&y . . 5
%{U : Utrecht University Veterinary Medicine 23-9-2019

Molecular Genetic Techniques Explained

Bart Westendorp, PhD
Alain de Bruin, DVM, PhD, DACVP

b.westendorp@uu.nl
a.debruin@uu.nl



mailto:b.westendorp@uu.nl
mailto:a.debruin@uu.nl

23-9-2019

Veterinary Medicine

Utrecht University

Sy
u

.
"

e ?
By -
,..T?u? ¥
JEW = 3]







Research themes

Veterinary
Biosciences

Regenerative
Medicine &
Cancer

23-9-2019 4

Utrecht University Veterinary Medicine




Understanding and
suppressing cancer
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Building an interactive bridge
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Histologic analysis

Additional staining

imunohistochemistry

Comprehensive Study Support
Optimizing your study design
Minimiue ar mal usage

Quantitative and qualitative analysis

interpretation and recommendations
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Single Cell Analysis Center Utrecht

Sample preparation
Tissue dissocation

into single cells

Cell capturing technology
Isolate, image, and
punch cells of interest

Barcoded NGS libraries |
SMARTer, CEL-Seq2, WGA
RNA of DNA sequencing

Bioinformatic analysis
Quality control

Cell identification
Images & NGS data
Statistics

Research Facility Service

Optimizing study design

Sample preparation by experienced operators
Comprehensive basic bioinformatic analysis

Interpretation and recommendations
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« Introduction Molecular Pathology
« Data analysis on interactive scientific case studies
« Molecular genetic technigues

« Find mistakes in scientific abstract
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Why gaining knowledge about Molecular Pathology ?
 |dentifying cause of disease

« Understanding the pathogenesis

« Prognosing survival duration of patients

« Building interactive bridge between pathologist & scientist
« Discovering new diseases and novel therapy strategies
 |dentifying new functions of genes

« Passing successfully the ECVP exam

S
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From DNA to protein

< o _ 5 https://www.youtube.com/watch?v=rdF3mnyS1p0 23-9-2019
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ECVP exam questions: molecular genetic techniques

Utrecht University

What do you measure by the technique X?

Briefly explain the principle of technique X

Explain the differences between two techniques

Explain the Crispr/Cas9 approach to make a knockout mouse

Name two special stains to support your diagnosis

Name three molecular technigues to confirm your etiological diagnosis

Briefly outline the steps in the workflow of a NGS experiment

Veterinary Medicine
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Retinoblastoma

Veterinary Medicine
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Cell cycle control by Rb-E2F pathway

©

"

G2
Promoter Gene
Progression into S phase
o - DNA replication
‘ - DNA repair
: . [ - Mitosis
Figure 1 - Cell cycle control by E2Fs Promoter Gene

Veterinary Medicine
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What do you measure by
microarray analysis?

>

E2F7 E2F8

* % [ ] Control (n=10)
L] Cirrhosis (n=13)
[ ] Dysplasia (n=17)

' 4 g ] HCC early (n= 18)

é = - =)o Il HCC advanced

(n=18)

Normalized expression
N

/

2"
01

2
of

Box plots showing the expression levels of E2F7 and E2F8 from
patients with normal or diseased livers derived from Affymterix
Microarrays.

e Clin Invest. 2016 Aug 1;126(8):2955-69 23-9-2019 12
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https://www.ncbi.nlm.nih.gov/pubmed/27454291

Explain the principle of microarray analysis

https://www.youtube.com/watch ?v=yzBVOCwRanl|
23-9-2019

Name another technique to measure global RNA expression

Veterinary Medicine




Describe the data and provide
an overall interpretation of the

findings
A E2F7 E2F8
8 8,
* %

S
Suggest a hypothesis about the ? 6l Y [] Control (n=10)
role of E2F7 and E2FS8 in liver g [] Cirrhosis (n = 13)
cancer o ['] Dysplasia (n=17)

©

0 4 4 é ] HCC early (n= 18)

g é e 'I' =k Il HCC advanced

6 (n = 18)
Provide one experiment and Z 4] 2]
techniques where you could test 01 0’
your hypothesis Box plots showing the mRNA levels of E2F7 and E2F8 from patients with normal or diseased livers

derived from Affymterix Microarrays.
Clin Invest. 2016 Aug 1;126(8):2955-69 23-9-2019 14
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https://www.ncbi.nlm.nih.gov/pubmed/27454291

