eosinophil death in the presence of R8Ve hypothesized that calcitriol would inhibit
RSV cytolytic killing of eosinophils.
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CHAPTER 2: MATERIALS AND METHOD S
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2.1 Blood Donors

Adult blood donors wereecruited through advertisement in the Edmonton, Alberta area
(Figure 3). Recruitment efforts were primarily utilized on the University of Alberta North
Campus. Volunteers would contact our research group by dreaipgimresl@ualberta.ca). All
donorsbelonged to the 2@0 years age group. A database was constructed with collected personal
information, such as: telephone number, email address, history of allergies/asthma, and current
medications. A total of 33 blood donors (17 women and 15 men) weséedrfor this study. All
participants were seteported allergic and/or asthmatic (40% allergic, 15% asthmatic and 45%
both), where allergies included were seasonal allergy, food allergy, drug allergy, Hay fever and
Rhinitis. Every donor was confirmed b@ mildly eosinophilic by white blood cell counte(, >
4% total white blood cells). Approval for the study was obtained from the local Ethics Research
Board at the Faculty of Medicine and Dentistry (University of Alberta) and all adult subjects gave

their informed consent according to the Helsinki protocol.
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RESEARCH ON™
ASTHMA AND ALLERGY

Please l"u::-|p ws to understand these

important discascs and identify new treatments

The PULMONARY RESEARCH GROUP

needs asthmatic allergic velunteers to

donate blood for researd

Figure 3: Public advertisement for asthmatic/allergic blood donor recruitment.
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2.2 Venous Blood Collection

Donors were monetarily compensated for every visit to thedaty: A maximum of 100
mL of peripheral venous blood was collected usingiaged infusion se{Gauge 25) (BD
Vacutainer®, Franklin Lakes, New Jersey, USA) from either the Cephalic or Median Cubital vein
in 10 mL EDTAcoated plastic vacutainers (BD Vacutainer®, BD HemoghrBranklin Lakes,
New Jersey, USA). Blood collection was executed onfasting individuals only. Donors were

called back following a standard&4week recovery period.

2.3 Peripheral Blood Eosinophil Isolation and Purification

Erythrocytes are sedimented using a dextran gradient. Dextran from Leuconostoc
mesenteroides, in solutiai®% dextran in RPMI 1640 medium) (Sigmddrich Canada Ltd.
Oakville, Ontario, Canada) was added to fresh blaed 10 mL of dextran solution per 50 mL of
blood). Following a 30 min room temperature incubation, plasma is removed. Granulocytes are
sepaated from mononuclear cells by centrifugation (at 250g for 20 min) using-Paqlié"Plus
(GE-HealthCare Ltd. Uppsala, Sweden). The resultant cell pellet is resuspended in molecular
biology grade sterile water (HyClone®, Thermo Scientific Inc., LogaahlUUSA) for a few
minutes to lyse remaining contaminating erythrocytes. Cells are then rested onice in a 1% EDTA
and RPMI 1640 medium solution (Sigmddrich Canada Ltd. Oakville, Ontario, Canada). Mixed
granulocyte population is then subdued teegatie selection process #% Fetal Bovine Serum
(FBS) and 0.2% EDTA in Dulbeccods GBCO® phat e
Invitrogen, Grand Island, New York, US&igmaAldrich Canada Ltd. Oakville, Ontario, Canada;
Hyclone’™ Thermo Scientific, Logarijtah, USA.

Thiscellr i ch fraction was purified using STEM(
Eosinophil Enrichment Kit (Vancouver, British Colombia, Canada) in order to obtain eosinophils
only. Briefly, the negative selection is done by adding a cocktadtcameric antibodies which
recognize: CD2, CD3, CD14, CD16, CD19, CD20, CD36, CD56, CD1233RL) and
gl ycophorin A. As per manufacturerds product
specifically targeted for the removal of T cells, NK ceffeonocytes, macrophages, neutrophils,
dendritic cells, B cells, platelets, erythrocytes, hematopoietic progenitors, myeloid progenitors and
basophils Table 2). It must be noted that there are limitations with the particular use eCBxii
and antiCD123 in an eosinophil enrichment proceBsstly, human peripheral blood eosinophils
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express CD16. Davoingt al.[15]] have demonstrated that eosinophils from allergic rhinitis and
asthma patients express higher CD16 thanail@ngic controls. Furthermore, the expression of
CD16 increases on eosinophils during allergen exposure and has been shown to correlate with
IFN-92 levels in mild allergic asthmaticshe subpopulation of CDI@osinophils were also found

to express more H5R [15]]. Secondly, CD123 (K3R" Us also expressed on circulating
eosinophils in normal as well as atopic donors. In fact, eosinophils from allergic dermatitis patients
have beeshown to have an elevated-BR gene expression profil&52. Therefore the presence

of CD16 and CD123 antibodies in the negative selection method contributes to a loss of
eosinophils. These select eosinophil subpopulations exhibit distinct phenatypgsrobably
different activity levels and functions. The use of this antibody cocktail therefore negatively selects
for CD16/CD123 eosinophils which alters the final composition of the purified eosinophil

population.
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Table 2: Markers recognized by tetrameric antibody cocktail for the removal of selected

cells.

Positive selection rarkers recognized Selected ellsfor removal

by tetrameric antibody cocktail

CDh2 T cells, NK cells

CD3 T cells

CD14 Macrophages, neutrophildendritic cells

CD16 NK cells, neutrophils, monocytes, machages,
eosinophil subpopulation

CD19 B cells

CD20 B cells

CD36 Platelets, erythrocytes, monocytes

CD56 NK cells

CD123 Hematopoietic progenitor cells, myeloid progenit

cells, eosinophisubpopulation, basophils

glycophorin A Erythrocytes

30



The granulocyteich cell population is incubated with the latter antibody cocktail for 10
min on ice in 5 mlpolystyrene tube@D Falco™, BD Bioscience, Franklin Lakes, New Jersey,
USA). Magnetidbeads are added in order to allow conjugation with the diverse antibodies to form
immunomagnetic beads. Subsequently, polystyrene tubes containing eosinophils, antibodies and
magnetic beads are rested in magnetic chambers (Ed¥ySSPEMCELL Technologigs
Vancouver, British Colombia, Canada) for 5 min. During this incubation, immunomagnetic beads
bound to unwanted cells remain within the polystyrene tube while unbound eosinophils linger in
the solvent, which is poured out. Purified eosinophils are resdedein RPMI 1640 medium
(SigmaAldrich Canada Ltd. Oakville, Ontario) and 10% FEBECO® Invitrogen, Grand Island,
New York, USA for subsequent experiments. Only eosinophil preparations with 98% purity or

higher were utilized @ntaminating cells weneeutrophils and/or lymphocytes).

2.4 White Blood Cell Counts

White blood cell counts were done at three distinct time paistsgn freshly collected
blood, following the Ficoll step, and subsequent to the negative selection process) during the
isolation pr@edure using Kimura stain (0.05% Toluidine Blue, 0.03% Light Green and saturated
saponin 50% ethanol solution in a phosphate buffer; pH 6.4). The specific formulation of Kimura

stain components and functions are indicatebaible 3.

Cells were visualizethy light microscopy using a total magnification of 50X. Counting
was done using a total volume of3l0in a Hemocytometer, where the total cell count is estimated

based on the number of cells present in 4 quadrants of the counting chamber.
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Table 3: Kimura stain formulation and specific functions.

