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Abstract

The liver is the main organ of the human body involved in metabolism of xenobiotics. When
developing drugs, it is important to have a model that predicts the metabaolisdisposition

of substances in tHaver to be able to ensure the efficacy and safety of the drugs.

In this thesis, a hepatic spheroid model is further developed and evaluated regarding the
metabolic functions and genetic expression of the sphefhgsstudy aims at characterizing
the pheroids regarding thgene expression and thetivity of specific cytochrome P450
enzymes and over a time period of three weBgberoids were made by twiding different

cell types on lira-low affinity plates on which cells seffssemble and form spiogds. The

cell types evaluated for spheroid formation were: HepaRG cellscaltoe of HepaRG and
primary human stellate cells, primary human hepatocytes, and HepatoCells.

HepaRG and coultured spheroids of HepaRG and primary human stellate cellsstedrle

in culture for the cultivation period tiiree weeksHepaRG spheroids showed results of
metabolic activity and gene expression which make them suitable to be used for metabolism
and disposition studies. Spheroids of HepatoCells were not stalhederweeks, as they
disintegrated after two weeks. HepatoCell spheroids also did not show metabolic activity
neither gene expression for any of the enzymes investigated in thisRBtundgry human
hepatocytes did not form spheroids in the scope obthidy, hence no evaluation was made.
Conclusively, this study has shown the possibility to culture human hepatcoids formed
from HepaRGCcells applicablefor metabolism and disposition studies.

Keywords: Spheroid, 3D model,HepaRG Co-culture,Metabolism
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1. Introduction

1.1. Background

When developing pharmaceutical drugs, one important aspect is the metabohem of t
substances. Metabolism of drugs involves activation, deactivation, detoxificatkinetics

of the substance in the boffy. It is of high importance to know the specific metabolic
activities when developing drugs, to be able to ensure the safikgfficacy of the

substance

The main metabolic organ of the human body is the,leved it is inthe liver where most
xenobiotic substances are being metaboliZée metabolic activitiesf the hepatic tissue are
very complexFinding good models thatimic the metabolic activities that take place in the
liver is a difficult task and most models used today are either not good enough in mimicking
the metabolic response or not applicable fagleerm studieas the activity of the models
declineover ime [2][3]. It is thereforeof high interest to develop hepatic models which are
better at predicting the metabolism of compounds in the liver, and which can be uUsed for
term studies.

Previous studies have shown promising results of spheroids cuitonedhepatic cells which
gives a good estimation of the metabolic activities ohan liver tissug¢4][5][6][7]. It is
indicated that a hepatic spheroid model might have potential to be used for studies of drug
metabolism and disposition.

AstraZeneca isurrently working on developing a human hepatic spheroid model to be used
for metabolism and disposition studies. Thus, this thesis is a part of a larger ongoing project
to develop such a model.

1.2. Aim

The aim of this study is to further develop andrabterizea human hepatic spheroid model,
which is being developed at AstraZeneca. This thesis is a part of a larger project, and the
characterization of the spheroids within the thesis will be regarding the metabolic
functionality and stability over time.

The metabolic functionality will mainly be characterized regarding the activity of drug
metabolizing cytochrome P450 (CYP) enzymes. The activity will be examined using model
drug substances, known to be metabolized by specific CYPs in the liver.

Thestablity over time for the metabolic function of the spheraid in this thesis be

referred to as thstability of the hepatic spheroids

1.3. Limitations

This thesis is a part of an ongoing project at AstraZeneca in MoIndal, and is aimed at further
chaaderizeand develo@ human hepatic spheroid model.

A limitation which is made within this project is the choice of cell types. Hepatic tissue is a
complex tissue that consssvf many different cell typd8][9]. In this thesis the main focus is

the hepati functionality of the spheroids, and therefore the cell types that have been used to
form spheroids are chosen to represent the main functions of the liver. Hepatocytes is the cell
type responsible for the main metabolic functions of the [80.0], ard the ultimate goal

would be to form spheroids of primary human hepatoceeeprimary cells are more



expensive, and more difficult to handle tleuailablecell lines celllines that have similar
functions as hepatocytes are also evaluated in thsssth

Another limitation made in this projes how the hepatic functionality of the spheroids is
evaluated. The function&iwill be characterized and evaluated as the activity of specific
CYPenzymes. The specific CYP enzynemluated in this thes&e chosen to represent
CYP enzymesvhich are important for the drug metabolisnthe liver[11]. Geneexpression
of the specific CYP enzymes together with specific drug transpevikso be evaluated,
and histologysectiors will be stained with ariibdies to look for specific proteins.



2. Theory

2.1. Liver

The lver is an important organ for maeypdogenous processes and it is alsortar organ
involved in dug metabolism and eliminatidB][9][12]. The liver is a very complex organ,

and its funtionalities are dependent on communication between various cell types and their
surroundings in order to maintain the structure and physiology. For a schematic description of
liver tissue, see figure 1.

2.1.1. Hepatic cell types
Liver tissue consists ofarious cell types with different roles, which is part of why the liver is

such a complex organ. The hepatic structure and functions rely enateik interactions as
well as celicell interactions between different cell types. Hepatocytes are the nidypee
in liver tissue, and are also referredas parenchymal cells. The pamenchymal cells
consists of Kupffer cells, stellate celés)ydendothelial cellsOther cell typesre also present
in the liver, but in a smaller quantity.

Sinusoidal
dothelial cell
Hepatocytes ~ endo e‘la cells Bile duct
l l l I ‘ /Y I l l I Space
" _— of Disse
i Hepatic

i‘?' ) sinusoid

Stellate cells Kupffer cells

Figure 1. Schenti illustration of hepatic tissue and its cell types.

Hepatocytes arthe cells that are responsible for most of the main functions of the liver, and
are also the cell type which is represented in highest nuidbpatocytes make up about

80% of thetotal mass ohepatic tissué3][9][10].

The functions of hepatocytes are to metabolize proteins, steroidgndtoxic substances in

the blood. Hepatocytes aresponsible for storage of glycogen and fat soluble vitamins and

for production of bile, whic works as an emulsifier for fats to help the fat digestion in the

small intesting8][ 10].

Nonparenchymal cells influence the drug response of the hepatic tissue by their signaling and
extracellular surrounding8], and it is important to know how thefidirent cell types in the

hepatic tissue work together to understand the full picture.

