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The topic:  the c-Myc (proto)-oncogene

Key points:
- What are the cellular processes altered by the Myc oncogene
- Cooperating mutations in cancer 
- Oncogene induced tumor suppression

- How we can exploit cellular and animal models to study oncogenes 
(and why this is so important)
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Figure 3.2 The Biology of Cancer (© Garland Science 2007)

Identification of c-Myc as a viral oncogene 
(v-gag-myc, MC29: myelocytomatosis virus)
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Figure 3.19 The Biology of Cancer (© Garland Science 2007)

Myc was also independently identified when 
Studying slow tumorigenic viruses like the ALV

(ALV: avian leukosis virus and murine leukemia virus):
-slow induction of tumors (months)

-no oncogene carried/integrated in viral genome
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Figure 3.23b The Biology of Cancer (© Garland Science 2007)

Random integration in the genome of the 
host, yet �non-random� insertion sites 
were found  in the tumor genome: 
preference for the c-Myc gene (insertional 
mutagenesis)

Analysis of the genomic integration of ALV
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Figure 4.13a The Biology of Cancer (© Garland Science 2007)

c-MYC was rediscoverd as translocated in Lymphomas

Blood tumors are characterized by 

balanced reciprocal chromosomal 

translocations.

Key aspects of translocations found 

in leukemias and lymphomas:

1.Recurrent (in every tumor cell, in 

many different tumors of the same 

type)

2. Balanced (no loss of genetic 

material)

3. Reciprocal (2 chromosomes are 

involved)

4. The Oncogene is found at the 

break-point 
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Several ways of making an oncogene out of Myc

Meyer, N., and Penn, L.Z. (2008). Reflecting on 25 years with MYC. Nat Rev Cancer 8, 976-990.

…..also point mutations



Myc is frequently mutated in cancer
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n = 2,583 patients 
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Myc is an heterodimeric 
transcription factor

T58,S62
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The Biology of Cancer
First Edition

Copyright © Garland Science 2007

Robert A. Weinberg

NB: Myc can also act as a repressor

E-BOX: sequence recognized by Myc

The Myc-Max-Mad network
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Myc binds to and regulates a large number of genes (thousands)
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Figure 6.3 The Biology of Cancer (© Garland Science 2007)

Experimentally blocked by
Cycloheximide 
(inhibits translation)

Myc is an immediate early gene
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Table 6.1 The Biology of Cancer (© Garland Science 2007)
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The Biology of Cancer
First Edition

Copyright © Garland Science 2007

Robert A. Weinberg

NB: Myc can also act as a repressor

E-BOX: sequence recognized by Myc

The Myc-Max-Mad network
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How we can devise a mouse model carring a 
deregulated oncogene

What we can learn from such a model



Design of different transgenic mice

Full length myc gene

myc gene (coding sequence only)

Mu-plasmacytoma rearrangement

LTR promoter (from thymic lymphoma)

Ek enhancer (Ig-light chain)-myc gene

SV40 promoter-myc gene

Metallothioneine promoter
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Key Questions

• Will mice develop tumors?
• What kind of tumors?
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µ and k enhancer: lymphoid tumors 

Conclusion 1: the Eµ-enhancer/c-Myc transgene is oncogenic

Tumor incidence
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Eµ-Myc pathology
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Lymph node map
Diagram Key
1. Superficial cervical nodes

2. Deep cervical nodes

3. Mediastenial nodes

4. Axillary node

5. Brachial node

A. Thymus

B. Spleen

6. Pancreatic node

7. Renal nodes

8. Mesenteric node

9. Inguinal node

10. Lumbar nodes

11. Sacral Node

12. Sciatic node
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Disease free survival (Kaplan Meier survival curve)
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Disease free survival (Kaplan Meier survival curve)

0 150 300 450 600
0

25

50

75

100

Time (days)

Eµ-myc wild type
Tu

m
or

 fr
ee

 su
rv

iv
al

 (%
)

90% Penetrance

Median Latency

Pre-tumoral stage

10%



25

Migrate to lymphoid tissues
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CD45R/B220
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CD45R/B220 or CD19



FACS
(Fluorescent Activated Cell Sorting)
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FACS-SORTER



28

0

20

40

60

(%
)

Eµ-myc – +       +

B220+/IgM–

B220+/IgM+

Spleen

(B-cell lymphomas)

Eµ-myc

IgM

B220

Eµ-myc

Pre-tumoral Spleen

Eµ-myc, two pathological stages:
1.Pre-tumoral phase (proliferation & block of differentiation)
2.Lymphomas (100% penetrance, median onset:150 days)

lymphoma
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Main chacteristics of the Eµ-myc mouse
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(B-cell lymphomas)

106 ,105 103 cell from enlarged/infiltrated lymph nodes

Tumors in 2-3 weeks

Are the cells found in �enlarged� lymph nodes, tumor cells?

Why such a long latency (90-150) days in Eµ-Myc 
compared to transplanted recipients?

Will all the cells expressing Eµ-Myc become tumor 
cells?

Experiment: transplant of “tumor cells” in healthy recipient mice    
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VDJ recombination to mark clonal growth in tumors
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Eµ-Myc tumors are monoclonal or oligoclonal
(southern blot)

Tumors

Germline band
(i.e.not rearranged)

A: probe used in southern 
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Negative feedback on endogenous c-Myc
(northern blot analysis)

Eµ-Myc

Endog. Myc
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�rearranged� Myc escapes negative feedback loop 
(negative regulatory regions lost in the rearrangment?)
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Conclusions
Eµ-Myc transgene is a potent, tissue-specific oncogene

Cancer is a multistep process, i.e. Eµ-Myc has two stages: 
1.pretumoral (hyperproliferation/block of differentiation)
2.tumoral

Latency of tumors and mono/oligo clonality suggest �second hit�
(why do we need a second hit?)

Myc deregulation is necessary for tumor development BUT NOT 
SUFFICIENT

Negative feedback regulation on Myc expression (safety-lock #1)


