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From the whole organism to the discovery of cells 4

Robert Hook Anton van Leeuwenhoek — microscope
First obeserved living cells 1675.

Repeated geometric boxes —
shaped structures — called -
"CELLS” (dead plant cells) ~ &
A 1665.

Theodor Schwann — “the animals are made of cells” - 1839 1859. Virchow and Kolliker — Cellular Pathologie
Rudolph Virchow - “all living things are made of cells” - 1855 Cell, as basic living unit.

CELLS = building blocks of life Pathogene theory - pathomorphology
BASIC UNIT OF LIFE alterations of the cells cause several
diseases
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1885.

Wilhelm Roux
Chicken embrio
cells in vitro

Development

1907-10.
1st functional
in vitro
experiments
Ross Harrison

First publication ¥

of aseptic techn. (Carrel)

1954. Nobel prize

J Enders, T Weller and F Robbins
polyo virus production in kidney
cell cultures (monkey)

After two world wars great advance in virology
(vaccine production demand) resulted
explosive development in cell

culturing 40-50s
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1st human
cancer cell line
Hela (G. Gey)

Milestones in the history of cell culturing

% L. Hayflick

il 52 divisions

fl 1957.
1st primer
mammary organoids in vitro

1975

1st mab producing
hybridoma cell line
Kéhler and Milstein

Isolation of human

embrional stem cells e
Thomson and Gerhart &

Human fibroblast
in vitro max.

1960-70

»modern” " 2

wide spread of Skinethic,

Cell- and Tissue culturing Episkin
Techniques

80’s early studies industrial spreading

about the importance
of 3D culturing —
arteficial 3D matrixes

2004/5-2009
3D Bioprinting
(G. Forgdcs)

2012-2013
1st human
brain

organoids
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Developing in vitro cell culture-related models ™\
The main aim is to rebuild an arteficial complex \JJ

in vitro model

La:
scatter
j : E}eﬂmm plates
289
= ey

3D cultures
Organoids
Organ-on-plate

Cell cultures 3D cultures Co-culturesj Organ-on-chip Body-on-chip

Dissection Selection

EUSAAT Virtual Seminar Series 2021 - June 10— 5:00 PM CEST '\



CELL line in in vitro cell culture is not TISSUE

Many different cell types are in symbiosis

("\j

Malignant
epithelial cell

. Stromal cell

Extracellular
matrix (ECM)

Non-uniform

exposure to

oxygen and
nutrients

Non-uniform
exposure to
drug/compound

3D structure, (non 2D) P_araclrlf“e "7 i Drug/compound
H signallin
Structured ECM (extracell. matrix) /v gnalling
Cell-cell connections are different “j u CCMtocell
Cell polarity ECM-to-cell = attachment
Oxygen and nutrient diffusions signaling @
00 Soluble factors
are not equal
(2D cell cultures are not hypoxic) Increased cell-to-
cell interactions o Cell-to-cell
Proliferation attachment
gradients
- Cell proliferation
rate
%
%@ o Oxygenand
L X nutrients

Lovitt C et al Advanced Cell Culture Techniques for Cancer Drug Discovery
June 2014 Biology 3(2):345-367
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Different models to decrease differences between cell culture and in vivo systems

Tumour Models
—
Cancer | ® =
stem cell 1® "
N Fibroblast N g
\ Tissue Gel . Cell
\ Xenograft .' . . Spheroids
engineering embbending monolayer
In vivo, 3D In vitro, 3D In vitro, 3D In vitro, 3D In vitro, 2D Model type Inherent
+ ++ - - e Reproducibility features
Drug
+++ ++ ++ ++ --- .
penetration
++ +++ + + --- ECM similarity bi:;Tn?:t'}cs
++ +++ + -- --- PI?er.lotYpe
Differentiated similarity

cancer cell
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Scaffold free 3D culturing — co-culturing Scaffold-based culturing f“\

Different hanging drop technologies Low orno a

= O

\&./4

Polymer-coated
Geramic scaffold ceramic scaffold

ttachment technologies

Rp—
"%q_

BioAssay with fing structures !