The hepatic stellate cells are located in the space between the sinusoidal endothelial cells and
the hepatocytes, and have a-staaped morphology. Hepatic stellatdeepresent about 5%

of the cels in the liver[3]. The stellate cells are responsible for storage of fat and vitamin A,
and 80% of the body’s retinoids are stored
hepatic stellate cells. The stellate sektgulate the concentration of retinoids in the

bloodstream by receptor mediated endocytds3% If a pathological condition occurs, such



as liver cirrhosis, the stahaped morphology of stellate cells changesabdhfibroblast

like cells. Inthesepathological conditions the stellate cells also proliferate strongly, loose
retinoids and produce a large quantity of extra cellular compo[i8ij{34]. Cell-cell

interactions between hepatocytes and stellate cells are important in both the develibping an
the adult liver to maintain stability to the functions of the hepato¢¥tds

Kupffer cells are special livanacrophages, which act by phagocytosis on materials entering
the liver by the blood. The Kupffer cells are located in the sinusoidal wale dier, ands

the largest population of tissgpecific macrophages in the bddy]. About 1215% of the
hepatic cells & Kupffer cell§3].

The liver sinusoidal cells contribute to about 20% of the tathinumber in hepatic tissue

[3]. The sinusmlal endothelial cells of the liver are mainly responsible for filtration and
transportation of nutrienfsom the blood10].

The biliary epithelial cells make up aboub% of the hegtic cell mas$10], and are

responsible for excretion of bite the lliary tract of the livef17].

2.1.2. Cell lines

Primary human hepatocytes are isolated from
st an d amvdrd liver madel systemi]. Even though primary human hepatocytes are

the closest model availkbto the native human liver there can be some difficulties when
working with these cells. The availability and quality of cells is one problem which also
concerns the batch differences that comes from the variation between humar{I®jnors
Primary cellsare also often quite sensitive, which makes culturing over a time period rather
complicated, and when culturing primary hepatocytes in 2D treseltheir CYP activity
veryfast[12]. There can also be a difference in the metabolic profiles of primasatdmpes,
which depends on the donor source and the procedures used for prepduthieocellg19].

An alternative to primary hepatocytes are human hepatic cell lines, derived from cancer cells
or immortalized hepatocytes. The advantages of suchmed éire that they are more robust

to culture and handle, they are cheaper, and they give more reproducible results since there is
no interindividual variabilitybetween batches

A cell line that has shown promising results is HepaRG, which is derivedafrom

hepatocellular carcinoma. HepaR€@lIsdifferentiates to two cell types, namely hepatocyte

like cells andbiliary epitheliatlike cells[3][20][21]. HepaRG cells are shown to be suitable

for drug metabolisnstudies, as they have a genetic expressi@\Ydf enzymes and other

liver specific proteins that is close to that ahtan hepatocytdd][7][21][22][23][24].

HepaRG are also known to have a low variation between batches as wellds a sta
phenotypd19].

A new interesting product commercially awdile on the markes the HepatGells.

Hepato@lls are derived fronimmortalized hepatocyte$he cells arentendedas aproduct

for in vitro absorption, distribution, metabolism, excreti&DME), and toxicity studiesand
areclaimed to have theame poperties as hepatocytgxb]. However, the Hepataglls are so

new that no data from independent studiesyke®een published



2.2. Hepatic model systems

When studyindiumandrugdelivery and metabolisiine ideal model system should be able

to mimic thephysical and biochemical barriers linked to the absorption, distribution,
metabolism and excretion of the human body. The model should also be easy to work with
and be compatible with higtiroughput screening methoduch an ideal model igfaourse
difficult to obtain and therefore it is important to find a model that is relevant for the specific
purpose. There are different models that have been used and are currently being used, but
these models have some limitations.

Animal studies are traditionallysed to predict metabei inthe liver. The problem with

using animal models is the significant inggrecies differences, which makes the results
irrelevant for human predictiofi8][12][26].

In vitro models with human liver cells is anotheaywo stug metabolic effects itiver

tissue. However, previously used hepaticiure systems have some challenges when it
comes to predict the functionality bépatic tissue.

For phenotypic gene expression and optimal response to gragsrvatiorof norma

physiology and contacts between cells is very important when workingiwitiiro models.
Studies with hepatocytes cultured in 2D over time have shown that the differential expression
of the major CYP enzymes does not reflactivo profiles, which imlicates that hepatocytes

in 2D-culture are limited in their application for studiesdofig metabolisni5][7][27].

Culturing cells in 2Dalsooften leads to morphologicahanges of the cells, which is

important since theynost of the time arfollowed bychanges in the phenotypic gene
expression, which is mainly caused by alterations of the surfaceseosgdiated signaling
pathwayq27]. Hence, loss of the specific giotype in 20cultures, is most likely due to loss

of polarization and ckkell contats[5][7][28]. Primary hepatocytes are known to undergo
these phenotypichanges in monolayer cultur29].

To obtainin vitro models that better predict the metabolic activities of the human liver,
hepatic cells are cultured different3D models. The prpose of a 3@nodel is to allow the
cellstogrowinamorée nat ur al e n v i aulture celsrarte in conthchwittaothdrD
cells in all axes, allowing for cedlell signaling angbossibility to polarizationThree
dimensionamodels used today aobtained with different techniques, and are made both
with and without scaffold materiataich aghe sandwich model, entrapment in hydrogel and
hepatic spheroid®]. The sandwich appach is one way to create a 80iture of hepatic

cells, where the cé$ are grown between two lageof hydroge[12]. The sandwich technique

is used to predict biliary exetion of drugg12], but has some disadvantages when it comes to
the function of phase | and Il eyrmes as they decline over tirfi®]. The use of hydigels

for entrapmenbf hepatic cells can extend the viability and enhaonoeescell functions, but
there aresome limitations in transportations of nutreand it can be difficulto doe.g.

activity analyzesas it is difficult to remove cells from suahhydroge[10].

A way to further improve the tisstgpecific functions of a hepatic 3D model iscteculture
different hepatic cell types. The cekll contact of heterotypic cell types improves the
hepatocellular phenotype and helps to maintain loegtasin their differentiated state
[10][12][28].

Three dimensionahodels, such as sphersjd¢an also be combined with perfusion and
microfluidic systems to further improve the models and overcome problems with limitations

5



of nutrient transport. Microtlidic systems are small volume systems which can mimic blood
flow, and such a system could be sugdr drug metabolism studi¢86][30][31].

2.2.1. Spheroids

Hepatic spheroids are multicellular clusters of hepatic cells that assembles into spherical
shaped structures. It is known that primary mammalian cells retain the capacity to develop a
tissue without the wsof a scaffold28], which makes it possible for cells to form spheroids.
Spheroids can be produced with different technigues aghe hanghg drop system, a

rotating vesselind sefassembling on neadhesive platel8][12], seefigure 2for examples.

a) b)

Figure 2 Different techniques uddo form hepatic spheroids a) hanging drop techniquet&iimg
vessel ¢) slf-assembling 0 nonradhesive plates.

