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Article 
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Abstract: Blood-derived products (BP) like citrate-platelet-rich plasma (CPRP) or hyperacute serum 

(HAS) are known to contain many growth factors. Combined mitogenic and DNA damaging stimuli 

might lead to increased senescent cell burden and altered senescence-associated secretory 

phenotype (SASP). Therefore, the senescent state was extensively tested by γH2AX staining, p21 Q-

PCR and western blot, growth curves and senescence associated ß-galactosidase staining. Two main 

treatments with BP were performed early (immediately after etoposide) and late (after additional 

11days). Effects of the BP treatment was evaluated by IL-6 and IL-8 measurement as well as collagen 

(COL1) and p21 mRNA expression. Additionally, XTT assays, cell size measurements, viability 

assays, and cell number calculations were performed. HAS treated cells in early treatment had the 

lowest observed IL-6 and IL-8. In contrast, there was a clear inflammatory response for IL-8 on HAS 

and CPRP treated cells in late treatment. For COL1 expression an upregulation in early treatment 

could be shown, meanwhile cells in the late treatment group remained unaffected. In CPRP treated 

cells, the COL1 expression decreased. All in all, BP treatment seems to have slightly positive effects 

regarding skin rejuvenation. 

Keywords: blood derived products; cellular senescence; fibroblast; skin 

 

1. Introduction 

In the last years, cellular senescence has proven to be one major factor contributing to age-

associated degenerative diseases [1,2]. Cellular senescence is a defense mechanism against unlimited 

cellular proliferation discovered by Leonard Hayflick and Paul Moorhead [3]. This phenomenon of 

irreversible growth arrest of human diploid cells after serial passaging in culture was causally linked 

to telomere attrition (replicative senescence). However, cellular senescence is not only induced by 

telomere shortening but also by activated oncogenes or DNA damage (stress-induced premature 

senescence (SIPS [4])) [5]. Cellular senescence is like apoptosis a major process of cell fate. In contrast 

to apoptotic cells, senescent cells stay metabolically active. Therefore, senescent cells accumulate with 

age although they do not divide anymore. Furthermore, senescent cells are involved in fundamental 

physiological processes like wound healing [6].  
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Cellular senescence is a double-bladed mechanism. On one hand, preventing cancer and 

activating the immune system by establishing the senescence-associated secretory phenotype (SASP) 

[7]. By this mechanism, inflammatory factors are secreted in the surrounding tissue. The SASP cancer 

and cellular senescence are strongly interwoven, and you can't look at one without thinking about 

the other two. Factors of the SASP are attracting as example immune cells like M1-type macrophages 

that are able to prevent transformation of epithelial cells in carcinoma [8]. M1-type macrophages are 

characterized by a strong inflammatory phenotype; this subtype plays an important role in 

elimination of cancer cells. Furthermore, inflammation is part of the normal repair response for 

healing, and essential in keeping us safe from bacterial and viral infections and noxious 

environmental agents, but not all inflammation is good. When inflammation becomes prolonged and 

persists, it can become damaging and destructive [9]. Especially by excreting inflammatory cytokines, 

this phenotype is contributing to systemic inflammation in older organisms and might subsidize to 

malignant transformation. Among the SASP factors, IL-6 and IL-8 are of particular interest. They are 

responsible for inflammatory responses and age-related pathologies and also cancer [10]. Inhibition 

of SASP is considered an alternative to senolytic therapy to target the deleterious effects of senescent 

cells [11,12]. But also, activation of immune system to remove senescent cells could be advantageous. 

Otherwise, by excretion of IL-6 by the SASP, STAT3 could be activated which is an activator of bcl-2 

(B-cell lymphoma 2) pro-survival family members which could make cancer cells more resistant to 

treatment. Besides, STAT3 is well known to restrain anti-tumor activity of immune cells. However, 

like already mentioned, STAT1 pathway can activate immune cell populations like NK of CD8-T-

cells, which eliminate senescent cells [13]. 

The SASP is induced by severe or irreparable DNA damage, leading to senescence in normal 

cells by activation of Ataxia Telangiectasia Mutated (ATM) and subsequent activation of the histone 

H2AX by phosphorylation (γH2AX) forming characteristic foci. Phosphorylation of p53 at serine 15 

is upregulating p21, a cell cycle inhibitor [14]. If DNA damage (double-strand breaks) cannot be 

repaired constitutive DDR signaling and p53-dependent stop of growth can lead to irreversible 

senescence [10,15].  

Etoposide is one of the most important chemotherapeutic agents. Etoposide is used to treat a 

wide range of human cancers. For more than 20 years, it has been used clinically as a cancer drug. It 

is one of the most commonly prescribed anticancer drugs in the world. The target of etoposide is 

topoisomerase II. This ubiquitous enzyme causes transient double-strand breaks in the double helix 

during repair processes that it catalyzes [16] [17]. Apart from that with regard to research on cellular 

senescence the induction of fibroblast senescence by etoposide is associated with p53 activation [18]. 

Consequently, etoposide induced senescence is an optimal model to study SASP in skin fibroblast 

cells [19]. 