Solutions within

Kimura stain

Ingredients

Function

Toluidine Blue (0.05%)

Toluidine Blue (0.05 g)
1.8% NacCl (50 mL)
95% Ethanol (10 mL)
Distilled water (40 mL)

Metachromatic stain

(i.e.,stains nucleus blue)

Light Green (0.03%)

= =A =/ 4 4 -

Light Green (0.039)
Distilled water (100 mL)

Acidic dye which binds to
basic proteins
(i.e.,stains eosinophil

granules green)

Saturated Saponin

solution

Saponin
50% Ethanol

Lyses red blood cells

Phosphate buffer
(pH 6.4)

NagHPQOy (2.13 g)
KzHPQy (2.04 9)
Distilled water (100 mL)

Solvent
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2.5 Eosinophil Incubation Conditions

In all experiments, eosinophils were incubated &C3h 5% CQ (gaseousin 24-well flat
bottom plates (BD FalcdM, BD Bioscience, Franklin Lakes, New Jersey, US@lcitriol
(SigmaAldrich Canada Ltd. Oakville, Ontario, Canadaas reconstituted in 100% non
denaturated ethanol, a s Calcdriol davea (A0uiMa asédufor @lk 6 s |
experiments witim this study was selected as per a dose response. As elaborated in Chapter 3,
calcitriol at 10 nM was the smallest concentration which yielded significantly higher eosinophil
survival than media alone while having no significant difference comparee&¢lling/mL) after
a 24 hour dose respongedure 4). Since IL-5 is a crucial factor for eosinophil survival, we used
IL-5 (1 ng/mL) as a positive control in each experimi#atdose was selected as per a previous
study which investigated the influence of-5L on eosinophil survival in response to
glucocorticoidg[153.IFN-o  ( 100 ng/ mL) dose wa sestdylorethet ed a
antiapoptotic ability of I:5 and IFNo [66]. IL-5and IFNo wer e reconsti tuted i
0.2% Bovine serum albumin (BSAyigmaAldrich Canada Ltd. Oakville, Ontario, Cangdas
per manufacturer details. All treatments were executed iwelflat bottom plates, where
~300,000 eosinophils were incubated per well in 1 mL of RPMI 1640 medium (Bilgiriah
Canada Ltd. Oakville, Ontario) with 10% FBSIBCO® Invitrogen, Grand Island, New York,
USA). Calcitriol (10 nM)(SigmaAldrich Canada Ltd. Oakile, Ontario, CanadalL-5 (1 ng/mL)
(R&D Systems, Minneapolis, Minnesota, USA), N ( 100 ng/ mL) ( R&D Syste
Minnesota, USA),Dexamethasone (M) (SigmaAldrich Canada Ltd. Oakville, Ontario,
CanadapndRSV (4.73 x 10PFU/mL) (ATCC®, Manassas, Virginia, USAwere added directly
to media using a micropipette at day 0. Media was not changed or supplemented during

incubations.

2.6 Viability Assay

Viability I evels wer AlexamEunr® da88 Arthexin g/DeadCell nv i t 1
Apoptosis Kit (Invitrogen™, Life Technologies, Eugene, Oregon, USA) according to
manufacturerdéds instructions. Bri ef Ipglystyren@ 00, 00
tube(BD Falcorl™, BD Bioscience, Franklin Lakes, New Jersey, USA) by centrifugatio?O@&
g for 6 min). Cells were resuspended in Binding Buffer 1X, provided in kit. Anf\éxamd

Propidium lodide (PI) were added to eosinophils.
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AnnexinV is a cellular protein which binds to PS. Its physiotagifunction is mainly to
bind PS expressedybapoptotic cellsn vivo to inhibit coagulation ané&ncouragenflammation
[154). In the laboratory, annexi¥f is commonly used as an early apoposiarker. During
apoptotic death, PS becomes exposed from the inner leaflet onto the outter leaflet of the plasma
membrane prior to the formation of apoptotic bodi#s4, 155. There are limitations to this
method as apoptosis is a transient cell state, hence its cellular chstiastean be unstable. For
example,PS exposure has been shown to be reversible in neutr¢pbtls Nevertheless, PS
exposure detection by annexhremains a valid method for identifying apoptotic cells as per the
Nomencl ature Committee on Cé¢7]lTheapnexiAthised inl at e st
this study was congated to the fluorochrome Ale488 for detection by flow cytometry.

Therefore, cells which are positive for anneXirAlexa488 are counted as apoptotic.

Plis a fluorescent chemical DNA intercalating agent. It is regularly used to stain DNA, yet
is also utilized to identify dead cell$57]. Hence, Pl is often referred to as a vital ¢iy&]. PI
does not gain access to cellular DNA unless the cellular membranes have become permeable.
During cytolysis, as a result from necrosis, Pl gains access to intracellular compartments where it
intercalates nuclear and mitochondrial Df¥57]. During membrane breakdown, annexins
also able to bind to PS within the inner leaflet of dead cells. Therefore, cells that stain for both

annexinV and Pl are necrotic. In contrast, cells which are anrRéxflexa488/PI are viable.

Staining reaction was stopped by adding DPBS (H¥cloneTM Thermo Scientific,
Logan, Utah, USA)Acquisition was performed using BD FAGSANTO flow cytometer. Gating
of events was limited to high FS/SS events corresponding to eosinophiizeeiral density.
Apoptotic cells were single positive for anneXin Necrotic cells were double positive for

annexinV and PI, while viable cells were double negative.

2.7 Eosinophil CD63 Granule and EPX Saining

Eosinophilswere incubated in the presence afttCD63 or matched isotype control
antibodies(AbD Serote¢ Kensington, Oxford, Englandin orderto detect eosinophil granules.
These eosinophil preparatiomsere cestained with antEPX-biotin (gift from Lee Lab Mayo
Clinic, Arizona, USA) and strepvidin (Affymetrix eBioscience, Inc., San Diego, California,
USA). Eosinophils were recovered from the incubation plate into 5 mL polystyrene tubes (BD

Falcor™, BD Bioscience, Franklin Lakes, New Jersey, USA) and washed with Flow buffer (2%
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FBS in DPBS1X) (GIBCO® Invitrogen, Grand Island, New York, USAycloneTM Therno
Scientific, Logan, Utah, USA). Cells were centrifuged to form pellets as to remove the supernatant.
Eosinophils were incubated with 4% Paraformaldehyde (PFA) solution (PFA in DPBS 1X)
(Sigma-Aldrich Canada Ltd. Oakville, Ontario, Canaddyclone™ Thermo Sientific, Logan,

Utah, USA) for 20 min to allow fixation. Cells were washed again with Flow buffer before
permeabilization on ice using 1% Saponin and 1% FB$an k 6 s b al aion¢HBES s al t
1X (GIBCO® Invitrogen, Grand Island, New York, USHycloneTM Therno Scientific, Logan,

Utah, USA). Antibodies were added directly to thtdr permeabilization solutioBubsequently,
eosinophils were incubated for 20 min &€4Cells were then washed with the permeabilization
solution before adding StreptavidikPC (Affymetrix eBioscience, Inc., San Diego, California,
USA). Following another 20 min incubation &} stained eosinophils were resuspended in Flow
buffer with 0.86 PFA SigmaAldrich Canada Ltd. Oakville, Ontario, Canad&tained and fixed

cells were kept at°€C and sheltered from direct light before acquisition uSBgFACS CANTO

flow cytometer.Gating of events was limited to high FS/SS events correspondimgsinophil

cell size and densityarker expression was calculated by subtracting isdiyoeescencérom

specific antibody fluorescence using FACBNTO analysis program.

