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Course structure

In-person activities:
» Session 1 — Introduction to course and basic techniques applied in basic cancer research

- Explanation of the question under research - why on earth did they decide to do this?

— - Discussion figure by figure — is this paper not as good as authors think?:
- What is the point of each figure/panel?

* Session 2 — Paper discussion - Are there any missing experimental conditions?

* Session 3 — Paper discussion [~ - Are results interpretable?
» Session 4 — Paper discussion - Do the results support the conclusions by the authors?
~ - Would you have done anything differently?
+ Presentations!! - Are there any missing experiments?

- What are the limitations of the work?
- What experiments could be done as a follow-up to the paper?
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» Session 5 — Guided live research e
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Molecular basis of cancer



Cancer 101: What is a cancer cell?

“Cells”: Basic unit of life

Sustaining proliferative
signaling

Resisting
cell death

inducing
angiogenesis

Enabling replicative
immortality

Hallmarks of Cancer. 2000 (Cell), 2011 (Cell), 2020 (Cancer Discovery)

Evading growth

A

Component Acquired Capability Example of Mechanism

n Self-sufficiency in growth signals Activate H-Ras oncogene
Insensitivity to anti-growth signals  Lose retinoblastoma suppressor

“ Evading apoptosis Produce IGF survival factors
m Limitless replicative potential Turn on telomerase
m Sustained angiogenesis Produce VEGF inducer

M Tissue invasion & metastasis Inactivate E-cadherin
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Cancer 101: What is a cancer cell?

“Cells”: Basic unit of life
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Cancer 101: Tumor evolution

Metastasis
and
Treatment
Resistance
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Cancer 101: Cancer is a genetic disease

Overactivation of
(Proto-)Oncogene proto-oncogenes

Gene with the potential
to promote cancer
“Normal” cell @

Malignant cells

Normal

&
a4 \j
Tumor suppressor gene
! Inactivation of tumor Gene WhOSG
Mutations . Proloncogens = Oncogene = Toomuchgasl | suppressor genes _
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Cancer Stem Cell (CSC)

The importance of context B -\
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Cancer 101: Main Molecular alterations

“Genes”: Basic units of heredity

@ DNA = Changes in DNA nucleotide sequence = GENOMICS
epiication (mutations)

Structural DNA/Chromatin changes leading to

Transcription
P changes in mMRNA expression

= EPIGENOMICS

v

RNA = Changes in mRNA expression/processing = TRANSCRIPTOMICS

Translation - Structural RNA changes leading to changes in = EPITRANSCRIPTOMICS
protein translation
Protein= Dysregulation of protein expression = PROTEOMICS
Function =» Structural changes leading to expanded = POST-
chemical functions TRANSLATIONAL

@ = FUNCTIONAL CELLULAR ASSAYS MODIFICATIONS



Mutations in the DNA have functional consequences (or not)

*Some mutations (variants) outside genes

%
Normal Gene MUtated Gene might have other non-direct protein coding

consequences like altering gene expression.
! or E

Normal Protein Abnormal Protein No Protein No changes
(silent)**

A
; a Intro to Cancer Bio 2025 PSV

(**e.g.: TERT promoter mutations lead to
increase expression of TERT and ultimately
increase telomerase complex function)




Cancer 101: Mutations glossary

Types of Mutations
(At the Chromosomal level)
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Paper discussion

Article
Respiratory viral infections awaken
metastatic breast cancer cellsinlungs
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Paper discussion

- Explanation of the question under research - why did they decide to do this?

- Discussion figure by figure — s this paper not as good as authors think?:
- What is the point of each figure/panel?
- Are there any missing experimental conditions?
- Are results interpretable?
- Do the results support the conclusions by the authors?
- Would you have done anything differently?
- Are there any missing experiments?
- What are the limitations of the work?
- What experiments could be done as a follow-up to the paper?



Research Question

“The observation that death rates from cancer rose in the first two years of the COVID-19 pandemic'2, which is
not fully accounted for by COVID-19 deaths or delayed screening and treatment, prompts an important
hypothesis: that pulmonary viral infections increase cancer deaths by triggering the development of
metastases from dormant DCCs. We sought to test this hypothesis through a dual approach: examining the
effects of viral respiratory infections (influenza virus and SARS-CoV-2) on breast cancer dormancy in mouse
models and correlating SARS-CoV-2 infection among cancer survivors to metastatic progression and cancer
mortality.”


https://www.nature.com/articles/s41586-025-09332-0#ref-CR12

Figure 1

b

% weight change
# cells

Mammary glands

HER2* cells per field

50 days —o— p— p—— —
PBS 3 6 9 15 dpi, IAV

6 dpi

d
a - Total cell count
o WT+PBS 40000007
e : e = MMTV-Her2+PBS
. - o . 3000000+
250 P =0.0002 e ] L
1 ; * MMTV-Her2+IAV 2000000-]
, 200 L I
) 1000000 I
" i Wedks l " Tungs 150 70 $ I I
o —= ‘ 35 M—|—?—|—r—y—r—v—|—
MMTV-Her2 Days: 369 1528 60 - 100 S 5 Y : : :
5
T