Rejuvenation of skin is one major factor of research because of unwelcome aesthetic aspects and 

skin weakening with age. Nevertheless, skin aging is not only a cosmetic problem. There are 

numerous dermatological disorders, especially in older people with a significant impact on quality 

of life ranging from disorders like pruritus to the more threatening melanomas [20]. Fibroblasts and 

surrounding matrix are the main components of dermal stroma. This post-mitotic tissue is prone to 

accumulation of dysfunctional cells over time [21,22]. Investigations in fibroblast senescence is a 

major task in studying skin aging, considering the evidence for the SASP and "SASP-like" 

inflammation in driving skin carcinogenesis, emphasizing how further understanding of both the 

roles and mechanisms of SASP expression may offer new targets for skin cancer prevention and 

therapy [23]. 

The use of blood-derived products is becoming more and more important in regenerative 

medicine and plastic surgery it is often applied and especially to old skin [24] and there are numerous 

clinical studies performed related to skin aging [25]. In the literature, many different types of blood-

derived products are described like platelet-rich plasma (PRP) (when prepared from citrate 

supplemented blood CPRP) and hyperacute serum (HAS) [26].  PRP is the most prominent type of 

blood product and already tested in skin photoaging [27].  In general, these products are known to 

have a high content of growth factors. HAS has more pronounced effects on proliferation than PRP 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 December 2023                   doi:10.20944/preprints202312.0304.v1

https://doi.org/10.20944/preprints202312.0304.v1


 3 

 

in human mesenchymal stem cells. Additionally, upregulation of BCL2 mRNA by treatment with 10 

% HAS was observed [28]. HAS is also stimulating growth in chondrocytes [29]. Several growth 

factors have been shown to have positive effects also on skin rejuvenation [30,31] by stimulation of 

fibroblast proliferation. The rejuvenation strategy is based on overgrowth of damaged and old cells 

by proliferation of the young and healthy fibroblasts. Nevertheless, old cells remain in the tissue and 

can produce SASP-Factors. This leads to the question: How are these senescent cells influenced by 

mitogenic stimuli of BP?  

Copp and colleagues showed that a combination of mitogenic stimulation and DNA damage 

even lead to increased cellular senescent cell number (chondrocytes) [32]. It is of major interest to 

show how the SASP is influenced by these combined stimuli BP and DNA-Damage in the onset of 

senescence and in already senescent cells!  

Additionally, blood derived products contain a variety of different ingredients like the above-

mentioned growth factors but also micro vesicles [33] containing for example miRNAs [34]. 

Describing the effects of blood derived products in first approximation will lead to a deeper 

understanding of this complex formulation giving hints for further studies. 

Effects of blood-derived products on the proliferation of fibroblast cells and the complex balance 

between apoptosis and senescence may contribute to skin rejuvenation. However, even more 

multifaceted effects on onset of cellular senescence and on cellular senescent fibroblasts and their 

secretory phenotype are still unknown. 

2. Materials and Methods 

Fibroblast cells were obtained from ATCC and were grown in growth medium (GIBCO 

DMEM/F12 GlutaMAX-I; Invitrogen, LifeTech Austria, Vienna, Austria) containing antibiotics 

(penicillin 200 U/mL; streptomycin 0.2 mg/mL) and amphotericin B (2.5 μg/mL) (Sigma-Aldrich 

Chemie GmbH, Steinheim, Germany) supplemented with 10 % FCS [GIBCO, Invitrogen, LifeTech 

Austria]. Viability was determined via trypan blue (Sigma-Aldrich Chemie GmbH) dye exclusion 

and cells were counted using with LUNA cell counter. Cells were passaged every 3 to 4 days. 

hypACT was prepared as described in Kardos et al. Briefly, whole blood was drawn from 8 male 

and female healthy donors (25–45 years) with the hypACT device (catalogue number: 700194, 

OrthoSera, Krems an der Donau, Austria) according to the manufacturer's protocol.  The sample was 

immediately centrifuged at 1710xg for 5 min at room temperature. After centrifugation a top (platelet-

rich fibrin clot) and a bottom layer were formed. The bottom layer, primarily containing red blood 

cells, was removed.  

Whole blood from same 8 donors (woman and men) as in case of hypACT preparation, was 

drawn in VACUETTE 9ml 9NC Trinatriumcitrat 3,2% blood collection tubes (catalogue number: 

455322; Greiner Bio-one, Kremsmünster, Austria) and centrifuged at 440xg for 10 min at room 

temperature. Three layers were formed in the tube: (i) bottom layer (red blood cells), (ii) middle layer 

(with the buffy coat) and (iii) top layer (plasma). Leukocytes-poor PRP was obtained by plasma layer 

aspiration without the middle layer (buffy coat). The aspirate was transferred into a 15 mL falcon 

tube and centrifuged again at 1700xg for 10 min. The formed platelet pellet was resuspended in 50% 

of the remaining platelet-poor-plasma supernatant. Blood derived products were prepared after 

Neubauer et al. [35]. 

Blood-derived products were pooled and immediately used for experiments or stored at -80°C 

for later use. Due to the use of citrate as anticoagulant the PRP product, the final product was called 

CPRP to comply with the nomenclature used in our previous publications. 