Hepaic cellsthat havebeen cultured into spheroids hasrewn to have improved hepatic
functions, and prolonged suval compared to 2D culturdS][6][10][12]. This is probably

due to the celtell contact that is establishedtire spheroid and the presence of extra cellular
matrix components that are produced by theséeland around the aggregafgs One of the
advantages of selissembled spheroids, is that there are no need for scaffold materials
surrounding the cells, ¢hextra cellular matrix components present are formed by the tells o
the spheroidtself [12]. Spheroids can be produced inWéll plates, which allows for larger
scale production of micrssues that can be used in drug development.

2.3. Drug metabolism

Drug metabolizing enzymes work to eliminate or detox compounds that ¢emrbful to the
body[32]. It is important to asse#ise metaboli@ctivity of specific enzymes to be able to

predict the drug clearance that will ocauwivo. Theeliminationof drugs consists of four

phases. Phase 0 is the transport of the compound into the hepatocyte, phase 1 is the oxidation,
reduction and hydrolysis be.g.CYP enzymes, phase 2 is a further conjugatioa.gyJDP-
glucuronsyltransferasesetabolizing enzyng and phase 3 is the efflux transpout of the

cell [12][32]. As metabolizing enzymes are important foretabolisnmof substances in the

liver, it is important that am vitro model for liver tissue expresses these enzymes in a

relevant way.

2.3.1. Cytochrome P450

CYPsis a fhase | drug metabolizirguperfamily of microsomal enzymes, which are the main
enzymes responsible for catalyzing the oxidative biotransformatiomost xenobiotics

[1][33]. CYPs are dividethto families and sulamilies. Amongtthe CYF threegene

families are crucial in hepatic metabolism and the elimination of drug @amas, namely



CYP1, CYP2, and CYP&nd the most abundantly found in liver tissue@vé1A2,

CYP3A4, CYP2C9, CYP2CS8 ar@YP2E1 [32][33]. There is a diren@ between species in
CYP enzyme regulatiof27], which suggests that it is important to use human hepatdoytes
drug metabolism studies.

Some CYPs are mormmportant for the metaboliswf drugs[11], and by studying thesmne

can get an overview of theatabolic activities that take place upon drug delivery.

CYP enzymes chosen for functionality measurements of the metabolic activity in this thesis
are CYP1A2, CYP2CCYP2D6and CYP3A4. CYP1A2 is highly expressed in the liver, and
therefore plays a cliniélg important role in metabolism of several clinically important drugs,
such as the analgesics and antipyretics acetaingm phenacetin and lidocaif33][34].

CYP2C9 is a major CYP enzyme, which is involved in metabolism of most nonsteroidal anti
inflammatorydrugs (NSAIDs), and diclofenac is commonly used as a substrate for
phenayping of CYP2CY33]. CYP2D6 haseen shown to metabolizadout 1525% of all
clinically used drugsand amongst these are many antidepresaadtanticancer drugs

[33][34]. CYP2D6 is also of importance to study due to the epelymorphism of the
enzyme33]. The subfamily of CYP3A enzymewhere CYP3A4 belongs, have a major part

in metabolizing about a third afl drugs used clinicall{33][34]. There are manyrdgs

comnonly used as substratiEs measuring the activity of CYP3A4, such as midazodauth
erythromycin[33]. Probe substrates used in this thesis, see table 2, are according to
recommendations from U.S. &@ and Drug Administratiof85].

2.3.2. Transporters

Membrane transporters are responsible for transportation of xenobiotic substances over the
cell membrane, which makes them an important part of the functionality of a hepatic model
[32]. Multidrug resistant protein 1 (MDR1) is an ATieépendent membrane traosier,

which transports endogenous and xenobiotic substances over the cell membrae#las
pump[32]. Multidrug resistancessociated protein 24RP2) is another efflux membrane
transporter, which is located in the apical nbeame of polarized hepatytes[4], andMRP2
mediated transport leads to excretadrxenobiotic productso the bile[32][36]. In previous

studies it has been shown that MDR1 and MRP2 are expressed in the cell membrane in ways
that indicates the polarization of the cell, andpghesence dbile canaliculi[32][37].



3. Materials and Methods

This thesisvasperformedo characterize a hepatic spheroid model regarding the metabolic
activity of specific CYP enzymes and the gene expression of specific proteins over a time
period d three weeksThe experimental part of this thepioject was divided into two
experiments. In the first experiment two types of hepatic spheroids were examined, where one
consisted of HepaRG cells and the other of-audture of HepaRG cells and stediacells. In

the second experiment spheroids were made from primanganhepatocyts and

Hepatolls.

3.1 Materials

Differentiated HepaRG celladditive ADD670 for thawirg and seeding, additive ABE20

for culture and maintenance and additive AgdDwere purchased from Biopredict
InternationalSaint Grégoire, Francelluman hepatic stellate cetimd Stellate Cell Medium
were puchased from Tissue Solutions (Glasgow, UB)yopreserved HepatoCells, Corning
culture medium for HepatoCellgltra Low Cluser 96well plates, Collagen | Cellware 96
well plates and 98vell flat bottom cell culture plates weepurchased from Corning

(Weisbaden, Germany) Wi | | i am’ s EFetaliBovime Sérum (FESReAiXlljin
StreptomycinTRIzol andSuperscript Il FistStrand Synthesis System were purchased from
Invitrogen Life TechnologiefCarlsbad, CA)Wi | | i am’ s E ardlazaméthaddeed i u m

werepurchased from Sigmaldrich (St. Louis, MO) Insulin-transferrinselenium,Piere
BCA Protein Assay Kit and Tagmassayon-demandvere purchased from Thermo Fisher
Scientific (Waltham, MA) RNeasy Micro Kit was purchased from Qiadétiden,

Germany, andAgilent RNA 6000 Nano Kitvas purchaseftom Agilent technologiegSanta
Clara, CA. HistoGelwas purchaskfrom RchardAllan Scientific(Waltham, MA) and
antibodies for staining were from Abcai@ambridge, UK)Primary human hepatocytes,
InVitroGRO CP Medium and Torpedo Antibiotic Mix were purchased from
BioreclamationlVT(Westbury NY).

