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Aging is considered a systemic, chronic and low-grade inflammatory state, called ‘‘inflammaging”, which
has been contemplated as a risk factor for cancer development and progression in the elderly population.
Cellular senescence is a multifactorial phenomenon of growth arrest and distorted function, which has
been recognized as a contributor to aging. Senescent cells have an altered secretion pattern called
Senescent Associated Secretory Phenotype (SASP), that comprise a complex mix of factors including
cytokines, growth factors, chemokines and matrix metalloproteinases among others. The SASP secreted
by accumulated senescent cells during old age has been related to local inflammation that leads to cel-
lular transformation and therefore may be supporting the inflammaging process.
Here, we evaluated if the pro-inflammatory profile within the serum obtained from elderly patients

(EPS) was able to induce cellular proliferation in the breast cancer transformed cell line (MCF-7), in a sim-
ilar way to the proliferation stimulated by the SASP obtained from WI-38 primary cells prematurely
induced to senescence by oxidative stress (SIPS). At the same time, the participation of IL-6/IL-8 ratio
was determined.
Our results showed that not all the EPS increased MCF-7 proliferation. However, there was an interest-

ing relationship between IL-6 and IL-8 concentrations, when the IL-6 was higher than IL-8. Similar results
were found with SASP from SIPS-WI-38 on the MCF-7 proliferation. Although it is known that those
cytokines are fundamental factors to induce proliferation; the occurrence of other components in the cel-
lular microenvironment is necessary to carry out this effect.

� 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Aging is a natural, universal and irreversible process that is
characterized by the decrease of biochemical, structural and phys-
iological functions in the organisms, that all together, make them
hamper their competence to adapt to environmental changes and
lose their resilience. Among the most interesting processes that
deregulate during aging are DNA repair ability, apoptosis regula-
tion, immune response, oxidative homeostasis and inflammation
modulation [1].

This deregulation leads to a progressive deterioration, which
has been related to countless diseases [2]. It is known that cancer
prevalence exponentially increases with age [3,4].

The inflammation is a physiological response that protects the
tissues against noxious stimulus such as pathogens, damaged cells
or xenobiotics. This reaction involves immune cells, blood vessels
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and molecular signaling mechanisms [5,6]. Inflammation primary
purpose is to eliminate the initial cellular lesion, remove damaged
cells and tissues, and create a suitable microenvironment to start
the wound healing process. Despite the fact that inflammation is
a highly regulated process, chronic inflammation may promote
some illnesses such as cardiovascular diseases and cancer [5].
Chronic inflammation has also been recognized as the previous
step to the beginning and progression of different cancer types
[7]. Inflammation is characterized by the increment of cytokines,
such as TNF-a that can stimulate reactive oxygen species (ROS)
production [8,9], increasing the probability of tumorigenic
transformation.

Recently it has been reported that aging is considered a sys-
temic, chronic and low-grade inflammatory state, called ‘‘inflam-
maging”, which has been considered a risk factor for morbidity
and mortality in the elderly population [10–12].

Inflammaging etiology and its precise participation in the pro-
gressive deterioration observed during aging are still unknown.
However, several mechanisms that increase inflammation have
been proposed: i) Damaged cells and molecules accumulation,
due to an increment in their origination and/or elimination; ii)
Noxious products infiltration increase due to oral and gastric
microbiota inefficient regulation; iii) Coagulation processes inten-
sification associated with age; iv) Senescent cells accumulation
[10]. This last feature is interesting because senescent cells
accumulate through age, as a result of a deficient immune system
that can no longer eliminate them.

Cellular senescence is a multifactorial phenomenon of growth
arrest and distorted function, which has been recognized as an
important feature during tumor suppression mechanisms and a
contributor to aging [13,14]. Various pathways for senescence
induction have been proposed; the most studied is replicative
senescence due to telomere attrition called replicative senescence
(RS). Senescence can be prematurely attained when cells are
exposed to diverse stimuli such as oxidative stress and others
(Stress-Induced Premature Senescence, SIPS) [15–17]. Senescent
cells have an altered secretion pattern called Senescent Associated
Secretory Phenotype (SASP) that comprise a complex mix of factors
including cytokines, growth factors, chemokines and matrix metal-
loproteinases among others [18–20]. The SASP has been related to
local inflammation that leads to cellular transformation and other
diseases [21–23], and therefore may be supporting inflammaging.

The SASP composition can be modulated depending on the
stimulus that induced senescence [24–26], and its effect might
be beneficial or deleterious in adjacent cells. Some of them have
been related to increased cell duplication [25,27], mesenchymal–
epithelial transition (MET) [28] among others. The interleukins 6
and 8 (IL-6 and IL-8) are components of SASP that stimulate or
inhibit proliferation depending on the cellular physiological con-
text, by activating WNT signaling [29–31].

IL-6 and IL-8 are components of the inflammatory response
associated with cancer development and progression. There are
reports that IL-6 increases with age and induces gene expression
of proteins related to cell cycle progression, like cyclin D1 [32];
while IL-8 rise during chronic inflammatory processes and stimu-
late proliferation, MET, invasion, and metastasis [33].

The aim of this work was to evaluate if the presence and partic-
ipation of the IL6/IL-8 ratio in the pro-inflammatory profile of the
serum obtained from elderly patients (EPS) and in the SASP
obtained from WI-38 primary cells could be able to induce SIPS
and cellular proliferation in the human breast cancer cell line
MCF-7.

MCF-7 was chosen as a cellular model to evaluate the prolifer-
ation induced by EPS and the SASP from WI38 senescent cells
because it is well known that this cell line has a high proliferative
profile, but a low metastasis response [34], which allowed us to
evaluate this effect directly. MCF-7 cells are also a suitable to study
IL-6 involvement in different biological processes in regards to
oncogenic transformation, invasion, and metastasis, because the
IL-6 basal expression is very low [32,100]. In contrast to other
ER-a negative breast cancer lines, which produce higher concen-
trations of that cytokine [100,101]. Also, MCF-7 cells are known
to increase their proliferation when stimulated with exogenous
IL-6, by a mechanism involving the activation of the IL-6/pSTAT3
(Tyr-705) signaling pathway, which has been highly related to cell
proliferation in ER-a positive breast cancer cells [32,100,102]. Con-
trariwise, ER-a negative breast cancer cell lines do not proliferate
when stimulated with exogenous IL-6 [32,100,103].

Our results showed that not all the EPS increased MCF-7 prolif-
eration, but there was an interesting relationship between IL-6 and
IL-8 concentrations in the EPS and the SASP from SIPS-WI-38. In
both of them, IL-6 was higher than IL-8, in a particular ratio that
induced cellular proliferation. Nevertheless, it is known those
cytokines are fundamental factors to induce proliferation, the
occurrence of other components in the cellular microenvironment
is necessary to carry out this effect.
2. Materials and methods

2.1. Geriatric cohort

Blood samples were obtained from 64 elderly patients at the
Mexican Social Security Institute (IMSS), under informed consent.
The protocol was approved by the Research Ethics Committee of
the National Institute of Geriatrics, with the registration number
SIRES: DI-PI-004/12.
2.1.1. Inclusion criteria
A sub-group of patients of 60 years and more that correspond to

the Study of Aging and dementia in Mexico City were included. The
original study cohort was 3015 participants representative of
patients attended Mexican Institute of Social Security (IMSS) in
Mexico City were included in the study as long as they were not
diagnosed with any contagious disease, dementia or cancer. The
samples were initially classified by age and gender [35]. The age
ranged from 60 to 83 years, mean 72 ± 5.2. Of whom 36 were
men and 28 women.