Growth curves were completed by serial passaging of cells. Cells were seeded 1:3 or 1:6 and 

passaged when they reached confluence. The control curve was done till population doubling (PD) 

above 40 just to show that replicative potential was not exhausted in PD where experiments were 

done. 

Cells were seeded in a density of 3500 cells /cm2 in 24 well plates [36]. Low seeding densities are 

important for the development of senescent state cells must not be contact inhibited. Treatments were 

done in triplicates. The next day (16 h), adhered cells were treated by adding concentrations of 50 μM 
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or 25 μM etoposide (data in supplementary figure) to culture medium and cells were incubated in 

etoposide for 48h. Medium change and further incubation with fresh medium or blood-derived 

products for 3 days was done. Another 8-day incubation with normal growth medium in all cases 

(FCS, CPRP and HAS treated cells), medium change after 4 days was performed for establishment of 

SIPS. Control samples were performed without etoposide treatment, (growing) cells and (young) 

cells with the same seeding density after one day. SA-ß-Gal staining was performed after the protocol 

of Dimri et al. [37]. Briefly, cell culture medium was aspirated, and cells were washed with PBS twice. 

After the last rinse, PBS 4% PFA for fixation was replaced. Cells were incubated at room temperature 

for 5 min. 4% PFA were aspirated, and cells washed two times for 5 min at room temperature with 

gentle shaking (PBS). SA-β-gal staining solution was added (containing 0.1% X-gal, 5 mM potassium 

ferrocyanide, 5 mM potassium ferricyanide, 150 mM Sodium chloride, and 2 mM Magnesium 

chloride in 40 mM citric acid/sodium phosphate solution, pH 6.0). Cells were incubated in the dark 

in a 37 °C incubator.  

Cells were seeded in chamber slides for 16 h and incubated in 50 μM etoposide for two days. 

Blood-derived products were added for one day (FCS, CPRP, and HAS), as control, cells were 

incubated in normal growth medium without damaging treatment. Briefly, cells were fixed in 4% 

formaldehyde in PBS for 15 min at room temperature. Fixative was aspirated and cells were rinsed 

three times in PBS for 5 minutes. Blocking was performed for 60 min with PBS supplemented with 

5% normal serum and 0.3% Triton™ X-100. After aspiration of blocking agent primary antibody 

Phospho-Histone H2A.X (Ser139) Antibody (#2577 cell signaling) was added overnight at 4°C. After 

rinsing three times in PBS for 5 minutes, incubation of specimen in fluorochrome-conjugated 

secondary antibody diluted in goat-anti-rabbit polyclonal Fab fragment Ab labeled with AF-488 (3 

μg/ml, Jackson Laboratories, Bar Harbor, MN) antibody dilution buffer (1 % BSA in PBS, 0.3% 

Triton™ X-100) for 1 hour at room temperature in dark and then rinsed in PBS as above. Nuclei were 

stained with DAPI Sigma Aldrich (D9542) 1:1000 in antibody dilution buffer 10 min at 37°C. Slides 

were washed with PBS and mounting was achieved by adding 20μl Fluoromount-GTM (Southern 

Biotechnology, Thermo Fisher Scientific), they were covered with high precision coverslip No. 1.5H. 

For western-blot cells were lysed in 1 x Cell Lysis Buffer #9803 (Cell Signaling) and protein 

content was determined by DC assay (Biorad). Equal amounts of total Protein were separated by 

electrophoresis. Separated proteins were plotted to a 0.2m PVDF membrane (Biorad) with a trans blot 

turbo system (Biorad). Blot was blocked with 4% dry milk in TBS-Tween20 (0.1%) for one hour and 

1:1000 p21 Waf1/Cip1 (12D1) Rabbit mAb #2947 (Cell Signaling) in blocking buffer was added 

consecutively and incubated over night at 4°C. Goat anti-Rabbit IgG (H+L) Secondary Antibody, HRP 

(Thermo Fisher scientific) was added after washing for 3 times with TBS-Tween (0.1%) for 1h and 

detected with Novex™ HRP Chromogenic Substrate (TMB) and images were taken with ChemiCoc 

imaging system (Biorad). 

XTT assay: HDFs were seeded in standard growth medium in a 96-well plate (3500 cells/cm2). 

The CPRP-supplemented medium contained 2 U/mL heparin (Clexane, Sanofi Aventis, Paris, France) 

in order to prevent clotting in the culture medium. Cell-free wells were used as a technical 

background. Cell viability was determined using Cell Proliferation Kit II (XTT; Roche, Mannheim, 

Germany) according to the manufacturer's instructions at different time points. Absorbance was 

measured after 4 hours incubation in the staining solution using a PowerWave microplate 

spectrophotometer (BioTek, Winooski, VT, USA) at 480 nm with a reference wavelength at 650 nm. 

Relevant experiments were done in triplicates. Experiments, which were done only two times are 

found in the supplemental materials part. 

For every approach one vial of cells got thawed at passage 7. Cells were expanded one or two 

passages (max passage 10). Supernatants were collected at every media change. 