3.2. Experiment |

In thefirst experiment spheroids of HepaRG cells and spheroids otalttoe of HepaRG
cells andprimary humarhepatic stellate cells were examined to investigate the effects on the
hepatic speroid model fron co-culturing two hepatic cetiypes. The ratio bateen HepaRG
cells and human hepatic stellate cells indbeultured spheroids was 24This ratio was
choserasit previously habeen used for spheroid formation wiltese cell typep31]. Both
spheroid types were made in 2000 cell spheroids, and the spheroidsultned for a time
period of three weeks with samples taken on day 3, 7, 1anti®21 A 2D-culture of
HepaRG cells were also culturaddsampled at day o be used as referen&@amples were
andyzed for CYPactivity, gene expressioand presencena localization of specific
proteins.

3.2.1. Cell culturing
All media used for the experiment was accordintptide 1 DifferentiatedHepaRG cells

together withuman hepatic stellate celigere thawedvith thawing medium according to
tablel, and seededith thawing and seeding medium for HepaR@ c or di ng t o supp



recommendations with minor modifications to Ultra Low @u®6well plates. Referense

of 2D-cultured HepaRG cells were seeded to Collagen | Cellwameli§lates according to
suppliet s recommendat i q9% ofthOmedianuwas replaeed With gultuBe
and maintenance mediufhhereafter 50% of the culture medium was changed every second
to third day throughout the cultivation period of 21 days.

All handling of the spheroglwas done under sterile conditions, and the cells wererkapt
sterile environment at 3T, 95% air and 5% CO

Table 1. Different media and its componemded in the experiments

Medium Components Experiment
Thawing and seeding, William s E with GI I
HepaRG
Thawing, gellate cells Stellate Cell Medium I
Culture and maintenance Wi I I i am’s E wi t h GI 1 I
Serum-free induction Williams E, GlutaMAXI, ADD 640 I
Thawing and seeding, 45 mL InVitroGRO CP Medium, 1 mL Il
hepatocytes Torpedo Antibiotic MIX
Thawing and seeding, Corning culture medium for HepoCells, Il
HepatoCells 10% FBS, 1% penicillirstreptomycin
Culture and maintenance 500 mL Wil |l i am’'s E, 1
streptomycin, 5 mL insulhtransferrin
selenium, 1 mL examethasone (50V)

3.2.2. CYP activity

One day prior to sampling, with exceptiom #tay 3 samples, 90% medium was changed to
serumfree induction mediunOn thedaysof experiment80 spheroids of each spheroid type
was pooled together in separate wells in -av@8 flat-bottom cell culture plate. The
spheroids were then incubated isubstratecocktail consisting of phenacetin, diclofenac,
bufuralol, and midazolam, see tableQubstrates were dissolved in 100% methanol, and the
cocktail was made in serufree induction medium, giving a concentration of 15.6%
methanol in the cocktailhe incubabn volume was 100 pL. The compoungsed are

known substrates for specific CYdhzymes, setable 2 Spheroids were incubated witie
cocktail for 1 hour. Additionally for sample day 7,, bd 21 separate pools of 15 HepaRG
spheroid were als incubated with theocktail for 4, §and 24 hours. After incubatip50%

of the media was transferred to a new platelthe activity was terminated addition of
STORsolution (ratio 1:2), which consisted of acetonitrile with 8805.5-diethy}l-1.3-
diphenyt2-iminobarbituric acidinternal standard) and&% formic add. The cells were

lysed with 01 M sodium hydroxideNaOH) and later used for protein measurementstal
protein concentration in the cells, using the Pierce BCA Protein Assay Kit



Table2. Probe gbstratg and th& CYP specificmetabolites usetb measure the CY&ctivity,
together with the specific CY&nhzymes of the respective substrate.

Probe substrate Metabolite Target CYP Concgntratlorl asubstrate in
incubation [uM]

Phenacetn Paracetamol CYP1A2 26

Diclofenac 4-OH-diclofenac CYP2C9 3

Bufuralol 1-OH-bufuralol CYP2D6 20

Midazolam 1-OH-midazolam CYP3A4 9

The plate with the medsamples an&TORsolution was centrifuged at 4000G for 20
minutes, after which 50 pL of the salap were transferred to a new plated dilutedwith 50
uL ultrapurewater Samples were centrifuged again at 4000G for 5 minutes, and then
analyzed bwltra-performanceiquid chromatography tandem mass spectrometry (UPLC
MS/MS) withatriple quadrupoleThe UPLC system used was a Waters Acquity UPLC, from
Watess Corporation. Separation was performed aWaters Acquity UPLC® HSS T3 column
(50 mmx2. 1 mmSC with.a8lowpate)of 18 mL/Mirdand a gradient fro8v8%

A (100% water + 0.1% formiccad) to 95% B (100% acetonitrile + 0.1% formic acid).
Analysis was performed on a Xevo I&) from Waters Corporatiomith electrospray
ionization using multiple reaction monitoring (MRMhe analytes wer€YP specific
metabolitedo the substrate drugsed inthe incubation, se@ble 2

3.2.3. Gene expression

Gene &pression analysis was performedduantitativereattime polymerase chain reaction
(gRT-PCR). Each sample day 30 spheroids of the different sphgpmd were pooled
together to & mL Eppendorf tubesFor day 7 and 14 2D cultured HepaRG cells were also
sampled to be used ssferenceRNA was isolated and extracted from the pooled spheroid
sanples using the RNeasy Micro Kand the concentration and purity of the extracted RNA
was measted with Agilent 2100 Bioanalyzer viitthe Agilent RNA 6000 Nano KiThe

RNA was then converted to cDNA using the Superscript Il 8tsaind Synthesis System
ForgRT-PCR Tagman assaysereused. Genassays used were accordindable 3 gRT-

PCR was prformed with a QuantStudio 7 Flex Rdaine PCR System from Life
technol ogies, with the AACt method. The 2D s
the foldchange calculations.
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Table 3 Geneassays used f®T-gPCR

Gene Geneassay Function Experment
CYP1A2 Hs00167927_m1l CYP enzyme I/11
CYP2C9 Hs00426397_m1 CYP enzyme I/11
CYP2D6 Hs00164385_m1 CYP enzyme Il
CYP3A4 Hs00604506_m1 CYP enzyme I/11
MRP2 Hs00166123_m1 Transporter protein I/11
CK19 Hs00761767_s1 Biliary cell marker I/11
Albumin Hs00910225 m1l Hepatocyte marker I/11
Vimentin Hs00958111 m1 Stellate cell marker I
GAPDH Hs99999905 m1l Reference gene I/11

3.2.4. Staining and imaging

Samples for staining and imaging were collected at day, Ant¥21 A total of 15 spheroids

of each pheroid type were pooled together and collected to tubes respectively. Spheroids
were washed twice with PBS atigen incubated with 4% paraformaldehyde (PFA) for 24
hoursat4 C. After incubation the spheroids
en@psulated with HistoGel according to instructions from manufacturer.

