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Abstract

Tumorigenesis is generally caused by genetic changes that activate oncogenes or inactivate tumor suppressor genes. The targeted inactivation of 
oncogenes can be associated with tumor regression through the phenomenon of oncogene addiction. One of the most common oncogenic events in 
human cancer is the activation of the MYC oncogene. The inactivation of MYC may be a general and effective therapy for human cancer. Indeed, it has 
been experimentally shown that the inactivation of MYC can result in dramatic and sustained tumor regression in lymphoma, leukemia, osteosarcoma, 
hepatocellular carcinoma, squamous carcinoma, and pancreatic carcinoma through a multitude of mechanisms, including proliferative arrest, terminal 
differentiation, cellular senescence, induction of apoptosis, and the shutdown of angiogenesis. Cell-autonomous and cell-dependent mechanisms 
have both been implicated, and recent results suggest a critical role for autocrine factors, including thrombospondin-1 and TGF-β. Hence, targeting 
the inactivation of MYC appears to elicit oncogene addiction and, thereby, tumor regression through both tumor cell–intrinsic and host-dependent 
mechanisms.
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Oncogene Addiction: A New 
Paradigm for the Mechanism of 
Targeted Therapeutics

Most cancers do not respond to conven-
tional therapies, suggesting that new 
approaches are needed to treat these dis-
eases.1 The presumption has been that by 
targeting the molecular underpinnings of 
a cancer with specific drugs, cancers may 
better respond to treatments. Indeed, the 
discovery of imatinib that inhibits several 
oncogenes having tyrosine kinase activ-
ity has proven to be highly effective in 
the treatment of chronic myelogenous 
leukemia and gastrointestinal stromal 
tumors.2,3 Many other targeted therapeu-
tics are being developed for the treatment 
of cancer1; hence, there is optimism that 
we will be able to markedly improve the 
treatment of cancer by targeting specific 
genes with therapeutic agents.

It is not entirely clear why targeting 
any specific gene results in tumor regres-
sion.4 One emerging concept that attempts 
to explain tumor regression upon the 
inactivation or repair of a single mutant 
gene product is the idea of oncogene 
addiction, first described by Weinstein.5,6 

In this paradigm, the survival of cancer 
cells becomes dependent on the contin-
ued activation of particular mutant onco-
genes. However, even when tumors 
initially respond to targeted oncogene 
inactivation, most eventually recur.7 By 
understanding when and why oncogene 
inactivation elicits oncogene addiction, 
it should be possible to design rational 
therapeutic strategies to treat cancer.

The emergence of conditional trans-
genic mouse models that enable one to 
regulate oncogene activation in a tissue-
specific and temporal manner has pro-
vided a unique and powerful approach to 
define when and why oncogene inactiva-
tion elicits oncogene addiction (Table 1). 
This review summarizes recent insights 
from conditional transgenic mouse mod-
els that have shed insight into the general 
mechanisms by which the inactivation of 
MYC elicits oncogene addiction. In par-
ticular, the review discusses how MYC 
inactivation induces sustained tumor 
regression through both tumor cell–intrinsic 
and host-dependent mechanisms. These 
mechanistic insights may be useful toward 
developing new therapies that target 
MYC for the treatment of cancer.

MYC: A Potential Ultimate 
Target for Cancer Treatment

The MYC oncogene has protean effects 
on many biological processes, including 
gene transcription, protein translation, 
and DNA replication. These processes in 
turn coordinate many cellular functions, 
including proliferation, apoptosis, dif-
ferentiation, self-renewal/senescence, and 
angiogenesis, as reviewed in this issue. 
The overexpression of MYC is one of 
the most common events associated 
with tumorigenesis, providing us with 
many reasons to consider that targeting 
this gene may be an effective treatment 
for human cancer.