The blood was obtained from the forearm and was immediately
centrifuged at 1500 rpm for 15 min to get the serum, which was
aliquoted in Eppendorf tubes (1 mL) and stored at �70 �C until
used. This serum will from now on be called EPS: Elderly Patient
Serum.
2.1.2. Exclusion criteria
Serums with cytokines values higher than 1000 pg/ml were

excluded from the study because those values suggest a clinical
state related to sepsis or infection before the sampling.
2.2. Cell culture

MCF-7 cell line (ATCC no. HTB-22) was used in this study. Cells
were cultured in DMEM (GIBCO-BRL, Gaithersburg, MD, USA) with
10% fetal bovine serum (FBS; GIBCO-BRL, Gaithersburg, MD, USA),
L-Glutamine (200 mM), sodium pyruvate (100 mM), 1% non-
essential amino acids, 100 U/ml penicillin and 100 lg/ml strepto-
mycin (GIBCO-BRL, Gaithersburg, MD). The medium was replaced
every three days. Cells were trypsinized upon reaching confluence
and re-plated to continue time in culture. Cells were grown at
37 �C in 60 mm-diameter culture multi-well plates (Corning, Acton
MA, USA) in an atmosphere of 95% air and 5% CO2.
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2.3. Cellular viability

MCF-7 cells were incubated for several days with each one of
the 64 elderly patient’s serums (EPS). To determine any changes
in cellular viability due to the addition of EPS to the culture media
2 � 105 cells were seeded into 24-well plates (Corning, Acton MA,
USA). Cells were treated with only DMEM, only EPS 10%, or DMEM
–SBF 5% plus EPS 10%, for 12, 48, 72 or 96 h, without changing the
media.

To determine cellular viability treated cells were trypsinized,
and a 20 ll aliquot was stained with an equal volume of a 0.4% try-
pan blue physiological solution (trypan blue exclusion). The num-
ber of living cells in 10 ll of this suspension was scored using five
fields of a hemocytometer under a phase-contrast optical micro-
scope as described elsewhere [36].

2.4. Cellular proliferation

MCF-7 cells were seeded at 1 � 104 density into 96-well plates
(Corning, Acton MA, USA) using the standard conditions mentioned
above plus 10% of each one of the EPS and cellular proliferation was
determined at 24, 48, 72 or 96 h using the CCK-8 kit, which mea-
sures at the same time cellular functionality and proliferation
(Dojindo, Japan) [107,108]. 10 lL of CCK-8 solution were added
to each well and were incubated for 1 h at 37 �C, following the
manufacturer instructions. After that time, the absorbance at
450 nm was detected in a DTX 880, Multimode Detector (Beckman
Coulter). Along with the treated cells a proliferation curve was per-
formed using increasing numbers of cells as suggested in the kit (5,
10, 20, 40, 80, 160 � 103 cells) in order to relate the cell number
with the absorbance obtained due to the dehydrogenases activity,
and to determine the cellular proliferation during the experimental
time points.

2.5. IL-6 and IL-8 receptors evaluation by immunofluorescence

MCF-7 untreated cells (5 � 103) were washed with PBS and
fixed with 4% paraformaldehyde for 30 min and incubated in
blocking buffer (2% BSA, 0.2% non-fat milk, 0.4% Triton X100 in
PBS) for 1 h at room temperature. Cells were then washed and
incubated for another h with the primary antibody IL-6-R (sc-
661, Santa Cruz Biotechnology, USA) or IL-8-R (sc-30008, Santa
Cruz Biotechnology, USA), dilution 1:50. Cells were washed three
times with PBS-Tween 1% and incubated for 1 h with the secondary
antibody ALEXA FLUOR 488 anti-rabbit dilution 1:1000 (Invitro-
gen, USA) for IL-6-R or with ALEXA FLUOR 594 anti-rabbit dilution
1:1000 (Invitrogen, USA) for IL-8-R. After three more washes, cells
were incubated with DAPI 10 lM for 5 min to stain DNA and mark
the nucleus. Cells were washed again twice and mounted with flu-
orescent mounting medium (Dako Cytomation, Glostrup Den-
mark). Images were obtained with a confocal microscope (Carl
Zeiss).

2.6. Cytokine concentration in the EPS

Eight cytokines: IL-2, IL-4, IL-6, IL-8, IL-10, GM-CSF, IFN-c, and
TNFawere quantified from 10 lL of each EPS using the commercial
Bio-Plex ProTM Human Cytokine 8-plex Assay (Biorad Hercules CA)
as described by the manufacturer. The quantification in the kit is
based on the quantity of proteins adhered to their specific antibod-
ies as previously reported [110].

2.7. Effect of IL-6 and IL-8 on MCF-7 proliferation

MCF-7 cells were seeded in 96 well plates at a 1 � 104 cellular
density. After 24 h culture medium was changed and DMEM/FBS-
5% plus 10% EPS was added along with IL-6 antibody (sc-7920,
Santa Cruz Biotechnology, USA), IL-8 antibody (sc-7922, Santa Cruz
Biotechnology, USA), IL6R (sc-661 Santa Cruz Biotechnology, USA)
or IL8R (sc-30008 Santa Cruz Biotechnology, USA). Other experi-
ments were performed using the same conditions: DMEM/FBS-5%
plus 10% EPS, but different human recombinant IL-6 or human
recombinant IL-8 concentrations were used (2, 4, 6 or 8 pg/mL)
(RB Systems, USA), the control was DMEM/FBS-5% plus IL-6 or IL-
8 without EPS. Treated cells were incubated at 37 �C, for 24, 48,
72 or 96 h. Cellular proliferation was determined using the CCK-8
kit (Dojindo, Japan) as described above.
2.8. WI-38 cell line stress-induced premature senescence (SIPS)

WI-38 cells were seeded at a cell density of 1 � 10 3 cells per
well on a 6-well multi-chamber (Corning, Acton MA, USA) in
(MEM) (GIBCO-BRL, Gaithersburg, MD) supplemented with FBS-
10% (GIBCO-BRL, Gaithersburg, MD, USA), 100 U/ml penicillin
and 100 lg/ml streptomycin (GIBCO-BRL, Gaithersburg, MD SIPS
was induced as described previously [36,37]. After 24 h, cells were
incubated with 75 lM H2O2, for 2 h at 37 �C and 5% CO2; and after
that, the cells were allowed to recover in fresh culture medium for
48 h before measuring proliferation or SA-b–gal activity.