Explain the principle of
generating a transgenic
mouse overexpressing
a protein

£2 Utrecht University Veterinary Medicine
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Pronuclei 04

l Microinject
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Wash out
—~ fertilized eggs

Implant into
pseudopregnant

Genotype
PCR/Southern

Elias et al. | Clin Invest. 2003;111(3):291-297
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http://www.jci.org/111/3

Explain the principle of IHC

Indirect Immunohistochemistry

Colored g4
Product ®e \,

@
DAB 950 ™" )
Primary Antibody —/)

&
W3

e b

HRPO

— Labeled Secondary

\ Antibody
\

Proteins

Cell/Tissue

Immunofluorescence

Signal —
F luorescent Tag

Light ) - Labeled Primary Antibody

\ Proteins

Cell/Tissue

Diagram 1: lllustration of Indirect Immunohistochemistry and Immunofluorescence methods.

% Utrecht University Veterinary Medicine

23-9-2019

https://lookfordiagnosis.com/mesh_info.php?term=Immunohistochemistry&lang=1

16



Principles of ELISA

e 23-9-2019
;::: %f:; Utrecht University Veterinary Medicine https://www.youtube.com/watch?v=IUWpWKVcmc4




Principle of Western blotting

Lysis of sample Gel-electrophoresis Blotting Labeling
Loading
Primary antibody binds to its epitope
Standard Protein in the protein, then the labeled
sample secondary antibody binds to the
primary antibody
Cell suparmatant is transferred to \l/ ’

another tube. cell dabas i discarded

[=——] [=—="] —
E==r | — &
2
— s 0&9 PR
== =0 == ;:: it o \?\6 Q?.) Q{O Qf.)
Load ff dded and read ; L
oading bufferis added and ready to
leadinto welis == —
E===R — 97.4 - —
i) — = 66.2 - R —
==n =3 (== — 45.0 -
o~ A = 31.0- &8
= B B L =] == = =
) 21.5- 88
Protein samples along with a = [===7] (E— ]
—t—s protein standard are bbaded
into wells; gel eletrophoresis is =1 —
run by electric current
v SDS-PAGE ~ Membrane X-ray film
Sy https://slideplayer.com/slide/8665767/ 23-9-2019 18
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Cell with DNA,
Southern, Northern RNA, & Protein

and Western blotting (DNA

Southern Blot Northern Blot Western Blot
{Restriction Enzyme) (Single stranded) (Deanatured polypeptides)
Gel e e i 2 oo —1 3
clectro- |~ |l I il | |
phoresis | 9e o= & L N
— el pa— % Py
Agarose Agarose Acrylamide
0.5-50Kbp 0.5-10Kb 10-120 Kd
Transfer separated samples to membrane
P b Single stranded Single stranded Primary antibody
robe complementary complementary 1o specific polypeptide
Mem- DNA or RNA to DNA or RNAto Use Secondary antibody
specific sequence specific sequence to detect/amplify primary
brane: (restriction fragment) (transcript)
Detect labeled probe on membrane
—E = —l— = Mo =
Results: | == -— —

— —
m— mm— -~
— — %
== —n =1
— — ——
Sample contains specific Sample contains specific Sample contains specific
DNA restriction fragment RNA transcript (e.g. mRNA) Polypeptide
23-9-2019 19
Utrecht University Veterinary Medicine Can measure fragment size Can measure fragment size Can measure polypeptide size

and amount (single vs. repeated) and amount (level of expression) and amount (level of expression)



What would you expect
when you knockout
E2F7/8 in the mice
concerning liver
cancer?

Which techniques can
be used to generate
knockout mice?

%% Utrecht University Veterinary Medicine
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https://www.ncbi.nlm.nih.gov/pubmed/27454291

Explain the Crispr/Cas9 approach to make a knockout mouse

https://www.youtube.com/watchv=4YKFw2KZA50 23-9-2019 21
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Principle of gene editing in mice

Cas9 () s
DNA
YAMK ANAY
DS8
/ \ Oligo
NHE) HR
* Oligo
Knockout by frame shift Knock-in Point mutation

https://cmmt.ubc.ca/facilities-services/mouse-animal-production/maps-services/crispr-cas9/

Veterinary Medicine
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Explain the principles of the siRNA technology for knocking down gene expression

https://www.youtube.com/watch?v=cK-OGB1_ELE 23-9-2019 23
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What if the ko mice
show embryonic
lethality?

