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Abstract

The E2F proteins comprise a family of 8 members that
function as transcription factors. They are key targets
of the retinoblastoma protein (RB) and were initially
divided into groups of activators and repressors. Ac-
cumulating data suggest that there is no specific role
for each individual E2F member. Instead, each E2F
can exert a variety of cellular effects, some of which
represent opposing ones. For instance, specific E2Fs
can activate transcription and repression, promote or
hamper cell proliferation, augment or inhibit apopto-
sis, all being dependent on the cellular context. This
complexity reflects the importance that these tran-
scription factors have on a cell’s fate. Thus, delineat-
ing the specific role for each E2F member in specific
malignancies, although not easy, is a challenging and
continuously pursued task, especially in view of poten-
tial E2F targeted therapies. Therefore, several reviews
are continuously trying to evaluate available data on
E2F status in various malignancies. Such reviews have
attempted to reach a consensus, often in the simplistic
form of oncogenes or tumor suppressor genes for the
E2Fs. However they frequently miss spatial and tempo-
ral alterations of these factors during tumor develop-
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ment, which should also be considered in conjunction
with the status of the regulatory networks that these
factors participate in. In the current “Letter to the Edi-
tor”, we comment on the flaws, misinterpretations and
omissions in one such review article published recently
in the World Journal of Gastroenterology regarding the
role of E2Fs in digestive system malignancies.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
Key words: E2F; Hepatocellular carcinoma; Pancreatic

ductal adenocarcinoma; Gastrointestinal tract; Diges-
tive system; p53; p73; Cancer; Apoptosis; Proliferation

Core tip: The roles of the E2F transcription factors
can vary significantly in malignancies of the digestive
system, often dictating different outcomes in separate
compartments of the gastrointestinal tract. Knowledge
of the molecular status of the regulatory networks
that E2Fs participate in is imperative to define their
role. Therefore the use of proper molecular analysis
to investigate these networks, complemented also by
functional analysis in cellular and animal models, is es-
sential. All in all, such an approach can define chrono-
logically and provide a wider and more accurate view
on the exact roles that E2Fs may exhibit in the devel-
opment of specific digestive system malignancies.
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TO THE EDITOR

We read with great interest the review article of Xan-
thoulis and Tiniakos"! commenting on the role of the

August 7,2014 | Volume 20 | Issue 29 |



Evangelou K et a/. E2F transcription-factors role in gastrointestinal malignancies

E2F family of transcription factors in the malignancies
of the gastro-intestinal tract, published recently in the
World Journal of Gastroenterology. With all due respect to
the opinion of our colleagues, we would like to reply to
the aforementioned article. We have found inaccuracies
regarding a series of scientific information on data pre-
sented, as well as flaws in the interpretation of published
experimental findings upon which the authors relied
on to reach a consensus regarding the role(s) of these
transcription factors in the various compartments of the
digestive system.

Given that accuracy is important for the readers but
also to provide a more in depth presentation on this sub-
ject, we would like to bring these issues to the attention
of the World Journal of Gastroenterology audience. Specifi-
cally, regarding the detected inaccuracies, we would like
to note the following issues: (1) Among the E2F mem-
bers, the authors refer that only E2F3 and E2F7 exhibit
different isoforms through alternative splicing. Notably,
however, different isoforms for E2F6 have also been
identified as a result of alternative splicing, leading to
four distinct protein productsm; and (2) the authors state
that E2F1-3 members have nuclear localization signal
(NLS) domains adjacent to their cyclin-A binding do-
mains. Also, in Figure 1 of the article, the NLS domain
of each E2F member is depicted at a 5 position rela-
tive to the cyclin-A binding domain. According to the
originally published data™, the cyclin-A binding domain
is larger in all E2FF1-3 members (aa 67-108 for E2F1),
therefore incorporating the narrower NLS domain (aa
85-91 for E2F1) (see also URL: http://atlasgeneticson-
cology.org/Genes/E2F11D40382ch20q11.html). For
certain E2F members, such as E2F3a/b, this positioning
is asymmetric; the NLS is located exclusively in exon 2
while the cyclin-A binding domain covers a wider area
that comprises the majority of exon 1 and part of exon
2 of the gene[m. Therefore, Figure 1 is inaccurate and
it seems that the authors perpetuated previous mislead-
ing information from other reviews, and quoted such in
their article, without consulting the originally published
research data.

More important is the approach on the interpretation
given by the authors on the role of the E2F members
in the various digestive tract malignancies. An increas-
ing body of evidence clearly indicates that the E2Fs can
act in a bimodal fashion during cancer development,
sometimes even within the same type of tumot” . This
behavior is often dictated by the status of vital cell cycle
regulators, like pRb, p53, p16™" " and others, with many
of which the E2F factors create intricate loops[&m’m.
Yet, the authors have not provided adequate molecular
explanations or insights, especially for apparent contra-
dictory results, in certain parts of the digestive system.
The most prominent ones concern the role of E2F1 in
pancreatic cancer and hepatocellular carcinoma (HCC),
which we would like to present.

