
Abstract. Background/Aim: The role of senescence in
defining tumor aggressiveness at a clinical level remains
obscure. A novel mixed histochemical/immunohistochemical
method (SenTraGor™, STG) detecting lipofuscin
accumulation allows the assessment of senescent cells in
paraffin-embedded tissue material. Materials and Methods:
STG expression was quantified in 98 surgically resected
primary non-small-cell-lung carcinomas (NSCLC). Data
were analyzed in parallel with other immunohistochemical
markers related to hypoxia and autophagy. Results: Strong
STG staining was noted in 36/98 cases (36.7%). High STG
expression was significantly associated with high HIF1α
expression and high expression of glucose (GLUT1) and
monocarboxylate (MCT2) transporters, pointing to a link
between senescence, hypoxia and glycolysis. High STG
expression was also linked with high cytoplasmic
accumulation of MAP1-LC3B, TFEB and LAMP2a,
suggestive of a blockage of autophagy flux in tumors with
intense senescence. Survival analysis showed a direct
association with poor survival, independently of stage.
Conclusion: SenTraGor™ provides a reliable methodology
to detect lipofuscin accumulation in cancer cells in paraffin-
embedded tissues, opening a new field for translational
studies focused on senescence. 

Following exposure of cells to various external damaging
stimuli, cells may enter the status of a permanent cell cycle
arrest. During the life of an organism, tissues are enriched by
senescent cells creating a pro-inflammatory microenvironment
that facilitates the development of degenerative diseases or
tumorigenesis (1). Nevertheless, entrance of damaged cells in
senescence may also have protective effects, as cell cycle arrest
prevents cells with mutations to progress to cancer development
(2). Senescent cells are not inactive cells and, in contrast, they
exert potent bystander effects, also contributing to the
development of the so-called senescence-associated secretory
phenotype (SASP), interfering with tissue repair and remodeling
processes or even modulating local immunity (3-5).

In the absence of reliable and specific methods for the
identification of senescent cells in paraffin-embedded tissue
sections, senescence as a tumor-related phenomenon and its
role in defining local and metastatic aggressiveness at a
clinical level remains unclear. Despite the well-established
effect of radiotherapy and cytotoxic therapy in inducing
senescence (6), the lack of relevant biomarkers that work at
the tissue level has prevented the study of senescence as a
tumor and normal tissue feature that regulates response to
therapy and treatment toxicities (7, 8). 

Many biological processes characterizing senescent cells
have become targets for the development of biomarkers to
quantify senescent cells in tissues. Among them is the
accumulation of organelles (lysosomes, endoplasmic reticulum
and mitochondria), changes in the composition of nuclear and
plasma membrane, chronic DNA damage and secretion of pro-
inflammatory factors and molecules related to tissue remodeling
(9). The activity of the lysosomal senescence-associated beta-
galactosidase (SA-bgal) is widely used to detect senescent cells
in live or frozen cells and tissues (10). Application of such a
method is not feasible in paraffin-embedded tissues. An
alternative histochemical method is the Sudan Black B (SBB),
where the reagent selectively binds to lipofuscins and labels
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accumulating dysfunctional lysosomes (11). Recently, Gorgoulis
et al. developed a sensitive mixed histochemical/
immunohistochemical method (SenTraGor®, STG) that detects
senescent cells. This is based on the synthesis of a hapten-linked
SBB analog (12). This method allows the assessment of
senescence in paraffin-embedded tissue material (13). 

In the current study, we validated the STG method in a
series of non-small-cell-lung carcinomas (NSCLC). We show
that tumors with increased number of cancer cells expressing
lipofuscins, which eventually become senescent cells, are
clinically aggressive and characterized by significant hypoxia
and dysregulated autophagy pathways. 

Materials and Methods

Materials. Tissue material from 98 surgically resected primary
NSCLC were analyzed. These were serial cases according to the day
of surgery. Patients who received radiotherapy or chemotherapy
before or after surgery were excluded from the study. The age of
patients ranged from 32 to 81 (median age: 68). Twelve of the 98
patients were female. Forty-six of the patients had stage I, 22 had
stage II and 30 had stage III disease (Union for International Cancer
Control system). Fifty-eight of cases were squamous-cell
carcinomas, 22 were adenocarcinomas and 18 were undifferentiated
large-cell carcinomas. The median follow-up of patients was 46
months, ranging from 26 months to 112 months.  

Ethics. The Hospital Scientific Committee and the Ethics Research
Committee of the Democritus University of Thrace and University
General Hospital of Alexandroupolis approved the study (approval
number ES11-26-11-18). The study was conducted according to the
criteria set by the declaration of Helsinki. The study is retrospective
on ‘existing holdings’ and informed consent was waved by the
Ethics Committee, as analysis is performed anonymously on
archival material (Human Tissue Authority, E Research, Code of
Practice and standards (14).

