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Za delo v predklinicni ali eksperimentalni onkologiji so
potrebni:

In vitro modeli:
— Genomika in proteomika

— Celicne kulture

Matematicni modeli
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Ex vivo modeli:
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In vivo modeli: i
— Tumorski modeli
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— Zivalski modeli
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Studij biologije nastanka raka

PreizkuSanje razli¢nih zvrsti zdravljenja raka
Testiranje strategij za prevencijo nastanka raka
Razvijanje postopkov za zgodnje odkrivanje in
diagnozo raka
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PodrocCja raziskav v onkologiji

o Tumorska biologija
—Specificne lastnosti tumorskih celic

— Interakcije med tumorjem in
gostiteljem

0 Testiranje in prenasanje novih zdravljenj
v klinicno prakso
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Kaj je dober model?

Celicne kulture
Sferoidi/organoidi/organi na Cipih...
Glodalski tumorski modeli

Humani tumorski ksenografti

Samo orodja, ki se uporabljajo za studij
specificnih vprasanj v zvezi s humanimi
tumorji
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Prednosti in slabosti uporabe
misjih tumorskih modelov

Advantages

Limitations

Small size, easy to handle and take care of, and short-tumor
generation time.

Cheaper than other animal models of cancer, allowing the
use of large numbers for statistical measurements.

High tumor incidence and relatively rapid tumor growth.

Many mice can be treated at the same time to observe dose
responses.

Genetically, the best characterized of all mammals used in
cancer research.

Mice are very different, in terms of size, life span, organ morphology, and
physiology and thus differ in drug PK and PD from human beings.

One critical difference in the mouse is the activity of the telomerase enzyme,
which is largely inactive in adult human cells. (Mouse cells transform more
readily and thus require fewer genetic alterations for malignant
transformation.)

Mouse models tend to develop relatively few metastases or display metastases
with different tissue specificity as compared with human tumors.

Differences in metabolic rate and pathways might result in a different drug
response in mouse models (e.g., the cytochrome P450 pathway for drug
metabolism).

Due to a limited number of initiating genetic alterations, mouse tumors are
typically more homogeneous, and this can be an obstacle to mnd-:r]ing the
heterogeneity of human cancers.

Animal Biotechnology.
DOI: https://doi.org/10.1016/B978-0-12-811710-1.00005-7 77

© 2020 Elsevier Inc. All rights reserved.
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Misi, ki se uporabljajo v biomedicinskih raziskavah

* Inbridirane imunsko odzivne zivali

e Gole (brez T limfocitov)
e SCID (brez B in T limfocitov)
* Transgene

e Knockout
 Humanizirane
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Inbridirane imunsko
odzivne zivali

* Prednosti C57BL/6 mi&
. Clarence Cook Little, 1920
— Relativno poceni ustanovitelj Jackson laboratory

Sekveniranje genoma 2002

— Veliko stevilo ustanovljenih tumorskih modelov
— Razlicna mesta injiciranja

e Slabosti
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TABLE 5.2 Ciriteria for choosing the optimum inbred mouse model.

Biologic:

1. Multistage: the model shows clear evidence
of progression. enabling analysis of genetic
and biological events associated with these

Genetic:

1.

Muiltiple mutations in specific genes, at least some
of which reflect those of equivalent human tumors.

transitions. 2. Gross chromosomal changes (LOH, deletions,
recompinations) in regions orthologous to those
2. Tumor histology and pathology are similar to aitered in human disease.
equivalent human disease.
3. Tumors bear specific alterations in one or more
3. Tumors metastasize from primary site. pathways known to be involved in human cancer,
for example, p53.
4. Model has specific properties that make it
suitable for studies of one of the fg]jowing_‘ 4  Gene EXpI’ESSiDI"I proflles similar in mouse and
¢ Angiogenesis human tissues.
e  Apoptosis/survival _
e Tissue invasion 5. Tumor shows strong effects of genetic background,
 Role of the iImmune system enabling studies of genetic susceptibility
\ | Therapeutic:
. : 4
Etiologic: 1. The model is suitable for
~ — — —— the testing of new therapies.

exposure to environmental
factors known to play a
causal role in human tumor
induction, for example:
Environmental mutagens like
chemical, radiation.

e

. Chemicals
. Viral vectors
. Immunological

targets.
2. The model is predictive of

human clinical trial results.