Polymer solition

NanoShultie™; o~ ST

Biocompativle Nanoparticie:
(Au, Fe,0, & Poly-L-Lys)

Magnetising Cells B i Levitation by magnet from top.
pi ]
= @

@ <U

Bioprinting by magnet frem bottom

Perfecta 3D Hayging Drop plate

i ¥ v

Dispense cell Form

suspension  hanging drop Hangiigdrop;  Spherotd

‘-~‘- Micro-beads
. ;-\-‘._

Cells form uniform spheroid in each dimple
aftachment o

adhere to
neighborhood cells forming spheroid

IPS cells

Organoids

Mouse intestinal
Intestinal crypt organoid

Intestinal

y organoid

l E,N,Rspo +

W,Ti,p38i

Intestinal stem cell
(CBC, +4 cell, LRC)

organoid :
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Tissue slice culturing, as an alternative

t} Gas exchange Culture medium

2.5mm
30 mm H

Vibratome

0.35 mm

t H th H 1.31 mm

| L > Organotypic slice
A

¥
1.14 mm Insert
=

. ' Different culture
conditions tested

5-10 mm — I‘: 2 . » »
5-10 mm 350 um thickness
Surplus tissue Tissue piece sliced using Culture of tissue pieces Analyses
sampled from surgical specimen a vibrating blade microtome for at least 96 hours (H&E, EM, IHC)
0Oh 24 h 48 72 h i 96 h
4 = : ‘ : “E 0.6 0072 OO0T7 00T10 OO0T11 O0T12
15 -
£
2 04-
£
(]
7]
7
0.2-

o
. o)
[o)]
o
2

< 0.0-

Moderately to poorly . ; . 2 .

differentiated Oh  24h 48h 72h  96h

Misra S, Moro CF, Del Chiaro M, Pouso S, Sebestyén A, Lohr M,
Bjornstedt M, Verbeke CS. Ex vivo organotypic culture system of
precision-cut slices of human pancreatic ductal adenocarcinoma.

SciRep. 2019 Feb 14;9(1):2133. EUSAAT Virtual Seminar Series 2021 - June 10 — 5:00 PM CEST g "




Possible real alternatives, bioprinted tissues, organs \&
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3D Bioprinting areas in medicine
3D Bioprinting in biotechnology and in tissue engineering

" Dental Crafters, Inc.

- precision personalised prostetics
(bones, prostetic dentistry, teeth, braces...),
- medical aid equipment
(arch-supports, exoskeletons, special prostetics)

@Mﬂﬂﬂﬂ ging techeique (MRL CT, ult d) @mmudmmlmhrm

:«m?azmmfmmd it ol of th anatoy 12 the th sty esgaed the by, whers ha ey - biosimilar material development
and dofectidamage. winsctuge is printed by can paturally integrate

‘Theh, & patlent-Fpecile

ARARES: the s - CT derived 3D biomedical models for special
surgery, and trachea or orthopediatric
replacement

o — ), =
Ronr =
e o G = B = - Personalised pills
- - Y P -1 n . y
- B, i | . wH :" o, 1 ~ - - 8 3D Printers certified with Mimics -
gt \ 3 g | T ™ I for 3D Printing anatomical models ]
| - W e Ve :
. | ki L™ R o g 1 i v 1
X 3 " . 5=k R et

5 Million+ patient scans
analyzed with Mimics

imgkantod ket jiw |
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3D Printing — 3D Bioprinting with living cells 4

Gabor Forgach (Missouri University — ORGANOVO 1st Bioprinter)
Hydrogel-based scaffold and living cells

Injekt printhead uses ECM mimetic gel and cell suspensions as
BIOINK and builds more layers or circles, spheroids... (3D

2 3/ | 44 5/
Hitg Pl e e @ el

printheads for cell containing scaffold gels with

nutrients and other materials depending on cell needs [EEESREE- sl
| | | o gy ey, Oy TN
Calibration by laser and special softwares o ibat Ty

4

e.g. capillary for bypass and liver tissue samples :ﬂé
"
e 2

In the future complete organ printing, skin, kidney....

