
Knowing that senescent cells have

a reprogrammed metabolism, we

investigated the changes within the

metabolism of our cells. Thus, LC-

MS was applied to perform

untargeted metabolomics and

analyse all the metabolites within

the different samples. PCA analysis

showed how components separated

between groups of cells at different

radiation doses in both positive and

negative acquisitions (Fig. 5).

1 High β-Gal expression

Being increased β-Gal expression a

hallmark of senescence cells, we

analysed its levels in our samples at

suboptimal conditions (pH6). High

dose irradiated cells had increased

β-Gal expression as represented by

the blue cells in Fig. 2. They also

showed a more flattened

morphology, which is a further

feature of senescent cells.

Validation of X-ray induced senescence Metabolic analysis

Future work will look to fully identify the changed metabolites, mapping them on to

known human metabolic pathways in which they are involved with a specific focus

on those related to energy metabolism. Moreover, different senesce-like models will

be designed to develop a multicellular model of energy dysregulation in ageing

o Through untargeted metabolomics, this work analysed the whole metabolic

content of X-ray induced senescent cell. Initial PCA analysis showed the

presence of separation between different cell types, driven by differences in

detected metabolites.

Untargeted metabolomics applied to analysing the metabolism of senescent cells

Background

o Senescence is a state of permanent cell cycle arrest accompanied by

resistance to death. It is a widely recognized hallmark of ageing.

o Features of senescent cells have been investigated at the genomic,

transcriptomic and proteomic levels. A high variability has been detected

between different senescent cell types.

o The metabolic dysregulation in senescent cells would be a challenge to

monitor given the heterogeneity observed within the ageing phenotype.

o Through the detection of the main metabolic changes within senescence

cells, it is possible to understand ageing linked conditions such as frailty and

chronic diseases including cancer.
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Senescent cells are representative of most of the molecular changes

occurring while ageing (Fig. 6). The findings of this work showed that the

high-dose irradiated cells are a good senescent model with a peculiar

metabolic profile, whose content will be explored in the futureo Irradiation of cells with X-rays (from 4 to 12 gray (Gy))

o Validation of senescence induction through:

o 𝛽-Galactosidase (𝛽-Gal)

spectroscopic assay

o AnnexinV & PI fluorescent assay

o Fluorescence DAPI staining

o Metabolic assay (MTS assay)

o Untargeted metabolomics through LC-MS system

was applied as follow:

1. Metabolite Extraction

2. Vortex, centrifugation and sonication

3. LC-MS analysis

4. Data acquisition

5. Data analysis

Figure 6. (1) DNA damages and (2) SAHF. (3)

Dysfunctional lysosomes, increased in size and with a

higher expression of β-Gal. (4) Dysfunctional

mitochondria where metabolic reprogramming occurs

switching from oxidative to fermentative metabolism

that leads to increased production of lactate, low levels

of ATP, increased ROS production and altered

NAD+/NADH ratio. ROS production, alongside DNA

damages, leads to the arrest of cell proliferation

through activation of p53 and p16 signalling response.

Moreover, senescent cells have increased expression

of Bcl2 that inhibits the release of cytochrome c (cyt-C)

from mitochondria, thus resisting apoptosis. (5)

senescent associated secretory phenotype (SASP).

Figure 2. β-Gal colourimetric analysis. Light

microscope images of HFF control cells (1) and 12 Gy

irradiated cells (2).

Figure 3. Cell density analysis. Images

acquired in the bright field and representing

the (1) control, (2) 4 Gy, (3)8 Gy, and (4)12 Gy.

Figure 4. MTS proliferation assay at 24h. T-test

of each sample was calculated vs the relative

control and it is indicated as p<0.05 (*), p<0.005

(**), p<0.0005 (***), and p<0.00005 (****).
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Figure 5. Untargeted metabolomics. (1) positive and (2)

negative mode acquisition in HFF cells and HT-1080 cells (3

– 4). Red arrow: flow direction of the metabolic components
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Future directions

2 Senescence Associated

Heterochromatin Foci (SAHF)

Senescent cells have been reported to have

compacted chromatin regions known as

SAHFs, which are enriched of hetechromatin

markers. In our samples, the nuclei of high

dose irradiated cells displayed the formation

of high condensed chromatin foci.

3 Apoptosis resistance

Senescent cells are well known to resist apoptosis. In this work, we saw that at

higher radiation dose (from 6 to 12 Gy) the number of dead cells increased,

although presenting resistance to apoptosis.

4 Decreased proliferation and

increased metabolic activity

According to the increased number of death

cells, also the proliferation rate was

shown to decrease at increasing radiation

dose (Fig. 3). However, the metabolic

activity of high dose irradiated cells was

revealed to be enhanced (Fig. 4).