What could be the cause
of death?

SN % Utrecht Universit
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E2f7E2f8"

E2(7+*E2f8**

Dev Cell. 2012 ;22(4):849-62
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How could you prove
that the placenta is

responsible for fetal
death

%% Utrecht University Veterinary Medicine
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Dev Cell. 2012 ;22(4):849-62

Sox2-cre

E2(70P E2f8°xP"
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Explain the principle of generating conditional ko mice

>

1 Generation Cre reporter strain

GFP fluorescence confirms Cre activity in expected tissues

; https://www.jax.org/news-and-insights/jax- 23-9-2019 26
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A E2f7|oxP/onPE2f8I0xP/onPR26RloxPlloxP
- + : Albumin-cre

Liver specific deletion of E2F7/8

R26R-Laczf/f X-GAL
IN SITU
—| stop |

‘-, X-GAL
Frozen
". sections
l', ," 20 um 20 ym
I‘, ," B E 2f7!0xPlloxP E 2fgloxP/loxP
: Albumin-cre
Cre
——{LacZ] A
E217 <«— |loxP
A
E2f8 b
<+— |oxP
Pandit et al. Nature Cell Biology 2012 3 wk 4 wk
7 23-9-2019 27
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E2F7/8 is essential liver cell binucleation

wt E2f7-- E2f8- E2f7/-E2f8

Topro3

B-catenin

_ Pandit et al. Nature Cell Biology 2012 23-9-2019 28
5&% Utrecht Universit
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Inactivation of E2F7/8
results in liver tumors

% Pandit et al. Nature Cell Biology 2012 23-9-2019 29
& F Utrecht University
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E2F7/8 are transcriptional repressors of cell cycle genes

E2F7 E2F8

DNA replication
[ E2F7 I E2F8 ] DNA metabolism

Promoter

Cell cycle arrest

23-9-2019 30
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Targets to regulate E2F7/8

@D

’
|

K K K
E I E2F7 E E E2F8
N N N
DNA replication
[ E2F7 I E2F8 J DNA metabolism
Promoter

Cell cycle arrest

| Tumor suppression 23-9-2019 31
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Boosting the immune system to fight cancer

« Tumor cells can express PD-L1 to inactivate attacking cytotoxic T-cells
« Therapeutic antibody against PD-L1 blocks this defense to unleash T-cell

response
I-cell -cell
Y'C'CCDIC'I' receptor
Antigen Antigen
o |
T-cell Tumor T-cell Tumor
OFF Cell ON Cell
Anti PD-1
I l
PD-1 PD-1
PD-L1
PD-L1
Anti PD-L1
http://blogs.shu.edu/cancer/2016/11/09/how-pd-1-abrogates-the-anti-tumor-immune-response/ 23-9-2019
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http://blogs.shu.edu/cancer/2016/11/09/how-pd-1-abrogates-the-anti-tumor-immune-response/

Which patients benefit from PD-1 inhibition (nivolumab)?

Intention-to-Treat Population

Progression-free Survival (%)

No. at Risk
Nivolumab
Nivolumab plus ipilimumab
Ipilimumab

Nivolumab
—_— Nivolumab plus
T I?ilirEm;) - ipilimumab
0 I I 1 I 1 I I | | I I | I I I I 1 1 | 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Months

316 292 271 177 170 160 147 136 132 124 106 &6
314 293 275 219 208 191 173 164 163 151 137 116
315 285 265 137 118 95 77 68 63 54 47 42

Larkin et al. N Engl ] Med. 2015 Jul 2;373(1):23-34

50
65
24

38 14 9 6
54 18 11 7
17 7 4 3

r 35 1 0
1 0 0 O
O 0 O O

23-9-2019
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Molecular biology basics: quantifying DNA or mRNA

- Polymerase chain reaction (PCR) to amplify DNA.
- mRNA (unstable!) is first reverse-transcribed into cDNA.