PBS  IAV 5 ® Influenza virus induced Spontaneous
\ gl *o7°
P
£ 34
o ®
3 5
MMTV-Her2 3
LY e (C578L/6) z
1909 p_73x10% o PY Ly Ly Bt Ly
— — 1 %3 %5 52 33
o — S e =
; 2 e % ) 100
15 dpi 28 dpi 2 pBs 3 6 9 15dpi IAV by ol
)
2 DAPI H DAPI H
T
o
) f i 9 dpi
% & 9 dpi g p
* 20 ns
4 & 325  —
o © =
x 15 =320 I
£ k-
s [=]
c f ByMT_ 9 5 104 B 315
s 8 5
P=3x10™" = il 3 ,-§
i &7 3 S § 54 S 310
P=73x10 < B 3
- 0- 30.5 , r
g PBS 1AV
10,000 - : N
Y :
©w " R
2 : .
8 . = =
S 1,000 :
& 8 S N h i 2x105EO771 cells  1x10° EO771 cells
&
= »
5 100 ! e g  P=0002 G, Emoosr 7 100 '» oo
3 A @
o o 2 = 5]
£ 20 P=00089 g s 2 & 5 %=
2 o — c s g 5] 3 g
s 107 ! 2 3 5 ¥ 3 1000
ke & 5, 3, g 1000 &
B 20 £ € - D £
1- —TTT E 3 2 2 s 100
o -
PBS 3 6 9 152860 5 § 2- £ 4 2 ]
1AV (dpi) = 3 ) E €
S 10 2 & > 100 3
¥ RN — 5 2 =z z 10
2 § = PBS IAV PBS IAV
2 - £ EO771 EO771
0 -2 T T 0 T T

PBS IAV

o
@
»
>
<
el
m
»
z



d
b HALLMARK_EPITHELIAL _
a c MESENCHYMAL_TRANSITION
HALLMARK_INTERFERON_  HALLMARK_INTERFERON HALLMARK_IL6_JAK Ea

ALPHA_RESPONSE _GAMMA_RESPONSE _STAT3_SIGNALING
Ea
e "
Hallmark inflammatory =
response 4.7 x 10
Hallmark II6 JAK-STAT3
signalling
Hallmark TNF signallin
through NFK|
+  Hallmark angiogenesis
i Hallmark epithelial
S  mesenchymal transition
@  Go collagen containing
extracellular matrix
Go epithelial cell
proliferation
Hallmark INFy response
Hallmark INFo response - {1710
b
P=13x107 PS00018 oot
Normalized enrichment score
P=67x10"
[
. P =0.0047 .
100
g & 100 P=0.0003
z 10,000 T
g g 1000 ® 5 ® I
5 60 NS ] ' 32 w0
* € 100 ¢ a8 -
g & 8 g«
I i 10 T
3 I & 20
g2 = 1 g
g ® ° g
§ o 5 ©
o noowmg 0.1 e PBS 1AV
S § Peerge 9 dpi
1AV (dpi) e
10
c HER2 Vimentin 'E’L
P=63x107""
pobsxil
P=37x10"
P=44x107
E 100 @ e
g L ] 9
g .:. b
‘e Mmp11
> -1 0 1
g Row z-score Mmp14
z Mmp15
g
H Mmp19
o
& Mmp28
P=00176
.
& p=1x10"
I 80
3 h
£ Vegfa
s 60 PBS IAV
§ Vegft
LI 5 0 1 Vegfe e IL-6
N
B { Row z-score Vegid IL-6 f o IL-1B 9 p=00122
g 2 * * 3 Veam1 3000
3 feam1 =
$ 0 ol ? € 30
o groonng Icam2 2000 )
- i =) 2
1AV (dp) 2 =20
g 1)
£ 1000 l £
10
o o
B4, =
e 9 PBS 1AV
) ° s s N
53 5} Ef 5§ 53

