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Autophagy and senescence share a 
number of characteristics, which 

suggests that both responses could serve 
to collaterally protect the cell from the 
toxicity of external stress such as radia-
tion and chemotherapy and internal 
forms of stress such as telomere short-
ening and oncogene activation. Studies 
of oncogene activation in normal fibro-
blasts as well as exposure of tumor cells 
to chemotherapy have indicated that 
autophagy and senescence are closely 
related but not necessarily interdepen-
dent responses; specifically, interference 
with autophagy delays but does not abro-
gate senescence. The literature relating 
to this topic is inconclusive, with some 
reports appearing to be consistent with 
a direct relationship between autophagy 
and senescence and others indicative of 
an inverse relationship. Before this ques-
tion can be resolved, additional studies 
will be necessary where autophagy is 
clearly inhibited by genetic silencing and 
where the temporal responses of both 
autophagy and senescence are monitored, 
preferably in cells that are intrinsically 
incapable of apoptosis or where apoptosis 
is suppressed. Understanding the nature 
of this relationship may provide needed 
insights relating to cytoprotective as well 
as potential cytotoxic functions of both 
autophagy and senescence.

Autophagy, a catabolic process involving 
the degradation of a cell’s own compo-
nents through the lysosomal machinery1 
serves as a protective response under con-
ditions of nutrient deprivation and is also 
frequently observed in tumor cells exposed 
to chemotherapy or radiation.2,3 Cellular 
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senescence, defined as a biological state in 
which cells have lost the ability to divide, 
but remain metabolically active4,5 is like-
wise a frequent response to chemotherapy 
or radiation.5

Conceptually, autophagy and senes-
cence share a number of common charac-
teristics that suggest that these processes 
could serve similar ends in the cell. 
Autophagy and senescence both repre-
sent responses to stress that have either 
cytoprotective or cytotoxic functions. 
The protective function of autophagy is 
perceived as allowing prolonged survival 
of the cell under conditions of externally 
imposed stress; conversely, there is also 
extensive evidence for autophagy associ-
ated with cell death.6 Although studies 
from Kroemer’s group have presented 
compelling evidence against this latter 
interpretation of autophagic function,7 it 
nevertheless appears logical that excessive 
autophagy, which is essentially a form of 
cellular self-cannibalism, must ultimately 
lead to loss of cell viability. Finally, there 
is evidence, also from Kroemer’s group, 
that autophagy may be necessary for an 
effective immune response in tumor cells 
exposed to chemotherapy.8

Senescence may reflect an effort by 
the cell to evade the toxic impact of 
stress, whereby the cell enters a prolonged 
growth arrested state but does not die. 
Although senescence has historically been 
considered to be irreversible, this is not 
strictly the case since, e.g., for replica-
tive senescence, activation of telomerase 
has the capacity to confer proliferative 
immortality. Furthermore, evidence that 
a subpopulation of tumor cells can ulti-
mately recover and proliferate subsequent 
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both autophagy and senescence induced by 
Karposi’s sarcoma-associated herpesvirus 
(KSHV) in primary human foreskin fibro-
blasts, Leidal et al.22 report the opposing 
action of the viral proteins, v-cyclin and 
v-FLIP on collateral regulation of auto-
phagy and senescence. Whereas v-FLIP 
(ortholog of human CFLAR/FLIP) is 
shown to be antagonistic to their induc-
tion, v-cyclin promotes both autophagy 
and senescence, where the triggering of 
autophagy is apparently a consequence of 
negative feedback on MTORC signaling 
through AMPK. However, these studies 
also tend to suggest that autophagy and 
senescence are likely to be dissociable since 
in cells transduced with v-cyclin, knock-
down of either of the autophagy regulator 
proteins, ATG5 or ATG7, produces only a 
modest and essentially transient suppres-
sion of IL6 and IL8, cytokines that are 
associated with the senescence secretory 
phenotype.23