EUSAAT Virtual Seminar Series 2021 - June 10— 5:00 PM CEST \ﬁ'



eriie bioprinters — tissue engineering using stem celis — "repliacing anytning rrom own stem celis In the 8
Sterile Bioprinters - ti ineering using stem cells — “replacing anything f tem cells” in the FUTURE /7"

_— Reality is Wiction or not??? &*Jj
animal experiments replacement = S ~Bone,

Trachea and face
reconstituions

” Living implants”

.
o -
g (B &

Body-on-chip In the US 100 000 people are on the organ

waiting lists,
technology 20 people dies daily because of
in pharmaceutical transplantation delay
\
development WORDWIDE CAPACITY and ORGAN DEFICIT
10-Organ Chip
. I Gl-tract TISSUE ENGINEERING IS AN OPTION
Meadow Gl-tract.  lung ( 7 Ruer
: Bone
Marrow x 3 )
Ski . . ‘ .
Endocrine " Organovo Direct skin replacement in the operating room
‘ Kidney Bioprinted organs

Liver, kidney, skin, capillaries

* Arteficial bioprinted liver or kidney in capsules, nanocapsules eliciting
hemodialysis

Bioprinted
leather for BMW
and textil-fashion
industry....
Bioprinted meat,
hamburger.
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Minimum requirements for bioprinting

Bioprinter, software, special printer heads

The small BS3.2 .

LY
| Cyfuse
Ravotek ] mujl'ifilom.dical
Zhot.cc |

Q

[
| Bio3D
Technologi

:s/{;/mlc %{(ﬁ‘:ﬁm' m

] L

=1

J

Iz
&

Tissue cell culture laboratory (stem cell lab)

Stem cells,
tumour cells,
fibroblast , endothels for capillaries

ECM-a |nkm:~

Nerve Cell Blood Cell Liver Cell Muscle Cell

BIOINK

adding cytokines, growth factors and
induce, inhibit proliferation
tailoring the differentiation programs

PRODUCTION OF HUGE AMOUNT OF CELLS (Bioreactors)
ADDITION SPECIAL MATRIX
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3D Bioprinting has been started in our University, as well
2 v we bought GESIM Bioprinter one year ago

* tissue cell culture lab

WHY our research group is interested in 3D Bioprinting:/' Cancer re§earch Institute
- new biological models and tests Tumour Biology Laboratories
- 3D Bioprinting completes microfluidica Tissue and Cell Culture
in body-on-chip technology - cancer target research
- anti-cancer drug tests

AS NEW RESEARCH TECHNOLOGY DEVELOPMENT

Our main interest is metabolic disregulation in cancer
- known metabolic differences between 2D, 3D and in vivo systems
- in vitro tumour metabolism and therapy resistance studies need 3D culture systems

B

TUMOUR METABOLISM RESEARCH GROUP
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Hallmarks of cancer cells (2002)
Deregulating cellular energetics as a “new” hallmark of cancer cells (2011)

=
S0 e
i
‘;;- >
. %
2=

Emerging Hallmarks

Deregulating cellular Avolding Immune
energefics destruction

cancer and metabolism
100000

58356 Genome instability Tumaor-promoting
and mutation Inflammation

50000

0 —— O | il I I“.l. |||

Enabling Characteristics

Hanahan and Weinberg 2011.
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Tumour metabolism

s Bioenergetics

Genetic alterations
(p53, Myc, AMPK, PI3K and =———
HIF1a etc.) Change in metabolic
phenotype Bi thesi
(1988. — 30 years ago) ry AcabTation of iosynthesis

Watson — “Locating the
genes that cause
cancer has been
“remarkably unhelpfu
— the belief that

cellular metabolism

|II

sequencing your DNA is Tumour

going to extend your microenvironment
life a cruel illusion. If (hypoxia, pH, nutrients,
he were going to growh factors)

cancer research today,
he would study
biochemistry than
molecular biology” Abnormal
proliferation

and survival
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mTOR kinase is a hyperactivated "crossroad” in many cancers LD\

mTOR as a METABOLIC CROSSROAD in cellular signalling network

.\;

energy level

. . growth factors
amino acids
insulin
glucose
Metabolic inputs \

mitogenic
and r gul tor effects 0, B /ch’rors o g ™
related to mTOR complexes: .Ric':)r
=
<L mioker
1
| | i | | | |
S6K1/4E-BP1  ULK1/TFEB MTHFD2 SREBP1/PPARy  HIF’ SGK/AKT PKCs
| 1 I I
Protein Auto- Nucleotide Lipid
svnthesis ANLL I synthesis Meta- remodelling
bolism
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Metabolic plasticity correlates to worse prognosis in breast cancers ﬁi\