Cellular proliferation was determined using the CCK-8 kit
(Dojindo, Japan) as described above and senescence was evaluated
using the SA-b–gal activity [38], on days 2, 4, 6, 8 and 10 after SIPS
induction. The conditioned medium (CM) containing the SASP was
recovered at the same days. CM of untreated WI-38 cells was used
as a control for the experiments.
2.9. Effect of SASP from WI-38-SIPS cells on cell proliferation of MCF-7

MCF-7 cells were seeded at a cell density of 1 � 10 3 cells per
well on a 24-well multi-chamber (Corning, Acton MA, USA). After
24 h, the medium was replaced with DMEM-FBS-5% supplemented
with SASP-10% from WI-38-SIPS cells, collected on day 6 after SIPS
induction. Day 6 was chosen because 75% of the cells were positive
to the SA-b–gal assay. CM from non-senescent WI-38 cells was
used as a control.
2.10. Western blot analysis

Treated and untreated MCF-7 cells were trypsinized and resus-
pended in lysis buffer M-PER (Pierce Chemical, Rockford, IL, USA)
supplemented with proteases inhibitor (Complete; Roche Applied
Science, Indianapolis, IN, USA), 1 mM phenyl methyl sulfonyl fluo-
ride (PMSF) and 0.1 mM dithiothreitol (DTT). Cell homogenates
were incubated at 4 �C for 5–10 min and centrifuged at 14,000g,
4 �C for 20 min. Protein concentration was determined in the
supernatants using a commercial Bradford reagent (BioRad, Her-
cules CA, USA) [109]. Cell lysates were separated on 13% sodium
dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to polyvinylidene difluoride membranes (Invitro-
gen), and probed with anti-IL-6Ra (C-20) (sc-661), anti-IL-8RA/B
(H-100) (sc-30008), anti-Cyclin D1(M-20) (sc-718), (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), anti-Phospho-Akt (Ser473)
(9271S) (Cell Signaling Technology, Danvers, MA, USA) or anti-
STAT3 (phosphoY705) (ab76315) (ABCAM, USA). Membranes were
washed 3 times with TBS-Tween and incubated with a horse-
radish peroxidase-conjugated a-mouse IgG secondary antibody
(Pierce, Rockford, IL, USA) for 1 h. After the 3 washes, the blots
were developed using a commercial chemiluminescent reagent
(Supersignal Pierce, Rockford, IL, USA.



Table 1B
Cytokines concentration reported the serum obtained from healthy young and adults.
The table shows the concentration reported in healthy young and adult patient’s
serum. The values reported for each cytokine are the minimum and maximum
reported by different studies performed by other groups, as stated by the references.
The values are clearly different from the concentrations determined in Table 1 for EPS.

Cytokine Concentration in adults and/or young healthy
patients (pg/lL)

References

IL-2 1.12–1.6 [68,69,91,92]
IL-4 4.2–12.61 [68,69,93–95]
IL-6 0.98–1.68 [66,67,93,96,97]
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2.11. Data analysis

Data are reported as the means ± SD for at least three indepen-
dent experiments performed in triplicate. Kruskal–Wallis test fol-
lowed by Dunn’s post hoc test was used to compare the
proliferation results. A 0.05 level of probability was used as a min-
imum criterion of significance.

The ANOVA test followed by the Tukey-Kramer variance analy-
sis was used to compare the SA-b-Gal assay; a 0.05 level of proba-
bility was also used as a minimum criterion of significance.
IL-8 1.48–3.3 [66–69]
IL-10 6.01–21.2 [68,69,94,96,98]
GM-CSF 4.5–10.82 [68,69,99]
IFN-c 2.93–4.79 [68,93,97,98,95]
TNF-a 1.30–3.24 [66,67,93,96]
3. Results

3.1. Inflammatory profile from Elderly patient’s serum (EPS)

This study consisted of the analysis of serum from a cohort of 64
elderly patients, of which 43.75% were women and 56.25% men,
with an age range of 63–83, and an average of 71.46 years
(±SD = 5.2).

To determine the relationship of the chronic inflammatory state
during aging and its effect on MCF-7 cells proliferation, the inflam-
matory condition of our study cohort was evaluated. EPS was clas-
sified according to the donor’s age. Our results showed that there
are not a significant difference among the cytokines evaluated by
groups of age as observed in Table 1A. However, when the cytokine
concentration in the elderly cohort was compared with the
reported in healthy young and adult donors (Table 1B), it was evi-
dent that the pro-inflammatory cytokines like IL-2, IL-6, IL-8 and
GM-CSF increased in the elderly, while the anti-inflammatory
cytokines, IL-4 and IL-10 decreased. Interestingly, other pro-
inflammatory proteins like INF-c and TNF-a that have been related
to an acute inflammatory response were not different among
cohorts. These results indicate that our study cohort displayed a
low intensity and chronic inflammatory state during aging.
3.2. Culture media conditions to evaluate the effects of EPS on MCF-7
proliferation

MCF-7 culture conditions include 10% FBS for optimal growth,
so to evaluate EPS effect in its proliferation, we attempted to min-
imize the FBS concentration used. Hence, MCF-7 cells were grown
with 2.5, 5 or 10% FBS and cell proliferation was evaluated. The
results presented in Fig. 1A show that cells grown with 2.5% FBS
for 96 h did not proliferate, and their number was statistically dif-
ferent from cells grownwith 10% FBS (p 6 0.05 at 24 h and p 6 0.01
from 48 h on). Cells grown with 5% FBS presented an 88% decrease
in proliferation during the first 24 h in comparison to the cells
grown with 10%FBS (p 6 0.05), probably due to an adaptation per-
iod. At 48 h, their proliferation was not different from the cells cul-
tivated with 10% FBS, and although their proliferation at 72 and
Table 1A
Elderly patients serum (EPS) inflammatory profile. The inflammatory condition of a cohort
and methods. EPS were classified according to the donor’s age. The represented value is the
between 71 and 75 years old and 11 patients older than de 76 years. To compare the results
the cytokines evaluated in none of the age groups were observed.

Cytokine (pg/mL) 665 (years) 66–70 (years)

IL-2 2.40 ± 1.09 3.01 ± 1.61
IL-4 1.83 ± 1.01 1.65 ± 0.53
IL-6 4.04 ± 1.97 3.95 ± 1.96
IL-8 4.21 ± 1.91 4.44 ± 2.63
IL-10 2.76 ± 1.88 2.75 ± 1.11
GM-CSF 2.13 ± 1.27 2.42 ± 1.15
IFN-c 2.18 ± 1.46 2.17 ± 1.41
TNF-a 1.95 ± 1.23 1.92 ± 1.11
96 h remained 20–35% lower (p 6 0.05), they still continued to
proliferate. To verify that this decrease in cell number was indeed
a decline in proliferation and was not because cells were dying cel-
lular viability was determined at the different time points. Fig. 1B
shows a 100% viability in cells grown with 5% FBS, and no differ-
ences in viability were observed when 10% EPS was added to the
culture medium. However, MCF-7 cells significantly decreased
their viability and gradually died when the FBS was completely
substituted by 10% EPS. Therefore, 5% FBS + 10% EPS was chosen
as the suitable condition to evaluate the effects of EPS on MCF-7
proliferation.
3.3. Effects of EPS on MCF-7 proliferation

Once the culture conditions were established, EPS effect on
MCF-7 proliferation was evaluated at different incubation time
points (24, 48, 72 and 96 h). Interestingly, when the MCF-7 cells
were grown only with 5% FBS, and was compared the average from
the 64 sera, no significant differences were found (Fig. 1C). Never-
theless, when was analyzed the effect on proliferation of each one
of the 64 EPS on MCF-7 cells, was clear that some EPS increased the
proliferation, compared to the cells grown only with FBS 5%. How-
ever, some EPS did induce low MCF-7 proliferation or any effect
(Fig. 1D).
3.4. Relationship between age and gender of EPS donors with MCF-7
proliferation

To determine a relationship between age of donors, and the pro-
liferation observed with the sera, four age groups were established
as follows: (1) donors younger than 65 years old; (2) donors
between 66 and 70 years old; (3) donors between 71 and 75 years
old; and (4) donors older than 76 years old. Our results showed
that the EPS groups 2 and 3 increased the MCF-7 proliferation
of 64 elderly patients was determined using the BIOPLEX kit as described in materials
average ± SD of 17 patients 65 years old; 23 patients between 66 and 70; 13 patients