Animal Biotechnology.
DOI: https://doi.org/10. 1016/B978-0-12-811710-1.00005-7

77

© 2020 Elsevier Inc. All rights reserved. 1 0/ 1 05




— Dobra karakterizicija, siroka uporaba

— Odsotnost dlak omogoca dobro vizualizacijo podkoznih tumorjev

— Dovolj imunsko oslabljene, da je mogoca rast mnogih humanih celic in
tumorjev

— Na voljo na razli¢nih genetskih osnovah
Slabosti

— Prisotne nekaj ekstratimusne T celi¢ne funkcije

— Prisotni B limfociti

— Normalno Stevilo makrofagov, NK celic, normalna funkcija APC celic in
normalna funkcija komplementa — NARAVNA ODPORNOST
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Fox Chase SCID® Beige Mouse

e/ o
S C I D I | I | S | A congenic mouse that possesses both autosomal

recessive mutations SCID (Prkdcsc@) and beige (Lyst).
The SCID mutation results in severe combined
immunodeficiency affecting boththe Band T

Y lymphocytes. The beige mutation results in defective
natural killer (NK) cells.

——

Prednosti .
— Boljse kot gole misi — manj spontanih regresij tumorjev, vedji
procent humanih tumorjey, ki jih lahko gojimo na SCID misih
— Na voljo na razlicnih genetskih osnovah

Slabosti

— V odvisnosti od vrste in okolja obstaja nekaj produkcije T in B
limfocitov po 12 tednu starosti

— Normalno Stevilo makrofagov, NK celic, normalno delovanje APC,
pri nekaterih je funkcija komplementa povecana

— Visoka incidenca limfomov timusa — krajSa Zivljenjska doba
— Radioobcutljive zaradi napak v DNA popravljalnih mehanizmih
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Gensko spremenjene misi —
transgene misi

* Netransgene misi: spontane mutacije,
kemicno inducirane, drugi vir nastanka (npr.

sevanje)

* Transgene:
— Knock-in
— Knock-out
— Usmerjene mutacije (Crispr/Cas9)
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Transgene misi — vnos tujega

e \/ o

gena —knock-in misi

* Prednosti

— Tumorji se razvijejo spontano in v “naravnem” organu
— Tumorji imajo naravno hitrost rasti in metastatski potencial
— Neimunogene

MICE — expressing
fluorescence protein

e Slabosti

— Zelo drage

— potrebno veliko €asa za razvoj in validacijo
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Knockout misi — delecija dol. gena

He's clying to become a chef.
* Prednosti P

— Tumorji se razvijejo ontanO inv “na avnem

— Tumorji imajo nara .?:‘ rost rasti in metastatski potenual
— Neimunogene - | :vx‘ |
* Slabosti — ! 7
%Md A 4

— Zelo drage

— potrebno veliko ¢asa za razvoﬁ in \/@hdacuo B
— Potrebna je normaliz , ker se’tumorjl mkom\?vuejo pri ,;

vseh zivalih
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Usmerjene mutacije  * Prednost

— Hitra producija
— Relativno poceni

CRISPR-mediated somatic
genome engineering

N Tumour initiation
S 7 \and progression

' KPlasmid—based delivery \

¢ Lentiviruses (combine with _ ereipeutllcs 1s)
GEMM or nGEMM Cre-loxP Flp—FRT cDNAs, etc.) Tumour—beanng \ (co-clinical trials)
(or Cas9 mouse, or | AAVs (co;nbine wi’th o mouse
wild-type mouse) Cre-loxP, Flp—FRT, etc.) Gersonallzed m|c>

* Nanoparticle-based
delivery of CRISPR-Cas9
* Protein-based delivery of
CRISPR-Cas9
* Multiplexable (can combine
\_ allof the above) A4

Predefined Precise Mutations

Cas9 Totl

éw

Tet! Oiige
Tet2 ﬂlqn

G = @ £S5,
_— ) e 5D
Microinjection Embryo Transfer

Zygote Blastocyst Mutant 16/105




Examples

I I [ ] [}
u | I l a I l I z I ra | l e Replacement of murine S — -
ene with equivalent ) * Preclinical evaluation of
Eumantrans ene - therapeutic agents e.g. ICBs
9 = * Study of proteins for which there is

¥ A gy no mouse equivalent e.g. MICB

(I VAN |
Insertion under
the control of
endogenous

promoter and

— M ?:%gli::g elements * Preclinical evaluation of therapeutic
3 [ ] vaccines or human antigen study
Replacement of entire - — | (i.e. HLA and human TCRs)
=

portions of the immune * Study of human Fc receptor

system interactions with a therapeutic
o Engraftment with
one or more human Immunodeficient
immune cell o
O populations 'S Study of immune effectors of human
(8 o — | origin with significant differences
O O = from murine equivalents e.g. NK cells,
/6T cells and CAR T cells
[
Engraftment with human Immunodeficient

tmours +/—PBMCs - Study of mice with a near-complete
. I human immune system to test their