Transgenic mouse models have been 
employed as a tractable approach for 
investigating the mechanism by which 
MYC and other oncogenes contribute to 
the initiation and maintenance of tumori-
genesis.8–10 In particular, the development 

Division of Oncology, Departments of Medicine and 
Pathology, Stanford University, Stanford, CA, USA

Corresponding Author:
Dean W. Felsher 
Email: dfelsher@stanford.edu

MYC Inactivation Elicits Oncogene Addiction 
through Both Tumor Cell–Intrinsic and 
Host-Dependent Mechanisms

Dean W. Felsher

Genes & Cancer
1(6) 597–604
© The Author(s) 2010
Reprints and permission: 
sagepub.com/journalsPermissions.nav
DOI: 10.1177/1947601910377798
http://ganc.sagepub.com



598 Genes & Cancer / vol 1 no 6 (2010)M Monographs

of conditional strategies for the regula-
tion of gene expression in transgenic 
mouse models has been useful to define 
the circumstances under which onco-
gene inactivation will result in tumor 
regression (Table 1). It has become clear 
from these experiments in transgenic 
mouse models that the consequences of 
MYC inactivation are often dramatic 
and so result in sustained tumor regres-
sion. However, the specific mechanisms 
are contextual. Moreover, it has emerged 
that both tumor cell–intrinsic and host-
dependent mechanisms are involved in 
oncogene addiction.1

Two major approaches have been 
used to generate conditional transgenic 
mouse models to dissect the role of MYC 
in the initiation and maintenance of 
tumorigenesis. The tetracycline system 
can be used to generate conditional trans-
genic models.13 In this model, a gene of 
interest is placed upstream of the tetracy-
cline response element, and the tetracy-
cline transactivating gene is placed 
upstream of a tissue-specific promoter. 
Transgenes of both constructs are gener-
ated, and mice that contain both trans-
genes express the gene of interest in a 
tissue-specific and temporally controlled 

manner. A similar strategy has been 
developed by utilizing a chimeric gene 
product between a gene of interest and 
the estradiol receptor.14 Here, the fusion 
gene exhibits conditional activity in the 
presence of tamoxifen. Both approaches 
have been used to demonstrate that the 
inactivation of a single oncogene can 
have profound effects on a tumor and in 
many cases result in a complete reversal 
of tumorigenesis in vivo.

Conditional transgenic mouse models 
have demonstrated that MYC inactiva-
tion in tumors is associated with prolif-
erative arrest, differentiation, senescence, 

Table 1.  Consequences of Oncogene Inactivation in Transgenic Mouse Models

 
Oncogene

 
Model

 
System

 
Tumor Type

Response to 
Inactivation

Mechanism of  
Tumor Regression

 
References

BCL2 MMTV-tTATet-O-BCL- 
2Eµ-MYC

Tet-Off Lymphoblastic 
leukemia

Regression Apoptosis Letai et al. 200443

BCR-ABL MMTV-tTATet-O-BCR-ABL Tet-Off B-cell Leukemia Regressiona Apoptosis Huettner et al. 200044

  SCL-tTATet-O-BCR-ABL Tet-Off Chronic mye- 
logenous leukemia

Regression Not determined Koschmieder et al. 
200545

FGF-10 CCSP-rtTA orSPC-rtTATet-
O-CMV-FGF10

Tet-On Lung adenocarci-
noma

Regression Not determined Clark et al. 200146

HER2/NEU MMTV-rtTATet-O-NeuNT Tet-On Breast adenocarci-
noma

Regressiona Decreased proliferation and 
apoptosis

Moody et al. 200247

MET LAP-tTATet-O-MET Tet-On Hepatocellular 
carcinoma

Regression Decreased proliferation and 
apoptosis

Wang et al. 200148

c-MYC EµSRα-tTATet-O-MYC Tet-Off T- and B-cell 
lymphoma, acute 
myeloid leukemia

Regressiona Cell cycle arrest, differentiation, 
and apoptosis

Felsher and Bishop 
199949; Marinkovic
 et al. 200450

  EµSRα-tTATet-O-MYC Tet-Off Osteosarcoma Regression Differentiation Jain et al. 200211

  MMTV-rtTATet-O-MYC Tet-On Breast adenocarci-
noma

Partial  
regression

Not determined D’Cruz et al. 200118; 
Boxer et al. 200416

  LAP-tTATet-O-MYC Tet-Off Hepatocellular 
carcinoma

Regression Apoptosis and differentiation Beer et al. 200451; 
Shachaf et al. 200412

  Plns- MycERTam Tamoxifen Pancreatic islet cell Regression Growth arrest, differentiation, 
cellular adhesion, vascular 
collapse