Luminal worse prognosis (38 months OS) \&

7, 5% LDHA | :

p-S6 = "““'?‘l'!‘j_-“, Rictor

~t

1.0 1.0
0,8 0.8
(7)) 0.6_ 06_'
L
= o, wn
= 04 O 0.4
0,2 0,2
ool P=0.075 0ol P=0.054
I I I I I " I I T I
0 50 100 150 20 0 50 100 150 20

Metabolic plasticity +

(High mTOR actvity scores

and high score evaluation

in minimum two other metabolic enzymes)
No high metabolic plasticity
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Importance of metabolic alterations in cancers and cancer model systems

In our metabolic inhibitor studies we tested many different drugs:

mTOR inhibitor (mTOR is a master regulator of
cellular metabolism)
Disease specific chemotherapeutics (TMZ — glioma cells)
Doxycycline (tetracycline antibiotics)
Etomoxir (lipid synthesis inhibitor)
Chloroquine (autophagy inhibitor)

25 human cc. cell lines were tested

with rapamycin and doxycycline combination:

In 2/3 of these lines, the Rapa+Doxy combination
significantly (<50%) reduced the cell proliferation

in vitro and these effects were additive or synergistic.

U373-U
T™Z Doxy
120%)
100%
80%

60%
40%
20% I

Doxy
+

Ftom Etom Chl

T]l B

Cell proliferation (% vs. control)

Rapa TMZ Rapa TMZ Doxy Chl
+ + + B - -

Etom Etom Chl Chl Chl Etom
Doxy Etom

:

Etom Chl

LT TD

0% .
Rapa Rapa Rapa ™Z
- - -
TMZ Doxy Doxy
2 U251
g ™Z Dox
: 120%) g
> K
° 100%
~ 80%)
2 60%|
©
2 40% r
'S 20%)|
= 0% .
S Rapa Rapa Rapa ™Z

+ + 4+
TMZ Doxy Doxy

Rapa ™z Rapa TMZ Doxy Chl

+ + o+ + + O+
Etom Etom Chl Chl Chl Etom

(Hujber et al. J Clin Exp Cancer Res 2018, Petévari et al. Cancer Cell Int 2018)

EUSAAT Virtual Seminar Series 2021 - June 10— 5:00 PM CEST ~‘



Characterisation of mTOR hyperactivity &*J
(breast cancers, rhabdomyosarcomas, lung tumours, gliomas — metabolic characterisations simultaneously
colon cancers, medulloblastomas, GISTs, lymphomas and leukemias)

Cancers 2020, Humanpathology 2019,2018, 2017, Pathol Oncol Res 2020, 2019, J Neurolpathol Exp Neurol 2018, J Clin Pathol 2017,
J Exp Clin Canc Res 2018, 2017; Modern Pathol 2012; BMC Cancer 2013, PlosOne 2013, Diagn Mol Pathol 2011...

normal s GBM

[«
S 3
g -9
&

5 TR e

ity
%

normal TS Sl aNS
';n- Dy 5"

p-Akt
Rictor

Rictor amplification and its correlation with the detected Rictor ovreexpression
and high mTORC2 activity in SCLC biopsies, recently started VISTUSERTIB (C1-C2
inhibitor) therapy

-l S

mMTORC2 hyperactivity in human glioma biopssies

Despite encouraging preclinical data, mTOR inhibitor mono- and combined therapies have shown poor anti-
tumour results and individual side-effects in patients (promising in some advanced carcinomas, pancrease
tumours, sarcomas)
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What could be the reasons:
- cytostatic effects (surviving cell populations)
- mTORC1 and 2 have complex functions in cell signalling network and in metabolism
- metabolic heterogeneity in situ in tumour tissues and complex metabolic regulation
- metabolic symbiosis in adaptation mechanisms
- we need better patient selection and therapy markers

e\ S
2D preclinical models and xenograft animal models (SCID or other mice) '

No real structure and No h : S -
@ single type of cells E(?M L:zlr:(?rr]'nicroenvironment ml < z’
Tumour metabolism research - in vitro from 2D to 3D models,

Anti-metabolic treatments results could have different effects in 3D printed
human tumour models

(N
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New 3D Bioprinter Unit in our tissue and cell culture laboratory