—

. capacity to mount antitumour
) _— immune responses and to predict
clinical responses of therapeutic
e.g. N5G or RagZ~" llZrg™" interventions

with or without knock in
of trophic support

Figure 4| Humanized mouse models. a | Genetic humanization of individual targets or of entire portions of the
immune system. To overcome the considerable differences between some of the biological machineries in mice and
humans, knock-in mice can be created by replacing a mouse immune gene with the human equivalent. Moreover,
mouse immune genetic portions can be deleted and human equivalents (often encoded as transgenes) may be
inserted into the mouse genome, resulting in the recapitulation of the unique profile of that human immune portion.
b | Humanization of individual immune effectors. The specificity and function of several human immune effectors is
different from that of rodents (for example, natural killer (NK) cells, as well as certain subsets of y/8 T cells respending
to lipid antigens). Immunodeficient mice (for example, Rag2~l12rg”~ and N3G mice) may be engrafted with such
human immune cell populations to study their effects in human cancer models. ¢ | Humanization for xenografts.
Only mice bearing a major immunodeficiency can tolerate transplantation with human cells (for example,

NSG mice). These mouse strains can be further optimized to support human innate immune effectors through

the replacement of endogenous mouse cytokines with the human equivalents (for example, interleukin-3 (IL-3),
granulocyte-macrophage colony-stimulating factor (GM-CSF) and thrombopoietin). Immunodeficient mice may

be reconstituted with peripheral blood mononuclear cells (PBMCs) and tumours, ideally from the same patient, to
predict clinical responses to novel therapeutic interventions. CAR, chimeric antigen receptor; ES, embryonic stem;
HLA, human leukocyte antigen; ICB, immune checkpoint blocker; MICB, MHC class | polypeptide-related sequence B;
TCR, T cell receptor.

O Zitvogel et al, Nature Reviews Cancer 2016; 16:759-773 17/105



Zivalski modeli v
radiobiologiji

* Planiranje radioterapije z drugimi nacini zdravljenja
(kemoterapijo, imunoterapijo gensko terapijo)

* Mehanizmi delovanja

e Reakcije normalnih tkiv (pozne reakcije pri
kombiniranih zdravljenjih)
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https://www.gsi.de/forschung/bio/radiobio_e.html

Zivalski modeli v kemoterapiji oz.
sistemskem zdravljenju

* Toksicnost

* Metabolizem zdravila
* Distribucija v telesu
 Tumorsko mikrookolje
* Ucinkovitost

* Ne-klinicho terstiranje pred zacetkom
klinicni studije faze |
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https://www.gsi.de/forschung/bio/dna_damage_repair.html

Misji tumorski modeli

Dostopnost in-breed linij (sorodniki)
Tumorski sistemi lahko dostopni
Relativno poceni

Dobro definirani end-point-i

Hitra rast tumorjev

Hitri in ponovljivi rezultati
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Spontani zivalski tumorji

* Prednosti
— Spontani v dolocenem sevu zivali
— Razli¢ni histoloski tipi
— Zelo podobni humanim tumorjem glede fizioloskih
parametrov in biologije rasti tumorjev

* Slabosti
— Majhno stevilo
— Problematic¢no nacrtovanje poskusov
— Slaba histoloska karakterizacija

()  —Majhen izbor primernih testov 21/105



Ustanovljeni presajeni tumorji —
tumoriji iz celicnih linij
* Prednosti
— Dobro histolosko karakterizirani

— Velik izbor primernih testov

— Ponoviljivost

* Slabosti
— Velika celicna selekcija
— Obicajno anaplasticni
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Presajeni tumorski modeli

Tumaour cell

"
- =
——== Intracranial
Culture dish injection
. Subcutaneous
tumour ¢
Tail vein { )
injection "'\

________ L
R ! JLI A
- ]
oy = ™ s L
. -“_‘-' "
N

Metastatic tumour
growth in lungs

Cellular interactions
Im mu ne responses Mature Reviews | Immunology
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Rast tumorjev pri glodalcih

100 Fibroadenomas Qo o

10 |
Osteosa.