Lipofuscin (SenTraGor™) immunostaining. Three μm tissue sections
from formalin-fixed paraffin-embedded (FFPE) material were cut and
mounted on positively charged glass slides. SenTraGor™ (STG) (Cat
no: AR8850040, Arriani pharmaceuticals, Attika, Greece) reagent was
used to stain lipofuscin granules in cancer cells. Details of the mixed
histochemical/immunohistochemical method applied have been
previously reported by our group (13). The percentage of tumor cells
expressing STG in the cytoplasm was assessed in all-optical ×200
fields. The mean score was used to score each case. 

Other immunohistochemical studies. Hypoxia and aerobic/anaerobic
metabolism of cancer cells were assessed using immunohistochemistry
for multiple enzymes/proteins. These data were available from a
previously published study, where details on the antibodies and
methodology are reported (15). Detection of glucose transporter
proteins GLUT1 and GLUT2 was applied to assess glucose
absorption. For the assessment of lactate kinetics we detected the
monocarboxylate transporter MCT1 and MCT2 expression.
Hexokinase II (HXKII), phosphofructokinase 1 (PFK1), and aldolase
were detected to assess pyruvate transformation to glucose. The
anaerobic usage of pyruvate was assessed by examining the expression

of lactate dehydrogenase isoenzyme LDH5 (composed by 4 M
subunits). To assess the aerobic usage of pyruvate we assessed the
expression of pyruvate dehydrogenase (PDH). Its phosphorylated
inactive form (pPDH) and the PDH-kinase PDK1 (that
phosphorylates/inactivates PDH) were also assessed. Enzymes of the
Krebs cycle, like citrate synthase CSynth and isocitrate dehydrogenase
IDH, were also assessed. We also detected the expression of Glucose-
6-phosphate dehydrogenase (G6PD), a key enzyme in the pentose
phosphate pathway. The hypoxia inducible factor HIF1α was detected
using the ESEE122 mouse monoclonal antibody (University of
Oxford, Oxford, UK).

Data from studies on autophagy and lysosome-related markers
were also available and details on antibodies and methodology have
been reported in relevant studies (16, 17). Briefly, The MAP1-LC3A
and LC3B were used as targets to detect autophagosome membrane
proteins. The Beclin-1 autophagy signalling molecule was also
examined. The LAMP2a lysosome membrane protein and
Cathepsin-D, an intra-lysosomal enzyme, were assessed. Moreover,
the transcription factor TFEB regulating lysosomal biogenesis was
also studied.

Ki-67 (Mouse monoclonal antibody, clone MIB-1, ImmunoLogic)
was used to assess the proliferation index. Moreover, we assessed the
expression of two markers involved in senescence, namely p16
(Rabbit clonal antibody, clone R19-D, Biotech) and p21 (Mouse
monoclonal antibody, clone SX118, DAKO). 

Statistical analysis. Statistical analysis was performed using the
GraphPad Prism 7.0 package and the SPSS (v14.0, SPSS Inc.)
program. To compare between categorical variables or grouped
continuous variables, we applied the Fisher’s exact t-test or the
unpaired two-tailed t-test, as appropriate. Linear regression analysis
was applied to assess correlations between continuous variables.
The Kaplan–Meier method was used to assess the impact of the
immunohistochemical variables on the overall survival of patients.
Multivariate analysis was applied by a Cox proportional hazard
model assessing the effect of variables on death events. A p-value
of <0.05 was used for significance.

Results
Expression patterns. Three different patterns of SenTraGor™
(STG) expression were noted (Figure 1): Lack of expression
or sporadic expression in less than 10% of cancer cells
(negative pattern), weak staining in 10-100% of cancer cells
(weak expression pattern) and strong staining in 10-100% of
cancer cells (strong expression pattern). 

Lack of expression was noted in 27/98 cases (27.6%) and
weak expression in 35/98 cases (35.7%). Strong expression
was noted in 36/98 cases (36.7%). Tumors with lack or weak
expression were considered to have ‘low STG expression’,
while tumors with strong expression in 10-100% of cancer
cells were considered to have ‘high STG expression’. 

The distribution of the percentage of cancer cells with
strong expression in our series of tumors is shown in Figure
2a. The percentage of cancer cells with strong STR
expression ranged from 0-90% (median 0, 75th percentile
50%). In tumors with high STR expression, this percentage
ranged from 10-90% (median 50%, 75th percentile 70%).
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Association with histopathological variables. High STG
expression was more frequently recorded in early-stage
tumors (stage I) compared to more advanced stage II/III
cases, but the difference did not reach significance (30/46 vs.
25/52 cases; p=0.18). No association with histology type or
histological differentiation was noted (p>0.67).