Etoposide treatment: Cells got seeded at a density of 3500 cells/cm2 in T75 culture flasks and 

15ml media was added. After adherence of cells for at least 16h, cells were treated. To 15ml of media, 

15μl of etoposide in DMSO (50mM) were added and cells were incubated for 48h.  

BP-treatment for early exposure group: Treatment one was with 10% HAS (1,5ml HAS + 13,5ml 

media w/o FCS), treatment two was with 10% CPRP (1,5ml CPRP + 3μl Heparin + 13,5ml media w/o 
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FCS) and the third treatment was with 10% FCS (this preparation was also used for the late exposure 

to BP experiment). Cells were exposed to BP for three days.  

Establishment of cellular senescence: After BP pulse cells got normal growth media which was 

changed every 4 days. On day 8 after BP-treatment, three flasks were harvested.  

Harvesting of cells: One flask of each treatment was harvested by accutase treatment (750μl). 

The reaction was stopped by adding 4.25ml of growth media. Cells were centrifuged at 500g for 

10min and resuspended in 250μl Media. 100μl of this suspension were centrifuged twice. One Pellet 

was lysed in 250 μl RIPA buffer (+ 1:100 Protease inhibitor). The other Pellet was stored at -80°C for 

RNA extraction, 20μl were used for counting with LUNA cell counter, the residual suspension was 

mixed with 1ml ice-cold 70% Ethanol and stored at -20°C for flow cytometric analyses (unfortunately 

we harvested to little cells for reliable results). 

For late exposure to BP cells were treated with BP equally to the early exposure group (three and 

eight), in sum eleven days after Etoposide exposure. (meanwhile fed with FCS containing medium). 

A three-day pulse with blood-derived products was performed. Thereafter media was changed in all 

residual groups and the cells were washed two times with PBS. At day 21 (16h+2d+3d+8d+3d+4d) all 

the residual groups were harvested like described above. 

RNA Extraction: After differentiation, cells were collected and pooled group-wise in 200 μl PBS. 

The RNA was isolated using the High Pure RNA Isolation kit (catalogue number: 11828665001, Roche 

Diagnostics GmbH, Mannheim, Germany) according to the manufacturer’s protocol. RNA was 

eluted and stored at -80 ̊C until cDNA synthesis.  

Gene Expression Analysis: cDNA-Synthesis was performed using Transcriptor First Strand 

cDNA Synthesis Kit (catalogue number: 04379012001, Roche, Basel, Switzerland). RT-qPCR was 

performed using FastStart Essential DNA Probes Master kit (catalogue number: 06402682001, Roche, 

Basel, Switzerland) in triplicates using the LightCycler® 96 from Roche. 1 μl of the cDNA product, 

FastStart Probe Master 2X, hydrolysis probe (final concentration 250 nM) and primers (final 

concentration 900 nM) were used for PCR amplification. Primers for each gene were designed to span 

introns to exclude genomic contamination in PCR products and were designed using the Universal 

ProbeLibrary System Assay Design. GAPDH was used as a housekeeping gene. PCR conditions were 

optimized for annealing temperature and limited cycle number to ensure that product formation was 

in the responsive range. 

GAPDH: (left: 5' CTCTGCTCCTCCTGT 3' right: 5' ACGACCAAATCCGTT 3' universal primer 

library #60) COL1: (left: 5' GGGATTCCCTGGACC 3' right: 5' GGAACACCTCGCTCT 3' universal 

primer library #67) p21: (left: 5' TCACTGTCTTGTACCCTTGTGC 3' right: 5' GGC GTT TGG AGT 

GGT AGA AA 3' universal primer library #32) 

Supernatants (15 ml) were harvested from treated samples at indicated time points and stored 

at -80°C. Cytokines and chemokines including tumor necrosis factor-alpha (TNFα), monocyte 

chemoattractant protein 1 (MCP1), Interferon-gamma (IFNγ), Interleukin 10 (IL-10), Interleukin 8 (IL-

8), Interleukin 6 (IL-6), Interleukin 1ß (IL-1ß), and interleukin- 1 receptor antagonist (IL1RA) were 

measured with Bio-Plex Pro Assays (BIO-RAD Laboratories, Inc., Hercules, CA, USA). Analyses were 

done strictly following the instructions of the supplier. 

Cells were treated the same way as for the XTT assay and assay procedure of Apo-ONE® 

Caspase-3/7 (Promega) assay according to manufacturer’s instructions, Briefly, 100μl of Apo-ONE® 

Caspase-3/7 Reagent were added to each well of a black 96-well plate containing 100μl of blank, 

control or cells in culture. Contents of wells was gently mixed using a plate shaker at 300–500rpm 

from 30 seconds up to read time Plates were covered and incubated for 4 hours. fluorescence was 

measured at 499nm with an emission maximum at a wavelength of 521nm (PowerWave microplate 

spectrophotometer (BioTek, Winooski, VT, USA)).  