The encapsulated samples were then dehydrated and paraffin embedded and sent to
HistoCenter AB inGothenburgSwedenfor sectioning and staimg with hematoxylin and
eosin.When the saples weresectiond and returned from HistoCenter, the samplese
first deparéfinized andrehydratedand then stained with antibodies accordintabde 4
CYP3A4 together with MRP2, and CK18 together with CK19 were double stamed
sectiongespectiely.

wer e

Table 4 Antibodies used for stainingf histology sections

Primary Antibody Secondary Antibody  Function Experiment
CYP3A4 Alexa Fluor 555 CYPenzyme I/11
MRP2 Alexa Fluor 488 Transporter protein I/11
CK18 Alexa Fluor 555 Hepatocyte marker I/11
CK19 Alexa Fluor 488 Biliary cell marker I/11
Vimentin Alexa Fluor 488 Stellate cell marker I

Rehydrated histology sections were permeabilizechbyhiation in PBS with 0.25% TriteX
and 001% Tweer20for 15 minutesAfter permeabilization the sectis were incubated in a
serum blocking solution of PBS with 1B6vine serum albumirBSA), 2% goat serum 22.52
mg/mL glycine, 0075% TritorX and 001% Tweer20 for 45 minutes. The serum blocking
solution was used to prevent unspecific binding of primatipady. The samples were then
incubated with the primary antibodi@s PBS with 1% BSA, 2% goat serum, 0.075% Trion
X and 001% Tweer20for 1 hour at room temperatukfter incubation with the primary
antibodies the seans were washed with PBS withl@ Tweer20 3x 5 minutes. The
samples were then incubated with secondary antibodies in PBS for 45 minutes at room
temperature,rad washed again in PBS for 3x 15 minutes. Samples were then counterstained
with Hoechst for 1 minute, after which the samplesaweashed with PBS for 5 minutesdan
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then sealed with a coverslibor a schematic presentation of the antibsi@yning process,
see figure 3

Primary Secondary Counter staining

Permeabilization Serum blocking antibodies antibodies of nucleus

Figure 3 Schematic presentation of the antibody staining process.

Samples were imaged on a Nikon EclipsU803-E microscope and analyzed and processed
with E2-CI for Nikon softwareand Image.J

3.3. Experiment 2

In the second experiment spheroidpomary human hepatocytesdof HepatoCellsvere

examined. Both spheroid types were made in 2000 cell spheaoidsheculture period for

the spheroids was set to three weeks with sample days on dayidIl Samples were

analyzed for CYRctivity, gene expressioand presence and localization of specific

proteins.

3.3.1. Cell culturing

All media used foriie experiment was accordingteble 1 Cryopreserved HepatoCells and
primary human hepatocytes were thawed and se
recommendations with minor modifications to Ultra Low Clusten@fl plates.The

development of the spheroids sMallowed bybright field microscopy. For Hepatal-

spheroids on culture day 50% of the medium was replaced with culture and maintenance

medium Thereafter 50% of the culture medium was changed every second to third day

throughout the cultivation perd. All handling of the spheroids was done under sterile

conditions, and the cells were kept in a sterile environmentat@7 95 % ai2r and 5 %
Unfortunately no spheroids were formed from the hepatocytes, hence the cultures were

terminated on culture day Also, the Hepato€ll spheroid cultures were terminated on

culture day 16, due to decomposition of the spheroids.

3.3.2. CYP activity

On the sample daysjplicates of5 spheroids of each spheroid type was pooled together in 3
separate wells in a 98ell flat-bottom cell culture plateespectivelyAt the same time 3

single spheroids were transferredséparate wellsrothe same plat@his was done to two
equalplates, to measure the activity 8 and 24 hoursThe spheroids were incubated in a
cocktail made in culture and maintenance medium according to experinteanmtthe 5

spheroid pools the incubation volume vi&§ pL, and for the single spheroid samples, the
incubation volume was 50 plSampling and analysis was done according to experiment |
but with10 nM (instead of 300 nM) 5:8iethyt1.3-diphenyt2-iminobarbituric acid as

internal standard in the STGBIution.

12



3.3.3. Gene expression

Gene &pression analysis was performed by 1taale polymerase chain reactiogRT-PCR).
Samples for gene expressiorpimmary human hepatocytes were taken on sample day 0 and
samples foHepato@ll spheroids were taken sample day 0, 7, 14nd B, which was the

day the Hepato€ll culture was terminatedaleh sample day 60 spheroids of the different
spheroidtypes were pooled togetheritb mL Eppendorf tubes respectively. RNA was

isolated and extracted from the poolgteroid samples using tA&Izol kit, and the
concentration and purity of the extracted RNA was measured with Agilent 2100 Bioanalyzer
with the Agilent RNA 6000 Nano KiPreparation of cDNA and analysis wgRT-PCR was

done according to experiment | wiglene assays according to table 3.

3.3.4. Staining and imaging

Samples for staining and imaging were colldaéeday 7 and 1&ifteenspheroids were

pooled together and collectedan Eppendorf tubeSpheroids wer washed twice with PBS
andthen incubged with 4% paraformaldehyde (PFA) for 24 hours at@amples were then
sent to Hist@€enter AB inGothenburgSweden for preparation, sectioning and stajnvith
hematoxylin and @sin.When the samples wesectioné and returned from HistoCenter, the
samples were first depafiafized and rehydrated, amigen stained with antibodies according

to table 4 CYP3A4 together with MRP2, and CK18 together with CK19 were double stained
on sections respectivelgtaining and imaging was done according to experiment |.
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4. Results

Spheroids of HepaRG and-caltured HepaRG and stellate cells were formed at culture day
3, and the spheroids were stabile throughout the culture period of three weeks

No spheroids were formed from the hepatocgfésr 7 days, and the culture was thereby
terminated Hence, no results fdhepatocytespheroids are presented. The intended culture
period for the spheroids was 21 dayiepatoCells started to form spheroids at day 3, and they
looked nice and stable at dayHiowever, the HepatoCell spheroids started to fall apart at
culture dg 13, and it was therefor decided to end the culture at day 16, since most of the
spheroids were decomposed at this time p@iatidopment of HepatoCell spheroids and
hepatocytesan befollowed in appendix |

4.1 CYP activity

The activity of specific CP enzymes was measuredrbgtabolite formatiorfrom probe
substrate metabolized by the specific enzymes, see table 2.

