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TEMA NASEHO VYZKUMU:

Bunécna migrace hraje zasadni roli jak pri vyvoji organismu tak pfi
patogennich procesech, napf. metastaze. Navzdory jeji dllezitosti viak
dosud nezname, jak burika ziskava energii pro tyto procesy. Konkrétné

nas zajima, jak bunka presné instruuje mitochondrie pro vyrobu energie.

BUNECNA MIGR e
SIGNALIZ ACE MITOCHONDRIE BUNKA

vyroba energie % = D aktivni pohyb

KTP 47




CO HLEDAME? CO NABIZIME

Hledame motivované studenty - Atraktivni a ambiciozni téma

pro studium procesu, jakymi . Cenné znalosti a zkusenosti
bunky ziskavaji energii pro s laborartornimi technikami

svoji migraci. . Osvojeni si prace a zachazeni
s zivymi zviraty - Zabami
. » A « Moznost kratkodobych stazi
procesu budeme vyuzwa;c unikatni na spolupracujicim pracoviéti
model obratlovcu: v New Yorku

ranné stadia embryi zaby Xenopus. . Zajimavé finan¢ni ohodnoceni

Pro studium bioenergetickych




Zahrnuty zakladni i pokrocilé
metodiky:

“live imaging” a konfokalni
mikroskopie,

« optogenetika,

» biofyzika and NMR
spectroskopie,

« genetické manipulace,

* molekularni & bunécna
biologie metabolismus
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Cim se zabyvame

Lidské pluripotentni kmenové buriky

Sir John B. Gurdon

Oct4, KIf4, Sox2, c-myc Endoderm

/
Lidské embryonalni kmenové bunky
Lidské indukované pluripotentni kmenové buriky

Mesoderm

Ectoderm




Cim se zabyvame

RetindIni organoidy

Vnéjsi segmenty fotoreceptort

WEIRD WIRING

The retina comprises a thin layer of light sensitive tissue at the Neme fi
back of the eye. This intricate structure is essential for vision. erve fibre

Light passes through
the comea and the

pupil before it fes .

reaches the lens, by umour nes L Bruch's
which itis focused Choroid - S J membrane
onto the refina

RETINAL PIGMENT
EPITHELIUM (RPE)

Prifez retinou Prirezy retinalnim organoidem — obarveny fotoreceptory a Opsiny



Co studujeme

Co se déje pri
pfeprogramovani
bunécného
osudu?

Jak vznika a Jak vytvorit lepsi
funguje lidska organoidy?
retina?

Jak funguji
cirkadianni
rytmy u lidi?

BMAL1 expression
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Kdo jsme

Tomas Barta

Kontakt: tbarta@med.muni.cz

Postdoci

Kamila Weissova

Tereza Vanova

Ph.D. studenti

Canan Celiker

M.Sc. studenti

Jana Sebestikova

Absolventi

Lucie PeSkova — M.Sc. a Ph.D. student
Vienna BioCenter, Vienna, Austria

Denisa Jurcikovd — B.Sc. a M.Sc. student

Roche, Switzerland
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Laborator Petera Fabiana

Starting 1.9.2022

Kontakt: Peter.Fabian@med.usc.edu




OvCa (OVarian CAncer) club

of Bryja lab




* Deadliest gynecological malignancy
* Late diagnosis (metastases already developed)
* Frequent recurrence of the disease

Ovarian * No significant achievements in earlier diagnosis and better
options of treatment (with the exception of PARP inhibitors)

cancer * High-grade serous ovarian carcinoma (HGSOC)
(O\Ica) * 70 % of ovarian carcinomas

e 5-year survival rate at the stage of diagnosis — less than 30%

 Fast progression - Intraperitoneal dissemination (ascites)
* Rarely lymphatic or hematogenous dissemination



We Make Gonnections

Wnt/PCP OvCa

signaling *
Ascites *

Extracellular

* vesicles




To hetter understand OvGa hiology
to fight it more effectively

o
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answer identify
important {2 diagnostic/prognostic/surveillance

biological questions biomarkers

provide better treatment /
options for patients




We are looking for Bachelor

student(s) in 2nd year
= O W

Interdependent

Focused
Hard working Nice personality



We offer

Young and success; International
full group environment
Good laboratory Friendly
practice atmosphere