Singh et al.24 have reported collateral 
suppression of both autophagy and senes-
cence in H1299 non-small cell lung can-
cer cells expressing a proteolytic CCNE/
cyclin E fragment (p18-cyclin E), 6 d post-
radiation. This work shows a clear and 
pronounced impact of autophagy inhibi-
tion through genetic silencing of ATG7 
in reducing the senescent population, 
although the actual percentage of the cell 
population that enters the senescent state 
was not evaluated. Silencing of autophagy 
also served to increase the sub G

1
, presum-

ably apoptotic, cell population (shown at 
day 1 post irradiation), as is frequently 
reported in the literature.11,12 However, 
subversion of the cytoprotective function 
of autophagy through apoptosis compli-
cates an analysis of these findings, as the 
collateral interference with autophagy and 
senescence is likely to simply reflect the 
inability of cells that are dying by apop-
tosis to escape death by entering a state of 
senescence.

Studies by Patschan et al. in endothe-
lial cells exposed to glycated collagen I18 
demonstrate that a blockade to autophagy 
using 3-methyladenine suppresses senes-
cence. However, it is again difficult to 
evaluate whether autophagy is actually a 
precondition for senescence given both 
the relative lack of specificity of 3-meth-
yladenine for autophagy inhibition as 

from Figure 4 which shows a delay from 
day 4 to day 6 in the production of the 
senescence associated cytokines IL-6 and 
IL-8, and Figure S6 where the extent of 
senescence is identical by day 6 in vector 
control and ATG5 silenced cells,20 senes-
cence in the autophagy-compromised 
cells eventually achieves essentially iden-
tical levels as in the autophagy-competent 
cells. Furthermore, senescence could not 
be reversed when autophagy was compro-
mised, again supporting the conclusion 
that even if autophagy accelerates senes-
cence, once initiated, senescence is essen-
tially autophagy independent.

A recent publication from our labora-
tory, where autophagy and senescence 
were induced by either adriamycin or 
camptothecin in MCF-7 breast tumor 
cells and HCT-116 colon carcinoma 
cells,21 confirms the findings of Young et 
al.,20 albeit for chemotherapy. We reported 
that autophagy and senescence appear 
to be regulated by overlapping signaling 
pathways involving the generation of reac-
tive oxygen species, activation of ATM, 
induction of TP53 and CDKN1A/p21 
and dephosphorylation of Rb. As with 
studies of oncogene-induced senescence,20 
when autophagy is suppressed using phar-
macological or genetic approaches, senes-
cence is initially delayed but is restored in 
the autophagy-inhibited cells. Our stud-
ies21 coupled with those of Young et al.20 
suggest that while autophagy clearly can 
accelerate its onset, induction of senes-
cence in response to external or internal 
“stress” such as DNA damage or oncogene 
activation does not obligatorily require 
prior autophagy. The basis for the capac-
ity of autophagy to influence senescence 
in our experimental system is currently 
under investigation but could reflect the 
cell’s efforts to generate energy in antici-
pation of the prolonged arrest associated 
with the senescent state.

While subsequent studies that have 
examined the putative relationship 
between autophagy and senescence 
may appear to support a similar associa-
tion, these responses have generally been 
assessed at only a single time point and 
without addressing whether the senescent 
phenotype is eventually restored in the 
face of autophagy suppression. In a very 
detailed series of studies that evaluated 

to senescence induced by chemotherapy or 
radiation5 is consistent with the premise 
that senescence could be permissive for 
tumor survival in the face of stress, which 
is similar to the fundamental characteriza-
tion of cytoprotective autophagy. In this 
context, we have previously suggested9 
that senescence may also be a central com-
ponent of tumor dormancy. Conversely, 
senescence may represent one pathway 
for elimination of the cell’s reproduc-
tive capacity, abrogating recovery of self-
renewal capacity either directly or via 
activation of an immune response.10