, the ANOVA testy was used, and no significant differences (probability column) among

71–75 (years) P76 (years) Probability

3.15 ± 1.52 2.65 ± 1.01 0.508
1.67 ± 0.62 2.35 ± 0.51 0.731
3.90 ± 1.26 4.64 ± 1.98 0.981
4.01 ± 1.98 4.75 ± 1.92 0.909
2.60 ± 1.05 2.66 ± 1.48 0.939
2.35 ± 1.14 2.13 ± 1.28 0.764
2.22 ± 1.87 2.43 ± 1.46 0.996
2.09.55 ± 1.31 2.22 ± 1.24 0.919
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Fig. 1. Cell culture conditions using EPS. (A) MCF-7 cellular proliferation using different FBS concentrations at different time points (24, 48, 72 and 96 h). (B) MCF-7 cellular
viability was determined during the different growing conditions as described in materials and methods. (C) MCF-7 cellular proliferation was determined after 24, 48, 72 and
96 h after EPS 10% exposure as described in Materials and Methods. In B and C, the points represent the mean ± SD of 64 EPS evaluated independently. (D) Graphical
representation of MCF-7 cells proliferation incubated with each EPS individually. Horizontal lines represent the average of the control MCF-7 cells proliferation incubated
only with-5% FBS. Cellular proliferation was determined using the CCK-8 and the viability was determined using the trypan blue exclusion dye as described materials and
methods. The data were compared using the Kruskal-Wallis test followed by Dunn multiple comparisons test. Significant differences were considered as (⁄) p < 0.05; or (⁄⁄)
p < 0.01 compared to the control MCF-7 cells grown only in SFB-5%.
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when were compared to cells grown only with FBS 5% (p < 0.05)
(Fig. 2A). However, no significant difference was observed between
those groups. Moreover, sera from groups 1 and 4 (younger than 65
and older than 76) did not increase cell proliferation. When the
data was analyzed individually, we found that some EPS groups
increased MCF-7 proliferation, and some of them decreased it
(Fig. 2B). These results suggest that the proliferation induction
does not depend on the age of donor EPS.

To determine whether gender was a required condition to
increase MCF-7 proliferation, EPS by gender were analyzed. The
results presented in Fig. 2C show that there are not differences in
the average EPS between from female or male on cellular prolifer-
ation. But once more, when were analyzed individually, various
EPS from both genders were capable of enhancing MCF-7 prolifer-
ation (Fig. 2D).

Since induction of proliferation did not depend on the age or
gender, EPS was classified due to their ability to stimulate prolifer-
ation after 96 h of treatment, and three groups were formed: (1)
EPS that increased proliferation (IP) compared to the control cells
grown only with FBS 5% (EPS-IP), (2) EPS whose effects on prolifer-
ation were similar (SP) to the control cells (EPS-SP), and (3) EPS
that decreased MCF-7 proliferation (DP) when compared to the
controls (EPS-DP).

In brief, we determined that 15 of the 64 samples behaved like
EPS-IP and they increased 110% the MCF-7 proliferation (p < 0.05),
while 36 samples were grouped as EPS-SP because they did not
have any effect on proliferation. Thirteen samples were classified
as EPS-DP and decreased 50% cellular proliferation (p < 0.05)
(Fig. 3). In this paper, we will focus only on the effects of EPS-IP.
However, further studies are required to explore why some EPS
diminish cellular proliferation.

3.5. Clinical status of Elderly patients and its relation with proliferation
capacity of EPS

One important feature to explore was if the induction of prolif-
eration by EPS was associated with the existence of one or more
pathologies. Therefore, a statistical analysis was performed consid-
ering the most common diseases and the comorbidity in the
elderly donors of EPS.

The prevalent pathologies analyzed were hypertension, dia-
betes mellitus, hypercholesterolemia, arthritis, osteoporosis, and
gastritis.

No significant differences were found when comparing each of
the pathologies with each of the EPS according to the classification
defined by its ability to induce proliferation. As shown in Table 2,
the comorbidity was analyzed using Charlson index adapted to
Mexican population [39]. The three EPS groups classified due to
their ability to stimulate proliferation after 96 h of treatment,
obtained a value less than 1, indicating that the individuals in
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Fig. 2. Relationship between age and gender of EPS donors with MCF-7 proliferation. (A) MCF-7 cells proliferation after incubation with EPS classified according to EPS donor
age determined at different time-points as described in Materials and Methods. Each point represents the mean ± SD of 8 individual determinations for EPS obtained from
donors under 65; 18 EPS obtained from donors in the range from 66 to 70 years old; 23 EPS obtained from donors in the range from 71 to 75, and 15 EPS obtained from donors
over 76. (B) Graphical representation MCF-7 cells proliferation incubated with each EPS individually separated by age range. Horizontal lines represent the average of the
control MCF-7 cells proliferation incubated only with-5% FBS. (C) MCF-7 cells proliferation after incubation with EPS classified according to EPS donor gender determined at
different time points as described in Materials and Methods. Each point represents the mean ± SD of individual determinations performed for each of the 28 EPS obtained
from women donors and 36 EPS from men donors. (D) Graphical representation of MCF-7 cells proliferation incubated with each EPS individually separated by gender.
Horizontal lines represent the average of the control MCF-7 cells proliferation incubated only with-5% FBS. Significant differences were considered as *p < 0.05 compared to
the control MCF-7 cells grown only in SFB-5%.
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our cohort presented a state of mild comorbidity, thus discarding
that the effect on proliferation was due to a particular disease or
to a set of them.

3.6. Cytokine concentration in the EPS

To understand the increment of the proliferation of MCF-7 by
some EPS, we determined the concentration of eight of the most
representative cytokines reported in SASP. The results presented
in Fig. 4 demonstrate that IL-2, IL-4, and TNF-a did not show any
significant differences among the three EPS groups. Moreover, IL-
6 concentration in EPS-IP was found to be 29 and 21% higher than
EPS-SP and EPS-DP respectively (p < 0.05), while no differences
were found between EPS-DP and EPS-SP. IL-10 concentration dis-
played a similar behavior than IL-6, where IL-10 was 45 and 57%
higher in EPS-IP than in EPS-DP and EPS-SP respectively
(p < 0.05), and no differences were found between them.
Interferon-gamma (IFN-c) and granulocyte and macrophage
colony-stimulating factor (GM-CSF) concentrations in EPS-IP were
equal to EPS-SP, and both of them were higher than EPS-DP
(p < 0.05). Interestingly, IL-8 showed an opposite behavior than
IL-6, since IL-8 concentration was higher in EPS-SP and EPS-DP
than in EPS-IP (68 and 43% respectively; p < 0.01), whereas EPS-
SP had an additional 25% higher concentration than EPS-DP
(p < 0.05).

3.7. Participation of IL-6 in MCF-7 proliferation induced by EPS-IP

Before evaluating the participation of IL-6 and IL-8 in the induc-
tion of proliferation of MCF-7, the IL-6 receptor (IL-6R) and IL-8
receptor (IL-8R) in MCF-7 were evaluated in the control cells by
immunofluorescence as demonstrated in Fig. 5.