Normality testing was done by the Shapiro-Wilk test. Differences between groups were 

determined by simple ANOVA. Multiple comparison testing was performed by Tukey´s test. When 

normality was not confirmed, significances were calculated by the Kruskal Wallis test, multiple 

comparisons were done in this case by Dunn’s multiple comparison test. 
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3. Results 

3.1. Definition of reagents: 

Blood-derived products: 

Blood-derived products were tested with a common panel of cytokines and chemokines (tumor 

necrosis factor-alpha (TNFα), monocyte chemoattractant protein 1 (MCP1), Interferon-gamma 

(IFNγ), Interleukin 10 (IL-10), Interleukin 8 (IL-8), Interleukin 6 (IL-6), Interleukin 1ß (IL-1ß), 

interleukin- 1 receptor antagonist (IL1RA) All tested substances were below or near the control. 

3.2. Induction of senescent state 

In all experiments, the cells were used below 20 population doublings (PD) (green area in Figure 

1a), control cells were passaged above PD 40 to show that replicative potential of cells was not 

exhausted at the time point of the experiments (gray line with crosses). Blue vertical line indicates 

etoposide treatment for two days and the red vertical line indicates the blood product treatment for 

3 days, following growth arrest of cells shown by black line with x. Detection of p21 protein by 

western blot shows typical bands at molecular weight 21 kD (Figure 1b) and confirmed senescent 

state, young cells were analyzed twice (Y), compared to replicative senescent control (RS) and 

etoposide induced senescent cells (ES). Furthermore, induction of senescent state was tested by p21-

expression on mRNA level, which was positive after 11- and 18-days post-treatment (FCS-group). 

Significance was confirmed by simple ANOVA and Tukey´s multiple comparison test with a p-value 

of 0.0127 and 0.0088 respectively (Figure 1c).   

 

Figure 1. definition of senescent state by growth curve (a) and p21 expression on protein level bands 

at molecular weight 21 kD indicate p21 protein (b) and qPCR of p21 mRNA (c). 

Senescent state was confirmed by gamma-H2AX staining, which was positive in all treatments, 

except control cells (growing). The treatment with etoposide (50 μM) after 2 days of incubation and 

subsequent treatment with blood-derived products (FCS, CPRP and HAS (all 10%)) for one day is 

shown in the upper right of Figure 1b. Gamma H2AX foci were located in the nuclei stained with 

DAPI (blue) demonstrating DNA damage (double-strand breaks) by etoposide treatment. Cells were 

used at the beginning of their replicative lifespan (Figure 2a).  SA-ß-Gal staining was positive in all 

treatments, except control cells (growing) as seen in Figure 2b. After treatment and longtime 

incubation cells were still vital. 
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Figure 2. (a) gamma-H2AX staining of growing, and etoposide treated fibroblasts. All three blood 

product treatments FCS, CPRP and HAS show blue DAPI stained nuclei with green dots marked by 

white arrow are indicating DNA lesion by immune fluorescence of phosphorylated histone H2AX. 

(b) SA-ß-Gal-stained cells blue color indicates establishment of senescent phenotype in etoposide 

treatment (2 d) and FCS CPRP and HAS pulse for 3 d and additional 8 d of establishment of 

senescence. 

3.3. Proliferation and outgrowth of fibroblast cells 

Stimulation of outgrowth of fibroblast cells was confirmed by treatment of cells with 25 and 50 

μM etoposide and following treatment with blood products for 7 days. In Figure 3 a and b can be 

seen that growing cells without etoposide treatment (black line with stars) have higher absorption in 

XTT assay than the ones treated with etoposide. Negative control, serum free medium fed fibroblasts, 

show the lowest response in XTT assay (black line with circles). FCS supplemented cells (gray line 

with triangles) which is some kind of positive control show less to similar growth like the other blood 

products HAS (black box and orange line) and CPRP (black line with triangles). Interestingly HAS 

shows higher absorbance indicating more cells 24 h post etoposide treatment (25 and 50 μM). Blood 

products treated with 25 μM etoposide show less outgrowth than 50 μM treatment in all cases (FCS, 

HAS and CPRP). 
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Figure 3. outgrowth of cells (a) treatment with etoposide (blue area 48 h) leads to a decrease in growth 

but does not absolutely stop the growth of FCS (gray with triangles) HAS (cubes with orange line) 

and CPRP (black with triangles) treated for seven days (red area) with 25 μM etoposide not even 50 

μM (b) treatment could stop outgrowth absolutely indicating massive growth signal by blood 

products. Growing and serum free cells in both cases show growth without damaging treatment and 

without blood products respectively. 

Without damaging treatment (Figure 4a, b) and a pulse of just 3 days HAS and CPRP show a 

higher growth than FCS 10%. When HAS is diluted to 1% and 5% the growth is decreased compared 

to 10% HAS but still similar to FCS 10%. In Figure 4c it can be seen that with 25 μM etoposide 

treatment there is still a quite high outgrowth rate compared to 50 μM (Figure 4d) indicating better 

senescence induction and less cells that are able to proliferate in the higher concentration of etoposide. 
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Figure 4. growth of fibroblasts without etoposide (a) and different concentrations of HAS (b) and (c) 

reduced outgrowth by 3d treatment with blood products (red area) following etoposide treatment 

(blue area) final treatment conditions 50 μM (d) indicating only minor outgrowth representing 

establishment of senescent state. 