KHJJ
0.1 |
NCTC
001 | 2472
0.001 L ¢ § EMTG

Intervals of 10 days
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Ksenografti tumorjev bolnikov in organoidi tumorjev bolnikov

1775

2019
PDTO ovarian cancer
PDTO kidney cancer

2011
First attempt of PDTX head and Y
R::‘:;I::tgzg:] neck cancer 2018
e e (subcutaneous) PDTO breast cancer
- v PDTO gastric cancer
2006 PDTO lung cancer
PDTX lung cancer PDTO bladder cancer
Y PDTO esophageal cancer
2005 i
_ PDTX prostate cancer 2017
PDTX establishment (orthotopic) PDTO liver cancer
PDTO establishment Y | Y
2005 2015
Development of PDTO pancreatic cancer
humanized mice for
improved engraftment % |
rates 2014
Y | | PDTO prostate cancer
1990s 2004 V| i
PDTX pancreatic PDTX colorectal cancer 2011 B
cancer (orthotopic) (subcutaneous) PDTO colorectal cancer o
1950s 1980s 2003 2009
Tumour xenografts PDTX skin-, ovarian-, PDTX breast cancer First organoid culture
established in immune uterine cancers (subcutaneous) establishment
repressed hosts (subcutaneous)
= r— [ 1] |
|I"I’ IIIIl[llIIIIIIIII!IIIIIII'IIIIII]IIIIIIIIIIIIIIIII' L] L] L] L] I L] ] L] | I ) L] ] L] I L} L] L} L] l ’
1775 1950 1960 1970 1980 1990 2000 2010

2020

The EMBO Journal (2019)38:e101654



Patient-derived xenografts and organoides—
ksenografti in organoidi tumorjev bolnikov

PDTXs preserve tumour
heterogeneity and tumour—
stroma interactions.

PDTOs grow in a provided
basement membrane
extract and can be
established from epithelial
cancer cells as well as
normal epithelial tissue.

Both models allow for
several translational
applications that
contribute to development
of therapeutic cancer
treatments. Part of this
figure was adapted from
Sachs and Clevers (2014).

© EMBO

[ Normal epithelium
Adenoma
5] Adenocarcinoma
&= Mesenchymal cell
<z [ Immune cell

Extracellular matrix

@S Vasculature

@

Patient-derived
tumour xenograft

Patient-derived
tumour organoid

EMBO J, Volume: 38, Issue: 15, First published: 08 July 2019, DOI: (10.15252/embj.2019101654)

* Tumour-stroma interaction
* Heterogeneity
¢ Broad variety of cancers

¢ No fast expansion
* No genetic manipulation

¢ Tumour progression
* Mutational sequence
¢ Immune response

* Drug screening
¢ Drug resistance
* Prediction of clinical response

¢ Only epithelial origin
* No tumour-stroma interaction

* Genetic manipulation
* Fast expansion
¢ High-throughput drugscreens

THERAPEUTIC CANCER TREATMENT
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https://www.embopress.org/doi/full/10.15252/embj.2019101654#embj2019101654-bib-0067

Humani tumorski ksenografti

* Prednosti
Morfoloske in bioloske karakteristike originalnih
tumorjev so ohranjene
Dobro odrazajo odgovor na zdravljenje

e Slabosti

Vaskularizacija je specificna za gostitelja, ne
za tumor

Podvojitveni €as rasti tumorja je krajsi
Imunski odziv organizma




Humani tumorski ksenografti

Korelacija med
odgovorom med
ksenografti in klinicnim
odgovorom pri pacientih
po kemoterapiji

Average Growth Delay

r ® —— Teratoma
£ ® -~ Small-cell lung
- ® ~+— Breast
Lo «— Mealnoma
® ~=— Colon
ow® . . . 1 ™ Nons.c.lung
0 10 20 30 40 50 60 70

Clinical Complete Remission Rate %
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Humanizirane misi in Patient-
derived xenograft

R
%ﬂ”‘*
—
Umbilical cord blood Isolated CD34+
hematopoietic stem
cells
22, ¢ Patient derived
% ¢ tumor (PDX)
N \‘
Injection of N

CD34+ cells

NSG mouse Humanised Humanised NSG
NSG mouse mouse with PDX

Lampreht Tratar, Horvat, CemaZar, Frontiers in Oncology 2018 doi: 10.3389/fonc.2018.00258 /105



Podkozni tumoriji, pljucne
metastaze

Bleomicin
| 20 pg/mis

Kontrola

Elektrokemo
terapija

EP: 8 pulzov, [ e o
1300 V/cm [
1 Hz, 100 ps
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Protitumorska ucinkovitost