Association with hypoxia and metabolism proteins. High STG
expression was significantly associated with high HIF1α
expression (mean±SD: 30±35 vs. 49±33; p=0.01). Among the
rest of metabolism-related proteins examined, high STG
expression was directly linked with high % of MCT2
(mean±SD: 8±18 vs. 19±23; p=0.005) and GLUT1
(mean±SD: 28±29 vs. 40±34; p=0.05) expressing cancer cells
(Figure 2b). This was also confirmed in linear regression
analysis (p=0.006, r=0.26; p=0.02, r=0.30; p=0.05, r=0.18;
for HIF1α, MCT2 and GLUT2, respectively).

Association with autophagy proteins. In linear regression
analysis, high STG expression was significantly associated with
high cytoplasmic expression of the autophagosomal marker
LC3B and with a high cytoplasmic expression of the lysosomal
biogenesis transcription factor TFEB (p=0.005/r=0.28 and
p=0.03/r=0.23, respectively, Figure 2c and d). Nuclear
expression of TFEB did not, however, correlate with STR
expression. Analysis in the group of tumors with high STG
expression showed that STG expression corelated with the
expression of lysosomal marker LAMP2a (p=0.01, r=0.38;
Figure 2e), LC3B (p=0.01, r=0.36) and TFEB (0.04, r=0.31). 

Association with proliferation and other senescence markers.
Tumors with high expression of STG had a significantly

lower proliferation index (mean percentage of cells with
Ki67 nuclear expression was 15±11 vs. 36±29; p=0.002).
STG score was not related to p16 expression. A direct
association of STG score with p21 expression was noted
(mean percentage of cells with p21 cytoplasmic expression
was 14±16 vs. 28±27; p=0.03, in tumors with low and high
STG expression, respectively).

Survival analysis. Kaplan–Meier survival curves showed a
direct association between high STG expression and poor
postoperative prognosis (p=0.0008, hazard ratio HR=2.5).
Stratified analysis in stage I and stage II/III patients showed
again the same statistically significant negative prognostic value
of STG expression (p=0.01/HR=4.9 and p=0.03/HR=2.09,
respectively) (Figure 3). 
In a bivariate model of Cox-regression analysis, including
stage and STG status, both parameters were independently
linked with death events (p=0.0001, HR=1.9 and p=0.003,
HR=2.4, respectively). 

Discussion

Accumulation of senescent cells in tissues is a hallmark of
aging. Senescent cells negatively regulate tissue homeostasis
leading to degenerative diseases and cancer (3). Senescence
is also induced in cancer tissues for various reasons, e.g.
chronic DNA-damage, oxidative stress, mitochondrial
dysfunction, cytotoxic therapy, or oncogene dysregulation. A
major obstacle in studying tumor senescence in translational
studies is the lack of reliable biomarkers. All phenomena
characterizing senescent cells, like DNA strand breaks, cell
cycle arrest related to cyclin-dependent kinase inhibitors
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Figure 1. Immunohistochemical images of typical STG expression patterns: (a) lack of expression, (b) weak expression, (c) strong expression in a
specimen scored as having 30% of STG-positive cancer cells (arrows) and, (d) strong expression in a specimen scored as having 90% of STG-
positive cancer cells.



(like p16 and p21), expression of anti-apoptotic proteins (like
the ones of the bcl-2 family), proteins involved in
endoplasmic reticulum stress, accumulation of lysosomes or
of mitochondria and others, are also features of biological
processes independent of senescence (9). 

The accumulation of lipofuscin or ‘age pigment’, is one
of the strongest hallmarks of aging cells. Lipofuscins are
polymeric plastic-like non-degradable materials, products of
oxidatively modified proteins and lipid degradation residues,
that accumulate into lysosomes (18, 19). Such lysosomes are
not simply inactive, but in contrast, as they constantly
receive new lysosomal enzymes in an attempt to get rid of
this non-degradable material, they become a ‘sink’ depriving
cells of valuable lysosomal enzymes. In this way, the
physiological function of autophagy is impeded, blocking the

cleansing of the cell from waste material. The only way for
cells to reduce the lipofuscin content is through proliferation,
as the initial content is diluted into two cells. Senescent cells,
being unable to proliferate, continuously accumulate
dysfunctional lysosomes containing lipofuscins.  