In the pancreatic cancer section, it is mentioned that
Yamazaki ez o/ found an inverse relationship between
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E2F1 immunopositivity and histological grade and
disease-associated survival (ref 119 in manuscript). This
is inaccurate as Yamazaki ez a/'" clearly demonstrate a
direct statistical relationship in their report. In addition,
the data from only this study seems to be sufficient to
infer a tumor-promoting role for E2F1 in pancreatic
ductal adenocatcinoma (PDAC) (as mentioned also in
Table 1 of Xanthoulis and Tiniakos). Nevertheless, a
series of reports in the review of Xanthoulis and Tin-
1akos clearly show that E2F1 exhibits a pro-apoptotic
activity in pancreatic cancer cell lines and contributes to
chemosensitivity (Ref. 120-122, according to the in-text
citation) ™", This conclusion is generalized and con-
tradicts the deductions made by authors in refs 120"
and 122", In the first reference, the analysis of human
tumors has demonstrated the causative relation between
pRb overexpression and PDAC development, while the
in vitro studies indicate that high E2F1 expression due to
loss of pRB increases chemotherapy induced apoptosis-
sensitivity. It should also be noted that Yamazaki ez a/™"
did not perform E2F1-Ki67 immunohistochemical (IHC)
analysis at single cell level in serial sections or double
IHC analysis within the same section. Furthermore, the
authors have not examined the pRB status along with to-
tal E2F1 expression levels. Therefore, the issue whether
E2F1 possesses tumor promoting activity in vivo is still
debatable in pancreatic cancer. The second reference
proposes that there is an E2F1/p73-dependent pathway
halting the initiation of PDAC tumorigenesis, which
can be therapeutically exploitedm. Although the study
by Rédicker ez a/'" has been cited, the arguments of
the aforementioned publication are not discussed at all.
Additionally, as presented in ref 43 of Xanthoulis and
Tiniakos, in E2F1/ E2F27 animal models, S-phase entry
is not propetly regulated leading to endoreduplication
and thus polyploidy in the exocrine pancreas, suggesting
a rather tumor-suppressive effect for these members''.
Finally, publications quoted in the elegant review arti-
cle by Chen ez al'” (ref 17 of Xanthoulis and Tiniakos)
report on the frequent loss of the 1p36 chromosomal
region encompassing the E2F2 locus, data which further
pinpoints to potential anti-tumor effects of E2F1/E2F2
in this tumor type.

Regarding the HCC, there is a series of previous stud-
ies providing evidence of an oncogenic role of E2F1 in
HCC (ref. 109-112 according to the in-text citation)"” .
However only one cited self-published work (ref 108 in
the manuscript)®! providing some hints for a pro-apop-
totic role of E2F1, is judged to be sufficient to infer a
putative oncosuppressive role of E2F1 in HCC. This is a
rather unsafe generalization which has also been quoted
in the “Abstract”. This generalization stems from the
misinterpretation of raw iz sitn analysis data which need
to be supplemented by more conclusive evidence from
cell systems and mechanistic details regarding E2F1-
induced apoptosis, as those comprehensively provided
by Rodicker e a/'”. As E2F1 is known to stimulate the
expression of anti-apoptotic genes such as PEG10 (ref.
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111 in the manuscript)m and it is well-established that
the control of apoptotic networks is a key determinant
for E2F1’ role with regard to tumorigenesism], the con-
clusion in favour of a tumor-suppressive role of E2F1
in HCC merits further investigation in order to be un-
equivocally supported.

For instance, Wang e¢# al™ found that in clinical speci-
mens there is a correlation among elevated expression
of E2F1 and PEG10 and this is functionally associated
with the repression of apoptosis. In addition, they re-
ported that in hepatocellular carcinoma cells BEL-7404,
PEGI10 inhibits apoptosis »iz up-regulating the antiapop-
totic molecule BCL-Xi.. On the other hand, it has been
reported that E2F1 can trigger apoptotic cell death v
engaging both p53 family-dependent and p53 family-
independent pathways”!, or even the DDR (DNA dam-
age response) pathways such as ATM/NBS1/Chk2-P!
or even ATM/p73-dependent routes”. Conceivably, the
immunohistochemical experiments in ref. 108™ - which
is considered as a nodal publication by the authors al-
lowing them to reach their conclusions - could benefit
if accompanied by a more scrutinous IHC examination
of E2F1 in relation to different molecules, which medi-
ate the regulation that E2IF1 exerts over apoptosis such
as PEG10, BCL-X1, p-T68 Chk2 (a marker of activated
Chk2) or p73. Moreover, the use of different human
HCC cell lines, with different molecular backgrounds (e.g.,
BEL-7404, BEL-7402 or SMMC-7721) for investigating
whether pro-apoptotic pathways are indeed operative,
while anti-apoptotic pathways are shut-off, through em-
ployment of functional analyses could further clarify this
issue.

