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A Possible Role of Stress-Induced Premature Senescence, SIPS, as a Producer
of the Stress-Resistant Microenvironment
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The microenvironment is consisted both of soluble factors involving growth factors and of insoluble factors. Stroma cells contribute to form
the microenvironment through a secretion of these factors. Fibroblast, which is known as stroma cells, also secretes various soluble/ insoluble
factors, but the secretion level is significantly up-regulated when they reach to a finite replicative lifespan. Recent accumulating studies not only
in vitro but also in vivo provide us that secreted proteins from senescent cells promote pro-survival pathway in bystander cells, especially tumor
cells rather than normal cells. Since various stresses including ionizing radiation prematurely induces cellular senescent stage, called Stress-
Induced Premature Senescence (SIPS), there is the possibility that the secretion pathway in cells undergoing SIPS is also activated. Here, we
propose that pro-survival factor is secreted from SIPS cells to provide the stress-resistant microenvironment.
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SIPS-induction by ionizing radiation

SPS is defined as stress-induced premature senescence. T oussai nt
and colleges originaly found that sub-toxic hydrogen peroxi de sress
prematurely introduces senescent phenotype, which is similar to the
phenomenon as replicative senescence, into normal human fibrobl ast.*
And further studies indicated that various cdlular stresses, such as
ionizing radiation, ultraviolet radiation, and chemotherapeutic agents
also caused premature senescence.”® Not only normal human fibroblast
but aso many typesof cell sincludi ng melanocytes, endothelial cells,
and retind pigment epithelid cells undergo SPS by these trest-
ments and sub-toxic doses of these dresses are required to effi-
ciently induce SIPS. Interestingly, SIPS, instead of apoptoss, is the
major response in these types of cellsin vitro, aswell as in vivo.**
Nowadays, "SIPS' becomes the most common name to describe the
induction of senescent phenotype by any kinds of stress, however,
SPS induced by especially ionizing radiation will be described in
this review.

Cells undergoing SIPS share many cell u ar and molecul ar features
with cells undergoing replicative senescence. On the basis of the
telomere hypothesis, replicative senescence is programmed when
dysfunctional telomere is appeared. Following the appearance of
dysfunctional telomeres, the ataxia tel angiectas a mutated (ATM)-

p53 pathway isactivated and greatly contributestoireverdble growth
arrest. Induced p16 | evel s dso contribute to maintain cellsin an ar-
resed state™ Eventually, two different pathways, the ATM-p53-p21
and p16, appear to be regulated by adysfunctiona tel omeric signa
and a non-telomeric signal, respectively that redundantly maintain
irreverg ble growth arrest in senescent cells. Senescent cells show
specifi ¢ featuresto be different from proliferative cells on their mor-
phology and gene expression pattern.”” A typical senescence-specific
morphology is described as ‘flattened and enlarged' shape. Age-
related gene expresson changes have been reported, and some of
these are used as "markers' of senescence. Senescence-associ ated
[>gal actosidase (SA-3-gal) activity is commonly used as a senescent
marker. Since this enzyme works under acidic pH conditionsin a se-
nescence-gpecific manner, senescent cells can be recognized as pos -
tive cell by this assay.”

SIPS is not triggered by dysfunctiona telomeres and just response
to an exposure of ionizing radiation. A common feature isthat DNA -
damage checkpoint machineries have been permanently activated
with same pathway shawn in cell sundergoing replicati ve senescence.
Ireparabl e damages at telomere-nonspecific Stes srveasa signa to
induce and maintain SIPS. Cédlls undergoing SIPS show senescence-
like growth arrest (SLGA), which represents irrevers bl e growth ar-
res with features of senescence-specific cell morphology and gere
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expression.” Through p53 gabilization and transacti vation, as well
as the p16 pathways appear to maintain SLGA. DNA double-strand
breaks (D SBs) created by ionizing radi ation result in an activation of
ATM-p53-p21 pathway, in turn, p21-mediated G, growth arres is
activated. p53 accumulation and phosphorylation a Serl5 occurs
within 2-4 hr after irradiation.” Normally, in cells that recover from
this initia insult p53 responses wane within 6 hr pog-irradi aion.
However in SIPS céls, these responses have been continuously ob-
served at least for 10 days.? p16 shows del ayed expression compared
to the induced p53 pathway. p16 induction is observed 5 days
after treatment.” SA-R-gal gtai ning appearsfrom 3 days after exposure
to 4 Gy of X-rays, and nearly dl the remaining irradiated cells
show SA-R-gal-positive gaining 5 days after treatment.” These re-
goonses are observed in a dose-dependent manner.