Ty

e, Cell compatibility test and evaluation of the
" printed materials using pathomorphological

g | processes

- Tested own bioink recepies

EUSAAT Virtual Seminar Series 2021 - June 10— 5:00 PM CEST '\



After bioprinting and long-term culturing of breast cancer cells &J
— tissue like structures, lobulars structures were formed in vitro

Protocols for

Proliferation tests (MTT,
SRB, calcein assays)

cell recovery or

other biochemical,
molecular biology,
metabolite concentration,
protein expression and
IHC studies

after 1 week lumen formation
in bioprinted human ZR-75.1 rafts
(ZR-75.1 luminal breast cancer cell line)
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We have started to map the metabolic differencies of
e 2D, different 3D in vitro cell culturing (including spheroids, organoids and 3D Bioprinted
tumour tissues),
* Invivo tumour xenograft models and

Confocal microscope images stained with -and or|phalloidin| +/Hoechst

ZR-75.1
10 days
rafts
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In vitro tissue formation iy

Bioprinted and in vitro growing rafts Human biopsy

MDA-MB-231 _ i ’,’-' a!,: i ’ﬁ:v ?" i *%TA

Y

.
é

In vivo growing
xenotransplanted
previously
bioprinted raft and
its vascularisation

Conventionally non-xenotransplantable breast and lung cancer cells can be transplanted to SCID mice using
bioprinted and cultured rafts (potentially useful for patient-derived xenograft models)
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Different applications

fibroblasts directly printed and
grown on surgical fiber

Easy handling, thicker — more layers, Morphological studies with
aviod hypoxic conditions Fluorescent labelling

Proliferation, apoptosis Microfluidic plates
assays Tumour-on- chip studies
Drug toxicity studies Migration — metastasis studies
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Metabolic inhibitor sensitivity of MDA-MB231 bioprinted rafts

mAB» Metabolic activity NAD+ H+ és NADP+H+
Proliferation tests: mSRB. . Total protein
mBradford ., Total protein

calcein » Viability of cells

AB
120%

MDA-MB231 human TRPLN breast carcinoma

100%

80%

60%

40%

20% I I
Eto Chl

0%
Rapa Vistu PH Doxy CB-839

Doxorubicin and cisplatin have
similar effects

Proliferation in % of controls (AB assay)

Doxo Cis

2D 3D 2D 3D 2D 3D 2D 3D 2D 3D 2D 3D 2D 3D 2D 3D 2D 3D

The effects of metabolic inhibitors are different in 2D cultures and 3D bioprinted rafts
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Mouse 4T1 breast cancer cell line
in vitro mTORI and doxorubicin, cisplatin sensitivity

[ Alamar Blue assay

160% . SRB assay
o . Modified Bradford
2 In 3D bioprinted in vitro rafts, the cells were
= resistant to rapamycin, doxorubicin and cisplatin
S I |
¢ 100%
(@)
o\o %k
c 80%
c *
9 60%
©
QL . .
5 In 2D cell cultures the majority of the studied
a o cells are more sensitive in different drug
treatments, than in 3D bioprinted raft
. Rapamycin Doxorubicin Cisplatin cultures
| 3D | 2D 3D | 2D 3D | 2D

Animal experiments are ongoing to test the in vivo sensitivity
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B (D)
2 \&./4

In vitro rapamycin and doxorubicin sensitivity in human ZR-75.1 cells

<

Vd

subcultures 24 h treatment 2h proliferation tests doxorubicin and rapamycin

gjgj gﬁ o sensitivity decreased in 3D Bioprinted models

control control
100% 100%
90%
80% 80%
70%
4 60% 60%
2-week incubation . . ’
without treatment ¢ treatment proliferation tests ) S0%
> 40% S 40%
b 4 . 30%
& 20% S 20%
Gel embedding spher0|d cultures spheroid 10%
: S 20

Proliferation in % of control
Proliferation in % of control

0% 0%

spheroid 3D BP 2D spheroid 3D BP

Proliferation capacity was detected by Alamar Blue assay in
human breast cancer cell line

4

2-week incubation
without treatment ¢ treatment 72 h proliferation tests
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Altered cellular metabolism in different in vitro cell cultures systems versus in vivo xenografts (‘\j