Control 5 "EGT +IR
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Ucinki zdravljenja — stopnja kontroliranja
bolezni v humani onkologiji — korelacija z
predklinicnimi modeli

RECIST (Response evaluation Criteria in Solid Tumors) kriteriji:
— Popolni odgovor: popolno uni¢enje tumorja

— Delni odgovor: tumor zmanjsan za vec kot 50%

— Stagnacija (stable disease): zmanjsanje za manj kot 50%

— Napredovanje bolezni: rast tumorja

Trajanje uspeha: 5-letno prezivetje - ~ 100 dni pri misih
— Lokalno stanje bolezni

— Prezivetje — celokupno prezivetje; prezivetje brez ponovitve bolezni,
prezivetje do pojava simptomouv...
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Testi za ugotavljanje protitumorske
ucCinkovitosti

Test zaostanka v rasti tumorjev

Test lokalne kontrole rasti
tumorjev

W

) delez nadzorovanih

tumorjev

velikost tumorja (log. skala)

kasnitve rasti

¢as za

1C0

50

T T T T ¥
ezdravljen -
zakasnitev /

B F{ rasti

nadzor tumorja

1 1 1
Sevalna doza

b= + ¢ - - -t ot f - e e e e m o=

doza za nadzor 50% -
tumorjev

i /TCDSO)
1

Sevalna doza
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Krivulje prezivetja — trajanje uspeha

Survival proportions
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Poskodbe normalnih tkiv

0 Testi za doloCevanje poskodb
= Sposno stanje tkiv (koza)

= Funkcionalni testi za dolocene organe:
= Hitrost dihanje (pljuca)
= EDTA izloCanje (ledvica)
= Krvni testi (kostni mozeq)

= Jesti klonogenosti (in situ ali presajeni na drugo lokacijo)
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Terapevtski indeks

Tumor
Tumor - b) icontrol
control e /

/ Normal

tissue
domage

I00F o}

Percenl response

Terapevtski indeks doloCa odgovor tumorja pri tocno dolocCeni
poskodbi normalnega tkiva.
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Smernice za dobrobit zivali s tumoriji - splosno

* 3 R’s (reduction, refinement, replacement)

* Poudarek na napovedovanju in prepoznavanju

stranskih pojavov in uporabi humanih “end-
pointov”

* Nacrtovanje poskusov (pilotne studije,
statistika, ucenje, sistem dokumentacije)
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OBSERVE smernice

* Sistematicno spremljanje zivali za zagotovitev
dobrega pocutja in kakovostnih rezultatov.

nature protocols

Consensus statement https: jidoi.org/101038/s415096-024-00008-w

OBSERVE: guidelines for the refinement of
rodent cancer models

Recelved: 28 February 2023 A list of authors and their affiliations appears at the end of the paper

Accepted: 23 February 2024

Existing guidelines on the preparation ( Planning Research and Experimental
Published online: 11 July 2024 Procedures on Anlmals: Recommendations for Excellence (PREPARE)) and
reporting (Animal Research: Reporting of In Vivo Experiments (ARRIVE)) of
animal experiments do not provide aclear and standardized approach for

O 38/105
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Smernice za dobrobit zivali s tumoriji -

specificno

Dolocevanje resnosti poskodb
Biologija tumorjev

Natancno nacrtovanje poskusov
(humano)

Spremljanje zivali
Dokumentacija in objave
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Consensus statement https://dol.org/10.1038/s41596-024-00998-w

a Carcinogenic model b Genetlcallvenglneered model C Syn/fallogenelc mnr.lel
. - - o SCor
th' = > T ; g orthotopic
_ — Ej‘r‘_ — f . |nject|on
) ey ) \ /_ ﬁmr JOFF \ :
Physical or chemical | |---| ' Rodent-derived '
carcinogen _/ \ _/ \ tumar cell line \-n_.g_r'_._
Tumar Oncegene  Inducible  Gene edlted expandable in vitro
SUpressor
d Xenograft model (CLX/PDX) € Humanized model (CLX/PDX)