We evaluate if the single addition of exogenous IL-6 was suffi-
cient to induce proliferation (Fig. 6A). The MCF-7 cells were incu-
bated with IL-6 (6 and 8 pg/mL), and the proliferation was
evaluated at 96 h. Cellular proliferation increased 170 and 150%
with each concentration used (p < 0.05). The addition of 6 pg/mL
of IL-6 to MCF-7 cells treated with EPS-IP showed an additional
60% increment on proliferation and 40% with the 8 pg/mL treat-
ment. Both treatments were significantly different from the control
cells grown only with FBS 5% and from cells grown with FBS 5%
plus EPS-IP 10% (p < 0.05). No differences were observed between
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Fig. 3. EPS according to their ability to induce MCF-7 cells proliferation. EPS were
classified due to their ability to stimulate proliferation after 96 h of treatment, and
three groups were formed: (1) EPS-IP: EPS that increased proliferation compared to
the control cells grown only with FBS 5% (15 samples); (2) EPS-SP: EPS whose
effects on proliferation were similar to the control cells (36 samples); and (3) EPS-
DP: EPS that decreased MCF-7 proliferation when compared to the controls (13
samples). Each point represents the mean ± SD of individual determinations EPS in
each group. Significant differences were considered as *p < 0.05 compared to the
control MCF-7 cells grown only in SFB-5%.

Table 2
EPS donor’s clinical status according to their ability to induce MCF-7 cells proliferation. C
classified by their ability to induce proliferation. The comorbidity state (Charlson Index), g

Variable EPS-IP E

Age mean ± SD 71.4 ± 1.37 7
Sex (Women) n (%) 8 [53] 1
Arterial hypertension n (%) 11 [73] 2
Diabetes mellitus n (%) 4 [27] 1
Osteoarthritis n (%) 2 [13] 2
Gastritis n (%) 2 [13] 5
Osteoporosis n (%) 1 [7] 1
Hypercholesterolemia n (%) 1 [7] 3
Charlson index mean ± SD 0.466 ± 0.216 0
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the two IL-6 treatments, suggesting that the effect of IL-6 probably
has a saturation value between 6 and 8 pg/mL and that IL-6R
expression levels might mediate this response.

To further confirm the involvement of IL-6 present in the EPS-
IP, a specific IL-6 antibody was added to MCF-7 cells before to
EPS-IP treatment to inhibit IL-6 attachment to IL-6R. Our results
showed that when IL-6 was compromised or trapped, EPS-IP-
induced proliferation was abrogated; and proliferation returned
to the basal levels observed in the control group. To assure that
this abrogation was not due to some unspecific antibody effect,
the same experiment was performed using two unspecific
immunoglobulins, one from mouse origin and the other from rab-
bit. No significant differences were found when we compared to
EPS-IP proliferation effect. Finally, to demonstrate that IL-6R
was functional, we added a specific IL-6R antibody to MCF-7 cells
before the EPS-IP treatment to inhibit IL-6 attachment to its
receptor. MCF-7 proliferation significantly decreased, almost to
control levels, thus confirming IL-6R functionality. The results
presented in Fig. 6A corroborate that IL-6 contained in EPS has
an essential role in the induction of MCF-7 proliferation. This is
highly relevant because although the previous experiments
showed that increasing or decreasing IL-6 concentration affects
cellular proliferation, other components contained in the EPS-IP
are participating.
linical analysis of the different pathologies presented by the elderly patients donors
ender and age were also analyzed.

PS-SP EPS-DP Probability

1.7 ± 0.88 71.3 1.47) 0.959
5 [41] 5 [39] 0.690
0 [56] 10 [77] 0.278
7 [47] 6 [46] 0.391
[6] 1 [8] 0.652
[14] 1 [8] 0.846
[3] 1 [8] 0.719
[8] 1 [8] 0.578
.805 ± 0.140 0.846 ± 0.233 0.371

IL-10 GM-CSF IFN-γ TNF-α

*

* 
* 

* 
* 

 

& 

& 

of the 64 EPS samples was quantified as described in materials and methods. EPS
epresented are mean ± SD of 15 EPS-IP samples, 36 EPS-SP samples, and 15 EPS-DP
ile the differences for EPS-SP were labeled as & p < 0.05.
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Fig. 5. IL-6 and IL-8 receptors in MCF-7 cells. IL-6R and IL8R representative image in MCF-7 cells. The receptors were determined by immunohistochemistry using confocal
microscopy. Alexa-Fluor 488 secondary antibody was used to determine IL-6R, Alexa-594 for IL-8 and DAPI was used to stain the nucleus.
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3.8. IL-8 involvement in MCF-7 proliferation induced by EPS-IP

To demonstrate other components in the EPS-IP and particu-
larly the participation of IL-8 the MCF-7 cells were incubated with
EPS-IP supplemented with recombinant IL-8 (6 pg/mL) and cell
proliferation was determined after 96 h. The results showed
(Fig. 6B) that hyperproliferative capability of EPS-IP fell 50%
(p 6 0.05). However, proliferation was 55% higher than cells with
5% FBS, suggesting that elevated IL-8 concentrations might also
induce MCF-7 proliferation.

To understand if IL-8 by itself was able to induce MCF-7 prolif-
eration, cells were incubated with recombinant IL-8 (6 pg/mL) in
the absence of EPS, and the cells did not increase their prolifera-
tion. When IL-8 antibody was added to MCF-7 cells grown with
EPS-IP, cellular proliferation decreased 57%. However, it was still
48% above to the proliferation observed only with FBS-5%
(p 6 0.05). We also explored IL-8 R functionality and participation
in MCF-7 proliferation, by incubating MCF-7 cells with IL-8R speci-
fic antibody before to their incubation with EPS-IP. The results
show a decrease in proliferation at 96 h, similar to that observed
in inhibition with the anti-IL-8 antibody. This demonstrates IL-8R
functionality and participation within MCF-7 cellular proliferation.
These results, along with the results in Fig. 6A, suggests that the
participation of IL-8 is required to induce cell proliferation, but
its effect must be combined with other serum components.
3.9. IL-6/IL-8 ratio

To verify if the relation and their relative proportions between
IL-6 and IL-8 are an important factor to induce MCF-7 proliferation,
cells were incubated with different ratios of recombinant IL-6 and
IL-8, in the absence of EPS-IP. Different proportions of IL-6/IL-8
ratio were used (0, 0.33, 1 and 3), and proliferation was quantified
after 96 h.

The results in Fig. 6C show that when the ratio IL-6/IL-8 was 3
(first bar) the MCF-7 proliferation was induced (27%; p 6 0.05).
This observation confirms that to induce proliferation, IL-6 must
be in a higher proportion compared to IL-8. Moreover, the prolifer-
ation induction (27%) It was not as high as what was observed with
EPS-IP. This difference might be related to the other inflammatory
component participation.
3.10. Effect of the SASP from WI-38-SIPS cells on MCF-7 proliferation

To understand the differences in the inflammatory profile com-
position in the EPS groups, we decided to evaluate and compare
the effects of EPS-IP on MCF-7 proliferation with the SASP from
WI-38 senescent.

WI-38 cells were induced to SIPS when incubated with 75 lM
H2O2 for 2 h. The results show a decrease in proliferation in WI-
38 SIPS cells of 1.77 times at 2 days (p < 0.05); 6.85 times at
4 days (p < 0.05), 19.86 times at 6 days (p < 0.01) and 20 times
less at 8 days (p < 0.01) with respect to control (Fig. 7A), with
an increment of positive cells to SA-b-Gal (p < 0.01). After treat-
ment at day 4, the SIPS cells reached 75% of cell proliferation
(Fig. 7B). Fig. 7C and D are representative images of control WI-
38 cells (7C) and senescent WI-38 (7D) on day 6 after SIPS
induction.

