
RESEARCH COMMUNICATION

The senotherapeutic drug
ABT-737 disrupts aberrant p21
expression to restore liver
regeneration in adult mice
Birgit Ritschka,1,2,3,4,5,8 Tania Knauer-Meyer,1,2,3,4

Daniel Sampaio Gonçalves,1,2,3,4 Alba Mas,1,2,3,4,5

Jean-Luc Plassat,1,2,3,4 Matej Durik,1,2,3,4

Hugues Jacobs,1,2,3,4 Elisa Pedone,5

Umberto Di Vicino,5 Maria Pia Cosma,5,6,7

and William M. Keyes1,2,3,4,5,6

1Institut de Génétique et de Biologie Moléculaire et Cellulaire
(IGBMC), Illkirch 67404, France; 2UMR7104, Centre National de
la Recherche Scientifique (CNRS), Illkirch 67404, France;
3U1258, InstitutNational de la Santé et de la RechercheMédicale
(INSERM), Illkirch 67404, France; 4Université de Strasbourg,
Illkirch 67404, France; 5Centre for Genomic Regulation (CRG),
The Barcelona Institute of Science and Technology, Barcelona
08003, Spain; 6Universitat Pompeu Fabra (UPF), Barcelona 08003,
Spain; 7Institución Catalana de Investigación y Estudios
Avanzados (ICREA), Barcelona 08010, Spain

Young mammals possess a limited regenerative capacity
in some tissues, which is lost upon maturation. We inves-
tigated whether cellular senescence might play a role
in such loss during liver regeneration. We found that fol-
lowing partial hepatectomy, the senescence-associated
genes p21, p16Ink4a, and p19Arf become dynamically ex-
pressed in different cell types when regenerative capacity
decreases, but without a full senescent response. Howev-
er, we show that treatment with a senescence-inhibiting
drug improves regeneration, by disrupting aberrantly pro-
longed p21 expression. This work suggests that senes-
cence may initially develop from heterogeneous cellular
responses, and that senotherapeutic drugsmight be useful
in promoting organ regeneration.
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Shortly after birth mammals can regenerate some organs,
but this capacity declines rapidly, even before reaching
adulthood (Han et al. 2008; Porrello et al. 2011; Bassat
et al. 2017; Payzin-Dogru andWhited 2018). Themamma-
lian liver is one tissue that retains an increased
regenerative capacity for a period of time (Mitchell and
Willenbring 2008). Following surgery to remove two-
thirds of the liver (2/3 PH [partial hepatectomy]), the con-
sequent tissue damage induces different populations of

cells to coordinate regeneration (Su et al. 2002; Michalo-
poulos 2007; Pedone et al. 2017). However, while this pro-
cess is effective in young animals, adult mice have a
significantly reduced capacity to regenerate. The reasons
for such loss of regeneration remain unclear (Mitchell
and Willenbring 2008; Enkhbold et al. 2015; Loforese
et al. 2017).
Cellular senescence is a form of permanent cell cycle ar-

rest linked with aging and tissue damage (Muñoz-Espín
and Serrano 2014; Childs et al. 2015). The aberrant accu-
mulation of senescent cells expressing markers such as
p16Ink4a, p19Arf, and p21, as well as secreting inflammato-
ry factors of the senescence-associated secretory pheno-
type (SASP), contributes to the loss of tissue function
seen during aging and in many disease states (Muñoz-
Espín and Serrano 2014; Baker et al. 2016; Childs et al.
2017). Recently, senescent cells have been targeted
through pharmacological means. Several drugs that alter
senescent cell dynamics—collectively called “senothera-
peutics,” which includes drugs that kill senescent cells
(“senolytics”)—have been used to increase life span,
health span, and to improve some disease-associated con-
ditions, including Alzheimer’s disease, atherosclerosis,
and liver steatosis (Chang et al. 2015; Yosef et al. 2016;
Baar et al. 2017; Ogrodnik et al. 2017; Bussian et al.
2018;Musi et al. 2018; Xu et al. 2018).While some of these
drugs can target the antiapoptoticmachinery in senescent
cells, in many cases, their precise cellular or molecular
targets in vivo remain unclear.
We used the model of 2/3 PH to assess whether the

decrease in regeneration that develops in adult animals
is linked to senescence and whether this could be im-
proved with senotherapeutic treatment.