While crosstalk between apoptosis 
and autophagy is well-established,11,12 
the potential relationship(s) between 
autophagy and senescence remain poorly 
defined. A number of papers have pro-
vided indirect or circumstantial evidence 
for the collateral induction of autophagy 
and senescence. An increase of autopha-
gic vacuoles and senescence-associated 
β-galactosidase activity has been observed 
in aging fibroblasts13 while markers of 
autophagy and senescence have been 
collaterally observed in bile duct cells of 
patients with primary biliary cirrhosis as 
well as in biliary epithelial cells isolated 
from mice and treated with either hydro-
gen peroxide or etoposide.14,15 Autophagic 
vesicles are also evident in dying senescent 
keratinocytes16,17 where cell death is pro-
posed to occur through the generation of 
reactive oxygen species; autophagy mark-
ers have been observed in senescent endo-
thelial cells18 as well as in senescent human 
dental pulp cells.19 However, these studies 
do not address whether autophagy and 
senescence are linked or interdependent 
responses.

The first direct studies of the poten-
tial relationship between autophagy and 
senescence are provided in a seminal paper 
by Young et al.20 in fibroblasts. This work 
suggests that oncogene-induced senes-
cence could well be dependent on prior 
induction of autophagy, as pharmacologic 
and genetic approaches that interfered 
with autophagy also suppress senescence. 
However, the actual conclusion derived 
from this work is that autophagy delays 
but does not abrogate the senescence 
response. Specifically, genetic silencing 
of autophagy only attenuates the devel-
opment of senescence and, as is evident 
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while at a higher concentration of the 
extract, senescence is increased from 14% 
to 21% of the cell population. However, 
clearly the bulk of the cell population is 
not undergoing senescence arrest in the 
face of autophagy silencing.

Recent studies by Drullion et al.31 also 
appear to support an inverse relation-
ship between autophagy and senescence 
in K562 leukemia cells that are either 
untreated or exposed to imatinib in that 
silencing of ATG5 markedly increases 
the senescence-arrested cell population. 
However, unexpectedly, silencing of either 
ATG7 or BECN1 does not alter the extent 
of senescence, a finding that is somewhat 
confounding and that raises serious reser-
vations as to the meaning of these data.

Evidence for an inverse relationship is 
further supported by a report from Bitto 
et al.,32 where long-term exposure of fibro-
blasts to IGF1 promotes senescence while 
markers of autophagy such as puncta for-
mation, SQSTM1/p62 degradation and 
protein degradation are suppressed. These 
studies, however, neglect to indicate the 
actual extent of senescence or the time 
frame during which senescence occurs.

Taking all of the available data into 
account, it would be premature to pos-
tulate the existence of an invariant rela-
tionship between autophagy and either 
oncogene-induced or stress-induced senes-
cence. In this context, it is worth noting 
that, other than the reports of autophagy 
markers in aging fibroblasts,13 senescent 
keratinocytes,16,17 endothelial cells18 and 
dental pulp cells,19 to our knowledge no 
studies have been published the directly 
address the potential role of autophagy 
in replicative senescence. The studies by 
Young et al.20 as well as those from our 
own laboratory21 argue for a close link-
age, but without interdependence. The 
studies by Wang et al.29 also are indica-
tive of collateral induction (by v-cyclin) 
or suppression (by v-FLIP) of autophagy 
and senescence but do not directly address 
their putative interdependence; data relat-
ing to cytokine secretion strongly suggests 
that the senescence response can recover 
in the face of autophagy suppression sim-
ilar to our findings21 as well as those by 
Young et al.20 The studies by Singh et al.24 
and Patschan et al.18 are somewhat incon-
clusive as a consequence of the fact that 

as senescence might serve as a “backup” 
response in the event that autophagy 
induction fails to provide effective protec-
tion to the injured cells.

