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The Role of Cellular Senescence in the Gastrointestinal Mucosa

Joshua D. Penfield, Marlys Anderson, Lori Lutzke, and Kenneth K. Wang

Division of Gastroenterology and Hepatology, Mayo Clinic, Rochester, MN, USA

Cellular senescence is a biologically irreversible state of 
cell-growth arrest that occurs following either a replicative 
or an oncogenic stimulus. This phenomenon occurs as a 
response to the presence of premalignant cells and appears 
to be an important anticancer mechanism that keeps these 
transformed cells at bay. Many exogenous and endogenous 
triggers for senescence have been recognized to act via ge-
nomic or epigenomic pathways. The most common stimulus 
for senescence is progressive loss of telomeric DNA, which 
results in the loss of chromosomal stability and eventual un-
regulated growth and malignancy. Senescence is activated 
through an interaction between the p16 and p53 tumor-sup-
pressor genes. Senescent cells can be identified in vitro be-
cause they express senescence-associated β-galactosidase, 
a marker of increased lysosomal activity. Cellular senescence 
plays an integral role in the prevention and development of 
both benign and malignant gastrointestinal diseases. The 
senescence cascade and the cell-cycle checkpoints that 
dictate the progression and maintenance of senescence are 
important in all types of gastrointestinal cancers, including 
pancreatic, liver, gastric, colon, and esophageal cancers. 
Understanding the pathogenic mechanisms involved in cel-
lular senescence is important for the development of agents 
targeted toward the treatment of gastrointestinal tumors. (Gut 
Liver 2013;7:270-277)
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INTRODUCTION

Gastrointestinal (GI) malignancies represent one of the most 
common cancer diagnoses worldwide resulting in a significant 
burden to both healthcare costs and patient quality of life.1 
There are an estimated 150,000 new cases of colorectal cancer 
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diagnosed in the United States in 2012 with an estimated 50,000 
deaths, making this type of cancer the second leading cause of 
cancer related deaths in the United States.2 Pancreatic cancer 
portends a grim prognosis with approximately 40,000 deaths 
per year due in part to the late stage of diagnosis. The majority 
of luminal GI cancers follow an adenoma-carcinoma sequence 
with sequential and progressive genomic instability, loss of het-
erozygosity, up-regulation of oncogenes and down-regulation 
of tumor suppressor genes.3 Cellular behavior becomes altered 
with loss of control of cell cycle check points, allowing for 
increased survival, decreased detection by immune-mediated 
cytotoxic cells and the development of a microenvironment that 
promotes growth and metastases.4 However, recent literature 
is emerging that suggests an adapted, endogenous mechanism 
known as cellular senescence that may have a major role in 
altering the neoplastic microenvironment and inhibiting growth 
of preneoplastic and neoplastic cells.5

Cellular senescence refers to a physiologically irreversible 
state of cell growth arrest following a replicative or oncogenic 
stimulus.6 This phenomenon has been found in all organ sys-
tems as a response to the presence of premalignant cells and 
appears to be an important anticancer mechanism that keeps 
these transformed cells at bay. As its name implies, cellular 
senescence is also believed to have a number of biologically 
significant roles and is intimately involved in the process of ag-
ing. Similar, although entirely separate from apoptosis, cellular 
senescence appears to be involved in the response to inflamma-
tion and neoplasia. The recent literature has begun to address 
the importance of this mechanism, however the concept of 
senescence was first recognized almost 50 years ago.7,8 Hayflick7 
discovered that normal human embryonic cells in culture could 
only divide a limited number of times until entering a senescent 
state. He postulated that unlimited cellular division and escape 
from senescent-like changes could only be achieved by somatic 
cells that had undergone neoplastic transformation. However, 
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the inciting events that lead to cellular senescence and the 
mechanism by which these cells prevent progression to malig-
nancy were not fully elucidated until quite recently.

This review summarizes the current experimental and clini-
cal literature as it relates to cellular senescence and its potential 
anticancer role in the GI tract. In addition, emerging therapies 
that could be used to enhance cellular senescence as a putative 
target for GI cancers will also be discussed.