PBS 3 6 9 15 dpi, IAV




[}
[ ] +
s 8 ®ral,
2| grfle—ams =
olc| 3 L M
! (=] I
W S L -
1] sl n | ©
= SRR :
S
SISE)SEJaWOIDIN JO JaquinN m o
(3]
o ~
w
- N~
< ) O Z
- 2 ol S g w 5
3
= 1N : _v S = |z
[72] o < - v s
el ersbe— S E . e
] 8| = + a _ ~
| P -y LS s £ = 3 =
" P ma : S 2 § 2 &
= S g & g ¢
= P e o ° -
4 ~ N (zZvxd) spiouebuo jo eary
S||29 G 5 SUOIS?) ||ewsS +/91) JO JAaquinN I T I o
o =) =) )
(3] N -
o]
=2 SuoISaT Jo JaquinN
(4]
B o o e oiR
—
(]
B w < e 00 o ® ’
n w e o0 o .‘ - M
m ) ° eoe ’*
() w m —
. O X -+ m o ° ° @ ‘.o‘
o o) o
9 N~ X 3 =)
3 ES 2 9 = o s s
2 ) S = s N Y
w -] .m o m @ o . ouo‘ s
S 3 N = I - I 4
= Z o ~ 1 L ‘I =
@) N | | o _N coccnifin ©
m = =) ﬁ d I_..“.._ = ° o o o.*
= S - m =
1 T T 1 1
l_ * o (= o o (= o
o o (=3 o o
(=] o o o o
wn < ™ N -
e+ © r T T (2vxd)
] v
=} 0) =} 0 N - = aJaydsowwew jo eary
- o o Baly Jowny Jo 9,
© 9zIS Jown} unwixew o} skeq ° o
b
1 Q
o X < >
w| T — o |Z
=3 Nﬁ = mrl < -
> x 1 o 5 ©
w
5 % |3 c o i
d % 71 £ 8
r T T T T 1 o o _
9 9 g g g o £ - o
& ® © ¥ « & a =
+2d3H [e10Y/ P 3
- +29 ,2H3H ebejueoiad ~
[ T T |
o o o o
Q (=) (=]
T v S w0
o - —
© % SR O|v > (sjexid) |em sod
SIS %7! rc,v z o Bale aseydsowwew ueajy
3 n,_w o ofliga- Y 7
®abg ® %, |a
& |m o)
Il >l T ) X
o o SIS
T T T T 1 &&\ ﬂ ﬂ, M .
g 8 8 8 ° © ==
FLE s e
© pielj Jed sjj8o ,ZH3H o a o
—_ X
- 55 AP
= @ = |m
o a q o
RN e N E: =
! . '\ -
5 S| 2 - e < 7
o I X [ T T T
a o =) o o
@ a M O O.v o m @ © 3
[ < Sl +2H3H [e10)/, Wv0d3
a _ : : | ] - +2d3H ebejueoieq
(=] o j=] o
w <t o~
a piey Jed s||90 ,gH3H
S
g e Q >
) 5 < ,o,vx <
a Z 8 2 < @
M 1 e 6,V\ W
o . r T 1 &\\A
o j=} o
m“Iu T3]
+ed3H [BJOY/ WIA
.2H3H abejusdiad
[ ] CIOH-ALNIN 1M CIOH-ALINN:OM 9-1I [



MMIV-Her2

Anti-CD4

196
Anti-CD4

196

28 dpi

HER2' cells per field

Tnfaipd

28 dpi

CD8" effector T at 15 dpi
Enriched in HER2 + IAV + anti-CD4

Enrichment
score

Enriched in HER2

R | ) kg b

2,500 S.OrUO 7,500 10‘500 12,500
Ranked by fold change
NES  FDR
155 0.0128
138 0.0889
161 0.0043
208 2x10°

IFN-y (pg mi”™)

CD4* effector T dpi 15

HER2 + 1AV

P=0.0471

HER2" cells per field

dp g2

a Neutrophils b
60000 p=0.0396 2SI
200000
1 40000 2 150000
3 8
: = 3+ 100000
t I ; I i 50000
0 0
¢ EY EQ EY EQ
okl PBS 3 6 9 15dpi
e
60000 B220 0
o]
a
o
1 40000 2
3
* ®
#* 20000 ;
! H
0 &
P " Ew o
FRIESE RS
PBS 3 6 9 15 dpi,
28 dpi
8x10°
10,000 1P =3.3 x 10 P =0.0012
g 209 P=0.0070 h

20

-
o
1

% area B220 positive
s
1
% area CD4 positive
S
1

CD4*

P=0.0126

WT + 1AV
: 54 54
| 2 sc0re 0lope— R E—
§; S A &
i |
! & &
-1 & R\ N
Q.(\
R\
\ Q?
10k k |
) 40 8
L) P =0.0002 £
= o 36 wr
a® 3 28 dpi
g e s 5 pi
) 3 £
2 E1o x2
G 20 Z <
* 3 MMTV-Her2
0 T T 0 T T 28 dpi
0 = WT  Her2 WT  Her2 P!
g & Y AV
& e . i
& 28 dpi 28 dpi

% area CD8 positive

+
c 600000 CD8
@ 400000
]
o
# 200000 I
0
f [Untreated |
[}
03]
o 2
S g
S |
= :
oCD4
- 3 H
s g 3
«©
N —
)
o
=
aCD4
s H
& =4 H
: 3
E S
g €03
PBS

% area Her2 positive
6 dpi

)
L)
@

p=0.0014

3

80000 P = 0-0045

60000

IgG

40000

20000

Collagen (rellative area)

®
=
2

Her2 ‘*?

parenchyma

cos-auvTsT

spleen

coe-8uv7a7

cos-8uvTaT

cos-suvra

=

aly6G

Total number of Her2+ cells
&

H
g

8 &

% Hor2+ Ki6T+ / Total Herze @
2 g
Total Her2+ cells

H

19G aCD4

IAV + aly6G

1gG aCD4

IgG aly6G



Figure 5
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Conclusion/Model
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Thanks for your attention!

Any questions?
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