72 Injection or

;{‘ implantation SC or E‘.J’C"?_

" or
4 . orthotopic =
.!L ‘ - + y
Al __-'f; X Human-derived Human-derived primary Human immune cells or
' tumar cell line tumor tissue or organoids immune stem cells
:
: ~ Human-derived Human-derived Injection or
ol ..'w-_‘_-;/ tumor cell line primary tumaor implantation SCor | ™ I

expandable in vitro

tizsue or organoids orthotopic 4 )
4,( i\"’ﬂ ~

Humanized rodent

Fig.1|Schematic overview of types of rodent tumor medel. a, A carcinogenic strainor a genetically different, immune deficient strain of the same species.
model: cancer model established in immunocompetent animals by applying a Cell lines can be generated from achemically induced or genetically engineered
physical and/or chemical carcinogen(s) inducing genetic alterations causing model. d, A xenograft model: xenograft inimmune deficient animals of a cell line,
tumor growth. b, A genetically engineered model: cancer model based on the atissue piece or organoids generated from a cancer biopsy, usually from
genetic alteration of oncogenes or tumor suppressor genes or administration human origin. e, Ahumanized model: xenograft model in immunodeficient

of exogenous activating agents for organ-specific tumor development. mice previously engrafted with human immune cells. CLX, cell line xenograft;

c, Asyngeneic model and allogeneic model: engraftment of mouse or rat tumor PDX, patient-derived xenograft.

cells or organoids in, respectively, a genetically identical, immune competent

(}" 40/105




Tumor measurement with a caliper

The length of the tumor is intended as its longest axis; the width as 2.
its shortest axis; and the depth is usually not used in the calculation
(because it is hard to measure accurately), instead it is preferred
to use the smallest measurement (i.e., width) twice. The following
formulas may be used to measure tumor volume:
1. Ellipsold variants
4/3nr,r,’
where r, is the longest radius and r; is the shortest radius assuming
width and depth of the tumor are equal or,
Af3nn 0
where r, is the longest radius and r, and r; are the shortest radius
(width and depth) or,
(mab®)/e
where g is the longest axis and b is the shortest axis, assuming
width and depth of the tumor are equal or,
(mabc)/e
where 3 is the longest axis, and b and c are the short axes.

Modified ellipsoid

(ab?)/2

where 3 is the longest axis and b is the shortest axis, assuming
width and depth of the tumor are equal.

Image a of the figure shows the axes and radiuses of a SC
tumaor, which are used to measure tumor volume; the correct
placement of the caliper is shown in b; and an incorrect
placement of the caliper is shown in ¢. Correct placement of the
caliper is of extreme importance for the correct measurement of
tumor volume. As a rule of thumb: it should always be possible
to move the caliper over the tumor when measuring the length/
height. As such, the tumor is not ‘squeezed’ and its volume not
underestimated (notice the difference in volume measurement
between b and c). To aveid observer bias, a blind study design
should be set up especially in treatment studies.
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Table 1| Clinical signs associated with organ-/system-specific tumor development

General signs Specific signs Refs.

Ano- Altered  Pain: Pain: lcterus Respir- Ascites Anemia Glsigns Neuro- Loco- Urinary Cuta-

rexia appear- demon- assumed atory logical motor signs neous

andBW anceand strated signs signs  signs ulceration

loss® behavior
Gl tract
Oral cavity X X X 128131
Esophagus X X X 132,133
Gastric X X X X X X X 134-137
Pancreas X X X b X 34130,

131,138,139

Colorectal X X X X X 33,140142
Liver + X X X X X 143-146
gallbladder
Urogenital system
Kidney X X X X 147
(+ adrenal)
Bladder X X X X 148-152
Prostate X k X % 153-156
Uterus X X X X X X 157
Owary X X X X % 55,158,159
Cernvix X X X X 160-162
Mammary (x) X X X X 131
Mervous system
Brain turmors X k X X 78,163,164
Other CNS X X X X 130,131,165
Peripheral nerve X b X X X X 56
Soft tissue and bone
Soft tissue Clinical signs of soft tissue tumors depend on the location, please refer to other organs to have an indication of adverse effects
Bone (+ multiple x X X X 130,131,
myeloma bone 167168
diseass)
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Table 2 | Clinical signs associated with cancer models: description, recognition and etiology

Clinicalslgn Description

How to assess?

Etiology

General signs

Anemia Reduced number of red  Evaluate the color of the mucous membranes (around  Blood loss in cancer is usually due to ulcerating tumaors,
blood cells and/for low the eyes, mouth and tongue) and skin (interdigital necrosis or inflammation especially in Gl or urogenital tumors.
hemoglobin spaces). which should be pink. If they are pale, anemia s decreased production of red blood cells may be present

is probably present. in tumors involving the bone marmow (e.g., leukemia,
lyrmphoma or bone marrow metastasis), inflammation present
in chronic conditions (such as cancer) or myelosuppressive
(chemo/radic)therapy.
Anemia may also be seen in GVHD as excessive immune
activation leads to hemolysis of erythrocytes by foreign
antibodies.