The levels of paracetamol afeDH-bufuralol where below the lower limit of quantification
(LLOQ) for the 60 minutes samples fine Hep&G and cecultured HepaRG and stellate cell
spheroidsThe CYP2C9activity, figure 4, and theCYP3A4 activity, figure 4, appear tde
stabik over the culture period of threeeks for both HepaRG spheroids anecatiured
spheroids of HepaRG and stedlatells.On culture day 7 peak in activityof CYP3A4 is
detected for the coultured spheroids and a peak in activity of CYP2C@etectedor both
spheroid typessee figure 4

QD
—~

4-OH-diclofenac activity

O
=

1-OH-midazolam activity

6000 1 2000 1

Day 3 Day 3

Day 7 Day 7

3000 A 1000 A

Day 10

mDay 14 ) mDay 14
L ll mDay 21 ’ mDay 21
O O .
HepaRG HepaRG + HepaRG HepaRG +
Stellate cells Stellate cells

Day 10

Activity [pmol/h/mg protein]
Activity [pmol/h/mg protein]

Figure4. CYP selective activities of HepaRG spheroids anduitured HepaRG and hepatic stellate
cell spheroids) formation of 4OH-diclofenac via CYP2Cand b formation of 2OH-midazolam via
CYP3A4 One bar represents one sample of 30 pooled spheroids.

Figure 5shows the activity of the specific CYP enzymes for Hepapl&roidsafter
incubations with the cocktail for different time points. For all of the enzymes, the activity
goes up after 4 to 8 hours and then goes down again after 24 hours.
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a) Paracetamol activity b) 4-OH-diclofenac activity

90 A 6000 A
= =
I o
<] <]
g 1 hour ; 1 hour
£ £
% 45 4 4 hours % 3000 4 4 hours
i =8 hours g ® 8 hours
2 m 24 hours = m 24 hours
= =
° °
< <

0 0
Day 7 Day 14 Day 7 Day 14

C) 1-OH-bufuralol activity d) 1-OH-midazolam activity

4 1 1800 1
= c
5 5
<] <]
g 1 hour ; 1 hour
£ £
% 2 4 4 hours % 900 - 4 hours
i =8 hours g ® 8 hours
2 m 24 hours = m 24 hours
2 =
°© °
< <

0 0

Day 7 Day 14 Day 7 Day 14

Figure 5 CYP selective activities of HepaRG spheroids usinfpapation ofparacetamolia
CYP1A2,b) formation of 40H-diclofenac via CYP2C%;) formation of 2OH-bufuralol via

CYP2Dg and d)formation of 2OH-midazolam via CYP3A4vith incubation times of 1, 4, 8 and 24
hoursat day 7 and 14Dnebar represents onersple of 15pooled spheroids.

HepatoCellpheroids had low CYP activipompared to HepaRG and-caltured spheroids,
see figure 6For some samples the concentration of metasolitere below.LOQ, and

thereby no analytes were detectéde levels of 10H-bufuralol where belovLOQ for all
samplesThe CYPLA2 activity and the CYP3A4 peaked at day 7, and very little or no activity
wasdetected on day 14, see figure 6a aadlBe activity for CYP2C9 was higher@ay 14

than day 7, see figurdo6Therewereno conclusive difference betweBrspheroids incubated
together and spheroids that were incubated alone.
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Figure 6 CYPselective activities of HepatoCell spheroids usinfpajpation of @racetamovia
CYP1A2, b)formation of 40H-diclofenac viaCYP2C9,and c)formation of 2OH-midazolam via
CYP3A4, measured in one or five spheroids incubated for 8 or 24 .Monesbar representise mean
of three measurements.

4.2 Gene expression

Figure7 shows the gene expression of CYP1A2, CYP2C9, CYP3A4, ARBumin and

CK19 for the different spheroid types compared to a HepaR@&fence Figure 8shows

the gene expression of vimentin for HepaRG andutured spheroids of HaRG and

stellate cells, figure&@ and the expression GiYP2D6 for hepatocgs anl HepatoCell

spheroids, figurel® Seeappendix Ilfor the gene expression of all genes investigated at all
time pointsHepatocytes have higher expression of all gemxespt CK19, which issed as
marker for biliary cells, at day O compared to tbkerenceHowever, hepatocytes were

sampled from suspension, and they did not form sphetdajsatoCell spheroids have low or

no expression of all genes investigated compared teefaeenceexcept for CYP2D6 which

was higher at day 14ee figure B.

Expression of CYP1A2 and CYP2C9 increased for HepaRG spheroids throughout the culture
period and decreased for the@dture spheroids. The expression was higher compared to the
referencdor both spheroid types, see figure 7a abd For CYP3A4 the gression was

lower compared to theeferencdor both HepaRG and eculture spheroidsand itwas stable
during the culture period for the -@ulture spheroids and declined tdepaRG spheroids, see
figure 7c. The expression of MRP2 was slightly higherttoe HepaRG and ecultured

spheroids, with little difference between the spheroid types, and a slight increase in
expression for the eoultured spheroids over timgege figure @. The expression of albumin
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was higher in the coultured spheroids than thtepaRG spheroids with a peak at day 21,
which was the only value higher than tleéerenceseefigure 7e. The expression of CK19
was lower in all the spheroid types compared tadfierencelt was higher for the HepaRG
spheroids than the emlturedones andratherstable throughout the culture period, figare
7f. No expression of vimentin could be detected in HepaRG spheroids at day 2% and co
cultured spheradis at day 7 and 14, see figuie 8
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Figure 7 Gene expression of a) CYP1A9,CYP2C9, ¢) CYP3A4, d) MRP2, elbamin and f) CK19
compared to seferenceof 2D cultured HepaRG from dayseét as 1 for all genes test€@hly
hepatocyte and HepatoCell spheroids were sampled at day @o HepatoCell spheroids were
sampled at day 2T hese results represent the mean of threasowrementhade from one sample of
60 pooled spheroids.
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Figure8. Gene expression of gimentin and b) CYP2D6 compared toederenceof 2D cultured
HepaRG from day et as 1 for all genes test@theseresuts represent the mean of three
meaurementsnade from one sample of 60 pooled spheroids.