CD63, also called lysosoressociated membrane prot@nLAMP-3), is a glycoproti&
belonging to the tetraspanin family. It is a membrane bawoegptor abundantlyound on
intracellular vesicle§15§). In research, CD63 is used as a granule membrane marker. Mahmudi
Azer et al.[159 have demonstrated that CD63 is expressed on resting humahepakiplood
eosinophils, predominantly on crystalloid granule membranes. The latter group also demonstrated
an association betwe®@D63 and piecemeal degranulation as CD63 mobilization coincided with
selective mobilization a€CLS5, before its releadd59. Evidence involving CD63 with eosinophil
mediator release is increasirigecently CD63 has been shown to colocalize wRhsrelated
protein Rab27a, a GTPase involved in protein transport, on eosinophil crystalloid granule

membrane§16Q.

EPX was selected as an eosinophil granubéeim release marker due to its specificity to
eosinophil granulocytes. When Leeal. produced an eosinopkdeficient transgenic line (PHIL)
mouse, EPX was the only eosinophil granule protein gene which, when silenced, produced mice
lacking eosinophilswithout effectingthe production of other hematopoietell types[51].
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Although EPX can be a difficult protein to work with due to its negative chamyeEPX is a

basic protein), its release can only originate from eosinophils.

The amounts of CD63 granulesand EPX cell debriswere obtained by BD FACS
CANTO flow cytometer analysissating of events was limited to low FS/SS events corresponding

to cellular debris properties.

2.8 EPX Colorimetric Assay

Eosnophil suspensions in phenol r&@e RPMI 1640 medium (Sigm&ldrich Canada
Ltd. Oakville, Ontario) were distributed in a 9dell flat bottom plate (BD Falcod™, BD
Bioscience, Franklin Lakes, New Jersey, U$@\ontan ~30,000 cells per well. Lysed control
consisted of eosinophiksubject t0-80°C freezing and mechanical stre$$ie hatter processing
caused eosinophil cytolysis where maximal granule protein release was adifed.(Sigma
Aldrich, St. Louis, Missouri, USA) was added to respective wells for 5 min prior to the addition
of the peroxidase substrate solution. The pedase substrate solution consisted Of
phenylenediamine HEOPD) 0.9mg/ml.CaCh 1.6mM, 0.004% HO-in HBSS 1X HycloneTM
Thermo Scientific, Logan, Utah, U3AAs per Thermo Fisher Scientific Inc. product information,
OPD is a watesoluble substrate foperoxidase which produces a yell@range breakdown
product.Plate was incubated for 2 min before tteaction was stopped using 4M3$0. All

reactions were executed in isotonic solutions as to avoid washing and removing incubated cells.

The latter desdned method consists of an improvement developed by Adankb to
the classic EPO/EPX asspEy61]. Snce EPX is negatively charged it has a tendency to #tick
positively chargedurfacessuch as plastidg.e., the bottom and sides of wells in an incubation
plate). Therefore, measuring EPX activity from removed supernatant does not reveal all EPX
releasedn one well. By using isotonic solutions, we were able to directly add OPD to eosinophils,
yet avoid eosinphil cytolysis, which permits texclusively measure extracellular EPX. Also,
since OPD has access to both EPX in solution and EPX bound to the plate, results are more

accurate.

Each expement was done in triplicaseAbsorbance at 450 nm wavelength weedr using

BIO-TEK®PowerWaveXS plate reader. All values were normalized to blank readtegsent
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EPX released from nestimulated eosinophils was obtained using Formula #1. Percent EPX

released from PAfestimulated eosinophils was calculated using Fdar#@.

Formula #1:

Iy o] & &0 TR O BB 6 OB o i .
v 00 @0 o URIB OB Tl Ko 8 T

Formula #2:

PO0 ®Qa QIMEADQQM
00 & 006 QVRINO 'O 0 "0 MBQE 0 A6 dD0 @ OO TR D VKWL 6 MR a & i
‘00 & GOo6 QRINOOBD QM@ o Q

pmmp

2.9 Cell Surface Marker Saining

Surface marker expression was measured using the above listed antibodies following
respective manufacturerso instructions. Brief
by centrifugation &t 200g for 6 min). Cell pellets &e resuspnded in Flow Buffer, which
consisted 0f2% FBS (GIBCO® Invitrogen, Grand Island, New York, USA) DPBS 1X
(HycloneTM Therno Scientific, Logan, Utah, USA)Separate antibodies were added to each
treatment sampld @ble 4). Following incubatioron ice, Flow liffer was used to wash cells while
4% PFA solution, containing PFA (Sigaddrich Canada Ltd. Oakville, Ontario, Canaddyted
in DPBS 1X (HycloneTM Thermo &entific, Logan, Utah, USA)allowed cells to be fixed.
Samples were stored &Clprior and sheltered from direct lightquiring results. Aagjsition was
performed orstained eosinophils using BD FAGSANTO flow cytometerGating of events was
limited to high FS/SS events corresponding to eosinophil cell size and dbtesikgr exprasion
was calculated by subtracting isotyfleorescencdrom specific antibody fluorescence using
FACS.CANTO analysis programData for percent eosinophils positive as well as Mean
fluorescence intensity (MFI) were included in our investigation. On ond, liae percentage of
eosinophils positive for a marker provides information about the amount of eosinophils which
express the receptor among the total population. On the other hand, MFI reveals the average
intensity for this receptor which indicates theemge amount of receptor expression per
eosinophil. Both measurements are needed to understand how many eosinophils express a certain

marker, and with what relative intensity.
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Table 4: Cell surface receptors were detected usinghonoclonal antibodies and isotype

controls.

Receptor / Antibody and Source
Isotype control
CRTh2 Anti-Human CD294 (CRTh2) Alexa Fluor® 647 (Clone BM1
Rat IgG2ap (BD™Pharmingen, San Diego, California, USA)
CRTh2 Isotype control Rat | g G2 &luor®647Adotgpe €ontrol (Clone R3b)
(BDTMPharmingen, San Diego, California, USA)

CCR10 Anti-Human CCR10 Allophycocyanin MAb (Clone 314305), |
IgG2A (R&DSystems, Minneapolis, Minnesota, USA)
CCR10 Isotype control | Rat IgG2A Allophycocyanin IsotypeControl (Clone 54447

(R&DSystems, Minneapolis, Minnesota, USA)

CCR3 Anti-Human CD193 (CCR3) Alexa Fluor® 647 (Clone 5E
Mo us e |l gG2b, 8 (BDTMPhar mi
USA)

CCRa3 Isotype control Mouse | gG2b, o Al exa (Eloned?85
(BDTMPharmingen, San Diego, California, USA)

CCR4 Anti-Human/Rat CCR4 Phycoerythrin MAb (Clone 20541
Mouse IgG2B (R&DSystems, Minneapolis, Minnesota, USA)