INDUCTION OF CELLULAR SENESCENCE

In order for cells to enter a senescent phenotype, a physi-
ologic trigger or oncologic stress must occur.9 Many exogenous 
and endogenous triggers for malignancy and senescence have 
been recognized and take place via a genomic or epigenomic 
pathway.10 The most widely accepted stimulus for induction of 
senescence is progressive loss of telomeric DNA.11 Telomeres are 
repetitive segments of noncoding guanine rich DNA found at 
the end of chromosomes. These are important as they maintain 
chromosomal stability within cells. Progressive erosion occurs 
after many generations of cell division. Foreshortening of telo-
meres leads to loss of chromosomal stability and eventual un-
regulated growth and malignancy.12 This progressive loss can be 
countered by the addition of telomerase, an enzyme responsible 
for restoring telomeric DNA which occurs in neoplasia, as does 
an alternative lengthening of telomeres that does not involve 
telomerase. However, most cells do not express telomerase and 
the result leads to dysfunctional telomeres and a potent onco-
genic stimuli.13 This trigger leads to a cascade of cellular events 
known as DNA damage response. Other oncogenic stimuli that 
promote senescence include direct DNA damage from exog-
enous injury, such as radiation or carcinogenic molecules.14 This 
leads to intercalation of DNA strands at nontelomeric sites with 
eventual DNA double strand breaks and disrupted chromatin. 

The result is a persistent DNA damage response and preserva-
tion of the senescent phenotype (Fig. 1).

However, structural DNA damage is not always necessary in 
inducing a DNA damage response and senescence. Relaxation of 
chromatin strands by histone deacetylase leads to up-regulation 
of tumor suppressor genes and proteins that permit the activa-
tion of cellular senescence.15 Loss of specific tumor suppressor 
genes can also result in activation of this pathway.16 Thus, one 
can envision that prolonged exogenous cellular stress, for ex-
ample in the form of persistent esophageal acid exposure in the 
case of Barrett’s esophagus or chronic inflammation in ulcer-
ative colitis, would lead to an ongoing DNA damage response 
and eventual malignancy. The proteins that regulate and dictate 
when and which cells become senescent or neoplastic have not 
been fully elucidated. The bigger question is which factors and 
cell cycle markers predict the development of cancer including 
esophageal adenocarcinoma or colorectal carcinoma. As cellular 
senescence represents an endogenous antitumor pathway, one 
would expect a vigorous senescence response in those patients 
who are less at risk of developing GI malignancies. In other 
words, one would hypothesize that the degree of cellular senes-
cence is inversely proportional to the risk of GI malignancy.

MEASURING CELLULAR SENESCENCE

In order to quantify cellular senescence within tissues, it is 
first important to distinguish the properties of a senescent cell 
from that of a nonsenescent cell. Senescent cells have several 
different characteristic functional and morphologic phenotypes. 

1. Senescence-associated β-galactosidase

Following an oncogenic stimulus, a senescent cell stops di-
viding although remains metabolically active. This growth arrest 
is irreversible and occurs via an interplay between p16 and p53 

Fig. 1. The cascade of molecular 
events that comprise cellular senes-
cence. Double-strand DNA breaks 
from oncogenic exogenous stimuli 
activating the p16INK4a and p53 
tumor suppressor pathways and, 
resulting in irreversible growth ar-
rest and the secretion of growth 
factors, cytokines, and proteases. 
This response leads to suppression of 
malignant tumorigenesis and tissue 
repair.
Rb-P, phosphorylated retinoblas-
toma protein; IL, interleukin; NF-
κB, nuclear factor kappa B; EBPβ, 
enhancer binding protein beta.
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tumor suppressor genes (Fig. 1). There are no physiologic stimuli 
that can reverse this process once it is activated. Cells in vitro 
that are induced to senesce increase in size by 2-fold. Addition-
ally, senescent cells can be identified in vitro as the majority 
express a senescence-associated β-galactosidase (SA β-gal), a 
marker of increased lysosomal activity.17 Commercially avail-
able products are available that allow identification of SA β-gal 
in the cytoplasm of senescent cells, resulting in blue staining 
cells (Fig. 2). Although SA β-gal is the most widely used marker 
of senescence, there is no universal or specific marker for cel-
lular senescence.