Finally, Xanthoulis and Tiniakos omitted the work
of Jiang ez al® who demonstrated that up-regulation of
E2F5 has a potential role in HCC.

In the paragraph “CONCLUSIONS AND PER-
SPECTIVES” the conclusion that the opposing roles of
E2Fs in oncogenesis are explained by its tissue-specific
activities, constitutes a rather self-negation with what
authors have formerly stated. Specifically, as referred by
the cited studies, E2F1 behaves in a bimodal fashion in
HCC, exhibiting both a tumor-promoting (ref. 109-112
according to the in-text citation)”* and a tumor-sup-
pressive role (Ref. 108 in the manuscript)™. Neverthe-
less, Xanthoulis and Tiniakos suggest a putative onco-
suppressive role of E2F1 in HCC, but in the concluding
remarks they support the opposing roles that E2Fs
exerts in tissues. To explain the dual function of E2F1
in oncogenesis, more attention should have been paid
to the findings reported in various analyses that include
cell lines and animal models, always taking into consider-
ation the status of vital cell regulators. Furthermore, for
the interpretation of E2F1%s pro-apoptotic activity, there
is an inadequate discussion of the previously reported,
well-confirmed more than one signaling pathways which
E2F1 can engage to trigger apoptosis[9’24’25].

But how is the observed duality in E2F1’s behavior
towards cancer biology explained? And how does a pu-
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tative explanation apply in the case of gastrointestinal
cancer? In another review on E2F1 by Engelmann and
Piitzer'"”, preceding that of Xanthoulis ez #/", an elegant
model is proposed whereby upon the concomitant ecto-
pic expression of E2F1 and loss of functional pRb the
tumot-suppressive, pro-apoptotic p53/p73-dependent
duties of E2F1 can be switched to tumor-promoting ac-
tivities depending on the integrity of cell death signaling
networks. Consequently, in the cells where proapoptotic
signals outweigh the prosurvival ones, E2F1 carries
out its oncosuppressive task, therefore promoting their
apoptotic elimination. On the contrary, when the apop-
totic machinery harbors defects, deregulated pRb/E2F1
signaling induces cancer progression. This is achieved
via a self-sustained circuit where E2F1 upregulates the
expression of its own co-factors which are required to
stimulate the transcription of oncogenic E2F7 gene tar-
gets. In this way, the proapoptotic »s prosurvival balance
is the key determinant of configuring E2F1’s oncosup-
pressive or oncogenic behavior. Interestingly though, this
model seems to apply in the case of PDAC and HCC
where E2F1 exerts seemingly opposing effects.

In PDACs, with aberrant pRb/E2F1 pathway sta-
tus””* and mutant p53[29], E2F1 has been reported to
engage a p53-independent, p73-dependent apoptotic
pathway to oppose tumorigenesism. Hence, it rather
seems that in this case, the E2F1/p73-dependent path-
way operates as a failsafe antitumor route with p53 being
dispensible for the induction of apoptosis.

In HCC, where E2F1 is commonly overexpressedm]
and the INK4A/pRb pathway is deregulatedmm, due to
aberrant methylation of p16™~" gene, E2F1 is not likely
to employ an apoptotic route given that the ARF/p53
axis is disrupted because of either mutational inactivation
of p53 or epigenetic silencing (promoter methylation)
at INK4A-ARF locus". In addition, in HCC p53 is fre-
quently inactivated by mutagens such as AFBi1 or alter-
natively, p53 functions can be attenuated by viral HBx
proteinsm. P73 does not seem to compensate for the loss
of p53 functions, since TP73 is aberrantly targeted by
LOH in an appreciable number of HCC cases™. Moreo-
ver, there is evidence that in HCC, E2F1 prevents Myc-
induced apoptosis[‘w, while the anti-apoptotic protein
BelxL is found to be overexpressed in the majority of
HCC clinical samples and is associated with poor overall
and disease-free survival®”. Collectively, the data suggests
that in HCC, E2F1 cannot fulfil its pro-apoptotic, tumoz-
suppressive tasks due to the fact that both the p53- and
the p73-pathways have been compromised. Rather, it
seems that it functions to impede apoptosis, at least the
Myc-driven one. Hence, E2F1- and Bcl-xI.-dependent
prosurvival signals, either alone or in synergy, seem to
surmount the antitumor barrier of apoptosis and to fuel
cancer progression. Therefore, we would suggest caution
on deducing the role of E2F1 in PDAC and HCC, as
presented in Table 1, by Xanthoulis and Tiniakos!'".

In conclusion, it is clear that the roles of E2Fs can
significantly vary, depending on the specific cellular envi-
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ronment. As they participate in crucial cell-fate regulatory

networks, E2Fs appear to be able to modulate seemingly

contradictory outcomes, including cellular proliferation

and apoptosis. Elucidation of these relations provides vi-
tal information, as the E2F status is often associated with
tumor kinetics and clinical evolution. In view of the new
drugs designed to target E2F activity, the study of E2F
function in cancer and its expression in various histologic
subtypes could prove to be beneficial.
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