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Summary

Scientists early in their careers do not often getachance to meet with their peersinawell-structu-
red professional environment to discuss and compare their initial experiences and results. Crea-
ting just such an opportunity, a meeting held on August 18—22, 2013 in Litohor, Czech Repub-
lic, titled ‘'Summer School — Methods of Basic and Translational Cancer Research; was organized
by the Regional Centre of Applied Molecular Oncology at the Masaryk Memorial Cancer In-
stitute and funded by IntegRECAMO project (EU funds, reg. no. CZ.1.07/2.3.00/20.0097). The
participants included senior and junior scientists, as well as PhD students. Educational activities
involved various formats: 1. hands-on activities, 2. educational talks, 3. junior and PhD student
talks with many presentations in English, 4. science-related excursions, 5. an environment for
informal researcher interactions, 6. reports from visits to distant laboratories. Each participant
spoke for 20 minutes or more, introducing the methods performed in their laboratory and
sharing their recently obtained data. The talks ranged from basic and pre-clinical research to
clinical methods. In this report, basic and pre-clinical research is presented first, followed by
clinically relevant methods and practices. Here we present overview of selected talks.
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Souhrn

Na pocatku své profesionalni kariéry védci ¢asto nemaji piilezitost k strukturované interakci
se svymi kolegy a moznost porovnavat a diskutovat své zkusenosti a dosavadni vysledky. Re-
giondlni centrum aplikované molekulérni onkologie (RECAMO) Masarykova onkologického
Ustavu vytvorilo prilezitost pro setkani védcd v podobé letni skoly zamérené na metody zaklad-
niho a aplikovaného vyzkumu v onkologii. U¢astniky letni $koly, které se konala 18.-22. srpna
2013 v Litohoti za podpory projektu IntegRECAMO (EU fondy, OP VK, CZ.1.07/2.3.00/20.0097),
byli mladi vyzkumnici a Ph.D. studenti, ale také vyzkumnici seniofi. Letni $kola se sklddala z né-
kolika typ0 edukacnich aktivit: 1. prakticka vyuka, samostatné prace a ukazky (workshopy,bio-
statistika a analyza dat” a ,celogenomové sekvenovani’, 2. edukacni pfednasky, 3. prezentace
vysledk( mladych védct a Ph.D. studentd, zpravidla v anglickém jazyce, 4. exkurze do techno-
logickych provoz(, 5. neformalini interakce, 6. reporty z pracovnich cest do zahrani¢nich a tu-
zemskych laboratofi. Vybrané prednasky, které zaznély na letni skole, informujici o aktualnich
pfistupech a vysledcich zakladniho, preklinického i klinického vyzkumu jsou shrnuty v tomto
prispévku.
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MicroRNAs (miRNAs) are short spe-
cies of RNA that are 18—22 nucleotides
in length. MiRNAs regulate approxima-
tely half of all protein-coding genes.
In general, any one miRNA can regulate
many genes (20-200), and some miRNAs
can exert oncogenic while others exert
tumor suppressor activity. On this topic,
Jaroslav Juracek (Masaryk University) dis-
cussed the role of miRNAs in triple nega-
tive (ER-PR"Her2") breast cancers (TNBC),
which represent approximately 15% of
all breast cancer cases. TNBC cannot be
treated with therapies that target estro-
gen receptor, progesterone receptor, or
the Her2 receptor, and therefore identi-
fication of new targets for TNBC is need-
ed. Juracek and colleagues used quan-
titative RT-PCR to detect 7 miRNAs that
were identified in the literature as possi-
ble targets, namely miR-205, 24-2, 99,
125b, 146, 187, and 505. Eighty-one sam-
ples from TNBC patients were evaluated
for expression of the 7 selected miRNAs,
and an association with improved prog-
nosis was observed for miR-205 and
miR-505. Because miR-205 has already
been intensely studied by others, Jura-
cek and colleagues decided to select the
less studied miR-505 for further analysis,
and included miR-187 based on findings
reported in the literature. TNBC cell
lines MDA-MB231 and BT474 were cho-
sen and transfected with miR-187 and
miR-505. Scratch wound assays de-
monstrated a suppressive effect of
miR-187 and miR-505 on the migration
of both cell lines. Of these two candi-
date miRNAs, however, only miR-505 re-
duced proliferation of the cell lines, and
preliminary results suggest this reduc-
tion is caused by a G1 cell cycle arrest.
Future plans include replication of
these experiments in other TNBC cell
lines, 3D in vitro invasion assays, and
identification of target proteins using
co-immunoprecipitation.