Vendula Pospichalova

pospich@sci.muni.cz

><... in
Bryja lab

h A www.sci.muni.cz/ofiz/en/bryja/






WNT / Planar Cell Polarity Pathway

Whnt/B-catenin Wnt/PCP pathway
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Metoda: BiolD a hmotnostni
spektroskopie



Relative abundance

BiolD — proximity labeling

Labelling radius

Addition of
biotin

Interacting protein

@ Vicinal protein

@© Distal protein

® Biotin

o Biotinoyl-5’-AMP

® Covalently bound
biotin

Trypsin
digestion

Mass spectrometry Biotinylated
proteins

Cell lysis, protein
extraction and
purification using
Streptavidin

Non-biotinylated
proteins




(1) Sample Excised (2) Trypsin Peptide
fractionation proteins digestion mixture
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PCP BiolD — finding new potential WNT/PCP proteins

BiolD and MS/MS analysis

Wnt/B-catenin
pathway
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PCP BiolD — finding new potential WNT/PCP proteins

Bioinformatics analysis Testing in zebrafish
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Metoda: Crispr/Cas9



2014: Crispr/Cas9-mediated gene editing

METHOD OF THE YEAR




CRISPR-Cas9

How the genome editor works

DNA plasmid that expresses
both the Cas9 protein and a

A cell is transfected with a g p N A

sequence of guide RNA

Guide (gRNA), which matches that : FSES ey es the-
=3 RNA of the gene of interest : corresponding DNA sequence
- TJ - ' : on the host cell's genome,
(g RN f\x) : and cuts both strands of DNA.
g ®
‘e
Cas9 cuts both PAM 3
the DNA strand to which the gRNA binds  S€94ence
and the opposite strand (see below
right)
o
5 _—’__—-/ \:\__ : 3
ZRNA - ‘

@ 3 ————-—-—-\_\k : e ‘/yt:-«.,___ 5

The cell's attempt to repair the

break effectively silences the
targeted gene by joining the -
cleaved DNA back together, 5
using a process called non- P : Cas9 requires a
homologous end joining . = simple and commaon
(NHEJ) Double strand break in target DNA *******=.,, . PY sequence of base
% pairs called a PAM
OR ‘ ‘ LN ‘ | = ‘ I l l \ sequence to actually
j : : . : | bind to target DNA.
@ i | | i i \ | l [ \ This feature means
" T et ‘ ‘ : bacteria can prevent
Afaulty gene can be Cas9 from chopping
‘corrected’ with a replacement upimportant
:;_tg.'nem of DNAt.,:r_a newu:g?e ‘ ‘ ‘ ‘ ‘ ‘ | l l [ ‘ ‘memorised
ogether can be introd ' | | sequences of foreign
If a modified piece of DNA ‘ ‘ ‘ ‘ ‘ I ] l ‘ DNA in their own

whose flanking regions match
the target sequence is also : Replacement
supplied. thenthereisagood . .
chance that it will recombine

with the host DNA when the cut .
is made, thus introducing a new : :

or replacement gene. This : :
pathway is known as homology at next :
directed repair (HDR) v ] v

genome — by

ensuring there are

gene : no PAM sequences
: in those regions.




Testing in zebrafish — CRISPR/CAS9

List of genes zebrafish orthologous gRNA design Preparing RNAs

RASAL2 PTPN13 Epha2a

MAP4K4 TJP1 Epha2b
ERBB2IP DLG1 Map4k4a
PARD3 DLG5 Map4k4a
PEAK1 EPB41L3 Erbin
UTRN EPB41L2 Akab12a PCR and
RAIL4 CCDC88A ahlize CHOPCHOP >< * in vitro transcription
MARK2 EPB41 Phactrda
PHACTR4 AHNAK?2 Phactrdb
AKAP12 SEPT9 Pard3aa
EPHA2 KIAA1217 Pard3ab
SCRIB ARHGAP21 Pard3ba
AHNAK RAPH1 Pard3bb
DST Peakl




Testing for WNT/PCP phenotypes

Side view

Cuticular

plate . \
Pares

Top view

Lateral

Mutant

Lateral

()