I >

/ z ™N Components ®
cC 6 ) u
; 2y

Reverse Transcriptase A B 1

— oy [ 1

e —— MANA j

PCR product

¢ DNA Polymerase \| Tagpoymerase MixBuffer  PCRTube  / o a
b A Annealing B 3

=N v‘ ; 50-68°C
1 ] \\ = -
T ] N . Il . -

1 ] \ \ ;

I l l 1 \\\ i : C - 1 -
I ! b e z ;
/ Elongation = 7]
/ PCR Cycle % = -
\ " ]

Thermal Cycler

» 23-9-2019 34
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Quantify biomarker mRNA,; real-time PCR on cDNA

Real-time PCR
SYBR Green Tagman
'®) © @) Annealing Questions:
5’ ‘_b 5 - Which sample has the highest expression of
biomarker X? Orange, blue or purple?
0 0.0 . | Extension == 5 - If this is a gPCR on PD-L1 in 3 tumor samples:
.b which tumor do you predict to respond best to
* immunotherapy?
5 5’
5 5
. . :
> Denaturation 2 L
>
- ? T-cell Tumor
v ON Cell
Repeat ’,
-~ y
A= ]
| T 3 23-9-2019 35
& N o
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The real world is more complex: tumors are heterogeneous

Overall PD-L1 expression turned out to be a poor predictor of treatment success

i https://www.youtube.com/watch?v=IpytolxRuOo 23-9-2019 36
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Single cell analysis

Question: can you briefly describe the data in

the right plot? What does each dot stand for?

11 patients with BCC

\ \ 24 site-matched @ Malignant cells
samples | | —
" y mmune cells ¥ —~
Average time to sampling: @e pu y
AN-PD-1 thaengy 54 days post-treatment ¥ ?\\ T cells /}') : 4
o =¥
—~——t
°4 ] p’!
y
J & PN ~75"
@ ‘ ° ®@c < ® ® ot
® 5 ° N"}?

Collect Dissociate Capture
tumor biopsies and sort single cells
% Utrecht University Veterinary Medicine

Combined analysis of TIL
phenotypes and clone dynamics

UMAP2

10

-10

n=53,030

2o Malignant

CDA’ \ cells 2
Tcells
CD8" exhausted
CD8" memory T cells
T cells T cell

CDB’ activated P’ olif

- 1 il A6 Myofibroblasts
ul cells ¥

Plasma
cells

cells 1

‘;,’,.'" NOA £S
E CAFs

Yost et al. Nature Medicine 2019; 25: 1251-1259

23-9-2019
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Sorting single cells: flow cytometry

« Cell suspension passed through fluorescence detector

« Measure light scattering and intensity to identify cells

« Living/dead cells

« FACS - Flow Assisted Cell Sorting:
(single) live cells can be sorted into collection tubes/plates
for molecular assays

Celi pass through
in single file

Laser {light Source)

CD45+ CD3+ CD4+ vs CD8+ T-Cells

https://www.antibodies-online.com/resources/18/1540/cd-marker-panel/

—_—

cell suspesion

Flow chamber

:

— «€&— Sheath fluid
L
&
S\, TEGam T
o \ Y 4 C ol o
l rs ’,"0(}0
____________ i g
." / .__.- 060
Yy A O (e ¥ o
& > e
\  / .._: Go% 0‘0
= Y.~ A ol Q¥

-

(3

(=]

=

3

®

L)

o

® ©
Ll
©

Cell sorting

https://www.creative-diagnostics.com/flow-cytometry-guide.htm
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https://www.antibodies-online.com/resources/18/1540/cd-marker-panel/

Technique: Next generation sequencing

Step A: reverse transcription (RNA) and amplification. Primers contain barcodes (Indexes)

Library Preparation Pool Sequence Demultiplex Align
© (1] @
R 4 ~_ - " CATTCG
o =3 — = \\ _ —— CAT TCH
(CA - —— —_— TTC
— = \\ J c
/ N
N
4 & » / 2 B
(2} ool e (2]
‘ B / / l ."\\P.\i‘—rl I"TI'.
-~
' Ingex2 ° e AACTGA
(AACTGA) Sequence Output AACTGA
tO Data FIIC "‘ f\\" -l—[‘l/ﬂ\
: AACTGA
— |_iDrary 1 Barcode AACTGA
- ibrary 2 Barcode
Sequencing Reads "‘*\'1 "j“
DNA Fragments -~ IGA
Reference Genome o
S \ 1
23-9-2019