MCF-7 cells were incubated for 96 h with the SASP from WI-38-
SIPS of 6 days, and the proliferation increased significantly
(p < 0.05) compared to the control MCF-7 cells (20% at 48 h, 23%
at 72 h and 34% at 96 h) (Fig. 8). The MCF-7 cells incubated with
the conditioned medium (CM) of WI-38 non-senescent cells did
not exhibit significant differences with control cells.
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Fig. 6. IL-6 and IL-8 involvement in MCF-7 cellular proliferation incubated with EPS-IP. (A) Recombinant IL-6 (6 and 8 pg/mL) was added along with the EPS-IP and
proliferation was determined after 96 h. IL-6 effect was abrogated by adding anti-IL-6 (6 pg/mL) or anti-IL-6R (6 pg/mL). The specificity of that inhibition was evaluated by
adding unspecific IgG (mouse and rabbit). (B) Recombinant IL-8 (6 pg/mL) was added along with the EPS-IP and proliferation was determined after 96 h. IL-8 effect was
abrogated by adding anti-IL-8 (6 pg/mL) or anti-IL-8R (6 pg/mL). The specificity of that inhibition was evaluated by adding unspecific IgG (mouse and rabbit). In A and B each
point represents the mean ± SD of 15 EPS-IP samples. The ANOVA test was used followed by the Tukey-Kramer multiple comparisons test. Significant differences were
considered as *p < 0.05; or **p < 0.01 with respect to cells incubated only with FBS 5% and & p < 0.05 with respect to cells incubated with EPS-IP. (C) MCF-7 cells were
incubated recombinant IL-6 and IL-8 at with different ratios in the absence of EPS-IP, as described in materials and methods. The data shown are the mean ± SD of 4
independent experiments. The ANOVA test was used followed by the Tukey-Kramer multiple comparisons test. Significant differences were considered as *p < 0.05 for cells
incubated only with FBS 5%.
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3.11. Inflammatory profile in SASP from WI-38-SIPS cells and CM from
non-senescent WI-38 cells

To determine the expression of the cytokines contained in the
SASP, eight of them were evaluated in SASP obtained from
WI-38-SIPS cells and in the CM obtained from non-senescent
WI-38 cells. The analysis shown in Fig. 9, revealed that only IL-6
and IL-8 showed significant differences in the SASP obtained from
WI-38-SIPS compared to the CM from non-senescent WI-38 cells.
IL-6 increased 95%, while IL-8 decreased 47% (p < 0.05). The
remaining cytokines did not present significant differences.

3.12. Induction of proliferation by IL-6 and IL-8 from SASP

Since the SASP from WI-38-SIPS increased MCF-7 cell prolifera-
tion (34%) at 96 h, recombinant IL-6 (6 pg/mL) was added to the
SASP of treated cells, and again an additional increase in prolifera-
tion was observed (87% compared to control group; p < 0.01)
(Fig. 10A). When IL-6 antibody was added before to SASP treat-
ment, the increase in proliferation was abrogated. Additionally,
MCF-7 cells were also incubated with CM obtained from WI-38
non-senescent cells and no significant proliferation was observed.
Neither significant change was observed when the MCF-7 cells
were incubated with recombinant IL-6 at different concentrations
(Fig. 10A).

Similar results were obtained when MCF-7 cells were incubated
with the SASP obtained from WI-38-SIPS and the recombinant IL-8
(6 pg/mL). The IL-8 recombinant decreased the cellular prolifera-
tion in a similar way to the control group levels, and the same
was observed when IL-8 antibody was added (Fig. 10B). It is impor-
tant to notice that EPS-IP increased 54% the proliferation of MCF-7
when it was compared with the proliferation induced by the SASP
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Fig. 7. Stress-induced premature senescence (SIPS) inWI-38 cells. (A) WI-38 cellular proliferation after H2O2 treatment to induce SIPS, as described in materials and methods.
(B) SA-b-gal positive WI-38 cells at different days after H2O2 treatment. (C) Representative image of not senescent WI-38 cells. (D) Representative image of senescent WI-38
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Fig. 8. SASP obtained from Stress-Induced Premature Senescence (SIPS) WI-38
cells, and its effects on MCF-7 proliferation. MCF-7 cells proliferation was
determined at 24, 48 72 and 96 h after the incubation with SASP obtained from
SIPS WI-38 cells on day 6 after senescence induction or with conditionate media
obtained from control non-treated Wi-38 cells (CM-No senesc), as described in
materials and methods. Data represent the mean ± SD of three independent
experiments by triplicate. Significant differences were considered as *p < 0.05
compared to control MCF-7 cells incubated only with-5% FBS.
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from WI-38-SIPS. The cytokines concentration was also higher in
EPS-IP than in the SASP. These results suggest that the differences
in cell proliferation might be related to the combination and pro-
portion of EPS-IP components.

3.13. IL-6/IL-8 ratio in EPS, SASP and CM

Finally, to explain a possible relationship between IL-6 and IL-8
during the effect of cellular proliferation induction, the ratio IL-6/
IL-8 was determined and correlated with the proliferative compe-
tency. The cytokines ratio obtained from the SASP of WI-38-SIPS
and the EPS-IP was 3.55 and 2.18 respectively, while the ratio for
the CM of WI-38 cells non-senescent, EPS-SP and EPS-DP was
lower than 1(0.83, 0.55 and 0.78 respectively). This suggests that
to induce MCF-7 proliferation, IL-6 must be in a higher proportion
than IL-8 (Table 3).

3.14. IL-6/IL-6R/Akt (Ser 473)/STAT3/Cyclin D1 pathway

Since IL-6/IL-6R/Akt (Ser 473)/STAT3/Cyclin D1 has been
reported as one of the main signaling pathways related with cellu-
lar proliferation after IL-6 incubation in MCF-7 cells [100,102], its
components were evaluated byWestern blot (Fig. 11A). Our results
showed a significant increase in IL-6R in all the treatments in com-
parison to 5% FBS-only: 50% increase in EPS-IP (p < 0.05), 30% after
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IL-6/IL-8 ratio 0.3 (p < 0.05), 56% in IL6/IL-8 ratio 1.0 (p < 0.05) and
40% in IL6/IL-8 ratio 3.0 (p < 0.05) (Fig. 11B). Those results suggest
a positive feedback mechanism for IL-6 stimulus and confirm IL-6R
functionality. The next component evaluated was pSTAT3
(Tyr-/705) (Fig. 11A and C), its levels also increased in all the treat-
ments in comparison to 5% FBS-only. EPS-IP treatment increased
pSTAT3 (Tyr-/705) in 36.6% (p < 0.05), while the different IL-6/IL-
8 ratios showed 33.9% increase in ratio 0.3 (p < 0.05), 33.8% in ratio
1.0 (p < 0.05) and 28.6% in ratio 3.0 (p < 0.05), suggesting an impor-
tant MCF-7 proliferative response induced by recombinant IL-6.

Interestingly, Cyclin D1 expression only showed significant dif-
ferences against FBS 5% in the cells treated with EPS-IP (48%;
p < 0.05) and when the IL-6/IL-8 ratio 3.0 was used (42%;
p < 0.05) (Fig. 11D). The increment in Cyclin D1 expression corre-
lates with the proliferation increment observed during those treat-
ments (Fig. 6A and B).