Mutant | |{




Testing for WNT/PCP phenotypes

2dpf

Uninjected control

rail4 gRNA injected

LIST OF GENES

RASAL2 SCRIB TJP1
MAP4K4 AHNAK DLG1
ERBB2IP ALMS1 DLG5
PEAK1 RASAL2 EPB41L3
A{DE] PEAK1 EPB41L2
UTRN ERBIN CCDC88A
RAI14 PLEKHAS EPB41
MARK2 USP6NL AHNAK2
PHACTR4 GIGYF2 SEPT9
AKAP12 TANC1 KIAA1217
EPHA2 MINK1 ARHGAP21
PTPN13 DST RAPH1
POTENTIAL HITS

TESTED
EXCLUDED




Preliminary data — Kinocilia orientation

Prim Il derived Control injection RAI14 gRNA injected
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Role nekanonicke Wnt drahy v polarizaci
lymfocytl



What does a lymphocyte look like?

Google

tcells

Lymeronyes - whte ioas cots

Lymphocyte
genome.gov

Lymphocyte - Wikipedia
en.wikipedia.org
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Active lymphocytes are highly polarized cells

PTEN/SHIP1? Ca®* conc. RHOA U-raft (GM1) SCRIB, DLG ROR2
GA
VANGL2
MTOC
CRB3,
K, AK RAP1, CDC42, RAC aft (GM PARD3, PKCT V

SCRIB and Par

direction of migration

Planar cell

polarity
(MEC1 cell line)

Phalloidin by Z-posit




Automated tracking of CLL cell migration using
under-agarose assay




CK1 inhibitor inhibits migratory properties of CLL
cell lines differently from ROCK inhibitor

DMSO Y27632
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Future aims
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Future aims




Role nekanonické Wnt drahy v rozvoji chronicke
lymfocytarni leukémie
Dr. Pavlina Janovska
Snazime se zamezit Sireni nadorovych bunék v

téle, rika ocenéna biolozka

® 7. &ervence 2018 18:38 O v & Q@

Mladé bioloZce z Fulneku Pavliné Janovské nedavno poblahopral nositel Nobelovy ceny za
chemii Francouz Jean-Marie Lehn. A to pfi pfilezitosti pfedavani prestizni Ceny Sanofi za
farmacii, kterou Janovska letos ziskala. Talentovana védkyné se ocenéni doCkala za vyzkum
moznosti usnadnéni Ié¢by rakoviny.

Pavlina Janovska dostala prestizni ocenéni za vyzkum moznosti usnadnéni Ié¢by rakoviny. | foto: Archiv P. Janovské



Our hypothesis:

* Rare ROR1+ B cell subsets in adults represent the origin of CLL

¥

Our goals (ongoing project):

* To describe phenotype of ROR1+ B cells in adult PB

* Describe relation with increasing age

* Model the relation of these cells to MBL and CLL cells

* Validate the observations by other methods

* Describe functional characteristics of ROR1+ B cells (anergy? self-reactive? stereotypic BCRs?
cycling capacity? acquisition of typical driver mutations?)

e Validate the findings on larger cohort, with focus on early MBL cases




Methodological approach:

* Quantify ROR1+ mature B Flow cytometry
cells in adult PB

CLL diagnostic Rawstron
Ab panel (7 markers)

* What is their phenotype?

Normal B cell subsets
Ab panel (8 markers)

* Age-related differences?
Mass Cytometry

Complex Ab panel (28

- Relation to MBL/CLL? (CyTOF) markers + barcoding)
3" RNAseq
scRNAseq ~ 1500 genes/cell
Samples:
PB B cells * Young healthy donors (<40)
* Older donors (>60)
« MBL patients
* CLL patients
Bone marrow * Young donors (<40) (child, no B cell malignancy)

(BM) B cells

Older donors (>60) (MDS, no B cell malignancy)

Modified 15 Ab panel
Spectral cytometry

Focus:

* B cell maturation in

BM and PB

« Normal vs CLL



List of markers

Cusr

Mgr. Jitka Stancikova, Ph.D.