Results and Discussion

p21 and p16Ink4a expression increases in different cell
populations as regeneration decreases

To look for a connection between senescence induction
and early loss of regenerative capacity, we performed 2/3
PH in young (2- to 3-mo-old) and adult (6- to 8-mo-old)
mice and analyzed regeneration in each group up to 10 d
after surgery. The livers in youngmice regenerated, reach-
ing almost original liver–body weight ratio by 7 d after PH
(Fig. 1A). However, the livers of the adult mice exhibited a
significant decrease in regeneration (Fig. 1A). Histological
assessment in youngmice (Fig. 1B) identified regeneration
as previously described,without necrosis or inflammation
(Mitchell andWillenbring 2008). However, after PH, adult
livers showed a severe accumulation of optically empty
microvacuolization and macrovacuolization, suggestive
of lipids. Thiswas confirmed byOil RedO (ORO) staining,
which demonstrated neutral lipid-accumulation, or
lipidosis. This suggests that transient patterns of lipid
observed in young animals become misregulated in
older animals following PH (Fig. 1B, day 3; Supplemental
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Fig. S1A; Zou et al. 2012). This is interesting as previous
reports demonstrated abnormal lipid accumulation and
steatosis in senescent and aged livers (>12 mo with PH,
or >18 mo without PH) (Loforese et al. 2017; Ogrodnik
et al. 2017).

As adult mice exhibit decreased regeneration by 6–8
mo, we assessed for expression of senescence markers
p21, p16Ink4a, and p19Arf by qPCR in young and adult liv-
ers. In prehepatectomy liver samples (day 0), we found
that baseline levels of p21 decreased between 2–3 mo
and 6–8 mo of age (Fig. 1C). Conversely however, the sen-
escence marker p16Ink4a significantly increased during

this time, while there was no change in p19Arf expression
(Fig. 1D,E). Previous reports linked p16Ink4a in the liver
with fibrosis (Krizhanovsky et al. 2008). However, no sig-
nificant change was seen here in adult animals, either be-
fore or following PH (Supplemental Fig. S1B,C).

Next, we assessed for dynamic changes of the senes-
cence markers following PH. As previously described for
young mice, there was a transient, p53-independent in-
crease in p21 expression that peaked ∼24–48 h after PH
and decreased by day 7 (Fig. 1C; Albrecht et al. 1997; Step-
niak et al. 2006; Buitrago-Molina et al. 2013). In older an-
imals, this induction of p21 also occurred (Fig. 1C).
Surprisingly, similar analysis for p16Ink4a revealed that
even though expression was increased in adult prehepa-
tectomy livers, this did not increase further, and even de-
creased after PH, before returning to the elevated adult
prehepatectomy level (Fig. 1D). Finally, p19Arf expression
peaked transiently at day 3 after PH in both young and
adult animals (Fig. 1E).

We next examined p21-protein expression and localiza-
tion. In agreement with our qPCR results, there was a
clear transient induction of p21 1 d after PH in young an-
imals, predominantly in hepatocytes (Fig. 1F,G; Supple-
mental Fig. S1D). Surprisingly however, as shown by
immunostaining andWestern blotting, while a similar in-
duction was seen 24 h after PH in adult livers, p21 expres-
sion persisted longer, now also being detectable at day 3
after PH, when p21 expression is lost in the young (Fig.
1F–H; Supplemental Fig. S1D–F).