In order to confirm the participation of another important pro-
tein during pSTAT3 activation, pAkt was evaluated, because this
protein has been reported to phosphorylate STAT3 [100,102]. Our
data showed a 29% increase in pAkt (Ser 473) expression after
EPS-IP treatment in comparison to 5% FBS-only (p < 0.05). Incre-
ments were also observed after the treatments with the different
IL-6/IL8 ratios, 44.4% in ratio 0.3, 44% in ratio 1.0 and 40% in ratio
3.0, all of them p < 0.05 (Fig. 11E).

Finally, to understand the mechanism that is involved in the
regulation of Cyclin D1 and MCF-7 cells proliferation, we decided
to evaluate IL-8R expression levels in the different treatments.
The results showed an increment in IL-8R expression after the
treatment with IL-6/IL/8 ratio 1.0, 96% (p < 0.05) and an increment
of 145% after the treatment with IL-6/IL-8 ratio 3.0 (p < 0.05). These
results were also different from EPS-IP treatments (Fig. 11F). The
previous results point towards a mechanism that induces IL-8R
expression when IL-8 concentrations are lower than IL-6 concen-
trations, and this mechanism might be activating different cellular
processes. Interestingly, this mechanism is not observed in the
treatment with EPS-IP where the inflammatory microenvironment
could be regulating IL-8R activity.

The above is interesting because most likely Akt (Ser 473)
activation could be related to IL-8 presence and activity to induce
different cellular processes, other than cell proliferation, such as
migration, survival or metastasis.

4. Discussion

Aging has been considered a state of chronic low-grade inflam-
mation, known as ‘‘inflammaging”. The association of this inflam-
matory state with cancer progression has a great interest in
aging studies [11,40,41]. The inflammatory profile observed in
our elderly cohort agrees with the characteristics described for ‘‘in-
flammaging” [42–44], such as a decrease in anti-inflammatory
cytokines (IL-4 and IL-10), an increment in pro-inflammatory
cytokines related with chronic states (IL-6 and IL-8) and mild
increases in pro-inflammatory cytokines associated with acute
states (TNF-a, INF-c, IL-2).

Interestingly our results showed that only 23.4% of EPS was able
to induce the MCF-7 cellular proliferation. Nevertheless, all the EPS
presented a chronic low-grade inflammatory profile. All groups
(EPS-IP, EPS-SP and EPS-DP) contained different cytokines concen-
trations and proportions, and the fact that EPS-IP was the only
group that induced proliferation points toward the importance of
the composition of the inflammatory microenvironment and its
relationship with hyperproliferation and cancer development.
Zeng et al. [45] reported that the inflammatory profile in three dif-
ferent groups of elderly patients: i) healthy, ii) multiple myeloma
(MM) and iii) monoclonal gammopathy of undetermined signifi-
cance (MGUS), showed similar, chronic low-grade inflammatory
profiles. However, only the cytokines composition in MM profile
was able to stimulate cancer development and progression.
Another study, using cytokines secreted by T lymphocytes from
old mice and from young knockout mice for GPAT (a protein that
regulates cellular proliferation and cytokines production), were
able to induce cellular proliferation in PC-3 and LNCaP prostate
cancer cell lines. Interestingly, even though both groups presented
a chronic low-grade inflammatory profile, the cytokine composi-
tion was different [46], suggesting that the inflammatory profile
or inflammaging is not enough to induce proliferation, but it is
important to consider the proportion of the constituent within
the microenvironment.
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Fig. 10. IL-6 and IL-8 involvement in MCF-7 cellular proliferation incubated with
the SASP form SIPS-WI-38 cells. (A) MCF-7 cells were grown with the SASP obtained
from SIPS-WI-38 cells, supplemented with recombinant IL-6 (6 pg/mL), and
proliferation was quantified at 96 h. Additionally, some cells were incubated with
anti-IL-6 to abrogate the effect. (B) MCF-7 cells were grown with the SASP obtained
form SIPS-WI-38 cells, supplemented with recombinant IL-8 (6 pg/mL), and
proliferation was quantified at 96 h. Additionally, some cells were incubated with
anti-IL-8 to abrogate the effect. The data shown are the mean ± SD of 4 independent
experiments. The ANOVA test was used followed by the Tukey-Kramer multiple
comparisons test. Significant differences were considered as *p < 0.05, **p < 0.01
with respect to cells incubated only with FBS 5%, and & p < 0.05 for cells incubated
only with the SASP.

Table 3
IL-6/IL-8 ratio in the different culture conditions. The table show the ratio obtained
for the two cytokines contained in the SASP from WI-38-SIPS, the conditioned
medium from non-senescent WI-38 cells and the different EPS obtained from the 64
elderly patients classified as EPS-IP, EPS-SP, and EPS-DP. The cytokines concentrations
were obtained from the results in Figs. 4 and 9.

IL-6 (pg/mL) IL-8 (pg/mL) Ratio IL-6/IL-8

CM-NO SENESC 2 ± 0.42 2.4 ± 0.69 0.83 ± 0.06
SASP 3.9 ± 0.68 1.1 ± 0.27 3.55 ± 0.58
EPS-IP 6.1 ± 0.37 2.8 ± 0.65 2.18 ± 0.46
EPS-SP 4.7 ± 0.55 8.6 ± 0.43 0.55 ± 0.17
EPS-DP 5.1 ± 0.23 6.5 ± 0.34 0.78 ± 0.11

Statistically significant differences were considered as bold values as p < 0.05 with
respect non-senescent conditioned media (Non-Senescent CM) or EPS-SP and EPS-
DP.
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Here we evaluated two main components IL-6 and IL8 that have
been reported in ‘‘inflammaging” during cancer progression. IL-6 is
a potent pleiotropic inflammatory cytokine, associated with prolif-
eration and anti-apoptotic regulation. IL-6 also participates in
immune response, hematopoiesis, and ontogenesis [47–49].

IL-8 has been related with cancer progression due to angiogenic
promotion, neutrophil recruitment, along with proliferation, sur-
vival, and migration of tumor cells [50,51]. High levels of IL-8 have
been reported in mammary gland, colon, cervical, gastric, lung,
ovarian and others human carcinomas [50].

In our results, IL-6 concentration in EPS-IP was higher than in
EPS-SP and EPS-DP, concurring with some other studies where
IL-6 has been shown to increase with age and organismal
deterioration [12,52–54]. Nevertheless, the analysis of the age
of EPS-IP donors compared with EPS-SP and EPS-DP donors did
not show significant differences. Surprisingly no differences were
either found in EPS groups in relationship with the pathologies
where IL-6 is reported high during aging [55–60], nor in associ-
ation with Charlson comorbidity index, suggesting that the IL-6
concentration contained in the EPS-IP is not related to the donor
functional impairment and neither to age. However, IL-6 concen-
tration might be related to the damage repair mechanisms
present in EPS-IP donors that lead to damage accumulation
within the cells.

High concentrations of IL-6 have also been correlated with
increased cellular proliferation in different types of cancer like
breast cancer [61,62], cervical [63], prostate [64,65], etc.