Jitka Mlcochova (Masaryk University)
and colleagues have been working to
determine miRNAs expression profiles
of metastatic colorectal carcinoma pa-
tients with wt-KRAS who were treated
with cetuximab and to identify those
of predictive significance. Using mic-
roarrays and qRT-PCR, they compared
21 patients who responded to anti-EGFR

therapy versus 23 who did not. They
found that miR-31 and miR-31* were sig-
nificantly lower in responders compa-
red to non-responders, and a combina-
tion of miR-31 plus miR-31* was able not
only to stratify responders from non-re-
sponders, but their higher level also cor-
related with shorter time to progression
and lower overall survival.

The famous tumor suppressor gene
TP53 has two other family members,
TP63 and TP73. Paulina Orzol (Masaryk
Memorial Cancer Institute — MMCI) pre-
sented a review of this gene family, re-
vealing that all three family members
can regulate cell cycle arrest and apop-
tosis, but to different degrees and in dif-
ferent tissues. The TP53 gene is the most
frequently mutated gene across all can-
cer types, in slightly more than 50% of all
human cancers. Unlike TP53, TP63 is ra-
rely mutated in the small subset of can-
cers in which it is expressed; e.g., B-cell
lymphomas. This is in spite of the fact
that p63 can induce apoptosis and inhi-
bit metastasis. In normal development,
p63 is involved in epidermal develop-
ment. In contrast, p73 is involved in neu-
ral development and participates in de-
termining neural structures. Like p63,
p73 is expressed in only a subset of can-
cers. There are several isoforms of the
p73 protein. Among the isoforms, the
TAp73 isoform is overexpressed in se-
veral cancers (egg. breast, ovary, mela-
noma) and can act as a tumor suppressor
by inducing cycle arrest and apoptosis.
In contrast, the Ap73 isoform is conside-
red to be an oncogene owing to its abi-
lity to interfere with p53 and TAp73 acti-
vity. The p73 gene can be methylated
and is thereby down-regulated in many
hematological malignancies, possibly
preventing its tumor suppressor acti-
vity. Research into p73-based therapies
includes modulation of the TA/AN ratio
of p73, and development of miRNAs to
inhibit ANp73.

Cancer cell lines grown in vitro are
routinely used as models intended to
represent cancer cells in vivo. Michael
Sheard (Children’s Hospital Los Ange-
les) gave a presentation in favor of esta-
blishing all future cell lines in physio-
logic levels of oxygen (O,) such as 5%
0O, rather than the common practice of

using room air (~ 20% O,). Specimens
from 12 acute lymphoblastic leukemia
(ALL) patients were obtained and three
grew successfully as newly established
cell lines in both 20% and 5% O,. Whole
genome analysis indicated that the cell
lines established in 20% O, had lower ex-
pression of glycolysis genes than their si-
ster cell lines in 5% O,, which was con-
firmed by RT-PCR and immunoblotting.
Cell lines established in 20% O, also con-
sumed less glucose and produced less
lactate, indicative of lower glycolysis.
These effects could only be partially re-
versed by moving cell cultures from 20%
to 5% O, or from 5% to 20% O, for eight
weeks. Since aerobic glycolysis is a hal-
Imark of cancer, the lower level of gly-
colysis in cells established in atmosphe-
ric O, suggests that these cells are less
representative of the original cancer.
These results argue that ALL cell lines
should be established at the onset in
physiologic levels of O, to preserve aero-
bic glycolysis. It has been previously de-
scribed how researchers working with
cell types other than ALL identified rea-
sons for preferring physiologic O, rather
than atmospheric O,, such as improved
outcomes in cell-type specific functional
assays [1].

The high rate of proliferation of many
cancer cells identifies proliferation it-
self as a therapeutic target. Proliferat-
ing cells must generate new copies of
their DNA, and the targeting of DNA
with compounds such as cisplatin has
long been an established therapeutic
approach. Lucie Koubkova (MMCI) pre-
sented an introduction to organome-
talic compounds. While cisplatin is the
most well-known of these compounds,
it has substantial side-effects. Carbopla-
tin has fewer side effects than cisplatin
and oxaliplatin and has found its way
into the therapeutic regimen of some
cancer types. Other drugs are still in in-
vestigational stages, including satrapla-
tin, lipoplatin and non-platinum orga-
nometallic drugs (metallocenes), such
as the ruthenium-based drugs NAMI-A,
DW12, and its derivative NP309. Koub-
kova and colleagues are investigating
the titanocene family of drugs. Titano-
cene dichloride was previously tested in
phase I and Il clinical trials, but was even-
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tually found to be too reactive for thera-
peutic use. Koubkova and colleagues are
continuing the search for titanocene de-
rivatives exhibiting an improved thera-
peutic index.