To determine where p16Ink4a is expressed, we per-
formed in situ hybridization (ISH) using a probe that rec-
ognizes a shared exon in the CDKN2A locus, common
to both p16Ink4a and p19Arf. As our qPCR results showed
no expression of p19Arf in adult tissue before hepatecto-
my, the observed signal in the adult livers corresponds
to p16Ink4a expression (Fig. 1I; Supplemental Fig. S1G).
Similar results were obtained with a lower affinity probe
specific for p16Ink4a (data not shown). Surprisingly, howev-
er, the staining with the CDKN2A probe clearly showed
that p16Ink4a is not in hepatocytes and does not overlap
with p21-positive cells (Supplemental Fig. S1H). Next,
we performed co-ISH for p16Ink4a with markers of macro-
phages (Adgre1), Stellate (Desmin), and endothelial
(Pecam1) cells. Interestingly, most p16Ink4a expression
was in macrophages, in agreement with previous reports
(Liu et al. 2019), with some expression in endothelial cells,
and little or no expression in stellate cells (Fig. 1J; Supple-
mental Fig. S1I–K). In addition, we used this same probe to
examine the p19Arf expression that was detected in young
mice at day 3, when p16Ink4a was not detectable, and
found that this was also not localized in the hepatocytes
(Supplemental Fig. S1L). Further analysis of senescence
and proliferation markers revealed increased expression
of proliferation and cell cycle genes in adult livers follow-
ing PH (Supplemental Fig. S2A–F). However, costaining
showed that both the p21- and p16Ink4a-positive cells
were negative for proliferation markers (Supplemental
Fig. S2G,H). Furthermore, we were unable to reliably
detect the senescence marker senescence-associated
β-galactosidase (SA- β-gal) (data not shown). Interestingly,
by comparison, the level of p16Ink4a expression seen at 6–8
mo was much lower than that typically seen in old mice
(Supplemental Fig. S2I,J). This suggests that although
there are dynamic changes in senescence-associated
genes, this likely does not represent a full senescence-
induction.
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Figure 1. p21 exhibits prolonged expression in adult livers with im-
paired regeneration. (A) Liver regeneration of young (2- to 3-mo-old)
and adult (6- to 8-mo-old)micewas calculated as liver/bodyweight ra-
tio at different days after PH (n = 4–13). (B) H&E staining of young and
adult liver sections before (day 0) and at different time points after PH.
All images are representative of at least five biological replicates.
Scale bars, 20 µm. (C–E) qPCR analysis for the senescence markers
p21 (C ), p16Ink4a (D), and p19Arf (E) of young and adult livers at differ-
ent days after PH normalized to young livers at day 0 (n = 5–27). (F ) Im-
munohistochemistry for p21 in young and adult liver sections at
different days after PH and quantification of p21-positive hepato-
cytes/field of view (n = 3). All images are representative of at least
three biological replicates. Scale bars, 20 µm. (G,H) p21 expression
in whole liver lysates at 0 d and 1 d (G) and 3 d (H) after PHmeasured
by Western blot. Tubulin was used as a loading control (n = 2–3).
(I ) RNA in situ hybridization (ISH) staining and quantification for
CDKN2A in young and adult liver sections before PH (day 0). Scale
bars, 20 µm. Boxed area shows higher magnification of positive stain-
ing. Scale bar, 10 µm. All images are representative of at least five bi-
ological replicates. Quantification shows number of cells/field of
view that have three or more dots/cell. (PC) Parenchymal cells;
(NPC) nonparenchymal cells (n = 5–6). (J) RNA co-ISH staining for
CDKN2A (blue) and ADGRE1 (red) in young and adult liver sections
before PH (day 0). Scale bars, 20 µm. Boxed area shows higher mag-
nification of positive staining. Scale bar, 10 µm. All images are rep-
resentative of at least three biological replicates. Error bars, mean±
SEM, unpaired two-tailed Student’s t-test. (∗) P≤ 0.05; (∗∗) P≤ 0.01;
(∗∗∗) P≤ 0.001.
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p21 deficiency partially rescues liver regeneration

To assess whether these genes functionally contributed to
the decreased regeneration in adult mice, we performed
PH in mice deficient in p21, p19Arf, and p16Ink4a. At 2–3
mo, p21-deficient mice had similar regeneration as their
youngwild-type controls at day 3, but had impaired regen-
eration by day 7 (Fig. 2A). However, adult p21-deficient
mice showed a significantly increased regenerative capac-
ity at day 3 after PH, which was not maintained to day 7
(Fig. 2A). Histological analysis and ORO staining revealed
no major differences in comparison with age-matched
controls (Fig. 2B,C; Supplemental Fig. S3A), while these
mice exhibited no changes in proliferation or macrophage
patterns (Supplemental Fig. S3B–H). Furthermore, qPCR
analysis, showed that p21-deficient mice had similar ex-
pression patterns of p16Ink4a and p19Arf following PH, as
was seen inwild-typemice (Fig. 2D,E). Next,we examined
liver regeneration in adult p19Arf-deficient mice, which
exhibited similar impaired regeneration as wild-type
mice at both days 3 and 7 (Fig. 2A). Interestingly however,
adult p16Ink4a-deficient mice seemed to regenerate even

more poorly than wild-type mice (Fig. 2F). Together, this
suggests that a deficiency of p21 partially improves liver
regeneration in adult mice.

