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Activation of oncoproteins and inactivation of tumor suppressors induces tumorigenesis. When these events happen
upstream of pRb and p53, cancer therapies may initially succeed and then fail when pRb and p53 are activated and then
re-inactivated. Therapies might succeed if they remain effective when pRb and p53 are genetically inactivated.

To conquer cancer is first and foremost
to understand cancer. Although cancer
researchers have solved a significant
amount of the cancer puzzle (Fig. 1A) the
puzzle as a whole has not been solved and
most pieces are themselves puzzles. In the
meantime, these puzzle pieces have guided
the development of modern cancer
therapeutics.

As one example, following the determi-
nation that the BRAF kinase in the “kinase
networks” piece is frequently activated by
the V600E mutation,1 inhibitors for
BRAFV600E were developed and showed
remarkable effectiveness for patients with
metastatic melanoma containing
BRAFV600E, but not for those without
BRAFV600E.2 This exciting success provided
the ultimate confirmation of the “driver”
role of BRAFV600E. BRAFV600E also exists
in many nevi (up to 82%),3 but most nevi
remain as nevi for decades, exhibiting fea-
tures of cellular senescence.4 Thus,
BRAFV600E by itself is unable to induce mel-
anoma. Furthermore, effective BRAFV600E

inhibitors quickly lose their effectiveness.5

One could therefore ask the question, “How
do BRAFV600E inhibitors produce their ini-
tial therapeutic benefits?”

Based on current literature, I suggest
that oncogenic activation of BRAF by the
V600E mutation in the “kinase networks”
puzzle piece (Fig. 1A) might first activate

the INK4A (also called p16INK4A)-cyclin
D1/Cdk4-pRb pathway, the ARF (also
called p14ARF)-MDM2/MDM4-p53
(also called TP53) pathway, or both path-
ways (Fig. 1B). The effectors of these 2
pathways, pRb and p53 respectively, are
the 2 major tumor suppressors that
together implement the most and the best
antitumor mechanisms, such as cell cycle
arrest (sometimes to the extreme of cellu-
lar senescence), cell death, and emerging
mechanisms in cell metabolism, stemness,
and epithelial or mesenchymal identity.
These effects could prevent BRAFV600E

from transforming cells.4 Ensuing factors,
many still undefined, might inactivate
pRb, p53, or both (Fig. 1C), allowing
tumorigenesis to progress. Inhibition of
BRAFV600E in this context halts the mech-
anisms that inactivate pRb and/or p53,
leading to their reactivation (Fig. 1B) to
halt the cancer. Combining BRAFV600E

inhibitors with inhibitors that target other
kinases that interact with BRAFV600E, or
with inhibitors that directly reactivate the
INK4A-cyclin D1/Cdk4-pRb pathway,
the ARF-MDM2/MDM4-p53 pathway,
or both pathways, could improve effec-
tiveness and delay or overcome resistance
until disease progression to genetic inacti-
vation of pRb and/or p53. When geneti-
cally inactivated by DNA sequence
deletions, insertions, or mutations in RB1

and TP53 (the genes encoding pRb and
p53, respectively), pRb and p53 can no
longer be reactivated (Fig. 1D).

The database of TCGA contains data
showing frequencies of genetic inactiva-
tion of pRb and p53 in various cancer
types. For urothelial bladder cancer,
genetic inactivation of pRb and p53 co-
occurred in 15% of 125 specimens. Pros-
tate cancer progression from adenocarci-
noma at primary sites to metastatic cancer
at remote sites correlated with an increase
in the proportion of cases containing
genetic inactivation of both pRb and p53,
from 1% to 18%. Thus, a significant
number of cancers, especially late-stage
cancers, have permanently lost the antitu-
mor mechanisms provided by pRb and
p53.

To determine the consequences of
genetic inactivation of pRb and p53 in
cancer therapy, Zhao et al. used Skp2
deletion to inhibit pRb and p53 double
knockout (DKO) tumorigenesis in mouse
models.6 Skp2 is best known as an E3
ubiquitin ligase for p27, and previous
studies showed that Skp2 deletion blocked
Rb1 (mouse homolog to RB1)-deficient,7

Arf-, or Pten-deficient tumorigenesis.8

Zhao et al. reported that p53 is a transac-
tivator for the promoters of Pirh2 and
KPC1 p27 ubiquitin ligases. Conse-
quently, combined deletion of Trp53

© Liang Zhu
*Corresponding to: Liang Zhu; Email: liang.zhu@einstein.yu.edu
Submitted: 12/23/2014; Revised: 12/24/2014; Accepted: 12/25/2014
http://dx.doi.org/10.1080/23723556.2015.1004954

This is an Open Access article distributed under the terms of the Creative Commons Attribution-Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The
moral rights of the named author(s) have been asserted.

www.tandfonline.com e1004954-1Molecular & Cellular Oncology

Molecular & Cellular Oncology 2:4, e1004954; October/November/December 2015; Published with license by Taylor & Francis Group, LLC

AUTHOR'S VIEW

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/


(mouse homolog of TP53) and Skp2
increased p27 protein to much higher lev-
els than could be achieved by Skp2 dele-
tion or Trp53 deletion alone. The higher
level of p27 resulted in activation of pRb,
most likely by inactivating various cyclin-
dependent kinases to reduce phosphoryla-
tion of pRb. Activated pRb inhibited
DNA synthesis to the extreme of cellular
senescence. After additional deletion of

Rb1, DNA synthesis could not be inhib-
ited. However, a high level of p27 was
able to inhibit mitotic division indepen-
dent of Rb1 to block pRb and p53 doubly
deficient tumorigenesis in the pituitary
(no microscopic tumors) and prostate (no
lesions beyond PIN), coexistent with
ongoing DNA synthesis in the form of
DNA re-replication. Apoptosis is also
observed in DKO prostate tumorigenesis.

In another study, deletion of Rb1, Rbl1
(also called p107), and miR-17-92 in
mouse retina resulted in synthetic lethal-
ity.9 When combined with Skp2 deletion,
Rb1 deletion triggered the p53-indepen-
dent apoptotic activity of E2F1.10 Thus, a
high level of p27 and apoptotic E2F1
could remain effective in blocking mitotic
division and inducing apoptosis, respec-
tively, in the absence of pRb and p53.

Based on these data, we envision the
discovery of new therapeutics that remain
effective when pRb and p53 are geneti-
cally inactivated. Could blocking the
interaction of Skp2 with p27 by small-
molecule inhibitors reproduce the tumor-
blocking effects of Skp2 deletion?
Increased p27 protein levels following
deletion of Skp2 can relieve cyclin A
repression of E2F1 on E2F target pro-
moters, and one of the targets of miR-17-
92 is E2F1 mRNA. Could small mole-
cules be designed that produce these
effects in cancer cells? Favoring cancer
cells is that fact that, although Rb1 and
Trp53 deletions are definitive, the addi-
tional oncogenic events that lead to DKO
tumorigenesis vary and DKO prostate
cancer can develop from only 1-2 focal
lesions. It is possible that the nature of
these additional events varies more widely
in human cancer and thus will blunt the
mechanisms that we have uncovered in
mouse models. In short, will antitumor
mechanisms that remain effective when
pRb and p53 are genetically inactivated
provide the ultimate rationale for cancer
therapy? Only search and research will
provide the answer.
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