Pelengaris et al. 200214

  Involucrin-MycERTam Tamoxifen Papilloma Regression Growth arrest and differentia-
tion

Pelengaris et al. 199952; 
Flores et al. 200453

RAS Tyr-rtTAH-Ras(V12G) Ink4a−/− Tet-On Melanoma Regressiona Apoptosis, epidermal growth 
factor receptor expression 
required

Chin et al. 199954; 
Wong and Chin 
200055

  SP-r-rtTTARtTA-KiRas(G12C) Tet-On Lung adenocarci-
noma

Regression Not determined Floyd et al. 200556

  CCSP-rtTATet-O-KiRas(G12C) Tet-On Lung adenocarci-
noma

Regression Not determined Floyd et al. 200556

  CCSP-rtTATet-op-K-
Ras4B(G12D)

Tet-On Lung adenocarci-
noma

Regression Apoptosis Fisher et al. 200157

  Nestin-TVARCAS-tTARCAS-
AktRCAS-Tet-O-KRas

RCAS Glioblastoma Regression Apoptosis Holmen and Williams 
200558

WNT MMTV-rtTATet-O-
WNT1P53−/−

Tet Mammary adeno-
carcinoma

Regressiona Not determined Gunther et al. 200359

aMost tumors regress upon initial oncogene inactivation, but some tumors reoccur.
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and/or apoptosis (Figure 1). Interestingly, 
the consequences of oncogene inactiva-
tion depend on the cellular and genetic 
context (Figure 2). Most notably, the 
inactivation of the MYC oncogene has 
been shown to be potent in inducing 
tumor regression.14 MYC inactivation in 
lymphoma, leukemia, pancreatic islet 
cell tumors, and skin squamous carcino-
mas results in rapid tumor cell elimina-
tion through apoptosis.15 Many mouse 
models in which the MYC gene has been 
disrupted exhibit sustained tumor regres-
sion. In other tumor types, MYC inacti-
vation appears to more generally induce 
terminal differentiation. For example, 
MYC inactivation in osteogenic sarcoma 
results in the terminal differentiation of 
tumor cells into mature bone cells.11 Note 
that these cells are now terminally differ-
entiated and generally incapable of 
becoming tumor cells. Thus, even brief 
MYC inactivation can induce the sus-
tained loss of a neoplastic phenotype.

In contrast, brief inactivation of 
MYC fails to reverse tumorigenesis in 
epithelial tumors, such as hepatocellular 
carcinoma and breast cancer. In these 
contexts, some of these otherwise normal-
appearing tumor cells can rapidly regain 
their neoplastic properties upon MYC 
reactivation.12,16 Hence, in this case, 
MYC inactivation is associated with the 
terminal differentiation of many of the 
tumor cells; in the case of hepatocellular 
carcinoma, the tumor cells can give rise 
to what appear to be normal liver cells, 
including hepatocytes and biliary cells. 
Yet, some of these cells retain the latent 
capacity to become tumor cells upon 
MYC reactivation. Thus, some tumor 
cells can, upon oncogene inactivation, 
appear normal and behave normally but 
actually be in a state of dormancy.17 In 
essence, sustained MYC inactivation 
results in tumor regression, but the 
reactivation of MYC can restore their 
neoplastic properties.

Genetic context has been shown to be 
critical in defining the consequence of 
the inactivation of MYC.7 Breast adeno-
carcinomas that have acquired a muta-
tion in K-ras fail to undergo sustained 
regression upon MYC inactivation.18 

Similarly, loss of p53 function markedly 
impedes the ability of MYC inactivation 
to induce sustained tumor regression.19 
Snail has been identified as one gene 
product that appears to facilitate the 
escape from oncogene dependence.19 
Loss of p53 function has also been shown 
to impede the sustained regression of 
lymphoma and leukemia through disrup-
tion of the ability of oncogene inactivation 
to induce the shutdown of angiogene-
sis.20 Finally, the escape from MYC inac-
tivation induces the regression of 
hematopoietic tumors and appears to be 
associated with the acquisition of spe-
cific chromosomal translocations.21 
Hence, there appear to be multiple 
genetic mechanisms that can predictably 
impede the ability of MYC inactivation 
to induce sustained tumor regression. 
One could speculate that these genetic 
events block MYC inactivation from 
inducing sustained regression solely 
because they prevent the triggering of 
oncogene addiction.