Comparing different concentrations of HAS (1%, 5% and 10%) to CPRP and FCS both 10%, 

treated with 25 μM etoposide (Figure 5a) and 50 μM etoposide (Figure 5b) after 24h of etoposide 

pulse (48 h) shows a significant dose dependent increase in growth (indicated by higher absorption 

in XTT assay) which is less pronounced in 50 μM etoposide treated cells but still significant by one 

way ANOVA with Tukey's multiple comparisons test. This increase in growth is well correlated with 

a decrease in CASP 3/7 activity shown in Figure 4c and d showing apoptosis inhibition by HAS after 

24 h post etoposide treatment. 
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Figure 5. different HAS condensations (a) 25 μM (b) 50 μM etoposide (48 h) and 24 h of BP treatment 

showing increased growth of HAS treated cells correlated with decreased CASP3/7 activity indicating 

prevention of apoptosis by HAS at the same timepoint with 25 (c) and 50 μM (d) etoposide treated 

fibroblasts. 0.0001 to 0.001Extremely significant *** 0.001 to 0.01 Very significant ** 0.01 to 0.05 

Significant * ≥ 0.05 Not significant ns. 

3.4. Investigations in cellular senescence and SASP 

3.4.1. Growth arrest and cell numbers 

 Early treatment (Figure 6a) was performed by seeding the cells and consecutive incubation for 

16 h. Etoposide treatment (50 μM) for two days was done (blue area) after incubation with blood-

derived products HAS and CPRP or FCS in control group for three days. Sampling time points were 

8 days and 15 days after blood product treatment. The number of living cells stayed nearly the same 

in all three treatment groups in early treatment. Growing cells reach confluency after 4 – 5 days after 

seeding.  

Late treatment (Figure 6c) was performed as follows, after 16 hours incubation after cell seeding, 

they were treated with 50 μM etoposide (blue area) for 2 days followed by an 11 d (8 d +3 d) period 

with regular media change (10% FCS) then 3 d blood product pulse (HAS and CPRP or FCS). After 

this pulse cells were fed again with normal growth medium for 4 d (15d + 3d). 
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3.4.2. Viability of cells 

Viability of early treatment (Figure 6b) at the timepoint after 15 days indicated a more 

pronounced decrease in vitality in the HAS group compared to FCS treated cells by p = 0.0473. HAS 

and CPRP groups differ from growing cells by the significances of p = 0.0019 and p = 0.004 

respectively. 

Viability at the 15 days +3 days timepoint (Figure 6d) in late treatment in HAS and CPRP group 

decreased compared to growing cells with p >0.0001 in both groups and compared to FCS treatment 

group in HAS and CPRP group with significances of p = 0,002 and p = 0,0041 respectively. 

 

Figure 6. early treatment cell numbers (a) and vitality at harvesting timepoint 21 days after start of 

experiment (b) arrows indicating duration of treatment phases for clearer understanding of treatment 

conditions. Late treatment, (c) cell numbers and (d) vitalities. 

3.4.3. Cell morphology 

Cell morphology was determined by cell size and was not affected significantly in early 

treatment setup (Figure 7a and b) in HAS and CPRP treated fibroblast cells. The size of FCS (normal 

growth medium) treated cells increased significantly with p = 0.0028. Contrary, late treatment setup 

(Figure 7c and d) resulted in a highly significant increase in the size of HAS treated cells (p < 0.0001) 

and less but also significant increase in CPRP group (p = 0.0093). Significances were calculated by 

Kruskal Wallis test, data that did not pass the normality test (Shapiro-Wilk), a multiple comparison 

by Dunn’s multiple comparison test was performed (n = 3 or 4). Column graphs represent the 21-day 

timepoint at the end of the experiment. 
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Figure 7. morphology of cells determined by cell size. (a) time course of early treatment with different 

BP and final sizes at day 21 (b). Late treatment time course (c) and 21-day timepoint column graph of 

late treatment (d). 

3.4.4. p21 expression 

p21 expression (Figure 8a) was increased on day 8 and day 15 after etoposide treatment in early 

treatment setup. On day 15 FCS, HAS and CPRP the expression of p21 was significant increased (p < 

0.0001) in comparison to growing cells (Figure 8b). The most prominent increase in p21 expression 

compared to growing cells was observed in the HAS group nevertheless, this increase was not 

significant if compared to FCS a CPRP at the same timepoint. 

p21 expression was increased on day 11 days and on day 18 days post etoposide treatment (pt) 

in late treatment setup (Figure 8c), which is as high as HAS and FCS with p < 0,0001 if compared to 

growing cells. However, CPRP p21 expression on day 18 pt is decreased and less significant 

compared to growing cells (p = 0.0008) (Figure 8d). Data were expressed in logarithmical fold change 

values and passed Shapiro-Wilk normality testing. 
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Figure 8. pPCR of mRNA expression of p21 early treatment time course (a) as well as 21d end point 

column diagram (b). Late treatment also shows log fold change values of different timepoints (c) and 

the final state after 21 d (d). Similarly, collagen 1 expression early treatment (e and f) and late 

treatment (g and h). 