4.3 Staining and imaging

Figure 9presents histologyectionsstained with hematoxylin and eosin. Hematoxylinrsai
nucleic acids in the nucleus ddgpe, while eosin stains cytoplasm and extra cellulatix
proteins pink. In figure $he nuclei are presented in dark grey, while the cytoplasm is lighter
greysurrounding the nucleif necrotic cells argresent, thewnredetected by weaker
hematoxylin stainig of the nucleus, andgaan be seedn figure 9, there seems to be no
necrotic coe present in any of the samples. HepaRG spheroids acultaoed spheroids of
HepaRG and stellate cells seems to be stable in the 21 day sampliggirecdx and @,

which reinforces that spheroidd these cell types araf this size can be cultured in this way
for up to at least three weekls.figure % it can be seen that HepatoCell spheroids are intact
at day 7. Howevefijgure & showsthat the HepatoCell spheroidemno longer stable on
day 14 andhatthe spheroids had started to disintegrate.

Figure 10and 11shows histologectionsstained with antibodie§ he samples ifigure 10
are stained witlantibodies for CK18 as a hepatocyte marker (red), CK19 askenfar

biliary cells (green) and Hoechst for the nucleus (blegept for 16, which is stained for
vimentin as a marker for stellate cells (gredie samples in figurgl are stained with
antibodies for CYP3A4 (red), MRP2 (green) and Hoechst fontloéeus (blue).

In figure 1G and10b both the HepaRG and-owiltured spheroids of HepaRG and stellate
cells contains cells that are positively stained for CK18 (red), and CK19 (green). For the
HepatoCellpheroidsectiondn figure 1@, red fluorescencéom cells stained with CK18
can be seen, as well ssmegreen fluorescence from cells stained with CKiHawever,in
figure 1@ only some anaho definedluorescence is detected for any of the proteexsept

for one red patch in the middle of the spuhé. The coecultured spheroid stained with
antibodies for vimentin, figure If) shows some positive staining, which confirms the
presence of stellate cells in the spheroid.

As can be seen ifiigure 11a and 14 HepaRG and coultured spheroids of HepaRGdan
stellate cells clearly have cells containing CYP3A4, indicating metabolic ability of the
spheroidsGreen fluorescence can also be detected in the spheroidstingljmeesence of
MRP2. There seems to b®ore positive staining for MRP2 in the-caltured spheroid,
however theMRP2staining is not specific to individual ceils any of the spheroid#n the
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HepatoCell spheroid, figure &1both red and green fluorescence can be seen indicating
presence of CYP3A4 and MRP2, but then the staining is noifisdec either of the proteins.

d)

§iC_.2 ;
Figure 9 Histology sections of spheroids stained with hematoxylin and eosin a) HepaRG spheroid
sampled at day 7. b) Guiltured spheroid of HepaRG and hepatic stellate cells sampled at day 14. c)
HepaRG spheroid sampled at day 21. dy&dtured spheroid of HepaRG and hepatic stellate cells
sampled at day 21. e) HepatoCell spheroid sampled at day 7. f) HepatoCell spheroid sampled at day

14.The scale bar is 1g@m.
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Figure 10 Histology sections of spheroids stained with fluores@mtibodiesAll samples are stained
for CK18 in red and CK19 in green, except ¢, which is stained for vimentin in green. Blue colour
indicates the nucleus which is stained with Hoechst in all samplelep@RG spheroid sampled at
day 21 b) Cecultured spheroid of HepaRG and hepatic stellate cells sampled 2t.dgyCo-cultured
spheroid of HepaRG and hepatic stellate cells sampled at ddy2épatoCell spheroid sampled at
day 7. @ HepatoCell spheids sampled at day 14. The scale bar is{i0
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Figure 11 Histology sections of spheroids stained witlofescent antibodies, red indicates CYP3A4,
green indicates MRP2, and blinglicates the nucleus which is stained with Hoechst iraatipges a)
HepaRG spheroid sampled at day 7. bjaQtured spheroid of HepaRG and hepatic stellate cells
sampled at day 2t) HepatoCell spheroid sampled at day 7.
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5. Discussion

It was possible to culture the HepaRG anetatiured spheroids of Hep&Rand stellate cells
spheroids for the time period and with the method used in this project. From the histology
sectiors stained with hematoxylin amsin, figure 9it can been seen that the HepaRG and
co-cultured spheroids look nice and round amat to necrotic core is presenthich

indicates the viability of the cells in the sphemoitiroughout the culture periddooking at
figure 1Ga and10b, cells stained with antibodies for CKI8arker forhepatocyts, and

CK19, marke for biliary cells, aralistinguishedIndividual cells can be identified, and the
nucleus, stained with Hoechst, is visible in bllieere is more positive staining for CK19 in
the cocultured spheroid, though the HepaRG spheroid is from day 7 and-thiteeed from
day 21, whith might indicate that biliary like cells are more essential the longer the culture is
kept. Thus, theseesults confirms the presence of hepatocyte and biliary like cells in both
spheroid typesA spheoid sectionof co-cultured HepaR@nd stellate cells &s also stained
for vimentin, which is a markdor stellate cells, see figure A0Some green fluorescence can
be seen in the image, indicating presence of stellate cells.

The primary human hepatocytes unfortiehgdid not form any spheroid$he primay
hepatocytes were cultured in the same way as the HepatoCells, and it was expected to see
formation ofspheroidsafter 57 days, which was the case for HepatoCdllse reason why

no spheoids formed fromhepatocytes are not knowltis thought that bat-to-batch

differences can dfect primary hepatocytes ability to form spheroids, and the batch used in this
project might have been a batch not suitable for spheroid form@teruse of hepatocytes

for spheroid formation is a quite new application, hadce vendors do not supply any
information about the ability of specific batches to form spheroids.

The HepatoCellformed nice roundpheroids. However, the spheroids were not stable
throughout the culture periodee appendix And the culture was termated at day 16ue to
disintegration of th spheroids. Looking at figure 9e arfdtBereis a clear difference

between the day 7 amthy 14 HepatoCell spheroids, where the day 14 spheroid clearly has
started to falapart In figure 1al, HepatoCelkpheoid sampled at day 7ed fluorescence can

be seen. This might indicate a hepatodijde phenotypeof the HepatoCells. Howevehere

is almost no refluorescenceletected in the HepatoCell spheroids sampled at day 14, see
figure 10e, indicating that tl cells had lost their hepatocyte like phenotype. Some staining for
CK19 can be sedor the HepatoCell spheroids, especially in the day 14 spheroid, but the
staining does not seem to be specific.