Anorexia Loss of appetite Is usually seen as weight loss. Weight loss can be Anorexia, accompanied by BW loss and ultimately dehydration
determined by weighing the animals (see Box 4 for (see below), can be an adverse effect of many tumor types
more information on weight during tumor studies). but is also a known side-effect of cormmonly used (chema)

In many cancer models, body ce_::-ndjtion score (BCS) therapeutics such as cisplatin.

is the preferred menitoring tool ™. Weight loss can also result from the release of biologically
The absence or marked reduction of fecal pellets in active substances by the tumaor or the host.

the cage may also be an indication of anorexia.

Food intake can be assessed in a metabolic cage

(requires single housing) or by weighing food.

In cancer studies this is often not done or even

necessary.

Ascites Fluid accumulation in Seen as abdominal distention that may quickly Cancer can metastasize to the peritoneum leading to
the abdomen increase; animal looks potbellied. The distension vascular and lymphatic permeability, and subsequently, the

can usually be depressed in contrast to abdominal accumulation of fluid causing malignant ascites. Tumors can

distension resulting frorn a mass or organ also metastasize to the liver or lymphatic system causing

enlargement. increased pressure, hampering the return of fluid from the
abdomen to the heart.

Cachexia A‘wasting’ disorderthat  Loss of muscle and fat results in skeletal structures Cachexia is a common complication in cancer. It is caused
results in extreme weight  being clearly visible, animals have a BCS"™* of 1., by catabolism factors produced by tumors and physiological
loss, loss of muscle and factors such as proteolysis and autophagy. Cachexia is
adipose tissus characterized by anorexia and metabolic disturbances

Dehydration Reductionintotalbody — Dehydration can be assessed by pinching and gently  Caused by an imbalance between uptake and loss of fluids. In
water lifting (tenting) the skin over the shoulder blades (skin ~ cancer, this is usually due to anorexia (see above) but can also

turgor test). Normally, the skin will quickly returnto its  be a consequence of severe diarrhea (see below).
original shape. If the tent remains or is slow to resolve,
the animal is dehydrated.
In the case of severe dehydration, animals may be
weak, immobile and may have sunken eyas'.
lcterus Yellow discoloration Yellow pigmentation of the skin, tissues and body Icterus is caused by the accumulation of bilirubin that cannot

of the skin, mucus
membranes and eyes,
also known as jaundice
or hyperbilirubinemia

Q

fluids; usually observable in the hairless parts of the
body. lcterus is easier to see in hairless or albino mice.

be metabolized by the liver and secreted in the bile due to
cancer of the liver, chemotherapy or obstruction of the bile
duct by a turmnaor.
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Izbira in uporaba tumorskega
modela
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1. FAZA Molekularni Klini¢ni tip In vitro
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Molecular imaging modalities used for
preclinical and/or clinical applications
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Molecular imaging — main field of
study

Monitoring deep seated tumors with or
without therapy

Study of basic biological processes

Tissue pharmacokinetics and
pharmacodynamic responses to treatment

Pharmacodynamic imaging of molecular
targeted therapeutics
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Small animal ultrasound - US
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Advantages Drawbacks
Relatively inexpensive  Limited depth of penetration
No ionizing radiation  Primarily anatomical information
Good temporal resolution  Limited molecular imaging applicatio
Quantitative data  Limited to imaging of soft-tissues on
Excellent sensitivity with microbubbles
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Perfusion of tumors after
electrochemotherapy — US with contrast agent

3 min after 35 min after 48 h after
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Small animal optical fluorescence
Imaging

Advantages

Relatively inexpensive
User friendly
Multiplexing capabilities

“me  Flugraphore,
Fluarescernt Pratein

Drawbacks

Limited depth of penetration

Poor spatial resolution at greater depths
Surface weighted images
Autofluorescence
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Epi and trans-illumination

(A) Epi-illumination

(B) Trans-illumination

g — CCD-camera
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1 ' % *———— Small animal
v _ .
L | ' | »=— Stage
W)
WA
[ : ] :
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Figure 3: Basic principle of epi-illumination (A), in which the light source and detectors are
positioned on the same side of the animal. and trans-illumination (B). in which the animal is
illuminated from one side and the emitted photons that have propagated through the tissue are
detected on the other side.
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Fluorescence stereo microscope: noninvasive imaging of
part or whole animal
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Noninvasive fluorescence monitoring - expression
of GFP in mouse muscle