. www.lllumina.com
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Technique: Next generation sequencing

MRNA counts per cell: Expression heatmaps; clusters |
L .
- Cell1 | Cell2 | Cell3 | cCelld |
Gene 1 | F ‘
Gene2 13 2 0 15 | '
Gene3 321 250 130 40 o o
Gene 4 4 0 7 8
T'eg alignan
Gene5 0 0 0 14 cos’ o
T cells
Gene .... .. CD8" exhausted
CcD8" memory T cells Malignant
T cells T cell cells 1
CDBT' acltlivated pvri’l.f Myofibroblasts
BRSA celis
mm X %Melanocy?s s
Data dimensionality reduction Sor N
‘ Beells 2 pDCs

“%9

algoritms; identify subgroups of cells.
- Principal Components Analysis (PCA)

SNE £ 5

- Diffusion maps

Bcells 1 M icrophaqes

&y 23-9-2019
%ﬁé Utrecht University Veterinary Medicine
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Single cell RNA sequencing: analyzing T-cells

n= 33,106
Question: Suggest how this technology can be used to analyze
9id the effects of immune-checkpoint (PD1 blockade) in cancer
0 4

QY

o

<<

=

= . : o

’! .¢:' ...:9.
© " Efféctor
—2 1 7. “memory
CD8" T cells
Activated/exhausted
CD8? cells
—4 Ex*ied
CD cells
-8 —4 0 4 8
UMAP1
Yost et al. Nature Medicine 2019; 25: 1251-1259 23-9-2019 41
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Single cell RNA sequencing: analyzing cancer cell heterogeneity

Subclones of tumor cells express genes involved in immune-resistance

- m=amaw

= = = w
— D
— _— o
—_ et
c
©
= = c
= = 2D
= = - ©
=
2
=_ = (@))
= = —— — = g
—— — = — B = n
== (T =TT VNNNV — b ~ @‘ ~(NON V\C’)(’)N Q ©yr- (')V'
1 2 L OONT U0 AN RO N0 | 1 TON T RSSO0 | SBALE TQSN Immune
RSO A S0 0 Bt DARES h 3O oS0 Oa008Y CoSagNos  fesistance
Q O © nQq O TOOESNG ST
ECL) 20: EZI: ,%S(Eﬂtg O g% 3I~III ILLI§ < (71) % 0 I’(Q:( (overall expression)
» I S 0)
O

Question: what essential information for a pathologist is
lacking here? Suggest a complementary technique

S Jerby-Arnon et al. Cell 2018; 175: 984-997
SgZ

%§ Utrecht University
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H Cycling
B Non-cycling

@ Post-treatment
B Untreated

BT
-3 0 3

Row z score
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Spatial information - single cell in situ mMRNA expression

Blue: DNA (DAPI) Red: Pck1 mRNA molecules

R Halpern et al. Molecular Cell 2015 23-9-2019 43
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fluorescence in-situ hybridization (FISH)

« Count RNA or DNA molecules on tissue section
« Fuorescent-labeled probe complementary to DNA/RNA of

iNnterest

Probe with fluorescent Label
WnTr- RN 5\
IIIIIIIlI _\__/__/_

Heating NSNS NS

Ccmlm

Hvbrldlsatlon

Denatu ration

&My
%ﬁ% Utrecht University Veterinary Medicine
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Direct FISH Detection

—()— __O__ __O__

ALK
ThrrrrrrhT

NN NN AN NN NN

Indirect FISH Detection

23-9-2019
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MRNA can serve as biomarker, but proteins eventually do the work

Classic method: immunofluorescence staining or immunohistochemistry
Fluorescence: only a handful of colors (i.e.) proteins can be measured

Question: how can the modern pathologist overcome this limitation?

o <o} N 20} < o w0 N ne) <
[+ 0] N ~ - (o] - n o <t (o)}
(3p) < < wn wn (o] {e] I~ M~ ~

Wavelength CD3/PD-1/DAPI

Li et al. Modern Pathology 2019; 32: 741-754 23-9-2019

ity Veterinary Medicine

45



MRNA can serve as biomarker, but proteins eventually do the work

.