CCRA4 Isotype control Mouse IgG2B Phycoerythrin Isotype Control (Clone 1333
(R&D Systems, Minneapolis, Minnesota, USA)
IL-5RN Human IL-5 R alpha Fluorescein MAb (Clone 26815), Mot
lgG1 (R&DSystems, Minneapolis, Minnesota, USA)

IL-5Rh Isotype control Mouse IgGl Fluorescein Isotype Control (Clone 117
(R&DSystems, Minneapolis, Mimgsota, USA)
IL-5R Ant-Human CD131 Phycoerythrinr

(affymetrix eBioscience, In, San Diego, California, USA)

IL-5R Isotype control Mouse |1 gGla | sotype Control

(affymetrix eBioscience, I, SarDiego, California, USA)
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2.10 Dexamethasone Asay

Purified eosinophils were treated wittater solubleDexamethason¢l >M) (Sigma
Aldrich Canada Ltd. Oakville, Ontario, CanadBexamethasone stock solution was diluted in
RPMI 1640 medium and added directly to media. Besides its commonality in current literature,
dexamethasone dose M) was selected as per a study focussed on eosinophil survival in
response to dexamethasond dn-5 by Bloomet al.[153. Viability levels were measuragasing
| nvi t rAtegaeFudor® 488 Annexin V/Dead Cell Apoptosis K{tnvitrogen™, Life
Technologies, Eugene, Oregon, US¥xording to manutat ur er 6s i nstructions
performed using BD FAGCEANTO flow cytometer. Vable cells were double negatiwiile dead

cells were double positive fonaexinV and PI.

2.11 Respiratory Syncytial Virus Assay

Eosinophils were incubated wiRSVat a 157:1 virus to cell rati@e.,4.73 x 16 PFU/mL)
(ATCC®, Manassas, Virginia, USAY he stock of RSV used was a gift from the Adamko lab
(Saskatoon, Saskatchewan, Canada) and dosage was based on their previous experience with RSV
[162. RSV was diluted iDPBS 1X (HycloneTM Thermo Scientific, Logan, Utah, USRBV
contrd group consisted of UVhactivedRSV (UV). Briefly, 10 >L of active RSV inDPBS 1X
(HycloneTM Thermo Scientific, Logan, &h, USA)was exposed to UNight for 30 min.Viability
levels were measured usihgn v i t rAlexa Eltod®s488 Annexin V/Dead Cell Apoptosis Kit
(Invitrogen™, Life Technologies, Eugene, Oregon, USA)ccor di ng to manuf
instructions. Acquisition was performed using BD FACBNTO flow cytometer. Vable cells

were double negatiwehile deadcells were double positive fonaexinV and PI.

2.12 Statistical Analysis

All results are expressed as meatandard errorfdhe mean. Comparison betwegnoups
was done using analysis of variance with -y ANOVA and paired-testas statistical tests

(Graph Pad Prism Software®rigin 9®) wherep-value <0.05 was considered significant.

39



CHAPTER 3: Manuscript in preparation

Calcitriol (1,25 Dihydroxyvitamin D 3) reduces eosinophil necrosis leading to diminished
release of cytotoxic granules and eosinophil peroxidase (EPX).
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3.1 Introduction

The eosinophilic granulocyte is one of the most prominent inflammatory cells that
characterize allergic airway inflammation. Classicdtiyyer numbers ofosinophils in lungs and
blood correlate with an improvement in allergic symptoms, and has beemlbecensidered as
a sign of improved control of bronchial inflammatidb0]. Eosinophis are especially
characterizedbr their capacity to released.,degranulate) highly cytotoxic granules and a variety
of mediators, which can cause direct tissue injury as well as logeitg inflammation43, 163
165. One major mode for eosinophil degranulation is cytollygts 139 166. During cytolysis
mediator release appeardi@mppen spontaneously (often referteds cytolytic degranulation) or
is linked to necrosis, which results in a cytolytieath. Fairly recent work haseported an
association between the regulation of eosinophil death ignalkathwag and the pathological
role of eosinophils in the progression of allergic inflammalisi, 16§. More specifically, it is
now accepted that delay@goptosis or insufficient apoptosis of eosinophils is an important factor
in the pathology of asthn{&5, 56, 59]. In fact, airway inflammation caused by asthassociated
insults, such as epithelial shedding and allergic immune respomsdsces rapid death of
eosinophils causing granule depositionainway tissueqd139. Cytolysis, causing release of
intracellular components, is the characteristic result of necrotic ddatitosis seems to be a
significant process since eosinophil cytolysis has ofesniobserved in humdi5s, 137, 169,

170 and anima[58] tissues undergoing eosinophilic inflammation. Therefore, we developed an
interest in modudting eosinophil cell deatio avoid eosinophilic cytotoxic mediator releagiéh

the goal of minimizing the presence of pnflammatory components originating from these
granulocytes within the surrounding environments. One candidate of interest igitamin D3
active metabolite, due to extensiiteratureof successful cell cycle arrest as well as an increase
in apoptotic cancer cal[1, 3] as well as aingle recent report that 1 2hydroxyvitamin 3 was

able to maintain the survival of peripheral blood eosinophils from healthy d@#rs

Vitamin D is a fatsoluble lipid within the secosteroid group, primarily known to play an
essential role in the regulation of calcium absorption from the gastrointestinalTinace is
considerable evidence supporting alternative functions of vitambeiind calcium regulation.

In fact, more than 1000 genes are under theérabaf the VDR which is essential for directly
mediating he various effects of vitamin [171]. Accordingly, vitamin D deficiency in humans

has been associated with an increase (and/oerselvoutcomes) in autoimmune diseases,
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infections, cardiovascular diseases, cancer, and is apydneked toa higher risk of mortaljt

by all cause§l]. Furthermore, direct evidence supporting a role for vitamin D in asthma has been
revealed from genetic studies of VDR polymorphisms as a risk factor in different human
populations[32, 172-174). Vitamin D deficiency has also been studied in relation to the emergence
of airway diseases, in accordance with the hypothesis that a deficiency in vitamin D is associated
with immune system impairment leading to inflammatory and autoine manifestations. In
multiple studies, low serum vitamin D (Z®H)Ds) has been associated with poor lung function,

as well as increased airway hyperactivity and asthma, in adults as well as ado[@3teAtso,

lung epithelial cells express the enzyrdhydroxylase, whichcatalyes the conversion of

vitamin D precursor calcidiol (2B0H)Ds) t o t he act i ve-(OHpD3)MLY. cal ci

This function of lung epithelia suggests that local concentrations otrdl are able to ise
independently froneirculating levels, and may reach higher concentrations than systemic vitamin
D. It also implies an immunologic role for this particular microenvironment, beyond calcium
regulation. Despite the wellinown role of calcitriol in immuneesponses, the mechanism(s) by

which calcitriol may mitigate allergic inflammatian asthma is largely unknown

In this study, we report thaslcitriol can directly regulate eosinophil inflammatory effects
by reducing necrotic release of intaganules as well as active EPWe propose that reducing
eosinophil cytolytic degranulation of proinflammatory mediators could minimize mucosal tissue

injury in airway allergic inflammatory pathologies.
3.2 Materials and Methods

3.2.1 Blood Donors

Adult blood donas were recruited through general publicity in the Edmonton, Alberta area.
Blood collection was restricted to adult donore.( minimum 18 years old) who haehild
eosinophilia(i.e., >4% of total white blood cell coungs well as selfeported allergiesind/or
allergic asthma, while not currently using corticosteroids. Approval for the study was obtained
from the local Ethics Research Board at the Faculty of Medicine and Dentistry (University of