3.4.5. Type I collagen expression 

Type I collagen (COL1) a parameter of extracellular matrix (ECM) was investigated by qPCR. In 

Figure 8e an increase in expression pattern of all three treatment is shown, only HAS COL1 

Expression reached significance (p = 0.0041) after 15 days post-treatment in early treatment group 

(Figure 8f). Nevertheless, by late treatment with blood-derived products HAS kept unaffected 

compared to zero time points (growing cells) in 18 days pt time point. FCS (normal growth medium) 

was highly significant increased compared to CPRP treated cells (p = 0.0004) which showed a 

decreased expression in COL1 compared to growing cells calculated by simple ANOVA with Tukey`s 

multiple comparison tests (Figure 8g and h). Data are expressed in logarithmical fold change values 

and passed Shapiro-Wilk normality testing. 

3.4.6. IL-6 concentration in supernatant  

 IL-6 in early treatment on day 15 after etoposide treatment is still increased in all groups 

compared to growing control. FCS (normal growth medium) treatment showed the most pronounced 

increase with significance p = 0.0019, CPRP and HAS were increased by significance 0.0142 and 0.0328 

respectively (Figure 9a and b). In longtime treatment 15 days, + 3 days or rather 18 d pt time point 

displayed a highly significant increase in IL-6 in all groups FCS, HAS and CPRP (p = 0.0028, 0.0003 

and 0.0042) where HAS increased most significantly (Figure 9c and d). Data were expressed in 

logarithmical fold change values furthermore they were normalized by the mean cell number of the 

corresponding experiment. Shapiro-Wilk test normality test indicated normality in all treatments and 

simple ANOVA with Tukey’s multiple comparison test was used to calculate significances. 

3.4.7. IL-8 concentration in supernatant  

IL-8 increased significantly in early treatment in all treatments compared to growing cells on 

day 15 (p <0.0001) again determined by simple ANOVA with Holm Tukey’s multiple comparison test 

(Figure 9e and f). Late treatment (Figure 9g and h) uncovered not only differences between treatments 

and growing cells (all p < 0.0001) but also significantly increased HAS and CPRP values compared to 

normal growth medium treatment (FCS) by p < 0.0001 in both cases analyzed by Tukey’s multiple 

comparison test. Data are expressed in logarithmical fold change values and passed Shapiro-Wilk 

normality testing furthermore they were normalized by the mean cell number of the corresponding 

experiment. 
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Figure 9. Luminex assay of inflammatory markers. (a) time course of early treatment with different 

BP and final IL-6 concentration in supernatant normalized to cell count (in all cases) at day 21 (b). Late 

treatment time course (c) and 21-day timepoint column graph of late treatment (d). Same for IL-8 for 

early treatment (e and f) and late treatment (g and h). 
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4. Discussion 

Autologous blood-derived products like platelet-rich plasma and hyperacute serum are 

considered to be promising for therapeutic use. Drawbacks are the demand of standardization of 

their preparation, and no sufficient characterization of their biomolecule composition [38]. 

Nevertheless, there is constant progress in research regarding blood-derived products [26]. Several 

important questions relate to the timing of treatment are also still to answer [39]. This becomes more 

complicated considering different cell types, states of the cells and other factors. In this study, we just 

focused on states of cellular senescence of skin fibroblast cells.  

Cellular senescence (CS) is a multifactorial process. Therefore, not a single marker can confirm 

the senescent state. SA-ß-gal is one of the most recognized indicators of CS and was positive in all 

treatments following etoposide exposure (2d) and BP treatment (3d) after further incubation for eight 

days. Nevertheless, there are some concerns about SA-ß-gal assay performance. SA-ß-gal staining 

can be false positive for many reasons like cell confluence, radical damage to the cells, and others. 

Furthermore, SA-ß-gal staining is not easy to quantify [40]. For that reason, we were determining 

senescent state with a variety of methods like establishment and maintenance of γH2AX foci, which 

were present after twenty-four hours following etoposide withdrawal and were used as an additional 

clear indicator of CS [41]. The appearance of γH2AX foci was not influenced by 24 h treatment with 

different blood-derived products representing persistent DNA damage signaling and development 

of SASP in all treatments performed. DNA damage response is also confirmed by p21 upregulation. 

This upregulation of p21 was significant in all treatments demonstrating established CS or at least 

DNA-damage signaling. Additionally, increased p21 protein expression was also confirmed by 

western blot. Finally, confirming growth arrest by growth curves is one of the most important items 

in approving CS. Thus, cells are still alive and metabolic active even 15 days of post-treatment. After 

all these analyses, we can clearly say that we demonstrated onset of CS for validation of further 

experiments. 

Aging is an extremely complex process and so is the SASP. SASP can differ from cell type to cell 

type. Furthermore, the type of stimuli that induces cellular senescence is also influencing the resulting 

SASP. Often oncogene induction or ionizing radiation and oxidative stress are used beside 

chemotherapeutic drugs to induce cellular senescence. We focused on a reliable and reproducible 

form of senescence induction and characterized the senescent state in detail. Etoposide is inducing 

DNA-damage response and CS [17,18] which is one requirement for SASP development [10,15,42].  