SURFACE INTRA
marker B cell maturation CLL vs normal marker B cell maturation  CLL vs normal
CD38 yes yes i_cPARP apoptosis
CD19 yes i_BCL-2 yes yes
IgM yes yes CD79B yes yes
CD81 yes yes i_Ki-67 proliferation
IgD yes i_lgM yes yes
CD20 yes yes
CD34 yes
CD5 yes yes
Anti- Human IgG lambda yes yes
CD21 yes
CD45RA yes
CD10 yes
pStat3[Y705] yes
aROR-1 PE yes yes
Anti- Human IgG kappa yes yes
CD9 yes
CD95 yes yes
CD27 yes yes
CD24 yes yes
PE Ror1l detection
depletion of non-B
Biotin cells
T-bet yes
HLA-DR yes
CD184 yes yes




Data analysis — Mgr. Jan Stuchly, Ph.D.
Dimension reduction >>

BM CD19+ PB B CD19+ unsorted

ROR1+ PB B cells

Megr. Jan Stuchly, Ph.D.

Differences ROR1+/-?

—>

Phenotype?

Subsets?

MBL PB B cells CLL1

100 ] B
bl B o e

o 20 40 60 80 100 o 20 40 &0 80 100

MBL clone + remaining B subsets
Are they different...?! — Not analyzed yet
Plan for scRNAseq

CLL 2




Modeling of most probable developmental trajectories

IgM
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Monoclonal B
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A specific ROR1+

subset?

>> |gM+IgDlow



PHD WORKSHOP 2022 ‘ MGR. PETRA KOMPANIKOVA

Wnt5-induced signaling in the
tissue morphogenesis

molecular, cellular and evolutionary
aspects

‘ SUPERVISOR: PROF. V. BRYJA, PH.D.



PHD WORKSHOP 2022 MGR. PETRA KOMPANIKOVA

Wnt5a

® Wnt/PCP - Vertebrates

Bryjaetal.,
2017



Metoda: Genetické modifikace
mysi
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® Wnt/PCP - Vertebrates
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PHD WORKSHOP 2022 MGR. PETRA KOMPANIKOVA

Choroid plexus
Lateral & 3rd Choroid

Coronal section

Sagittal

In situ credit: Allen brain institute
Ttr - epithelial marker of choroid plexus E14.



Wnt5a




Me '
toda: RNA sekvenovani
(ROVARSTETe)

AL 23, 2
O &



Centralni dogma molekularni
biologie

Replikace

¥ |
r\ Transkripce r\ Translace

DNA : RNA —> Pr

Reverzni
transkripce



Fluorophore branches
are washed away are removed

Excess nucleotides

Primers are extended
by one base

More nucleotides
are added



PHD WORKSHOP 2022

MGR. PETRA KOMPANIKOVA

HbChP dissection ~ Heterogenous
Wnt5a™° E14.5 cell population

-

HbChP dissection Heterogenous
WT E14.5 cell population

B

Single-cell
sequencing

Single-cell
sequencing

Single-cell
expression profile

__Expression profile profile

® celln
@ Cell2

. Cell3

S | || l

Single-cell
expression profile

Expression profile

® celln
® Cell2

o cazlil [ [ ]
*conilll  EENEE

Cell type
clustering

Cell type
clustering
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PHD WORKSHOP 2022 MGR. PETRA KOMPANIKOVA

ChP merged dataset Clusters (resolution 0.7)

A. Mikulova



PHD WORKSHOP 2022 MGR. PETRA KOMPANIKOVA

Mesenchyme and neuro (batches)

significance

d
5
®
=
©

4 FDR <005 & abs(Log2FD) - 058

4 ons

00

obs_log2FD
A. Mikulova

Mesenchymal and neuro/glial cells (res. 0.3, 1604 cells)

Cluster no. Celltype Markers
0? Kcnj8, Gucylal, Rgs5, Abcc9
1 pericytes Kcnj8, Gucylal, Rgs5, Abcc9

2 4V fibroblasts 1d2 Igfbp7
3 meningeal fibroblasts Apod Nnat Igfbp2
4 pericytes Kcnj8, Gucylal, Rgs5, Abcc9
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2 Developing cerebellum

Whnt signalling and formation of ChPs \

Early ChP specification Late ChP specification Maturation of ChP .
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Danietal., 2021




Reporter construct
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Outcomes upon Cre recombination
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Dékuji za pozornostt!

Celogenomové
techniky

Experimentalni
model

Molekularni __, (in vitro - tkanové

mechanismus ~ kultury, in vivo -
- mys, C. elegans,
. Xenopus)
Celoproteomové

techniky —