Studies by Kang et al.,28 that were, like 
those of Young et al.20 also performed in 
fibroblasts, present quite convincing evi-
dence that suppression of autophagy is in 
fact permissive for senescence, presum-
ably relating to the increased generation 
of reactive oxygen species by dysfunc-
tional mitochondria when autophagy is 
compromised. A fundamental difference 
between the experimental conditions in 
this work and the studies by Young et al.20 
as well as our own findings21 is that the 
inverse relationship between autophagy 
and senescence is observed in the absence 
of external or internally imposed stress 
and reflects basal autophagy as opposed 
to oncogene or chemotherapy induced 
autophagy and senescence.

Studies by Wang et al.29 in mouse 
embryonic fibroblasts as well as HCT-
116 colon carcinoma cells present rela-
tively convincing data that also appear to 
be in contradiction to the conclusions of 
Young et al. relating to oncogene-induced 
senescence.20 More specifically, TP53BP2 
(tumor protein p53 binding protein, 
2)/ASPP2 is shown to mediate RAS-
induced senescence through suppression 
of autophagy, apparently by blocking for-
mation of a complex between ATG16L1, 
ATG5 and ATG12. These conclusions 
are supported by experimental data dem-
onstrating that RAS-induced senescence 
is suppressed by the expression of ATG5 
and, conversely, facilitated by inducible 
ATG3 deletion.

Another study, by Fujii et al.30 in a 
model of chronic obstructive pulmonary 
disease exposed to cigarette smoke extract, 
also presents evidence in support of the 
premise that autophagy inhibition pro-
motes senescence. However, changes in the 
extent of senescence upon the silencing of 
autophagy related genes, when observed, 
are relatively small. Specifically, silencing 
of SQSTM1/p62 has no effect on senes-
cence whereas silencing of ATG5 only 
increases the senescent population from 
~4 to ~8%. At low concentrations of the 
cigarette smoke extract, silencing of LC3 
does increase the percentage of β-gal posi-
tive (senescent) cells (from 12% to 18%) 

well as the approximately 3-fold increase 
in the extent of apoptosis when the cells 
are cotreated with the glycated collagen 
and 3-methyladenine. Interpretation of 
these findings is further complicated by 
the fact that the autophagy induced by 
glycated collagen is undetectable by 72 h 
posttreatment.

A recent paper by Mosieniak et al.25 
in which MCF-7 and U2OS cells were 
treated with curcumin also suggests that 
autophagy inhibition by knocking down 
of ATG5 delays senescence. In these stud-
ies, the autophagy inhibition is transient 
and therefore recovery of senescence might 
have been expected if the two responses 
were linked; unfortunately, the temporal 
recovery of senescence does not appear to 
have been examined.

Maddodi et al.26 also have pub-
lished work that supports the capacity 
of the BRAF oncogene to promote both 
autophagy and senescence in melanoma 
cells, where autophagy is associated with 
inhibition of MTORC. Interestingly, in 
this study, autophagy appears to mediate 
tumor cell death in culture while overex-
pression of the BRAF oncogene in tumor 
xenografts is associated with suppression 
of tumor growth. However, while it is 
clear that both autophagy and senescence 
are induced by BRAF, again it cannot be 
discerned whether senescence is depen-
dent on prior autophagy or alternatively 
if the two responses occur collaterally but 
independently.

Finally, Capparelli et al.27 report that 
CDK inhibitors induce both senescence 
and upregulation of autophagy-associ-
ated genes such as BECN1, CTSB and 
MAP1LC3/LC3 in hTERT immortalized 
fibroblasts; however, in the absence of any 
direct assessment of autophagy induction, 
it cannot be determined whether the two 
responses are collaterally induced let alone 
functionally connected.

In contrast to these findings suggesting 
at the very least a close linkage between 
autophagy and senescence, a number 
of reports have appeared in the litera-
ture that support an inverse relationship, 
where inhibition of autophagy promotes 
development of the senescent phenotype. 
Intuitively, this type of relationship is 
entirely logical if both autophagy and 
senescence act in a cytoprotective manner, 
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