2. p16INK4a

Most senescent cells also express the tumor suppressor pro-
tein p16INK4a.18-20 This activates the retinoblastoma (RB) gene 
whose primary function is to repress transcription genes needed 
for re-entry into the S-phase of the cell cycle. This ultimately 
results in the formation of heterochromatin products, known 
as SA heterochromatin foci, which also act by silencing the 
expression of genes needed for cell cycle progression.21 Other 
nuclear foci also form within these cells to perpetuate cellular 
senescence and sustain its metabolic activity and paracrine ef-
fects. The activation of p16INK4a is believed to be a late marker 
of a sustained DNA damage response and its expression is 
found to be increased with age.22

3. γH2Ax

Other markers to detect cellular senescence utilize antibod-
ies against the histone changes that take place following and 
during a DNA damage response. Such markers include γH2Ax 
and lamin B1.23,24 Double-stranded DNA breaks occur as a reac-
tion to cellular damage at the site of histone H2A. DNA double-
strand breaks have severe consequences for cell survival and the 

maintenance of genomic stability.25 Histone H2Ax is a genomic 
care-taker and tumor suppressor. Phosphorylation of H2Ax to 
form γH2Ax in chromatin around DNA breaks is an early event 
in the induction of cellular senescence and serves as a landing 
pad for the accumulation and retention of the central compo-
nents of the signaling cascade in senescence.26 Immunohisto-
chemistry of γH2Ax can be used as a biomarker of DNA damage 
and senescence (Fig. 2).

4. SA secretory phenotype

In addition to the above mentioned morphologic changes, se-
nescent cells also undergo drastic functional changes that alter 
the surrounding microenvironment. The growth arrest of senes-
cent cells in essence allows a structural barrier to prevent migra-
tion and proliferation of neoplastic cells, including those cells at 
risk for neoplastic transformation.27 This mechanism effectively 
walls off and isolates the cancer cells. However, this wall of 
protective cells is by no means inert. Senescent cells secrete 
proteases and cytokines that promote inflammation in the local 
stromal tissue, ultimately leading to the recruitment of lympho-
cytes and macrophages which can lead to the elimination of 
premalignant cells.28 This response is known as the SA secretory 
phenotype and represents a potent anticancer mechanism.29,30 
Prior studies have confirmed a higher signal of senescence 
markers in premalignant conditions, such as colon adenomas, 
compared to adenocarcinomas.31 Other studies involving mouse 
models and prostate cancer found that inactivation of p53 led 
to decreased numbers of senescent cells as well as aggressive 
growth of cancer cells.32 The establishment of p53 activity and 
induction of cellular senescence are important mechanisms in 
regression of tumor bulk following chemotherapy.

Fig. 2. (A) Senescent cells are identified using senescence-associated proteases, which stain cells blue at pH 6.0. Shown here are nondysplastic 
hTERT-immortalized Barrette cells using senescence with cisplatin. (B) Immunoreactivity of hTERT-immortalized cells induced to senescence. The 
cells were treated with propidium iodide, which fluoresces red when bound to nucleic acids. Double-stranded DNA breaks are identified by green 
foci.
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CELLULAR SENESCENCE AND THE GI TRACT

Cellular senescence plays an integral role in the prevention 
and development of GI cancers.33-37 The cascade of events that 
make up senescence and the cell cycle check points that dictate 
the progression and maintenance of senescence are important 
in all types of GI cancers including pancreatic, liver, gastric, 
colon, and esophageal cancer (Table 1). The aggressive nature 
of GI cancers is determined by the balance between incendiary 
oncogenes and tumor suppressor genes.38

1. Chronic pancreatitis & pancreatic adenocarcinoma

Up-regulation of the oncogene KRAS occurs with the de-
velopment of pancreatic cancer.21 Pancreatic adenocarcinomas 
arise from premalignant pancreatic intraepithelial neoplasia.39 
Progression from pancreatic intraepithelial neoplasia to adeno-
carcinoma results in loss of p16INK4a and thus impaired ability 
to form senescent cells.40 Carrière et al.21 assessed the degree of 
senescence in pancreatic intraepithelial neoplasia and adenocar-
cinoma in an activated oncogenic +Kras/-RB mouse model. RB 
is an important tumor suppressor gene that is intimately related 
with the cascade of events that make up the senescent pathway 
and its loss permits uncontrolled mitosis. The authors found that 
p16INK4a staining, and to a lesser extent SA β-gal staining, 
were both increased in all grades of pancreatic intraepithelial 
neoplasia as compared to pancreatic adenocarcinoma cells in 
which p16INK4a expression and SA β-gal staining were mark-
edly decreased. It was found that pancreatic intraepithelial 
neoplastic cells may not demonstrate SA β-gal staining, which 
highlights the issues of specificity with this particular biomarker. 
The authors also found that pancreatic intraepithelial neoplastic 
cells had a high proliferative index, as determined by Ki67 im-
munoreactivity. This suggests that in these genetically modified 
mice with up-regulated KRAS and absent RB, the senescent 
cascade may have been initiated although did not appear to 
lead to growth arrest. In essence, the loss of RB and subsequent 

p16INK4a and p53 pathways resulted in escape from cellular 
senescence.