SR

< https://www.youtube.com/watch?v=1G6jTGAfgUc 23-9-2019 46
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Mass spectrometry to measure proteins directly, or indirectly

« Proteome: mass spec on tissue biopsy

Fluorescence spectral overlap

« Spatially resolved: imaging mass cytometry 100 °
. . . . 280 [\
 |abel antibodies with metals instead of fluorescent g% |
proteins. s |
« Mass cytometry: ~40 proteins per cell Wavelength
100
>80
3 60
L 40
= 20
0
138 143 148 153 158 163 168 173 178
Mass (stable isotope)
5@% Utrecht University Veterinary Medicine eice MiCrOSYStemS-Com 235201 Y
w https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/mass-cytometry



https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/mass-cytometry

Technique: Imaging mass cytometry

« Label (phospho-) proteins with metal istope-tagged antibodies
« Vaporize 1x1T um2 regions; measure amount of isotope per region with mass spec
« ~20-40 antibodies per experiment

. _f' uv CyTOF mass’
: % .3 laser cytometer
\ /(4‘ \ w
* — /__,4_*_,.\ AL
Tumor tissue Staining with Laser ablation coupled
preprocessing metal-labeled antibodies to mass cytometry

signal extraction;
image reconstruction.

- Spatial clues for

heterogeneity?
- Novel marker
validatation.
Downstream data Single cell
analysis segmentation
§ Leica Microsystems.com 23-9-2019 48
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Studying biomarkers and cell-cell interactions

« Studying a marker in a tissue homogenate often not enough.
« Single cell techniques
« Multiple proteins, mRNA markers at the same time.

Question: your starting material is often a frozen section or a formalin-
fixed, paraffin-embedded section.

Can you study novel biomarker panel x in archived patient samples?

f yes: how?

Leica Microsystems.com
e Utrecht University Veterinary Medicine
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Laser microdissection

« Cut through histology section with laser
« (ollect tissues of interest

«  DNA/RNA/ protein analysis
« High magnification: single cell
« Throughput: 96-well plates

% Utrecht University Veterinary Medicine
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Leica Microsystems.com
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Laser microdissection
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Laser microdissection

Question: Formulate a hypothesis how stroma versus tumor . _Tumor Epithelium LeplCD8)
. . . 4 g KT ." 4 . *

gene expression analysis could be used for biomarker NG el ‘

discovery. Pne 8 o NG

. — N AR RN e a7
Gene Expression Profiling Cw—— S| P—

Tumor Stroma (strCDB)

» Tumor Stroma (TS) —» _4M” -if,.j..:‘ SESHET L)

» Tumor Epithelium (TE) —» <"

- = i
Laser Capture Microdissection (LCM)

&y Leica Microsystems.com 23-9-2019 52
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Summary: the molecular pathologist’s toolbox

- -~ ‘Fm;ic‘t’if FEPE) o

Jh Imaging Molecular biology

DNA DNA
- FISH (in-situ hybridization) - PCR
- DNA-sequencing (>1 cell; genome)
RNA expression - .
- FISH (in-situ hybridization) RNA express_ion TN[;tparafﬁnize
Protein expression : gi‘(;l_?s(erejle-;lg\f P(S:Q zzell' transcriptome) 2. Digest protein (prot. K)
- HC (1-2 p?roteins) g 9 ’ P < 3. Isolate nucleic acids
- IF staining (1-5 proteins) Protein expression g 5\2;? \;5:|ﬁt(eDNAse)
- Imaging Mass Cytometry (<40 proteins) - mass spec ( 1000s of cells; proteome) 6. RT and lificat
- Westor:blo | 6. and amplification

» 23-9-2019 53
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Histology’s ‘Placental villi’

. Edvard Munch’s ‘The Scream’

54

23-9-2019
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Scientific abstract

« Invitation to review a scientific manuscript
« Before you accept or decline the invitation you review the abstract
« |dentify mistakes in the abstract and briefly explain why they are wrong

e Mock exam

23-9-2019 55
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