In hematoxylin-eosin tissue sections, lipofuscin is
detectable by optical microscopy. In 2006, Mahmoodi et al.
published a study on prostate cancer patients, showing that
detection of lipofuscin particles in prostate cancer cells was
linked with low proliferation, low Gleason score and early
clinical stage, suggesting that lipofuscin may be a marker of
indolent disease (20). The recently developed histochemical/
immunohistochemical method SenTraGor™ (11, 12) allows a
far more reliable quantification of lipofuscin accumulation in
paraffin-embedded tumor material, opening the road for
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Figure 2. Statistical analysis figures: (a) Distribution of the percentage of cancer cells expressing strongly STG among 98 cases; (b) Percentage of
cancer cells expressing HIF1α, MCT2 and GLUT1 according to the expression status of STG; (c) Linear regression analysis of the percentage of
cancer cells expressing STG vs. the percentage of cancer cells expressing LC3B; (d) Linear regression analysis of the percentage of cancer cells
expressing STG vs. the percentage of cancer cells expressing TFEB; (e) Linear regression analysis of the percentage of cancer cells expressing
STG vs. the percentage of cancer cells expressing LAMP2a, in cases with high STG expression. 



translational studies focusing on senescence. The current, is
the first-ever translational study examining the prognostic role
of lipofuscin accumulation in human cancer, and more
specifically, in lung cancer. High STG expression in tumors
was directly linked with low proliferation index, compatible
with a high percentage of senescent cells. STG was also
related with another marker of senescent cells, namely p21,
but there was no association with p16 expression. p21 and p16
proteins, although involved in senescence, are also involved
in other biological pathways and are not considered reliable
markers of senescence.

We further assessed the association of STG expression
with hypoxia and metabolism markers. An immature
vascular network or poor angiogenesis characterizing tumors
is a common cause of intratumoral hypoxia leading to
activation of the Hypoxia Inducible Factor HIF pathway
(21). HIF1α has been well recognized as a transcription
factor characterizing senescence (22). During senescence,
HIF1α is upregulated and negatively regulates PGC1
transcription and expression (23). As PGC1 is a key factor
regulating mitochondrial biogenesis (24), cellular energetics
are deteriorated, resulting in the accumulation of ROS and
in increased lipid oxidation, contributing eventually to the
appearance of the senescence-associated secretory phenotype
that interferes with tissue homeostasis and cell signaling
(25). Hypoxia, therefore, eventually via HIF, promotes
senescence and a glycolytic phenotype that explains the
associations found in the current study between STG, HIF1α,
glucose and monocarboxylate transporters.

Lysosomal accumulation is another feature characterizing
senescent cells (26). The association between high STG and
lysosomal membrane markers, like LAMP2a and TFEB, found
in the current study, confirms the accumulation of lysosomes
in STG expressing cancer cells. Lysosomal biogenesis is
transcriptionally regulated by Transcription factor EB (TFEB).
TFEB is expressed on lysosomal membranes and translocates
to the nucleus, where it induces the transcription of target
genes (27). TFEB regulates the expression of multiple genes
encoding lysosomal proteins, including both enzymes and
membrane proteins. The fact that STG expressing cells had
high cytoplasmic TFEB and LAMP2a expression but not
nuclear TFEB, suggests that lysosomes are accumulated in the
context of reduced lysosomal consumption and inactive
lysosomal biogenesis. The increase inLC3B, a membrane
marker of autophagosomes (28), also suggests an
accumulation of LC3B+ autophagosomes and autophagy
suppression in STG highly-expressing cancer cells. This is in
accordance with a study by Tai et al., showing that oxidative
stress-induced senescence is characterized by autophagy
impairment and lysosomal dysfunction (29).

Survival analysis showed that STG expression was
directly linked with poor prognosis, and this finding was
independent of the stage of the disease. Whether this

ominous prognostic relevance of STG expression is related
to a direct paracrine effect of senescent cells with a secretory
phenotype or an indirect correlation of senescence with
tumor aggressiveness related to hypoxia and metabolic
pathways demands further investigation.
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Figure 3. Disease specific Kaplan–Meier overall survival curves: (a)
all cases; (b) stage I disease; (c) stage II and III disease.



It is concluded that SenTraGor™ provides a reliable
methodology to detect lipofuscin accumulation in cancer
cells in paraffin-embedded tissues, opening a new field for
translational studies focusing on senescence. The direct
association of STG expression with hypoxia, glycolysis
markers, lysosomal accumulation and autophagy blockage,
suggests that STG allows the detection of senescent cells.
The abundance of STG/lipofuscin expressing cancer cells
was linked with a poor postoperative prognosis of patients
with non-small cell lung cancer, bringing forward an
eventual role of senescent cells in defining tumor
aggressiveness. STG appears as a reliable novel tool for the
evaluation of senescence and as a prognostic and predictive
tumor feature.
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