Cellular senescence also has a role beyond its anticancer 
properties in the GI epithelium. The SA secretory phenotype 
results in a robust inflammatory cascade that leads to marked 
recruitment of immune cells.28 Fitzner et al.41 hypothesized that 
senescence plays an integral role in the severity of inflammation 
and fibrosis seen in chronic pancreatitis. Using a model of di-
butyltin dichloride-induced chronic pancreatitis in rats, cellular 
senescence was closely correlated with activation of pancreatic 
stellate cells as well as the severity of inflammation and extent 
of fibrosis. Senescence increased the susceptibility of pancreatic 
stellate cells to immune-mediated cell destruction.

2. Cirrhosis & hepatocellular carcinoma

Activation of cellular senescence leads to regression of cancer, 
including hepatocellular carcinomas.42 This primarily occurs via 
induction of p53 in murine liver carcinomas.43 Xue et al.43 used 
a mouse model of liver carcinomas to show that activation of 
p53 in p53-deficient liver tumors led to complete tumor regres-
sion by induction of a senescent pathway as measured by SA 
β-gal and immunoblotting of senescence markers. A p53 acti-
vation was also associated with up-regulation of cytokines. The 
subsequent inflammatory cascade led to activation of an innate 
immune response with cytotoxic killing and tumor clearance of 
liver carcinomas. Similar data from human thyroid anaplastic 
carcinoma cells also supports the inhibition of proliferation and 
cell growth following p53 re-expression.44 Human studies with 
hepatocellular carcinoma have found that p53 mutations are 
commonly associated with poorly differentiated tumors and 
appear to be an early molecular event.45,46 Similar to fibrosis in 
chronic pancreatitis, stellate cells and cellular senescence both 
have an intimate role in the development of liver fibrosis and 
cirrhosis. SA β-gal positive cells have been observed in cirrhotic 
livers in human patients.47 Krizhanovsky et al.42 used murine 
models treated with CCl4 to evaluate the role of cellular senes-

Table 1. Summary of Mechanisms of Cellular Senescence in the Gastrointestinal Tract

Possible mechanism of senescence Reference

Benign

Chronic pancreatitis Senescence leads to recruitment of immune cells and activation of pancreatic stellate cells leading 
to inflammation and fibrosis.

28,41

Cirrhosis Loss of p16, p21, and p53 leads to excessive liver fibrosis and stellate cell proliferation. Reduced 
production of ECM by senescent cells.

42,47

Malignant

Pancreatic adenocarcinoma Loss of Rb gene, p16INK4a and p53 leads to escape from senescence and development of cancer. 21,40

Hepatocellular carcinoma Activation of p53 in HCC leads to tumor regression by induction of senescence and up-regulation 
of cytotoxic killing.

43,45,46

Esophageal squamous cell 
  carcinoma

DEC1, a transcription factor that sustains senescence, is increased in precursor lesion intraepithe-
lial neoplasia and decreased in carcinoma.

49

ECM, extracellular matrix; Rb, retinoblastoma; HCC, hepatocellular carcinoma; DEC1, differentiated embryo chondrocyte expressed gene 1.



274  Gut and Liver, Vol. 7, No. 3, May 2013

cence in the development of liver fibrosis and cirrhosis. They 
found that mice lacking key senescence regulators, as measured 
by SA β-gal, p16 immunohistochemistry and p21 and p53 im-
munofluorescence, were more likely to have excessive liver 
fibrosis and stellate cell proliferation compared to mice with an 
intact and robust senescence response. Senescent stellate cells 
had reduced production of extracellular matrix components, in-
creased secretion of extracellular matrix degrading enzymes and 
enhanced local innate immune response within the microenvi-
ronment. Cellular senescence facilitated the reversion of fibrosis 
by cytotoxic means; natural killer cells preferentially killed se-
nescent activated stellate cells leading to resolution of fibrosis.