Alberta) and all adult subjects gave their informed corsecrding to the Helsinki protocol.
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3.2.2 Peripheral Blood Eosinophil Isolation

Peripheral blood eosinophils from atopic donors were pariis previously described
[162). Briefly, venous blood (100 ml) was collected from the Cephalic or Median Cubital veins in
EDTAcoated vacutanors (BD VacutainerE, BD Hem
United States of America). Erythrocytes were sedimendgetja Dextran gradient (6% in RPMI)
(SigmaAldrich Canada Ltd. Oakville, Ontario, Canada). Granulocytes were separated from
mononuclear cells by centrifugation using Fig®la q u e E P |-HealthCar& Bd. Uppsala,
Sweden). Eosinophils were further purifiading EasySep Human Eosinophil Enrichment Kit
(Stemcell Technol ogi esE, C/aameacdoau)v e A S Ber t insahn
instructions. Punit of eosinophil preparations wegeeater han 98%: ¢ontaminating cells were

neutrophils and/or lymphocytes

3.2.3 Viability Assay

Viability levels were measured usintje Alexa Fluor® 488 Annexin V/Dead Cell
Apoptosis Kit (Invitrogen™, Life Technologies, Eugene, Oregon, USAkcording to
manufacturer 6s i ns perfarncset usingB® FAGEANTO flow cytometen wa s
Viable cells were double negativéhile necrotic cellsvere double positiveor annexinV andPl.

3.2.4 EPX and Eosinophil Granule Saining

Eosinophils were incubated in the presence of-@b3 (AbD Serotec, Kesington,
Oxford, England) or matched isotype control (AbD Serot€ensington, Oxford, England)
antibodies, in ordeto detectgranules. These eosinophils werestained with antEPX-biotin
(gift from Lee Lab Mayo Clinic, Arizona, USAgnd streptavidinAffymetrix eBioscience, Inc.,
San Diego, California, USA). Both detections
levels of free EPX as well as intact granules were obtained by BD XN O flow cytometer

analysis.

43



3.2.5 EPX Colorimetric Assay

Measurement of EPX release has been previously descfit&sd. Briefly, eosnophil
suspensions in phenol rfite RPMI (SigmaAldrich Canada Ltd. Oakville, Ontariojere
distributed ina 96well plateto contain ~3MOO0 cells per well. For lysed control, eosinophils were
subject to-80°C freezing and mechanical streB&\Fcie (SigmaAldrich, St. Louis, Missouri,
USA) was added to respective wells for 5 min prior to the addition of the peroxidasetsubstr
solution OPD 0.9mg/mL, Cagl.6mM, 0.004% KOz in HBSS 1X as positive control. Plate was
incubated for 2 minutes before the reaction was stopped using8M kKSigmaAldrich Canada
Ltd. Oakville, Ontario, Canada). Results were calculated as:

PO Qua Qb 'ﬁ’@'Q"Qd?G ‘f'mo U000 DEIOE 0 GG & | nmnp
00 6o JDMB OB Qaal bo 8§

Each experiment was done in triplicate and absorbance at 450 nnemgitielas read using B1O
TEK®PowerWaveXS plate reader. All values were normalized to blank readings.

3.2.6 Statistical Analysis

All results are expressed as mean + standard error of the mean. Comparison between the
groups was done using analysis of varianch aiteway ANOVA andpairedt-test statistical tests

(Graph Pad Prism Software®) wheregdue <0.05 was considered significant.
3.3 Results

3.3.1 Calcitriol Modulates Eosinophil Survival

To determine if vitamin D influences eosinophil survival, we investigatecheh#tie most
active metabolite of vitaminf)c a | c i t r-(O)Ds), (ndy thfluBnse apoptotic and necrotic
cellular states of eosinophils. Blood eosinophils from atopic donors were incubated with
physiologically relevant concentration$ calcitriol (.e., 0.05 to 100 nM)Although vitamin D
sufficiency is clinically defined by calcifediol blood concentrations, which are always higher than
calcitriol [1], calcitriol is suggested to be at even higher levels at the mucosal1&leWe
observed a dos#ependent reduction of necrotic eosinophils which resulted in an increase of
viable @sinophils in response to increasing doses of calcitriol after 24 hours of incubation.

Interestingly, calcitriol did not cause a significant shift in levels of apoptosis within these
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eosinophil populationg=gure 4A). Although the effect of calcitriol oaosinophil survival was
perceptible at 0.05 nM, it was significantly increased frogdia, yet not significantly different
than IL-5, at 10 nM. Therefore, the latter concentration was selected for future experiments (n =
5, IL-5 vs. Calcitriol, p < 0.05) Figure 4B). Thus, we demonstrate that calcitriol is able to
independently sustain the viability of human blatetived eosinophils for 24 howes vivq in the

absence of an angipoptotic factor.

In order to evaluate the duration of this effeeg performed eosinophil survival assays
using calcitriol (10 nM) over a 14 day time period. Using this design, we observed that calcitriol
(10 nM), on its own, is insufficient in sustaining eosinophil viability above 75% in a long term
manner ice., > 3 days). We consistely observed that results for Medand VD treatments
grouped together while b and I-5+VD treatments congregated, over time.eAf8 days of
incubation, there wano significant difference between nweated and calcitriol (10 nM)eated
eosinophi$ (day 3, VD 33.5% * 9.3%s.Media15,6% * 8.5%p > 0.05, n = 5). However, when
calcitriol is added to It5, we observe a marked increase of viable eosinophils. We observed a
significant potentiating effect of calcitriol when-aocubatedwith IL-5 (1 ng/ml) after 4 days of
culture. This effect not only persists, but upsurges over the followindagOperiod.This
difference between H5 (1 ng/ml) and calcitriol (10 nMyersuslL-5 (1 ng/ml) alone respectively
occurred at: 7 days; 20%, Hays; 24% and 14 days; 32%. Hence, the latter finding depicts a
synergistic effect of calcitriol with H5 beginning at day 7 (H5+VD 86.4% + 1.5%vs.IL-5
66.0% + 2.4% and VD 4.5% + 1.5%< 0.05, n = 12)Kigure 5A). To determine if this coupled
effed is specific to 1:5R, which signals using the 1B, IL-3and GMCSF c o mmo [62,b c h ai
we tested if calcitriol could potentiate the fmarvival of another type ofytokine Thus, IFN9
was chosen to repeat thimbility assay. We monitored the effectlwfth IFN-o  ( igOn0 in
combination with calcitriol (10 nM) on eosinophil survival on-dak time course. Although IFN
9 (100 ng/ ml) i s e5veng/al)ihmantisirsghe piabiity of ¢osirtoghih N | L
populations we were able to reproduce an analogous trend of effects in compariseb antL
calcitriol experiments through the addition loéth IFNo (1 0 0  nagditmol (JO nkl)n d
treatment ogr 7-day long experiments. Again, the difference in percentage of viable eossophil
betweenIFNo (100 ng/ ml) a wvatsustFE-b ddp ng/ml)alonendidas an M)
synergistic effect on viability at day 7 (IFN+VD 43.6% + 8.6%IFN 21.9% * 75% and VD
6.6% * 2.0%p < 0.05, n = 5). Accordingly, we confirm that the effect of calcitriol on eosithop

45



survival is not Il-5 dependet (Figure 5B). We further observed, despite the increaseosinophil
survival and complimentarglecrease imecrosis no significamh increase in apoptosis.€.,
eosinophil anexinV single positives) throughout the lotgrm time course for both combination
treatmentsi(e., IL-5+VD and IFN+VD) @lata not showr).