MYC Inactivation and the 
Induction of Senescence and 
the Shutdown of Angiogenesis
At least 2 general mechanisms appear to 
explain how MYC inactivation induces 
tumor regression. First, intrinsic tumor 

cell mechanisms are responsible, includ-
ing proliferative arrest and apoptosis. In 
addition, one important mechanism by 
which the inactivation of MYC and other 
oncogenes induces tumor regression is 
through the induction of cellular senes-
cence.22 MYC inactivation of osteosar-
coma and lymphomas essentially induces 
all the tumor cells to undergo cellular 
senescence. However, if these tumors 
have acquired defects—or are engineered 
to have defects—in gene products known 
to be required to induce senescence (e.g., 
p16, RB, p53), then tumors do not 
undergo senescence and do not exhibit 
sustained tumor regression upon MYC 
inactivation.22 MYC inactivation also 
induces cellular senescence in hepatocel-
lular carcinoma; however, not all the cells 
undergo senescence, suggesting that 
these cells can regain their tumorigenic 
properties upon MYC reactivation. Thus, 
MYC inactivation has been shown to 
induce cellular senescence in tumors in 
several contexts.

Second, host-dependent mechanisms of 
tumor regression are important. Upon MYC 
inactivation, tumor cells not only arrest, 
differentiate, and undergo senescence and 
apoptosis through autonomous mecha-
nisms but do so through the shutdown of 
the host microenvironment that promotes 

ONCOGENE ON

Differentiation/Senescence

Tumor Dormancy

Partial RegressionTumor Relapse

Apoptosis

MYC ON

MYC OFF

MYC Inactivation Elicits Oncogene Addiction

TSP-1 ON/TGF-β ON

TSP-1 OFF/TGF-β OFF

Figure 1.  MYC inactivation has different outcomes in different types of tumors, including proliferative 
arrest, differentiation, apoptosis, and/or cellular senescence. Although the consequences are 
different for each type of tumor, proliferative arrest, apoptosis, and differentiation/senescence appear 
to be common mechanisms. Tumors can also become dormant, partially regress, and reoccur.
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cellular proliferation. These pathways 
are in turn associated with the shutdown 
of angiogenesis,20 which is likely an 
important mechanism of oncogene 
addiction and could even contribute to 
tumor dormancy that is observed upon 
oncogene inactivation.23

The mechanism by which MYC 
inactivation induces the shutoff of the 
angiogenic switch appears to involve a 
p53-dependent induction of thrombos-
pondin-1 (TSP-1).20 There are likely to 
be multiple mechanisms by which 
angiogenesis and the general host 

microenvironment are restored upon 
inactivation of an oncogene within the 
tumor. In general, the results suggest that 
by targeting the MYC oncogene within a 
tumor, it is possible to not only reverse 
the neoplastic properties of the tumor but 
also restore the host microenvironment. 
The important implication of these results 
is that oncogene addiction may be a con-
sequence of cell-autonomous effects with 
the tumor and through cell-dependent 
effects on the host environment.

These results also suggest that inacti-
vation of MYC can reverse the limitless 

proliferation or self-renewal properties 
of cancer cells and induce cellular senes-
cence. The mechanism of cellular senes-
cence could be related to many possible 
mechanisms.22 One possibility is a 
tumor cell’s intrinsic response to DNA 
damage.24 In addition, the restoration of 
autocrine growth regulatory mechanisms 
could be important, as described in the 
next section. Regardless, these results 
could be highly relevant to the notion of 
cancer stem cells.25,26 Turning off MYC 
appears to elicit oncogene addiction in 
tumor cells by blocking self-renewal of 

MYC ON MYC OFF MYC BACK ON
Mechanisms MYC inactivation Elicits Oncogene Addiction 

