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Course structure
In-person activities: 

• Session 1 – Introduction to course and basic techniques applied in basic cancer research

• Session 2 – Paper discussion
• Session 3 – Paper discussion

• Session 4 – Paper discussion

• Session 5 – Guided live research 

  activity

 

-    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?

- 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?

+ Presentations!!
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Molecular basis of cancer
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Hallmarks of Cancer. 2000 (Cell), 2011 (Cell), 2020 (Cancer Discovery)

Cancer 101: What is a cancer cell?
“Cells”: Basic unit of life
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Hallmarks of Cancer. 2000 (Cell), 2011 (Cell), 2020 (Cancer Discovery)

Cancer 101: What is a cancer cell?

Cancer Hallmarks and 

Enabling Characteristics*

*

*

*

*

“Cells”: Basic unit of life
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Molecular 
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Cancer 101: Tumor evolution
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“Cells”: Basic unit of life
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Cancer 101: Cancer is a genetic disease

(Proto-)Oncogene

Gene with the potential 

to promote cancer

Tumor suppressor gene

Gene whose 

loss/dysfunction 

contributes to cancer

“Normal” cell

Malignant cells

Overactivation of  

proto-oncogenes

Inactivation of tumor 

suppressor genes
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The importance of context



Cancer 101: Main Molecular alterations

DNA

RNA

Protein

Transcription

Translation

Changes in DNA nucleotide sequence 

(mutations)

Changes in mRNA expression/processing

Dysregulation of protein expression

GENOMICS

TRANSCRIPTOMICS

PROTEOMICS

Structural DNA/Chromatin changes leading to 

changes in mRNA expression
EPIGENOMICS

“Genes”: Basic units of heredity

Replication

Structural RNA changes leading to changes in 

protein translation
EPITRANSCRIPTOMICS

Function
Structural changes leading to expanded 

chemical functions

POST-

TRANSLATIONAL 

MODIFICATIONS FUNCTIONAL CELLULAR ASSAYS
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Cancer 101: Mutations glossary