Determining the dynamic structural
changes in proteins can aid our under-
standing of protein architecture and
protein : protein interactions, but such
changes are poorly resolved by classi-
cal crystallographic methods. Multidis-
ciplinary approaches involving NMR,
small angle X-ray scattering, and hyd-
rogen/deuterium (H/D) exchange may
offer increased resolution of protein
structural and conformational models.
Filip Trcka (MMCI) and colleagues are
using H/D exchange methodology to
elucidate the binding properties of te-
tratricopeptide repeat (TPR) domains in
the TOMM34 protein. TOMM34 appears
to have TPR domains with conserved
amino acid positions responsible for for-
mation of a dicarboxylate clamp. Dicar-
boxylate clamps represent electro-
static modules capable of binding to
the C-terminal aspartate residues of
the chaperone proteins HSP70 and
HSP90. H/D exchange experiments
showed a decreased level of deutera-
tion of TOMM34 peptides correspond-
ing to the TPR domains after addition
of HSP70/90 C-terminal peptides, sug-
gesting that the dicarboxylate clamp
in the TOMM34 TPR domains is functio-
nal. Characterization of protein structu-
ral changes using the H/D exchange
method and nano-machinery such as
dicarboxylate clamps will expand our
ability to understand the dynamic nature
of the proteome and will extend our abi-
lity to develop targeted applications and
therapies.

Electrochemistry allows analysis of
proteins and nucleic acids in an inex-
pensive format. Martin Bartosik (MMCI)
reviewed the strengths (low cost, sim-
ple instrumentation and short time of
analysis) and challenges (sensitivity, re-
producibility) of this methodological
approach, giving a description of some
current trends, including DNA hybridi-
zation detection employing ELISA for-
mat as well as utilization of nanotechno-
logies, protein-ligand interactions, and
detection of miRNAs. A current trend in

electrochemistry is DNA hybridization
assays, construction of microarrays and
chips and detection of biomarkers [2].
Recent results with DNA methylation
analyses, protein-ligand interactions
and detection of miRNAs were also
mentioned.

In oncology, proteomics can focus
on functional studies, protein : protein
interactions, protein structural charac-
terization (glycosylation, acetylation,
phosphorylation), search for biomarkers,
and verification and quantification of
biomarkers. Pavel Bouchal (MMCI, Masa-
ryk University) reviewed the options for
protein fractionation, mass spectrome-
try and software relevant to proteomics.
The general workflow is to generate the
initial biological or clinical idea, design
experiments, extract the protein of in-
terest, cleave the protein into peptides,
fractionate, analyze by mass spectrome-
try, thereby identifying and quantifying
the protein, and statistical analysis.

Giving an overview of sample pre-
paration options for mass spectrome-
try, Lenka Hernychova (MMCI) provided
a broad overview of methods for rela-
tive and absolute quantification of pro-
teins in complex biological samples.
When preparing samples for quantita-
tive mass spectrometry measurement,
a researcher can choose between enzy-
matic, metabolic or chemical labeling of
proteins and/or peptides.

Cell surface proteins are easily accessi-
ble targets and therefore are of interest
therapeutically. Jakub Faktor (Masaryk
University, MMCI) and colleagues com-
pared differences in surface proteins of
MDA-MB-231 breast carcinoma cells with
a variant clone that exhibits increased
migratory ability. Surface proteins gene-
rally have high hydrophobicity and are
therefore somewhat difficult to isolate in
solution for mass spectrometry. Faktor
labeled the extracellular domains of sur-
face proteins with a reactive ester of bio-
tin and then purified them on streptavi-
din sepharose, followed by fractionation
by gel electrophoresis. Proteins were
identified and quantified using an Orbi-
trap mass spectrometer. One hundred
and thirty-nine proteins were found
to be up-regulated in the more mig-
rating variant (fold change > 1.5), and

38 of these proteins contained a trans-
membrane domain. Two hundred and
twenty-eight proteins were down-re-
gulated (fold change < 0.7), 91 of which
contain a transmembrane domain.
Several integrins were found among the
down-regulated proteins, which might
help explain the increased migratory ca-
pacity. Future work will include examina-
tion of whether any of these proteins are
similarly affected in other cell lines upon
selection of variants with increased mig-
ratory ability.