These observations highli ght the fact that ionizing radiation-induced
DNA damage persistsin cdls undergoing SIPS. |onizing radiation-
induced foci (IRIF)-formati on peaks within 30 min in irradiated cells,
followed by their decay in two steps: (i) thefirg decay rate of IRIF
di sappearance is rapid and within 4 hr after ionizing radiation expo-
sure most foci disappear; (ii) However, during the second decay rate
amuch slower reduction in the kinetics is apparrent.’® This two-step
decay rate is directly related to the kinetics of DSB repair.” Many
IRIF disappear within 1 day after irradiation, however, a few IRIF are
dill observed in each irradiated cell after high dose ionizing radi ation
exposures, and these foci persigt for at least 5 days podt-treatment.®
p53 immunostaining data show that p53 accumulatesin the nuclei of
cdls with subgantia IRIF. Interestingly, p53 aso aggregates around
the site of IRIF. The phogphorylated form of p53 at Serl5 is, par-
ticularly, detected at IRIF, suggesting that p53 is directly activated
by ionizing radi ati on-induced damage during SIPS-inducti on.*

Senescence associated secretory phenotype

Recent accumul ating data reveled one more feature shown in cells
undergoing replicative senescence, that is senescence associ ated
secretory phenotype (SASP). Badcdly, proliferating fibrobl asts se-
crete many kinds of proteins such as growth factors cytokines,
fibronectin and so on. When fibroblasts undergo replicative senes-
cence, senescent cells show specific morphol ogy and biochemica
marker, and loose the capacity to proliferate, yet these cells remain
metabolicaly dive. Krtdica et. d. suggested the possibility that the
secretion process of growth factor is up-regulated in senescent cells.®
Although co-culture of normal epithelial cels with proliferating
fibroblasts promotes cell growth of epithelial cells compared with
that of epithelia cell aone, further promotion of cell growth in epithe-
lia cells was observed when epithdia cells were co-cultured with
repli cative senescent cells. Furthermore, this promotion on cell growth
was more significant intumor cells rather than normal cells, suggest-
ing the secretion of growth factors up-regulated from replicative se-
nescent cells markedly support tumor growth. Same results were ob-
tained by co-cuture with cels undergoing SIPS. Interestingly, the
downgream effects caused by secreted factors from senescent cells
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depends on the reci pient cell type, and aso secretion pattern depends
on stromal cell types.” In case of SIPS, various senescent cancer
cdls may secreted tumor-growth promoting proteins (i.e., TGFa,
angiogenic factor cyr61, and the anti-gpoptotic factors, Galectin-3
and Prosaposin), as well as tumor-growth suppressing factors (i.e.,
IGFBP-3, 4, and 6 and MIC1).** Depending on the localizati on of
the tumor, accumulation of senescent cells may have profound af-
fects on the surviva responses of cancer cdls.

Possible function of the microenvironment for
radiosensitivity

The microenvironment is consisted of soluble factors such as
growth factors cytokines, and chemokines, and of insolubl e factors
which form extracellular matrix. Stromacells contribute to form the
microenvironment through a secretion of these factors. Fibroblag,
which is known as groma cells, aso secretes various soluble/ insolu-
ble factors, but the secretion leve is significantly up-regulated from
cells undergoing replicative senescence or SIPS. Recent accumulat-
ing studi es not only in vitro but aso in vivo provide us that secreted
proteins promate pro-surviva pathway in bysander cells, especialy
tumor cells rather than normal cells. There are some perspective
mechanisms that the microenvironment formed by cells undergo-
ing SIPS promotes stress-resistancy to bysander cells Oneis that
growth factors activate pro-surviva pathway in bystander cells. It is
reported that various growth factorsincludng IGF-1 and VEGF are
up-regulated and are secreted after exposure to ionizing radiation.””
Yu et. ., reported that IGF-1 receptor which activates |GF-1 recep-
tor-related S gnding pathway by binding of IGF1 ligand, regulates
radi osengitivity.”® Mutational analysis on | GF-1 receptor revealed that
C-termina of this receptor contributed to abrogate radiores stance,
and this effect might be independent of PI3K/ ERK sgnaing. And
other possibility to increase radi osenstivity is that signaing path-
way activated by growth factors promotes the expression of pro-
aurviva pathway. On this point of view, it is sugected that high
expression leve of secretory clusterin (SCLU) dives radiores sancy.
It has been clinically observed that SCLU was overexpressed in tumor
samples derived from brain, lung, breest, and prostate, and tumor
cells overexpressed sCL U showed radioresistancy.” Once sCLU was
knocked down, ionizing radiation i ntroduce cell degath into tumor cells
knocked down sCLU, suggesting sCLU modulates radiosensitivity.
Criswell et. d., reved ed the i nduction mechanism of sSCLU by ioniz-
ing radi ation which is IGF-1/ IGF-1 receptor-related signaling path-
way regulates SCLU induction.” Nat only the induction of sCL U but
as theinternalization of sCLU can contribute to give radioresstancy.
Megadlin receptor (or gp330) is especidly expressed in mammary
gland cells, and sCLU may be endocytotically interndized viathis
receptor and potentially functions as pro-survival factor.

In this review, we focused on a possible function of SIPS to form
gressred gant microenvironment. Accumulating sudies described
candidates for this possibility, but it is not clear how secreted factors
from SIPS contribute to form radioresistant mi croenvironment. We
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proposed that growth factors can activates pro-survival pathway, but
it is a0 known some growth factor-binding proteins secreted from
cells undergoing SIPS. So we should clarify that secretion profile of
those factors and figure out the mechanism to form radi oresistant
microenvironment.
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