Wes
P Wes Simple protein expression analysis i p_mTOR . p-ser473- Akt
} Raptor i'z 14 ( \
=0 p-actin 1:4 e
| 180.-- W Rictor 5 malisation 12 1
1
---—- PAEBP1 08 o
66 o g SDHA 06 98
0,4 0,4
MmN coxs o,; = 0 I
‘e 0H h 0 - . -
WO HD Sp_ 3DP X 2D HD Sph |3DP X
v : % -" —_) F_'_‘_"T_q; ‘..;... @ '.: =
FASN » HK2 . CPT1A N
ij = Expression pattern matching
12 20 3DP /X
. 15
0,8
0,6 10
I I s I HD/X Sph/X 2D/X
5
02
- | 1 .| . 1 . neg
HD Sph 3DP X v
e M | HD Sph 3DP HD Sph 3DP X

Based on metabolic protein expression, the best matching model could be the 3D Bioprinted raft
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Xenografts from 3D Bioprinted rafts &R

4T1 breast cc. (BALB/c) ! Human ZR75.1 ') \&J

Balb/c Black6

50 000 -100 000 2,5-10 M
e, Q cells/SCID cells/SCID

2D Scaffold 2D Scaffold

4 — max. 6 weeks

Immediatly

(slow growing ~2 months)

1-2 weeks culturing before
Previously non-xenotransplantable cells, started to growth in mice xenotransplantation ~3-4 weeks

after using 3D Bioprinted raft implantation (e.g. human SCLC)

[CJ,"I‘F!I iljllfl’lllzf/HHJHg'

T S

More uniform tumour sizes
human ZR-75.1 .« 2

2D Scaffold 1,5
‘.‘.
' . 1 week in vitro 1
a K * 3 weeks invivo
weeks T /;;n/tm/:m/rm, 05
e el 2
1 week in vitro 0

. . We need to test more cell lines and repeat these experiments
6 weeks 5 weeks in vivo P P

Co-3DP R-3DP Co-2D R-2D
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Advantages/Disadvantages — using 3D Bioprinted tumour models in vitro or in xenotransplatation &? ./

Advantages Disadvantages

Using in vitro rafts in basic research tests reduces the number of in You need Bioprinter (it is expensive)
vivo experiments (replacement)
Longer in vitro and in vivo experiments (it could
Give real 3D culture in vivo advantage, as well — e.g. tumour evolution
experiments)
Help lower the cell demand in xenotranplantation

o ' The engraftments are a bit more complicated
Help lower the variability in tumour size (small operation) then subcutanous injections

previously non-grafting tumour cells can be xenotransplanted and
used in in vivo models

IT COULD BE USEFULTO - REPLACE A PORTION OF ANIMAL EXPERIMENTS
FOR - BETTER DRUG PRE-SELECTION IN STUDIES
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3D Bioprinted human tumour rafts ﬁ'\

Real in vitro 3D models jj
S

higher standardisation
represent tumour heterogeneity
Growth use in high throughput screening technology
el use in personalised drug selection
Its combination with body/organ-on-chip model
in better in vitro models
Combining with PDX better in vivo models

Biomaterial
B

. %

:

) 3D organoid

D
_’ Xenograft

model

Heterogeneous
tumour tissue

Standardization

—

. ,Qq" < [ - =
Humanlzed_ é’ ‘%9 r};‘sﬁ
model S ‘@;

§&
K F
&

3D Systems in
Cancer Models

Human trials

Throughput
Our goals to find - the already in vitro neglected metabolic factors potential new metabolic targets and
- testing "new or old” drugs with less side-effects for personalised therapy in different models
We need better in vitro model systems

and development in well-known in vivo carcinogenesis, tumour progression and drug tests before human trials
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"We live longer and healthier lives than ever before. Whilst there have been remarkable improvements in
the human environment, and animal research has played a major part in developing improvements in
human health.” - Professor Robert Winston

Mainstream medical and scientific organisations and leading scientists all agree that animal research is
essential for medical progress, but we try to do our best to reduce and optimise our model systems.
| hope that the presented and shown 3D Bioprinting and using 3D Bioprinted tumour models could be an

additional, new tools in these developments.

Thank you
for
Your attention

The help of my colleagues and
our supports

NEMZETI KUTATASI,
KFI ALAPBOL .
LOSULO PROGRAM  FEILESZTESI ES INNOVACIOS HIVATAL
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