Lymphoma

Osteosarcoma

Hepatocellular 
Carcinoma

Differentiation/Senescence              Apoptosis

Differentiation/Senescence “Normal” Bone                              Apoptosis

Differentiation/Senescence/Apoptosis     “Normal “ Liver Restored Cancer

TSP-1/TGF-β  Pathways OFF TSP-1/TGF-β  Pathways ON

Secreted Factors

Figure 2.  MYC inactivation elicits oncogene addiction by multiple mechanisms that differ depending on tumor type. MYC inactivation in lymphoma 
induces proliferative arrest, differentiation/senescence, and widespread apoptosis. Both tumor cell–intrinsic and host-dependent mechanisms 
(angiogenesis) have been shown to be important. Secreted factors, such as TSP-1, are important for the regulation of angiogenesis, and TGF-β is 
important for the regulation of cellular senescence. MYC inactivation in osteosarcoma induces proliferative arrest and differentiation/senescence but 
not apoptosis. MYC reactivation does not restore tumorigenesis. MYC inactivation in liver adenocarcinoma induces proliferative arrest, differentiation/
senescence, and apoptosis. MYC reactivation can result in restoration of the tumor.
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cancer cells.27 Therefore, oncogene addic-
tion may be a manifestation of the restoration 
of limited life span or mortality of tumors. 
MYC inactivation has been also shown to 
induce senescence in normal cells28 as well 
as in human melanoma tumors.29

MYC Inactivation Induces 
Tumor Regression through 
Autocrine Mechanisms
The notion that secreted factors such as 
TSP-1 may be important to the mecha-
nism of tumor regression upon MYC inac-
tivation suggests the possibility that other 
soluble factors may be involved. Indeed, 
recent evidence suggests that a TGF-β-
dependent autocrine pathway is essential 
to the mechanism by which MYC inacti-
vation induces cellular senescence and 
impedes tumorigenesis (van Riggelen  
et al., in press, Genes and Development).

Furthermore, MYC-induced lympho-
mas express high amounts of TGF-β, 
TGF-2, and TGF-3 and exhibit activa-
tion of SMADs. TGF-β signaling may 
be important for restraining MYC from 
inducing tumorigenesis via Miz-1-
induction of cyclin-dependent kinase 
inhibitors (CKIs), which in turn trigger 
cellular senescence. However, ectopic 
MYC bypasses these programs and 
stimulates tumor formation. Upon MYC 
inactivation, the effects of TGF-β sig-
naling are restored, resulting in CKI 
expression and thereby inducing cellular 
senescence. The introduction of a mutant 
TGF-β receptor that blocks signaling 
prevents MYC inactivation from induc-
ing cellular senescence and sustained 
tumor regression. TGF-β is therefore a 
key autocrine factor that contributes to 
MYC-associated oncogene addiction of 
lymphomas.

Thus, MYC inactivation elicits onco-
gene addiction through cell-intrinsic and 
autocrine regulatory pathways (Figure 3), 
which may be a vital part of the mechanism 
of oncogene addiction. In general, secreted 
factors could provide a link between 
cell-intrinsic and host-dependent micro-
environment changes associated with 
tumorigenesis and tumor regression. 
TSP-1 and TGF-β have emerged as 2 
possible critical factors in this process, 

but other cytokines are likely to be 
involved as well. The identification of 
these factors and their source and role in 
oncogene addiction are not well defined. 
The role of such factors in the induction 
and regulation of the relevant signaling 
pathways may be an important consider-
ation for the effective treatment of can-
cer through the targeted inactivation of 
oncogenes.

MYC Inactivation,  
Genetic/Epigenetic “Amnesia,” 
and Cancer Stem Cells
In many ways oncogene addiction may 
be conceived as a consequence of the 
fact that cancer is in a state of genetic 
and epigenetic “amnesia.” The “aware-
ness” of the cancer and the host is 
restored with the physiologic restoration 
of the normal level of activity of a spe-
cific oncogene.27 In this model, cancers 
can grow autonomously and indepen-
dently of their host and the cellular regu-
latory mechanisms that normally restrain 
proliferation. Oncogenes such as MYC 
could interfere with host mechanisms 
that restrain growth and proliferation 
and regulate processes such as angiogen-
esis, immortalization, cell cycle, DNA 

repair, and apoptosis, among many 
physiological programs. It is perhaps less 
surprising that the inactivation of onco-
genes would result in the restoration of 
these processes. In a sense, an awareness 
of the tumor to its state of genomic dis-
ruption is associated with a cancerous 
state and so results in proliferative arrest, 
senescence, and apoptosis.22,24,27