3.3.2 Calcitriol Influences Necrotic Release of B -Inflammatory Components

We then explom@ the idea whethethe observed effectsf calcitriol on increasing
eosinophil viabilityare caused by inhibition of eosinophil necrosis which, consequently, would
reduce the release of granules andipflammatory meators into media caused by this cytolytic
process. This avenue was investigated due to observations made in cellularndebhisyas
assumed to resultom eosinophil necrotic death, which can be discrimigatsualized due to
their low FS/SS propertes compared to intact cells using flow cytometkg. demonstrated in
Figure 6A, treatment with IL5 and calcitriol for a duration of 7 days results in increased amounts
of high FS/SS events (left panel, upper right quadrant), corresponding to intactphisjno
compared to low FS/SS events (left panel, lower left quadrant), corresponding to eosinophilic cell
debris. Furthermore, the amounts of cell debris appear to be larger with an increased incidence of
necrosis (right panel, upper right quadrant). Thistwisually significant and relative decrease in
cell debris occurs within the 16 (1 ng/ml) and calcitriol (10 nM) treatment populatiéingre
6A). The percentage of cell debris in media resulting froamcabation of I-5 (1 ng/ml) and
calcitriol (10nM) is significantly lower than 5 alone treatment (H5+VD 10.8% + 1.8%s.IL-

517.7 % £ 2.6%p = < 0.05, n = 10)Kigure 6B). We observed that b (1 ng/ml) and calcitriol
(20 nM) combination limits the amount of eosinophilic cell debris in a ypattlich is reflective
of eosinophil necrosis levelEigure 6A&B) .

Since the nature of cellular debris is complex, we wished to confirm the presence of
granules as well as cytotoxic mediators originating from eosinophil granules. Therefore, we
stained prmeabilized and nepermeabilized eosinophil preparations following/-alay long
treatment fogranulesn media onlyusing the CD63 granule surface marker, and EPX, a cytotoxic
protein unique to eosinophil granules. We conéidthe presence of intacranules as well as

freeeEPX+ particles in the cell debris from these 1ti@ated eosinophil preparatiorisdure 7).

To investigate the spontaneous release of active EPX from eosinophils, we measured levels

of active EPX in the media following treaénts These results revealed a lower abundanice
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active EPX in the groups containing calcitriol (10 nM) in comparison to their respective controls
(Figure 8A). Moreover, all treatment groups had significamtigre EPX release compartediL-

5+VD group (IL5+VD 7.9% * 1.2%vs.IL-5 24.4% + 31%, vs.VD 64.3% + 8.0%ys. Media
72.3% + 7.1%p < 0.01, n = 9)We observe a unanimously consistent decrease in EPX release by
adding calcitriol (10 nM) directly compared to-8.(1 ng/mL) aloneKigure 8B). These radts
depict a tendency for EPX release which is analogous to the trends in cell dathnegeosis)
levels, yet complmentary to viability patterng=(gures 5A,6&7). We also determed if calcitriol

would impact eosinophil sensitivity to a stimulus, speally in relation to eosinophil
degranulation, such @&AF. We report that calcitriol treatment did not affect viable eosinophil
EPX release in response to PAF at day 7. In fact, treatment groups contaibi(gnig/mL) were

still capable of releasingPX upon PAF stimulus while other groups were iogire 9). When

we explored eosinophil degranulation, we found differences in EPX release in respoAse to P
among most treatment groupdedia only and calcitriol (10 nMjreated eosinophils released
significantly less EPX than groups containing3L(1 ng/mL). Mediaand VD did not differ in
percentage EPX released. Likewise;Sland I-5+VD groups were not significantly diffent

from one another. Hence, Mediad VD data grouped together while-3LandIL-5+VD results
were very similar. Overall, these results shi
through PAF stimulation had an inverse trend to results from spontaneous EPX disgbaige
sensitivity to PAF seems to reflect the levdisiable eosinophils in all treatment groups at day 7
(Figures 5A&8A). By matching data from the various EPX assays to thgueotise vability

data, we observednanverse correlation between the amount of EPX observedeiarand
eosinophil viability(r? = 0.9854p < 0.05) Figure 10).

3.4 Discussion

Eosinophils are usually known to release their granules by exocytosis, which can occur
through the regulated press of PMO117, 175. The discharge of eosinophil granules @dso
be the result of cytolysis (related to necrotic death). Necrosis is often defined asfeaprmatory
event since the liberation of intracellular contents into tissusssactatural adjuvants which can
initiate various immunological activationaohanism$78]. This is in contrast to apoptosis, which
is a prominent aninflammatory mechanism for controlling immune cell populations. In

asthmatics, apoptotic eosirfofs can be detected in the sputum during recovery of acute asthma
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exacerbations, requiring corticosteroid treatment. This suggests that eosinophil apoptosis is
important in the clearance of airway eosinophils for rggmh of inflammatory respons¢96).

Hence, promoting the apoptotic pathway, in preference to necrosis, is one of the current therapeutic
appro&hes for asthma magemen{50, 176. Interestingly, observations of bronchial tissue seem

to lack apoptotic eosinophilResearch by Kodanet al.failedto sfow apoptotic eosinophils in
mousetissues following allergic inflammatiofil77]. Moreover, evidence demonstrates that
cytolytic eosinophils and eosinophilic granules are comménd in allergic airway mucosa

[79]. In humans, allergen exposure causes mucosal eosinophilia, accompanied by eosinophil PMD,
eosinophil cytolgis, and deposition of granul¢$37]. Microscopic observations of bronchial
mucosa suggest that 33% of mucosal tissuénepkils ae undergoing cytolysis, while the
remaining 67% werandergoing PMD The presence of cefilee granules in the bronchial mucosa

also orrelates with asthma severi§39-141]. In fact, epithelial damage and loss as a result of
specific eosinophil granule proteinsIBP, ECP and EPXare collectively believed to play a
significant rolein asthma pathology. It is proposed tMBP and EPX arelirectly involved in
epithelial damage, bronchospasm as well as increasing vascular permeability in {id&ing

Calcitriol was able to significantly reduce eosinophil spontaneous release dfu Pt
PAFinduced EPX releasevhen combined with an ardpoptotic cytokinePAF induces many
eosinophil functions imflammatoy responses, thusntay be an important factor for eosinophil
degranulationin vivo. Examining eosinophil response to PAF offers insigld eosinophil pre
inflammatory capacity through cytotoxic mediator releagmwn a stimulus Furthermore,
investigating the effect of calcitriol in relation to PAEnsitivity may elucidate vitamin Bntr
inflammatory mechanism#n our study we showved that calcitriol dichot affect eosinophil PAF
sensitivty. This finding contradicted our hypothesisince PAF stimulates eosinophil
degranulation. Interestingly, eosinophil PAfeluced degranulation of EPX followed a similar
trend to viability patterns, at day Figure 5A). Groups marked by more abundant viable
eosinophils i(e., IL-5 and IL-5+VD) maintained PAF sensitivity, indicatingthe PAF
responsiveness was due to maable cells. This paralleled finding confirms that viable
eosinophils, whether exposed to calcitriol or not, are able to release cytotoxic mediators. This
interpretation is strengthened bye fact that IE5 and IL-5+VD groups were not significantly
different in EPX release upon PAF stimul@sir original thought was related to calcitriol possibly
affecting eosinophil responsiveness to degranulation stimuli. In contrast, our cksulbsstate
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that suchanergy is an unlikely causative mechanism of calcitriol exposure. It is more likely that
calcitriol selectively modulates eosinophil responsiveness to -ealiidar factors. We thus
conclude that calcitriol does not selectively modulatenepil degranulation response to PAF.
Other aspects of PAF signaling in eosinophils in the presence of calcitriol need further
investigation. It is of interest to decipher whether calcitriol does affect the PAFisgpathway

as a whole or effects cam downstream outcomes of PAFR activation. Overall, our results
support the idea that calcitriol does not modulate PAFR expression to alter responsiveness, yet this
remains to be directly investigated.