3. Esophageal and gastric adenocarcinoma

There are few studies that examine the role of cellular se-
nescence in esophageal cancers, including esophageal adeno-
carcinoma, Barrett’s esophagus, and esophageal squamous 
cell carcinoma. As escape from cellular senescence confers a 
proliferative advantage, one might expect that the density of se-
nescent cells in Barrett’s esophagus decreases as such cells prog-
ress from no dysplasia through to high-grade dysplasia. Going 
et al.48 assessed the presence of cellular senescence in normal 
and dysplastic epithelium from the upper GI tract by using 
an intensity-weighted scoring system for SA β-gal. Histologic 
specimens from 28 patients with Barrett’s esophagus and 15 
patients with gastric adenocarcinoma were evaluated. Barrett’s 
esophagus with low-grade and high-grade dysplasia did not 
show a decrease in SA β-gal staining, however reduced activity 
was seen in gastric and esophageal adenocarcinoma. Our expe-
rience confirms the existence of cellular senescence in Barrett’s 
esophagus. We evaluated the presence of senescence in a series 
of 11 patients who had undergone endoscopic mucosal resec-
tion for Barrett’s esophagus. Cellular senescence was identified 
using two methods: SA β-gal staining on Barrett’s epithelium 
and reduced expression of multiple DNA cell cycle associated 
genes from disrupted Barrett’s tissue. Nine out of eleven mu-
cosal resection specimens stained positive for senescence. The 
intensity-weighted value did not correlate with grade of dyspla-
sia, although the two patients who did not have any senescence 
detected had nondysplastic Barrett’s mucosa while the other 
mucosal resection specimens had dysplasia. Decreased expres-

sion of cell regulatory genes including RB and p16INK4A was 
also found. Identifying senescent cells, DNA damage response 
and loss of p16 in both the Barrett’s epithelium and underly-
ing esophageal stroma may have a role in predicting whether 
patients with high-grade dysplasia will respond to endoscopic 
therapy and radiofrequency ablation.

Recent literature suggests that cellular senescence plays a 
protective role in esophageal squamous cell carcinoma.49 Xu et 
al.49 correlated SA β-gal with the transcription factor human 
differentiated embryo chondrocyte expressed gene 1 (DEC1) in 
both esophageal squamous cell carcinoma cell lines and in vivo 
tissue from 241 patients. DEC1 is an important protein tran-
scription factor that induces and sustains cellular senescence. 
Overexpression in vitro induced senescence and inhibited cell 
growth in cell lines. Compared to normal tissue, DEC1 expres-
sion was found to be significantly increased in the precursor 
lesion intraepithelial neoplasia and significantly decreased in 
carcinoma tissue. Kaplan-Meier analysis of all 241 patients re-
vealed that DEC1 expression levels were significantly correlated 
with depth of invasion, lymph node metastasis and survival 
after surgery. The authors concluded that DEC1 overexpression 
in precursor lesions acts as a protective mechanism by inducing 
cellular senescence.49

CELLULAR SENESCENCE: A TARGET FOR CHEMOTHER-
APY

The relevance and up-regulation of cellular senescence in 
vivo has not been fully elucidated although recent and exciting 
data suggests that the senescent pathway may be a potential 
target for the treatment of cancers (Table 2). Oncogenes are 
the targets for anticancer drugs which inhibit their function as 
well as that of their transcribed proteins. Specific inhibitors of 
BCR-ABL tyrosine kinase, epidermal growth factor receptor, 
and c-KIT have been used with success against cancers includ-
ing chronic myeloid leukemia, nonsmall cell lung cancer, and 
GI stromal tumors, respectively.50-52 Ventura et al.53 found that 
tumor suppressor genes and their products, specifically those 
involved with cellular senescence, may provide an additional 
pharmacologic target for the regression of cancers. They pos-
tulated that sustained inactivation of p53, a master cell cycle 

Table 2. Potential Therapeutic Approaches to Enhance Cellular Senescence

Therapeutic approach Comment Reference

Restoration of p53 p53 restoration has led to senescence induced tumor regression in mice models of sarcoma. 53,54

IGFBP7 Decreases metastatic disease in melanoma xenografts in mice by reactivation p53 and inducing senescence. 55-57