ABL1 CALR DICER1 FG FR1 HLA-C M ALT1 NOTCH1 PPP4R2 RXRA SUZ 12

ACVR1 CARD11 DIS3 FG FR2 HNF1A M AP2K1 NOTCH2 PPP6C RYBP SYK

AGO1 CARM 1 DNAJB1 FG FR3 HOXB13 M AP2K2 NOTCH3 PRDM 1 SCG 5 TAP1

AGO2 CASP8 DNMT 1 FG FR4 HRAS M AP2K4 NOTCH4 PRDM 14 SDHA TAP2

AKT1 CBF B DNMT 3A FH ICO SLG M AP3K1 NPM 1 PREX2 SDHAF2 TBX3

AKT2 CBL DNMT 3B FLCN ID3 M AP3K13 NRAS PRKAR1A SDHB TCEB1

AKT3 CCND1 DOT1L FLT 1 IDH1 M AP3K14 NSD1 PRKCI SDHC TCF 3

ALB CCND2 DROSHA FLT 3 IDH2 M APK1 NTHL1 PRKD1 SDHD TCF 7L2

ALK CCND3 DUSP4 FLT 4 IFNGR1 M APK3 NTRK1 PTCH1 SERPINB3 TEK

ALOX12B CCNE1 E2F3 FO XA1 IGF1 M APKAP1 NTRK2 PTEN SERPINB4 TERT

ANKRD11 CD274 EED FO XF1 IGF1R M AX NTRK3 PTP4A1 SESN1 TET1

APC CD276 EGFL7 FO XL2 IGF2 M CL1 NUF2 PTPN11 SESN2 TET2

APLNR CD79A EGFR FO XO1 IKBKE M DC1 NUP93 PTPRD SESN3 TG FBR1

AR CD79B EIF1AX FO XP1 IKZF 1 M DM 2 PAK1 PTPRS SETD2 TG FBR2

ARAF CDC42 EIF4A2 FUBP1 IL10 M DM 4 PAK7 PTPRT SETDB1 TM EM 127

ARHGAP35 CDC73 E IF4E FYN IL7R M ED12 PALB2 RAB35 SF3B1 TM PRSS2

ARID1A CDH1 ELF3 GAB1 INHA M EF2B PARK2 RAC1 SH2B3 TNF AIP3

ARID1B CDK12 EP300 GAB2 INHBA M EN1 PARP1 RAC2 SH2D1A TNF RSF14

ARID2 CDK4 EPAS1 GATA1 INPP4A M ET PAX5 RAD21 SHO C2 TO P1

ARID5B CDK6 EPCAM GATA2 INPP4B M GA PBRM1 RAD50 SHQ 1 TP53

ASXL1 CDK8 EPHA3 GATA3 INPPL1 M ITF PDCD1 RAD51 SLFN11 TP53BP1

ASXL2 CDKN1A EPHA5 GLI1 INSR M LH1 PDCD1LG2 RAD51C SLX4 TP63

ATM CDKN1B EPHA7 GNA11 IRF 4 M LLT1 PDG FRA RAD51L1 SMAD2 TRAF2

ATR CDKN2A EPHB1 GNAQ IRS1 M PL PDG FRB RAD51L3 SMAD3 TRAF7

ATRX CDKN2B ERBB2 GNAS IRS2 M RE11A PDPK1 RAD52 SMAD4 TRIP13

ATXN7 CDKN2C ERBB3 GNB1 JAK1 M SH2 PGBD5 RAD54L SMARCA2 TSC1

AURKA CEBPA ERBB4 GPS2 JAK2 M SH3 PGR RAF 1 SMARCA4 TSC2

AURKB CENPA ERCC2 GREM1 JAK3 M SH6 PHF 6 RARA SMARCB1 TSHR

AXIN1 CHEK1 ERCC3 GRIN2A JUN M SI1 PHO X2B RASA1 SMARCD1 U2AF 1

AXIN2 CHEK2 ERCC4 GSK3B KBTBD4 M SI2 PIK3C2G RB1 SMARCE1 UPF 1

AXL CIC ERCC5 H3F3A KDM 5A M ST1 PIK3C3 RBM 10 SMO USP8

B2M CMT R2 ERF H3F3B KDM 5C M ST1R PIK3CA RECQL SMYD3 VEGF A

BABAM 1 CREBBP ERG H3F3C KDM 6A M TAP PIK3CB RECQL4 SOCS1 VHL

BAP1 CRKL ERRF I1 HGF KDR M TOR PIK3CD REL SOS1 VTCN1

BARD1 CRLF2 ESR1 HIST1H1C KEAP1 M UT YH PIK3CG REST SOX17 WHSC1

BBC3 CSDE1 ETAA1 HIST1H2BD KIT M YC PIK3R1 RET SOX2 WHSC1L1

BCL10 CSF 1R ETV1 HIST1H3A KLF4 M YCL1 PIK3R2 RFWD2 SOX9 WT1

BCL2 CSF 3R ETV6 HIST1H3B KLF5 M YCN PIK3R3 RHEB SPEN WWTR1

BCL2L1 CTCF EZH1 HIST1H3C KMT2A M YD88 PIM 1 RHOA SPOP XIAP

BCL2L11 CTLA4 EZH2 HIST1H3D KMT2B M YOD1 PLCG 2 RICT OR SPRED1 XPO1

BCL6 CTNNB1 FAM123B HIST1H3E KMT2C NADK PLK2 RIT 1 SPRTN XRCC2

BCO R CTR9 FAM175A HIST1H3F KMT2D NBN PMAIP1 RNF43 SRC YAP1

BIRC3 CUL3 FAM46C HIST1H3G KMT5A NCOA3 PMS1 ROS1 SRSF2 YES1

BLM CXCR4 FAM58A HIST1H3H KNSTRN NCOR1 PMS2 RPS6KA4 STAG 2 ZF HX3

BMPR1A CXO RF 67 FANCA HIST1H3I KRAS NEG R1 PNRC1 RPS6KB2 STAT 3 ZNRF3

BRAF CYLD FANCC HIST1H3J LATS1 NF1 POLD1 RPT OR STAT 5A ZRSR2

BRCA1 CYP19A1 FAT1 HIST2H3C LATS2 NF2 POLE RRAGC STAT 5B

BRCA2 CYSLTR2 FBXW7 HIST2H3D LM O1 NFE2L2 POT1 RRAS STK11

BRD4 DAXX FG F19 HIST3H3 LYN NFKBIA PPARG RRAS2 STK19

BRIP1 DCUN1D1 FG F3 HLA-A LZT R1 NKX2-1 PPM 1D RTEL1 STK40

BTK DDR2 FG F4 HLA-B M AD2L2 NKX3-1 PPP2R1A RUNX1 SUF U

MSK-IMPACT 

(Integrated Mutation Profiling of Actionable Cancer Targets)

cBioPortal for Cancer Genomics -->

https://www.cbioportal.org



Paper discussion



Paper discussion

-    Explanation of the question under research - why 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?

- 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?
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Research Question

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

“The observation that death rates from cancer rose in the first two years of the COVID-19 pandemic12, 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


16MSK Confidential — do not distribute

Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Conclusion/Model
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Thanks for your attention!

Any questions?
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