Interestingly, calcitriol on its own was not able to execute the latter effects on peripheral
blood eosinophilsThe factthat calcitriol did nothave theseffect independently is of minor
concern, since an#poptoticcytokines, such as b, are typicly present in high concentrations
in asthmatics[43]. Hence, eosinophils present during chronic asthmatic inflammation are
continuously stimulated by 6. More importantly, the pattern in which EPX was released into
media was strongly suggestive that eosinbpyiiolytic death was predominafte., based o
viability and necrosis results). This modulation in eosinophil function by calcitriol supports current
evidence of vitamin D as an aftiflammatory immune regulat$86]. Also, calcitriol may directly
decrease EPX release, indepenlyesitnecrosis, such akrough PMD yetourdata does not infer
thisdue to the association made between mediator release and eosinophil Negtassstudies

would render clarification on this matter.

We also determined the presence of eosinophil granules in cell debris, which gives insight
into proinflammatory functions of eosinophilic cell demise through necrosis. Besides confirming
the presence of free EPX, tlgspersion of granules within cell debris is suggestive of other
granule protein release. The association between cell debris levels and necrotic cell counts in our
study is in line with the documented phenomenon offoedl ganules in eosinophilic dissa
[139. Cytolysis, as cell demise, causes discharge of diverse cellular components into the
surrounding environment. Granules may readily deposit themselves in tissues and be more resilient
to clearancen comparison to other debris elements, while continually releasing cytotoxic granule

proteins, causing chronic inflammation in the lung.

Relating to eosinophil survival, we first confirmed a previous report showingatuitriol

(100 nM)sustairedeosnophil viability up to 72 H42]. However, we have extended on this finding
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by showing a similar effect with a 4#0ld lower concentration of calcitriol (10 nMBoth
concentrations of calcitrioare plausible for the lung mucosal microenvironment since lung
epit hel i um,-hydroxytaseahasnbean gepoitdd to convert calcifediol into calcitriol at

much greater level# vitro. Hansdottiret al.observed that approximatel00 nM of catifediol

was transformed into 0.6M of calcitriol after 24h in a constitutive manner allowslcitriol
accumulatioh [15]. As expected, local generation of active vitamin D has been linked to the
regulationof various pulmonary immune responses. This conversion can also be done by alveolar
macrophages, dendritic cells and lymphocytes, which implies thatrexdra a | eXpressior
hydroxylase is specific to the immune systglfi]. In addition, we show a synergistiffext by

combining calcitriol withantiapoptotic cytokines.g.,IL-5and IFNo ) . We toe sitne o rldFeN
to demonstrate that the potentiating effect of calcitriol on eosinophil survival was not exclusive to
IL-5Rsignaling. IFNo was chosen due to its sighatl2i ng in
(which interacwith JAK1 and2, respectively), being indepesnat fromthelk5 b chblngn si gn
(which relies on b receptor act62vBath cymkinest o p ha
resultedn antrapoptotic outcomes. The reproducibility in survival trend observed w4 When

using IFNo ¢ o n f icalaitrol modulatés signaling components downstréaeninitiation

pathways ofboth cytokines This explanation is rational since VDR is localized at the nuclear
membrane and acts as a transcription faatoe@ctivated by ligand bindifd78. Furthermore,

the synergism observewhen calcitriol and tested wmkines were combineds indicative that

calcitriol triggersa cell survival/death patay distinct from apoptosis. In combination with the

lack of changes in apoptotic eosinophil levels and production of cell debris sdrtiéstime point,

we propose anecrotic pathway as being a target for calcitriol intracellular modulation on
eosinophilsin general, our results contradicted our original hypothesis that calcitriol may decrease
eosinophil survival similar to its effects on cancer c@&lge to the lak of literature in this field

specific to eosinophil biology, more studies on eosinophil @rogned death signaling areeded.

Although the modulation of eosinophil apoptosis is a fairly \delcribed area of
eosinophitargetirg therapy, eosinophil nemsis and cell survival pathways arg@oorly
understood. These undstudied mechanisms may provide insight in new therapeutic approaches,
specifically for severe, acute and/or stermdistant asthmatics, as well as facilitate current
diagnosis practicei relation to vitamin D defiencies. More research meeded in the field of
eosinophil cytolysis in order to clarify prominent pathways and identify major signaling molecules
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which manage prinflammatory cell demise. Although reports on the effectsadifitriol on othe
leukocytes have offered insight receptor expression, chemokine and cytokine production as

well as cell differentiation, leukocyte survival and death have not been sf@éjed

As a whole, our data demonstratealogous trends across all assay typesgroups with
higher necrosis have higher cell debris, containing granules as well as free mediators, and,
specifically, increasd spontaneous EPX release). Moreover, EPX release inversely correlates with
eosinophil survival. The relationship between all latter elements reinforce the notion that
eosinophil necrosis/cytolysis is an important -prilammatory mechanism in eosinophili
inflammatory disorders. We also propose a new-iaflammatory function for calcitriol, and
possibly other vitamin D metaboliteQur study provides insight into the link between vitamin D

deficiency and eosinophilic inflammatory diseases observednmahyopulations.
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Figure 4: Increasing concentration of calcitriol (1,25(OH)2VitD3) improves survival of

human blood-derived eosinophilsex vivoover a 24h period.(A) The number of double

positive eosinophils for AnnexinV and Rle(, necrotic cell population in right upper quadrant)
decreases while the amount of double negative eosinophils increases through augmentation in
concentration of calcitriol. (B) The pmntage of viable eosinophils is improved after 24h
treatment with calcitriol in a dose dependant manner. Eosinophil survival after 24h ¢alcitrio
treatment (0.0% 1 nM) wassignificantlylowerthan IL-5 treatment (1 ng/ml) (8 5, * p < 0.05).
Viability with calcitriol (1-100 nM) was significantly higher than Media (n %5y < 0.05)

Viability was determined by Annexi¥ binding and Pl exclusion by flow cytometry.
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Figure 5: Calcitriol potentiates the survival effect of ani-apoptotic cytokines, IL-5 and

| F N2 humanrperipheral blood eosinophilsex viva (A) IL-5 (1 ng/ml) with calcitriol