Themetabolitesneasured to determine theivity for CYP1A2 and CYP2D6, wre below
LLOQ for HepaRG and coultured spheroids of HepaRG and stellate cells for the 1 hour
samplesActivity wasalsomeasured for both enzymes for HepaRG spheroidslaftger
incubation, see figureabandsc. The gene expressionsidts shows expression of CYP1A2

for both spheroidypes, and it has previously been shdtaetlonger incubations gives a
higher concentration of metabolitg®2]. This indicates thato-cultured spheroids pbably

had activity of CYP1A2 and CYP2D&hichwould have been seen from a longer incubation.
As the activity had a peak at 8 hours for all day 7 samples, this time point together with 24
hours were used for the second experimentd&e suré¢hatdetecion of metabolites from
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the samplesvere possild. The activityof CYP1A2 corresponds to previously shown data for
HepaRG cell$24], while the activity of CYP2CSs five times higherand CYP3A4 igwo
timeshigherfor the spheroids cultured in this study compared to previous results for HepaRG
[24]. Spheroids stained with antibodies for CYP3A4 correlates well with the activity results.

In figure 11a and 14 cells stained for CYP3A4 (red) are clearly detected as specific cells.

The activity of CYP2D6 was low fahe HepaRG spheroids, figure, @ndnot detectedor
co-cultured spheroids of HepaRG and stellate ckllsas previously beeshown that
HepaRG cells haview activity and expression of CYP2[PB0][21][24][38], and it is
assumed that HepaRG cells are derived from a donor whawaor metabdiaer of CYP2D6
[20]. This may be an explanation to the low activity of CYP2D6 for the HepaR@Goand
cultured HepaRG and stellate cell spheroids.

The CYP activity was low for all CYP enzymfes the HepatoCell spheroidsee figure 6
which also correlateto thegene expressionhere almost no expression was founddoy of
the gens, see figure.7Also, nospecificCYP3A4 could be detected in the histolagpctions

of HepatoCells stained with antibodies, which @sengthens the results that |IGY P

activity was present in the spheroids. As the HepatoCells are anoglwct on the market,
and no published data about the cells are available, these results cannot be compared to other
results for the cell type. However, compared to the HepaRG aadlttoed spheroids the
HepatoCell spheroids does metich the same levels epression and activity of the CYP
enzymedestedn this projectThe gene expression for HepatoCells at day O can also be
compared to the gxession of hepatocyte§he day 0 sampdewere from cells in suspension,
and are thereby not representative for spherbidaever, itgives a googbrediction of the
difference between theell types.The gene expression was much higher for hepatocytes in
suspension at day Oah for HepatoCellssee figure 7 andBIt does not seem like
HepatoCell spheroids have functions thttch primary human hepatocytes, amaly
thereforenot be suitable fordrug metabolism and disposition studies

The effecton metabolisnof co-culturing stellate cellsral HepaRG cellfor spheroid
formation wasalsoinvestigatedin this project Benefitsof co-culturing hepatocytes with
stellate cells have previously been shqd], and in a study by Wagnet al.the posdility

to form microtissue aggregatessuch aco-cultureswas proverj31]. Leite et al. has also
shown that it is possible to form spheroids of HepaRG and prinuemnaih stellate cells, and
that itwas possible t&eep the spheroids for 21 dd{4]. The resultsn this projectshow a
slight increasén CYP activity forCYP2C9 and CYP3A4 at day 7, aadhigher gene
expression for albumicompared to HepaRG spherqiggich indicates higher hepatic
resemblanceCo-cultured pheroidsectiors stained for vimentin showemdme green
fluorescencesee figue 10c, whichcan confirm the presence stellate cells in the spheroids,
although the gene expression of vimentin was not concluSiher results show no clear
difference between the two spheroid tygbss from this study no conclusions can be drawn
about the difference between the spheroids.
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The results from this project show ttatmanhepatic spheroid®rmed from HepaRG cells
have CYP activityand gene expression that is relevant for studies of metabolism and
disposition.However, as no primaryuman hepatocyte spheroids were formed, more
experiments are needed to confirm the ability to form such spheSnd=® it isthoughtthat
batchto-batch differencebas an impact on the ability for hepatocytes to fepimeroidsit
would also be of iterest to investigate whdactorsthat contributes tsuchdifference.
Further studies ar@soneeded to give a deeper understanding of the mechanisms involved to
give rise to the enhancements of the hepatic functions thait imcthe spheroidsompared to
cells cultured in a monolayeRegarding the experiments in this thegisyould be of interest
to do moraeplicatesf the spheroid samples for the different time paoimtsrder to get
better statisticd_ooking at cecultured spheroids with longecubation times with the
substrateocktailfor the CYP activitymeasurementainddifferent ratios of the cell typesme
also thingghatwould be interesting to investigdigrther.

One way to use thieepaticspheroidsn the futureis to incorporate them to microfluidic
systemsso called orgaithips [26][31]. In such a systemmicrotissuexan becultured while
exposed to fluid flowwhich allows fomutrients and waste products to be transporteddo an
from the cells in the tissues. Microfluidic systems furthermore allows for accurate control of
themicroenvironment of the tissy29]. It is also possible to create a mtiksuesystemon
suchorganchips This allows for crosstalk between tissuasd the possibility to study the
effect on drugs that have been exposed to different tissues in the same system.
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6. Conclusion
Theaim of this thesis project was to further develop and characterize anthapatic

spheroid model to be used for metabolism and disposition studies.

This study has shown that it is possible to culhepaticspheroids of HepaRG and aco

culture of HepaRG and primary human stellate delisit least three weeks, and that thes
spheroids have a gene expression and CYP activity that are improved compared to HepaRG
cells cultured in monolayer.

Primary human hepatocytes were not able to form splearottie scope of this projecnd
spheroids formed from HepatoCell, which is@w product on the market, did not have
characteristics to be suitable for use in metabolism and disposition studies.
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Appendices
Appendix |

a) Day 2

f) Day 15
Figure 12 Development of HepatoCell spheroi@gheroids started to disintegrate at day 13 and
therefore the culture was terminated on day 16.
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a) Day 2 b) Day 3

c)Day 5 d) Day 6
Figure 13 Development bhepatocyte spheroids. No spheroids were formed, and thereby the culture
was terminatedt day 7
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Figure 14. Gene expression of a) CYP1A2, b) CYP2C9, c) CYP3A4, d) MRABuae)in, f) CK19
and g) vimentin compared &xeferenceof 2D cultured HepaRG from daysét to 1 for all genes

tested.
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Figure 15. Gene expression of a) CYP1A2, b) CYP2C9, c) CYP3A4, d) CYP2D6, e) MRP2, f)
albumin and g) CK19 compared to a reference of 2D cultured HepaRG fyorrsdato 1 for all
genes tested.
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