Reprogramming senescent cells by inhibiting pro-inﬂammatory
TNF/Edn1 pathway as a potential treatment of age-related diseases
Introduction

Age-related changes in pro- and
anti-inflammatory factors do not cluster
together, suggesting an intricate
relationship between inflammation and
aging. However, TNF was statistically
significantly upregulated in both old lung
and ear fibroblasts, indicating that the
TNF/Edn1 pathway is generally pro-aging.

Results

Biological aging, characterized by the progressive loss of
cellular stability and regenerative capacity, leads to a range of
aging hallmarks and age-related diseases.
Age-related dementias, for example, are notoriously difficult
to treat due to very low to none regenerative ability in
senescent nerve cells.
Four transcription factors
Oct4, Sox2, Klf4, and c-MYC Figure 1. Nine hallmarks of aging, adapted
from López-Otín et al., 2013, Cell 153.
(OSKM or OSK without
oncogene c-MYC) reprogram differentiated somatic cells
into induced pluripotent stem cells (iPSCs). Because
OSKM resets cellular age, iPSCs have potential in age
reprogramming and establish a prospective avenue for
treating age-related diseases.

Analysis of expression data from multiple cell types provided a comprehensive examination
into the effect and mechanism of biological aging.
Human bone marrow-derived
stromal cells
The STRING network of
downregulated genes
overlapping in type 2 diabetes
and obesity (senescent
conditions) highlighted
pro-inflammatory genes (e.g. the
CXCL genes and IGF1).

Figure 8. Heatmap clustering of old/young mouse ﬁbroblasts cytokine expression proﬁle comparison;
Left, lung ﬁbroblasts; Right, ear ﬁbroblasts.

Discussion
Figure 3. Volcano plot of DE genes in T2D vs lean

Figure 4. Network of
upregulated genes
overlapping in T2D & obese
conditions

Mouse retinal ganglion cells
Aging-inducing genes (upregulated in old mRGCs)
Figure 2. OSKM extended lifespan and promoted regeneration in progeria and old mice,
formed a distinct network centered around Edn1, a
adapted from Ocampo et al., 2016, Cell 167.
pro-inflammatory gene encoding ET1, a secreted
A caveat of applying the iPS mechanism to age reprogramming is that OSKM were not
discovered based on gene expression comparison between senescent and young cells.
vasoconstrictive protein highly expressed in epithelium
Whether OSKM per se can truly ameliorate aging hallmarks and reverse aging is uncertain.
and blood vessels. Edn1 expression is regulated by ETA
and ETB receptors in an autocrine and paracrine
fashion. ETB was upregulated to a similar degree
Figure 5. Aging-inducing gene expression network in mRGCs
alongside
Edn1,
but
ET
was
not
present
in
the
A
Question: Is it possible to reprogram senescent cells to a young cell state by establishing
The proximal regulatory element of Edn1 network.
youthful gene expression signatures?
contains
the
transcription
factor
binding
site
for
FOXO3,
Hypothesis: Novel reprogramming genes can be identified as alternatives of OSKM from
a human homolog of daf-16, which plays a crucial role in
gene expression profile comparison between senescent and young cells. Their regulation
C. elegans longevity.
will reprogram senescent cells and ameliorate aging phenotypes.

Biological clock underlying aging
Understanding the rationale behind age reprogramming requires investigations into the
biological clock underlying aging. Known measurements of cellular age include
transcriptional pattern and chromatin state characterized by histone modifications and
DNA methylation. The epigenome and its alterations might be both the clock
underlying aging and a driver of the reprogramming process.

Research Question and Hypothesis

Candidate genes for reprogramming senescence
The lack of overlapping genes across three datasets revealed that there are no general
age-related genes. Different cell types may have different genes that promote senescence.
The reversal of aging phenotypes with reprogramming needs to take different tissues and
their respective senescence mechanisms into account.

Methods and Materials

Inflammation and aging
Chronic inflammation is a major aging hallmark, but its exact effect on aging is unclear.
Pro-inflammatory and anti-inflammatory genes both play a role in cellular senescence, but
they have varying effects in different cell types. Existing literatures and this study both
showed that the TNF/Edn1 pathway facilitates aging. Suppressing the expression of
Edn1 with endothelin receptor antagonists, chemical inhibitors, or epigenetic
modulations may ameliorate aging phenotypes by reducing inflammation. In vitro and in
vivo experiments are required to substantiate Edn1’s potential as a therapeutic target.

Public transcriptomic datasets
● NCBI GEO database: GSE180504 (human
bone marrow stromal cells, hBM-MSCs)
● Lu et al., Reprogramming to recover
youthful epigenetic information and restore
vision. Nature 588, 2020 (mouse retinal
ganglion cells, mRGCs)
● Mahmoudi et al., Heterogeneity in old
fibroblasts is linked to variability in
reprogramming and wound healing. Nature
574, 2019 (mouse lung and ear fibroblasts)

Data Analysis
● R
○ DESeq2- RNA-seq analysis
■ Adjusted p-value < 0.01
■ log2FC > 1 = upregulated genes,
log2FC < -1 = downregulated genes
○ ggplot2, dyplr, ggrepel, pheatmap - data
visualization
● STRING & Cytoscape - network enrichment and
gene ontology analysis
● ENCODE - epigenetic data

Figure 6. A candidate proximal regulatory element
of Edn1.

Figure 7. TF motifs of Edn1 proximal regulatory element.

There were no overlapping genes in
the two datasets. Thus, it is likely that
different cell types age via different
mechanisms.

Mouse fibroblasts
Both pro- and anti-inflammatory factors were upregulated in senescent fibroblasts. Distinct
cytokine profiles may affect aging and age reprogramming differently. Inflammation increased the
variability of reprogramming success in senescent fibroblasts. Inflammatory genes overlapped
with stromal cell genes and the TNF/Edn1 pathway. TNF and Edn1 display mutual regulation
through interactions with ETA and ETB receptors. Inhibition of the TNF/Edn1 pathway may
ameliorate aging phenotypes.
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