To explain differences in the precise 
consequences of MYC inactivation, one 
could speculate that the biology of each 
type of cancer is strongly influenced by 
epigenetic features particular to the spe-
cific cell type initially transformed. Epi-
thelial tumors, such as hepatocellular 
carcinomas and breast adenocarcino-
mas, may necessarily involve the initia-
tion of malignant transformation of cells 
that have or will acquire stem cell fea-
tures. Then, as stem cells, they could 
necessarily give rise to malignant pro-
genitor cells. Upon MYC inactivation, 
these stem cell features could result in 
the differentiation into cells that are nor-
mal in appearance. Some of these cells 
may retain their latent stem cell proper-
ties and upon MYC reactivation rapidly 
regain their neoplastic properties as well. 
This notion is consistent with the pro-
posed cancer stem cell hypothesis,25,26 

Figure 3.  MYC inactivation elicits oncogene addiction through tumor cell–intrinsic and host-
dependent mechanisms. Cancers exhibit autonomous behavior resulting in immortality, self-renewal, 
and proliferation. Cancers also influence the microenvironment to support tumorigenesis. MYC 
inactivation restores physiological safety switches and results in proliferative arrest, differentiation, 
apoptosis, cellular senescence, and the restoration of a physiologic microenvironment, including 
the suppression of angiogenesis. Tumor cell–intrinsic, autocrine, and host-dependent mechanisms 
are involved in oncogene addiction. The TSP-1 and TGF-β cytokine pathways are 2 examples of 
secreted factors that may play a critical role in the mechanism by which MYC inactivation elicits 
oncogene addiction.
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although this hypothesis does not pre-
sume that cancer cells necessarily have 
any features of stem cells other than their 
self-renewal properties. An alternative 
and nonmutually exclusive explanation 
would be that MYC, as an iPS gene, may 
directly elicit stem cell features in cells.

Other Possible Mechanisms  
by Which MYC Inactivation  
May Elicit Oncogene Addiction
Our current models of oncogene addic-
tion or oncogenic amnesia still do not 
explicitly take into account several other 
possible nonmutually exclusive mecha-
nisms that could play a role in the mech-
anism by which MYC inactivation elicits 
oncogene addiction. Several recent find-
ings have suggested that MYC may play 
a critical role in cellular metabolism, 
protein synthesis, DNA replication, and 
cell cycle machinery. All these processes 
may contribute to oncogene addiction 
upon cessation of MYC activity.

First, MYC has been shown to play a 
central role in regulation of many aspects 
of cellular metabolism.30–34 MYC inacti-
vation could induce tumor regression 
because tumor cells are no longer capable 
of coordinating glucose metabolism, pro-
ducing essential metabolites, regulating 
hypoxia, and/or generating sufficient 
energy. Hence, MYC inactivation could 
result in direct activation of apoptotic pro-
grams or indirectly result in a metabolic 
catastrophe that induces tumor regression.

Second, MYC globally coordinates 
protein synthesis through many different 
mechanisms.35,36 In particular, MYC reg-
ulates ribosomal biogenesis. MYC inacti-
vation in cancer can permanently suppress 
ribosomal biogenesis expression, thereby 
globally suppressing protein synthesis.37 
Thus, MYC inactivation could induce 
tumor regression because tumor cells are 
not generally capable of making critical 
proteins required for proliferation, the 
suppression of apoptosis, the regulation of 
self-renewal, or alternatively, the expres-
sion of specific critical protein products.38

Third, MYC directly regulates DNA 
replication.39 MYC overexpression in 
tumors could enforce replication in a 

manner that necessarily impedes DNA 
repair, leading to widespread genomic 
damage. The abrupt suppression of MYC 
in a tumor could then result in incom-
plete DNA replication, resulting in wide-
spread DNA damage. Consequently, MYC 
inactivation may result in oncogene 
addiction through the ability of the 
tumor cell to now be aware of this dam-
age and have the appropriate response in 
the induction of apoptosis and/or cellular 
senescence.24

Fourth, MYC appears to regulate the 
function of many cell cycle regulatory 
proteins critical to the regulation of 
self-renewal and cellular senescence. 
Notably, MYC has been shown to 
directly regulate CDK2 function, and it 
may play an important role in suppress-
ing cellular senescence programs.40–42 
The suppression of MYC could restore 
these regulatory programs and result in 
tumor regression.