Cancer stem cells have been a topic
of much interest in recent years. Alena
Nunukova and colleagues are investi-
gating putative stem cells in rhabdo-
myosarcoma. Four rhabdomyosarcoma
cell lines expressing the myogenic mar-
ker Myo-D1 were examined for stem cell
markers and a subpopulation of each
cell line was found to express CD133,
AC133 and nestin. These cell lines are
being used in ongoing studies of rhab-
domyosarcoma stem cells, are awaiting
examination for expression of ABC drug
transporters and might benefit from cor-
relative methods, such as side popula-
tion analysis that functionally measures
drug efflux, a well-studied trait of stem
cells. Other future plans include sorting
of stem cell marker-expressing cells for
functional progenitor cell assays such
as the limiting dilution sphere-forming
assay and in vivo tumorigenicity assay.

Resistance of cancer cells to drugs re-
mains a major obstacle for cancer the-
rapy. Multidrug-resistant cancer cells
can be rendered drug-sensitive by in-
ducing release of proteases from ly-
sosomes. Blanka Jancekova (Masaryk
University) reviewed how lysosomal
membrane permeabilization can in-
duce apoptosis. The lysosomal protease
cathepsin D is ubiquitously expressed
and can be released from lysosomes fol-
lowing treatment with specific drugs.
MDA-MB-231 breast cancer cells were
engineered to overexpress cathepsin D;
among a group of therapeutic modali-
ties examined, the TRAIL death ligand
was the most active in inducing apo-
ptosis in cathepsin D overexpressing
cells but not in non-transfected paren-
tal cells. For this reason, Jancekova and
colleagues decided to study TRAIL fur-
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ther. Bafilomycin, an inhibitor of lyso-
somal activity, was found to suppress
both caspase-8 activation and apopto-
sis downstream of treatment with TRAIL.
Interestingly, a low dose (10 ng/ml) of
TRAIL was sufficient to induce release of
cathepsin D, which is notable given a re-
cent report that natural killer cells ob-
tained from cancer patients and activa-
ted ex vivo can release soluble TRAIL at
concentrations of 22 ng/ml in an NK cell
expansion system that is being devel-
oped for adoptive cell therapy in phase |
clinical trials.

Replication-deficient adenoviruses
are expected to become increasingly
useful for delivery of vaccines and immu-
notherapeutics. However, the effects of
adenoviruses on inflammation in vivo are
poorly understood, and attack by natural
killer cells could undesirably dampen the
effects of therapies that utilize adenovirus
delivery systems.To address this issue, Ma-
riana Pjechova (MMCI) and colleagues are
using the replication-deficient adenovi-
rus vector AdZ2 produced in HEK-293 em-
bryonic kidney cells or 911 embryonic reti-

noblasts cells. AdZ2 has deletion of regions
E1, E3, and E4 (ex. E4ORF6). By comparing
AdZ2 with the adenovirus AdEasy that has
deletions in only regions E1 and E3, Pje-
chova and colleagues found that deletion
of the E4 region causes a decrease in acti-
vation of natural killer cells, measured as
decreased expression on 293 and 911 cells
of MICA, a ligand for the NK cell-activa-
ting receptor NKG2D. Further changes in
signaling pathways caused by these vec-
tors were revealed by examination of the
phosphoproteome in cells infected by
AdEasy and AdZ2 using an Orbitrap Elite
mass spectometer. Future plans include
cytotoxicity assays examining the effect of
decreased MICA.

The Bank of Biological Material (BBM)
which was established at MMCI in 2000
is nowadays the national coordinator of
EU Biobanking and Biomolecular Resour-
ces Research Infrastructure (BBMRI) in the
Czech Republic. As described by Kristina
Greplova (MMCI), collection of clinical
specimens is currently being performed
in collaboration with institutes in Pra-
gue, Hradec Kralove and Olomouc. In the

BBM, primary tumors, operable metasta-
ses, and (when appropriate) healthy tis-
sues are cryopreserved in liquid nitrogen
for future analyses. To provide material for
quantification of biomarkers, specimens
are stored short-term; for example, serum
is stored for up to one year. To enable the
potential for follow-up analysis, long-term
storage of tumor material from each pa-
tient is also done. For assays examining
RNA, specimens are first preserved in ei-
ther liquid nitrogen or in RNAlater solu-
tion, and then RNA is purified at a later
date. For genetic studies, an aliquot of ge-
nomic DNA and whole blood is archived
for later examination. These approaches
enable long-term studies and correlation
with subsequently acquired clinical data,
providing an invaluable resource for re-
searchers and clinicians.
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ERRATUM

Erratum

V Klin Onkol 2013; 26 (Suppl): S7-512 byli v ¢lanku ,Petrdkova K et al. Prekurzory karcinomu prsu”
chybné uvedeni spoluautofi ¢lanku. Na Zddost autor(l uvadime spravnou verzi.
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