The main goal of the current study was determining whether cellular senescence in skin 

fibroblasts is accompanied by the development of SASP, regardless of the type of senescence 

(replicative, SIPS, or etoposide-induced) like in the study of Odeh et al. [19]. Human fibroblasts were 

used due to the well-characterized SASP in these cells. 

The formation of CS is a process that takes some time. For that reason, cells were incubated for 

11 days (8 days post 3 days blood product treatment) after etoposide exposure for two days. One aim 

of this work was to investigate the influence of blood-derived products on the setup of senescence 

and on already senescent cells. Hence, a stringent method for induction of CS was used. Methods 

such as UV-irradiation or radical treatment with regard to skin aging are not the focus of this work. 

The late and early treatments put that into praxis, late treatment is representing the treatment of 

already senescent cells. Time point for late treatment was chosen by taking into consideration the 

results of analyses of extensive definition of senescent state of cells. 

Easily quantifiable senescence parameters are not easy to find, therefore it was chosen to use cell 

size as an easy to analyze parameter for morphological changes in senescent cells [43–45]. Senescent 

morphology indicated by the size of cells did not change significantly by CPRP and HAS treatment 

compared to FCS (normal growth medium). This is consistent with visual observations of cells in SA-

ß-gal staining where cells were blue but did not change morphology. This impression was not 

quantified or checked for statistical significance. Although, other senescence parameters like p21 and 

growth arrest indicate the senescent state of cells. Nevertheless, cell size is consistent with IL-6 and 

IL-8 expression pattern in late treatment (late pulse with blood-derived products) where especially 

HAS and also CPRP show increased size and inflammatory cytokine and chemokine production. 
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Where in the early treatment there is the opposite effect with FCS treated fibroblasts showing more 

swelling than HAS and CPRP treatment. This could indicate a dampening effect in early treatment 

and a stimulating effect in late treatment which is an inflammatory (“healing?”) effect. 

With regard to p21 expression, all treatments show a significant increase in p21. The tumor 

suppressor p21 shows less significant increase in late treatment of CPRP which could be a sign of 

senolytic activity of this BP. 

With regard to SASP, IL-6 levels in culture supernatant in early treatment reveal less and less 

significant excretion of IL-6 when treating fibroblast cells with CPRP and HAS. Together with the IL-

8 results of early treatment, an attenuation of SASP related inflammatory cytokine and chemokine 

levels was shown, when cells are treated with BP right after exposure to damaging substance 

etoposide. 

Opposing results are obtained with the treatment of already senescent cells. HAS is increasing 

IL-6 and IL-8 excretion significantly. In case of IL-8 the increase of HAS and CPRP treated cells is 

even significantly higher than that of FCS treatment. It would be interesting to see if increased 

cytokine release leads to attraction of immune cells and clearance of senescent cells in vivo. In 

combination with strong growth signals and subsequent outgrowth of young fibroblast induced by 

BPs, this could be an optimal outcome for this treatment. 

Additionally, a clear anti apoptotic effect of HAS could be observed. This effect resulted in 

higher cell numbers and XTT absorption after 24 hours but did not lead to differences in the number 

of cells to other BP 8- and 15-days post treatment. 

It is always questionable how useful FCS supplementation could be as a control, taking into 

account the origin of this serum. FCS is a mixture of growth factors and might be not the best control 

for experiments with other blood-derived products and could mask some effects or make them seem 

less pronounced than they would be under normal physiological conditions. 

Anyway, the growth of fibroblasts is highly induced by HAS and even more by CPRP. 

Furthermore, hints for an additional short time anti-apoptotic effect of HAS after damaging treatment 

could be accomplished. 

Wound healing, for example, is a complex multistep process in which senescence plays a role in 

both positive and negative ways. After an initial hemostatic phase, an inflammatory response begins. 

In the course of this, a large number of cells migrate in the wounded tissue or differentiate locally to 

support the healing process. Collagen synthesis and remodeling processes also take place. Wound 

healing is not optimal especially in old organisms or in people with diabetes; it is known that 

especially in old skin senescent cells accumulate [46]. Moreover, induction of type I collagen 

especially by HAS also contributes to the alleviation of negative effects forced by etoposide treatment. 

Summing up these observations there could be beneficial effects and skin rejuvenation of HAS and 

CPRP by influencing dermal fibroblasts with regard to senescence (and also induction of proliferation 

of fibroblast cells). 

Further studies should uncover if activated SASP is leading to accumulation of M1-type 

macrophages in tissue treated with blood derived products. Also, NK cells infiltration could lead to 

the elimination of malignant or senescent cells [8,47]. Consequently, these NK cells engage explicit 

regulatory mechanisms to eliminate senescent cells by for example perforin-granzyme exocytosis 

mediated NK-cell killing of senescent cells [48]. In the end, BP treatment could lead to real 

rejuvenation of skin by stimulating these factors leading to elimination of senescent cells and 

stimulating the growth of young and healthy cells, an effect that has to be proved in further 

experiments. 

5. Conclusions 

Nevertheless, our experiments demonstrate clearly that aging skin might be a challenging 

environment for the treatment with blood-derived products taking into account all the states of cells, 

different cell types and other factors. In general, no detrimental effect was observed BP do have 

slightly positive effects increased inflammatory markers can also induce healing effects. 
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