(10 nM)had an additive effect from day 4, and synergistically proloegsthophil viabilityas

of day 7 of incubationI(-5 + VD vsIL-5;* p<0.05, n= 12). (B) Calcitriol (10 nM), in
combinationwithIFNo (100 ng/ ml ) , al so had a synergist.i
of incubation [FN + VD vsIFN; *p < 0.05, n=5).
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Figure 6: The quantity of eosinophilic cell debris is greatly reduced in IL5 (1ng/ml) and
calcitriol (10 nM) treatment group. (A) Eosinophilic cell debris (left panel, left lower

guadrant), are defined as lowSS/lowFS events using flow cytometry light scattering properties.
Theamount of cell debris corresponds to the percentage of necrotic eosinophils (right panel,
upper right quadrant). (B).-5 + VD treatment reduced the relative percentage of cell debris in

comparison to all other treatment$ ¢ < 0.01, n = 10).
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Figure 7: Eosnophilic cell debris contains CD63+ granules as well as ERPositive

particles. Eosinophilic cell debris from netmeated group at day 7 of incubaticontaired
considerable amounts of granu({&pper left panel, lower lefjuadrant) defined as double
positive events for CD63 and EPKoer right panel, upper right quadraray well as free

EPX, defined as single positive events for ER¥wer right panel, upper left quadrant).
Representative figure of 5 independent experits. FACS plots were obtained by gating on low

SS /low FS event population using light scattering properties by flow cytometry.

57



100- r L 1

% EPX release
ir
o
1
»
*

Media VD IL-5 IL-5+VD

% EPX release

0 T T
IL-5 IL-5+ VD

Figure 8: Calcitriol, when combined with IL -5, minimizes the spontaneous release of active
EPX in culture media. (A) All treatment groups had significantly less active EPX released in
comparison to IL5+VD group (ANOVA,; *5< 0.01, **p < 0.001, n = 9). (B) The rationship
between 15 and IL-5+VD treatments consistently depicts a respective decrease in EPX
percentage within each expegnt in a significant manner (Pairetest; ***p < 0.001, n = 9).

EPX activity in media was measured using an €if2Bed colorimeit assay.
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Figure 9: The addition of calcitriol to IL -5 treated eosinophilamaintainse o si nophi | s 0
sensitivity to PAFex viva Treatment with IL5 and IL-5 + VD caused significantly higher PAF
induced EPX release than Media afid (day 7; * < 0.05; n = 9)IL-5 and IL-5 + VD were not
significantly different.EPX activity in media was measured using an &@faBed colorimetric

assay.
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Figure 10: EPX activity in media is inversdy correlated to eosinophl survival. The

percentage of EPX release into media and levels of eosinophil survival are inversely correlated to
eachother with high significance? & 0.9854p < 0.05, n = 411). Results from EPX

colorimetric assays were paired with corresponding eosinophil viability data from AnrExinV
assays. EPX activity in media was measured using by-&#Bd colorimetric assay. Viability

was determined bynamexinV bindingand PI exclusion by flow cytometry
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CHAPTER 4: Results

Calcitriol selectively reduces eosinophil receptor expression, yet does not influence

dexamethasone or RSV killing of eosinophils
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4.1 Introduction

Since the effect of calcitriol oeosinophil biology remains novel in current literature, we
wanted to explore other aspects of eosinophil functien, beyond cell survival). It should be
noted that some of these additional findings may provide indirect support or clarification to
evidence presented in the previous chapter, while other experiments serve as pilots. At large, this
added information was begd the scope of the scientific manusciipipreparatiom Cal ci t r i ol
(1,25 Dihydroxyvitamin @) reduces eosinophil necrosis leading to diminished release of cytotoxic
granulesand (EPXdfrom Chapter 3While Chapter $resented findings respective to theearch
objectives 1 and 2, this chaptaddresse®bjectives 3, 4 and 5 Therefore, we present this
supplemental data as a separate entity. In general, these results are preliminary as they mostly
represent trends, yet offer indications as well as siggtones for future experiments concerning

the role of calcitriol on eosinophil biology.
4.2 Results

4.2.1 Eosinophil Phenotype- Assessed by Cell Surface Receptor Expression

Our goal was tospecifically assess eosinophil phenotype in the context of calcitriol
modulation. Analysis of @ll surface expression of receptors offarbroad indication of cell
activation state as well as cell function. In this way, phenotyping through receptor expression
paints an inclusive picture of cell properties. We selected eosimogtkers that have been shown
to be involved in allergic inflammation, as well as unsterdied receptors with inflammatory

potential.

4.2.1.1 IL-5Receptor Alpha &bunit andCommonBetaChain

When analyzing IL5RU expression on eosinophils, it was apparent that both completed
experiments i(e., Expl vs. Exp2) contradi@d each other in outcomesFgure 11A&B).
Experiment 1 demonstrates a higher expression-6Rin the IL-5 group, with an inverse lower
expressia when calcitriol is added, at dayHBigure 11A&B ). This difference is lost at day 7. In
contrast, Experiment 2 demonstrates no difference between treatments at both time points at
population and cellular level§igure 11A&B). It should also be mentiondht IL-5RUdetection

was extremely low compared to expected levels.
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Likewise, IL-5Rb expression levels were generally lower than anticipated. The percentage
of IL-5Rb positive eosinophils increased overtime.(from 4 to 7 days incubation) indepentien
from calcitriol exposureRigure 11C). MFI of IL-5Rb expressing cells did not follow the latter
trend. In contradiction, H5b MFI of eosinophils was lowest in groups supplemented with
calcitriol at day 4, yet increased MFI by dayFigure 11D). Treatmat groups lacking calcitriol
showed an opposite effect. Precisely;5llgroups had the highest MFI at day 4 followed by
decreased expression by day Fig@re 11D). Accordingly, all treatment groups from both
experiments cluster together at dayFigg(ire 11C&D).
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Figure 11: Calcitriol does not influence IL-5R surface expression on eosinophiex vivo
(days 4 & 7; n = 2)(A) Percentand (BMFIof IL-5 RU positive eosinophils
addition of calcitriol (10 nM). (CpPercentand (D) MFIofH5 Rb posi ti ve eosinopl

calcitriol (10 nM) treatment.
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4.2.1.2 CRTh2 Epression

Using our experim@atal design, approximately 5086 total eosinophils expressed CRTh2
on day 4. This amau declined to roughly 25%t day 7 Figure 12A). A nearly significant
differencein gated percentageas observed at day 4 between treatment groups, where the addition
of calcitriol induced a reduction in the percentage of eosinophils expressing Rz 12A).
A similar trend was observeat day 7, although this lacked statistical signif@afFigure 12A).
In contrast, results pertaining tise abundance c€RTh2 (.e., MFI of CRTh2) were significant.
Both time points revealed a significant decrease in eosinophil CRTh2 MFI when caleésiol
added as a treatment, with a less drastic decrease by Bauie(12B). Overall, IL-5 treatment

yielded the highest CRTh2 expressions wioaleitriol induced a reduction
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Figure 12: Calcitriol significantly decreases CRTh2 surface expression on eosinophds

vivo (days 4 & 7; < 0.05; n = 3). (A) Percent CRTh2 positive eosinophils in response to the
addition of calcitriol (10 nM)g = 0.06). (B) MFI of CRTh2 positive eosinophils treated with
calcitriol (10 nM) (*p < 0.05).(C) Representative histogram of CRTh2 staining
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