360/40 nm

LUX

480/40 nm

GFP

GFP
color
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Fluorescence images  Determination of average
Fluorescence stereo microscop of muscle and tumor intensity

B
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Small animal optical bioluminescence
Imaging

efls
ttprculng.'lnnrﬂln?lfnnullt

Mause cartsin

Advantages

 Relatively inexpensive

« Excellent sensitivity

« Good temporal resolution

« User friendly

« Multiplexing capabilities

« No endogenous bioluminescence

B
Geiore After Treatment with CCX7E4

Treatment 1k# Lk

Drawbacks

Limited depth of penetration

Poor spatial resolution at greater depths
Images are relatively surface-weighted
Substrates and enzymatic co-factors requir
Tomography challenging

Clinical translation very limited
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IVIS -in vivo Imaging sistem:
fluorescenca, luminiscenca,
rentengensko slikanje

IVIS imaging of orthotopic osteosarcoma at day 6 after implantation (A) and x-ray images of
the animals and knee close-up at day 6 after implantation (B,D) and at day 25 where bone
lysis is evident (C, E).



Advantages

Small animal intravital microscopy
(IVM)

11 '.:Il. -\-(’.'l;. LY
by gt |
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)
Y. Imaging Agent
%ﬁmﬁrln:;ﬂ (ewge. Fluorophores. Gdate)

Excellent spatial distribution

Multiplexing capabilities

Yields quantitative measures of
cell size and motility

Dynamic information about
microscopic cellular events

Drawbacks

Poor depth of penetraton

Small field of view

Can require multiple laser excitations
Animal models are limited
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Intravital microscopy

* Direct visual access to the blood vessels and surrounding tissue

* Repetitive observations of the same animal

* In combination with modern microscopy techniques it enables high spatial and
time resolution of imaging

epidermal layer
dermal layer

subcutaneous fat ——__|
muscle layer

connective tissue/fat 7? /v * E, P
blood vessels : Gover giass 27 RE
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Surgical implantation of dorsal
skinfold window chamber in mice
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Dorsal skinfold window chamber

Angiogenesis

Blood flow modification
Tumor formation
Vascular therapies
Treatment effectiveness
Metastasis




Detection of transfection effciency by determining the number
of GFP expressing cells in tumors

Pre EP epix 4

01:08: 52
06-DEC-00

2 days epi x 20

Rat No. 7

2 days epix 4
61/105



Electrochemotherapy does not affect normal blood
vessels surrounding tumor

Pred EP

EP+72 h

EP+72 h
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Advantages

Smal animal computed tomography

Limitless depth of penetration
High spatial resolution

Good temporal resolution
Clinical utility

Drawbacks

Poor sensitivity (requires large mass
of imaging agent)

Primarly anatomic information

Limited soft tissue resolution

Limited molecular imaging applications

Ionizing radiation 63/105



Small animal magnetic resonance
Imaging - MRI
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Advantages Drawbacks

« Limitless depth of penetration » Poor sensitivity (requires large mass
« High spatial resolution of imaging agent)

« Quantitative data no ionizing radiation « Relatively expensive

 Clinical utility  Relatively poor temporal resolution
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Small animal positron emission
tomography -PET
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Advantages Drawbacks
 Limitless depth of penetration « Relatively expensive
« Excellent sensitivity » Requires cyclotron/generator
« Quantitative data  Limited spatial resolution

Clinical utility Ionizing radiation
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Small animal single photon emission
computed tomography - SPECT
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Small animal surface enhanced
RAMAN scattering (SERS) imaging
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Advantages

High sensitivity

Significant multiplexing capabilities

Sustainable signal over long periods
Clinical utility in limited applications
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Drawbacks

« Poor depth of penetration

« Tomography challenging

« Imaging large field of view challengi
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PREPARE smernice =

e Sistematicno nacrtovanje raziskav na zivalih za
Zzmanjsanje tveganj in izboljsanje kakovosti.

e Pomaga raziskovalcem nacrtovati poskuse

e Zmanjsa zaplete in trpljenje zivali

e PovecCa kakovost raziskav

1. Organizacija
2. Ljudje in kompetence
3. Postopki na zivalih
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ARRIVE smernice

e Porocanje o raziskavah na zivalih za povecanje
preglednosti in ponovljivosti.

e |zboljsanje kakovosti poroCanja

e Podpora eticni uporabi zivali

e Lazje vrednotenje rezultatov

e Transparentnost znanstvenega dela
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Thank you for your attention!
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