Bevacizumab Attenuates VEGF and up-regulates senescence. 35

Ki8751 VEGFR2 kinase inhibitor. 35

IGFBP7, insulin-like growth factor binding-protein 7; VEGF, vascular endothelial growth factor; VEGFR2, vascular endothelial growth factor re-
ceptor 2. 
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protein that is needed to trigger the senescence pathway, may 
be required for continued tumor maintenance and survival. A 
p53 promotes senescence by activating genes that inhibit pro-
liferation, including p21/Cip1/Waf1 cyclin-dependent kinase 
inhibitor and miR-34 class of microRNAs.54 The p53 mutations 
increase cell proliferation, promote genomic instability, and 
eventually lead to resistance to chemotherapeutic drugs. Using 
a novel strategy, the group was able to restore p53 expression 
in mice models. This led to increased apoptosis among mice 
with lymphoma as demonstrated by increased TUNEL staining. 
Interestingly, restoration of p53 expression in mice with sarco-
mas led to cell growth suppression with features of cellular se-
nescence and tumor regression. The authors concluded that the 
mechanism of tumor regression after p53 restoration is tumor 
type specific. They concluded that the regression of sarcomas 
was secondary to either rapid clearance of senescent cells or 
changes to the stromal microenvironment, leading to decreased 
angiogenesis. The effect was only confined to the tumor itself 
and normal appearing cells did not appear to respond to p53 
reactivation.

Pharmacologic reactivation of p53 may then be a promis-
ing target for the treatment of human cancers.32,55,56 This could 
be accomplished by immunomodulating drugs and biological 
therapies that interact with cell surface receptors to activate 
senescence. Recent exciting data suggests this goal may not be 
that far-fetched. Systemic delivery of the senescence inducer 
IGFBP7 can modulate the progression of melanoma xenografts 
in mice, decreasing the likelihood of metastatic disease.57 Recent 
data indicate that vascular endothelial growth factor (VEGF) 
can decrease cellular senescence in human endothelial cells.35 
Elucidating the intricate pathway of cellular senescence and de-
termining the exact role and fate of these cells in vitro will un-
doubtedly lead to the development of molecular targets aimed 
at the treatment of GI tumors.

Cellular senescence has been increasingly recognized as an 
antitumor mechanism in other GI cancers. As mentioned above, 
VEGF attenuates cellular senescence in colorectal cancer.35 
VEGF receptors are known to be up-regulated in colorectal can-
cer. An inhibitor of this receptor, bevacizumab, has improved 
outcomes in metastatic colorectal cancer, presumably by modu-
lating and enhancing the senescent pathway. Hasan et al.35 
evaluated the effect of bevacizumab on cellular senescence in 
colorectal cancer cell lines. They found that bevacizumab led to 
a significant increase in cellular senescence in colorectal cancer 
cells compared to immunoglobulin G-treated controls. Similar 
results were also obtained from cells treated with a VEGF recep-
tor-2 kinase inhibitor Ki8751. The authors found similar results 
with in vivo studies. Using murine tumor xenografts, 75% of 
mice treated with bevacizumab were found to have cellular se-
nescence compared to zero xenografts treated with saline. The 
proportion of senescent cells in colon cancer tissue obtained 
from patients treated with bevacizumab was 4-fold higher 

compared to untreated patients.35 Up-regulation of senescence 
by VEGF inhibitors represents a novel antitumor activity in 
colorectal cancer.

CONCLUSIONS

Cellular senescence is emerging as a widespread cellular end 
point in GI oncology and its importance is becoming increas-
ingly recognized as an essential pathway in the pathogenesis of 
cancer. The exact mechanism of senescence and it’s interaction 
with the surrounding microenvironment as it relates to prema-
lignancy, dysplasia and cancer needs further study, both from 
a basic science and clinical standpoint. This process poses new 
possibilities for chemotherapeutic regimens that may allow up-
regulation of cell cycle check points with decreased proliferation 
and activation of the innate immune system. However, we must 
take caution in interpreting this endogenous defense mecha-
nism as recent evidence suggests that the cascade of events that 
constitutes cellular senescence may be a double-edged sword; 
the chronic inflammation that develops over time may potenti-
ate a more favorable microenvironment for the growth and 
spread of GI cancer.6 In particular, the senescence associated 
secretory phenotype that includes proteases and collagenases 
may promote cellular invasion. In addition, it has been found 
that in the process of epithelial mesenchymal transition (EMT), 
translational factors such as twist not only facilitate EMT but 
can bypass oncogene stimulated senescence. As the relevance 
of escape from cellular senescence becomes increasingly clear, 
so too will the need for more appropriate, effective and reliable 
means in which to identify this process. Further studies are also 
needed to help delineate whether senescence can predict clinical 
outcomes such as those associated with endoscopic therapy for 
premalignant lesions.
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