Thus, many mechanisms could work 
in concert to mediate the antineoplastic 
consequences of MYC suppression. Dif-
ferent mechanisms could operate in dif-
ferent types of cancer that depend on 
differences both epigenetic and genetic. 
Most likely, it is precisely because MYC 
plays such a central role in the coordina-
tion of so many critical cellular pro-
grams that the abrupt cessation of MYC 
expression in a cancer cell has such pro-
found effects. Indeed, one of the major 
current challenges is to explain why the 
consequences of MYC inactivation dif-
fer depending on cellular and genetic 
context. These insights could better pre-
dict when the targeting of MYC and 
other oncogenes will be successful as a 
therapy for cancer.

General Implications for MYC 
as a Target for the Treatment  
of Human Cancer

MYC appears to be a potentially useful 
target for the treatment of cancer. Exper-
imentally, MYC inactivation has been 
shown to induce sustained regression of 
many tumor types. However, results in 
experimental models suggest several 
important mechanisms to consider in the 

analysis of agents designed to target 
MYC as a treatment for cancer. First, 
evidence suggests that MYC inactiva-
tion may be able to convert cancer cells 
into what appear to be biologically nor-
mal cells. Thus, liver cancer cells seem 
capable of giving rise to what appears to 
be normal liver cells.12 Similarly, osteo-
sarcoma cells appear to be capable of 
giving rise to normal bone.11 This means 
that a therapy that targets MYC does not 
necessarily need to eliminate tumor cells 
to have clinical efficacy.

Second, these results illustrate that the 
consequences of targeted MYC inactiva-
tion is not necessarily the death of the 
tumor cells but rather a change in the biol-
ogy of the cells, including cellular differen-
tiation and cellular senescence. Thus, 
simply looking for cell death may not be 
the only criteria used to identify agents that 
can be used to target MYC for the treat-
ment of cancer. This is important because 
most screens for drugs that target oncogene 
presume that the response is tumor cell 
death. In particular, MYC inactivation can 
result in cancer cells appearing and appar-
ently functioning as normal cells.

Third, the results imply that cancer 
can be caused by oncogenic events that 
usurp control of an epigenetically sus-
ceptible state. Inactivating MYC can 
revert the physiologic mechanisms of a 
tumor cell and cause it to behave nor-
mally. This implies that genetic events 
that impede these epigenetic mecha-
nisms block the clinical efficacy of 
agents that target MYC to treat cancer.

Fourth, MYC’s ability to regulate host 
mechanisms such as angiogenesis are 
critical to understanding the mechanism 
by which MYC inactivation induces 
tumor regression. These results illustrate 
that host mechanisms play a key role in 
the mechanism by which MYC inactiva-
tion elicits oncogene addiction; they 
also suggest that the ability of MYC 
inactivation to elicit the expression of 
key regulators of angiogenesis, such as 
TSP-1, may be important for tumor 
regression. Finally, these results suggest 
that it will be important to look in vivo in 
an intact host to measure the true effects 
of a drug that targets MYC.
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Fifth, the ability of MYC to abrogate 
autocrine mechanisms—such as TGF-β-
mediated regulation of cell cycle gene 
products important for proliferation and 
senescence—may be critical to the thera-
peutic mechanism of MYC inactivation. 
The integrity of this and other autocrine 
pathways could be important toward 
anticipating the efficacy of agents that tar-
get MYC for the treatment of cancer. 
Hence, the precise understanding of the 
mechanisms by which MYC inactivation 
elicits oncogene addiction and induces 
tumor regression is likely critical for effec-
tively developing, identifying, and testing 
agents that target MYC and, for that mat-
ter, other oncogenes as treatments for 
human cancer.

In the era of targeted therapeutics, it is 
humbling that no explanation has been pro-
vided for why existing agents that target 
specific oncogenes or tumor suppressor 
genes result in the regression of a tumor. 
Indeed, a priori, there would be many 
alternative possible outcomes. Insight into 
the mechanism by which the inactivation 
of MYC and other oncogenes induces 
tumor regression may guide the develop-
ment of new treatments for cancer.
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