Our results show that the high concentrations of IL-6 in EPS-IP a
required condition to induce MCF-7 cellular proliferation because
adding IL-6R and IL-6 antibodies blocked IL-6 interaction with its
receptor resulted in a proliferation diminished, while adding
recombinant IL-6 increased the proliferation. However, the incuba-
tion with recombinant IL-6 without EPS-IP was not enough to
induce cellular proliferation, implying that more components are
needed. On the other hand, IL-8 in EPS-IP is lower than EPS-SP
and IPS-DP, but it is present in the same levels as those reported
in healthy young and adults [66–69]. The situation is controversial
because many studies have shown that IL-8 is increased in differ-
ent cancer types [70–72]. Here we found that adding recombinant
IL-8 along with EPS-IP abrogates the MCF-7 proliferation. Similar
results were obtained when the IL-8 antibody was added in excess,
to annul IL-8 participation, proposing that the IL-8 from EPS-IP is
required to induce MCF-7 proliferation. This was corroborated
when MCF-7 cells were incubated with IL-6 and IL-8 recombinant
at different ratios in the absence of EPS-IP. The only effective ratio
of IL-6/IL-8 that induced cellular proliferation was 3:1. A possible
explanation is that the elevated IL-8 concentration reported in dif-
ferent cancer types has been related with processes such as migra-
tion, angiogenesis, and tumor microenvironment [73,74].
However, since our experiments were performed in the MCF-7 cell
line, which is more tumorigenic that metastasic, IL-8 within the
EPS-IP might have been able to induce proliferation in that cell line,
because IL-8 induce Cyclin D1 and B1 levels to activate PI3 K/Akt
and Raf/MEK/ERK signaling pathways, both related to cellular pro-
liferation [75]. Interestingly, when we evaluated the signaling
pathway IL-6R/IL-6/Akt (Ser 473)/pSTAT3 (Tyr 705)/Cyclin D1, we
observed that it activates only after EPS-IP or IL-6/IL-8 ratio 3.0
treatments, which are the treatments that showed the highest pro-
liferation rates. However, other participants in that pathway such
as IL-6R, pSTAT3 (Tyr 705) and Akt (Ser-473), are also active in
the other treatments. This result illustrates the complexity in the
regulation mechanism that controls MCF-7 cellular proliferation
after EPS-IP treatment. One plausible explanation is that tumor
microenvironments, where IL-6 are in higher proportions than IL-
8, might preferably use the proliferation pathway IL-6R/IL-6/Akt
(Ser 473)/pSTAT3 (Tyr 705)/Cyclin D1; this suggestion coincides
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Fig. 11. IL-6/IL-6R/Akt (Ser 473)/STAT3/Cyclin D1 Pathway. Protein levels of several components in the signaling pathway were evaluated in MCF-7 cells subjected to all the
treatments as described in materials and methods. (A) Representative blot for IL-6/IL-6R/Akt (Ser 473)/STAT3/Cyclin D1 after 96 h treatment. (B–F) Densitometric analysis for
each protein. Each analysis was normalized against the actin control. Each point represents the mean ± SD of three determinations performed in independent experiments. (⁄)
Statistical significance for controls was considered. (&) Statistical significance for EPS-IP.
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with the results obtained by other research groups and in which
the participation of IL-6 in the processes of oncogenic transforma-
tion such as MET, migration and metastasis has been confirmed
[32,100,102,104]. Regarding the explanation of Akt and STAT3 acti-
vation when IL-8 concentration is equal or greater than that of IL-6,
it is possible that the cells might be performing other cellular pro-
cesses related to MET, invasion or cellular survival. This idea is sup-
ported by other studies that have reported that those processes
have been related to the activation of signaling pathways where
STAT3 and Akt are involved when the IL-8 is present in elevated
concentrations [105,106]. Still, more experiments are needed to
explain these differences, as well as IL-6 and IL-8 along with IL-2,
4, 10, TNF-a, IFN-c, and GM-SCF participation in oncogenic
transformation.

It is known that after tissue injury, the inflammatory process is
activated in a strictly regulated manner in order to induce wound
healing. Conversely, during chronic inflammation (‘‘inflammag-
ing”) the process has been related to the stimulus persistency or/
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and a failure in molecular mechanisms that regulate the inflamma-
tory process and wound healing events.

The cytokine inflammatory profile contained within the EPS-IP
could be related to a deficiency of the sera donors in repairing tis-
sue damage, and those conditions might also be connected with
other events present in the aging process such as accumulation
of senescent cells [76,77,38].

Recently it has been reported that senescent cells can modify
the tissue microenvironment by secreting of molecules known as
senescent associated secretory phenotype (SASP), which is able
to stimulate cellular proliferation, metastasis, MET and favors can-
cer establishment [78–80]. Interestingly, the proportions of the
concentration of IL-6 and IL-8 from SASP of WI-38-SIPS cells, which
also induced MCF-7 cellular proliferation, was similar to the EPS-IP.
This result concurs with other studies where IL-6 and IL-8 have
been reported as SASP components [30,31] related to cell
proliferation, tumorogenesis and metastasis in vivo and in vitro
[81–83].

Another important contribution of our results is the validation
that an IL6/IL-8 ratio more than 2.0 can induce cellular prolifera-
tion of MCF-7, and that values less than 1.0 do not induce such
effect. Previous reports consistent with our results showed an IL-
6/IL-8 ratio higher that 3.0 observed in patients with prostate can-
cer [84]. The same ratio was reported for the induction of prolifer-
ation of Glioma Stem Cell (GSC) [85]. Recently, a study showed that
incubation of conditioned media from mesenchymal stem cells
(MSC) with an IL-6/IL-8 ratio of 1.8, induced the hyperproliferation
of a cell line of colorectal cancer [86].

Importantly that is not the increment of cytokines which gives
the effect of inducing proliferation, but is rather the ratio of IL-6/IL-
8 as mentioned before. It has been observed in MM patients, that
even though they present higher IL-6 and IL-8 levels in comparison
with healthy patients, the IL-6/IL-8 ratio was lower than 0.5 [45].
All the above suggest that IL-6/IL-8 ratio may vary depending on
the cell type and the origin of conditioned media used to induce
cellular proliferation.

A clear aspect of our results, besides the description of the ratio
of IL-6/IL-8 on the induction of proliferation, is that we found com-
ponents of SASP or inflammaging that can participate in this effect.
Our data showed an increase in other cytokines such as IL-10, IFN-
c, and GM-CSF in EPS-IP. It has been reported that IL-10 is present
in tumor environments and activates the Jak-STAT signaling path-
way, which has been related to proliferation processes [87]. IFN-c
has also been related to hyperproliferation in dermic psoriasis [88]
and in oval cells proliferation during liver regeneration in chronic
and acute models [89]; this is interesting because EPS-IP might
be related with the cellular response to damage. GM-CSF has been
found in benign and malign tumor microenvironments in relation
with proliferation, differentiation, and migration of endothelial
cells, and also has an aberrant expression in solid tumors like
osteosarcomas, gliomas and lung adenocarcinomas [90]. The
involvement of IL-10, IFN-c and GM-CSF on the proliferation of
MCF-7 cells, may be related to the establishment of the microenvi-
ronment necessary so that it can induce proliferation, and probably
its effect could be related to culture cell establishment which is
observed between 24 and 72 h incubation with EPS (Figs. 1C, 2A,
C and 3).

In summary, we can conclude that an important factor during
induction of cell proliferation is the composition of the inflamma-
tory profile in the microenvironment, which along with SASP
secreted by senescent cells have been related to the high cancer
incidence during old age. The development of new therapies
should, therefore, be related to understanding the composition
and relationship of the inflammatory components contained in
the ‘‘inflammaging” and the SASP, to improve treatments that
would have the ability to modulate their inflammatory character.
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