ABT-737 treatment improves liver regeneration

Given this associated increase in senescence-associated
genes when the adult liver loses its capacity to regenerate,
we asked whether treatment with a senotherapeutic drug
might affect regeneration. To test this, we devised a strat-
egy to pretreat livers with the senolytic compound ABT-
737, or vehicle control, twice over 2 d immediately prior
to PH, as such delivery could potentially target both
p16Ink4a- and p21-positive cells (Fig. 3A). Treatment of
6–8-month-oldmicewith vehicle alone showed decreased
regenerative function, similar or worse to their untreated
controls (Fig. 3B,C). Surprisingly, however,mice thatwere
pretreated with ABT-737 showed significantly increased
regenerative capacity by day 7 after hepatectomy (Fig.
3B,C). Supporting this, we found reduced levels of the liver
enzymes aspartate transaminase (AST) and alanine trans-
aminase (ALT), which are increased upon PH, tissue dam-
age and aging (Fig. 3D; Enkhbold et al. 2015; Loforese et al.
2017; Raven et al. 2017). Improvements were also evident
at the histological level in ABT-737-treated livers, with
decreased microvacuolization and macrovacuolization,
and decreased ORO staining (Fig. 3E,F; Supplemental
Fig. S3A), and a reverse of the increased cell cycle gene
expression seen in adult mice (Supplemental Fig. S3I–N).
Together, this demonstrates that pretreatment with ABT-
737 improves liver regenerative capacity in adult mice.

ABT-737 decreases p21 and SASP expression

To explore the mechanisms involved, we examined the
expression patterns of the senescence genes following
drug treatment. First, examination of the p21 transcript
levels revealed a decrease at day 1 after PH in the ABT-
737 versus vehicle samples (Fig. 4A). Furthermore, immu-
nostainings for p21 showed a significant reduction in p21
expression, with most drug-treated hepatocytes now
negative for p21 (Fig. 4B; Supplemental Fig. S3O). This
was most evident by Western blot on whole liver lysates,
which demonstrated an overall decrease in p21 expression
1 and 3 d after PH (Fig. 4C,D; Supplemental Fig. S3P,Q).
Next, we examined for p16Ink4a expression. Interestingly,
while p16Ink4a-positive cells are suggested as a primary
target of senolytic treatment in aged tissues, here we
found no change in p16Ink4a transcript levels upon ABT-
737 treatment (Fig. 4E). In addition, the distribution of
p16Ink4a as assessed by ISH was unchanged (Fig. 4F; Sup-
plemental Fig. S3R), suggesting that these cells are not af-
fected byABT-737 treatment. Similarly, nomajor changes
were detected in p19Arf expression (Fig. 4G). Altogether,
this data suggests that ABT-737 mostly affects p21
expression.
Senescent cells are associated with an increased inflam-

matory environment and secretory capacity, known as the
SASP. By qPCR we could not detect increased SASP fac-
tors such as IL6, Ccl2, IL1, or Pai1 prior to PH in adult tis-
sue (Supplemental Fig. S4A). Our data pointed to an
aberrant expression of p21 3 d after PH in adult tissue.
Based on this, we analyzed the expression of 111 proteins,
including many SASP factors, by cytokine array. Interest-
ingly, we found that many of these showed increased
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Figure 2. Adult p21-deficient mice have partially improved regener-
ative capacity. (A) Liver/body weight ratios of 2- to 3-mo-old and 6- to
8-mo-old WT, p21−/−, and p19−/−mice at 3 and 7 d after PH (n = 4–12).
(B) H&E staining of 6- to 8-mo-old p21−/− livers before and at different
days after PH. All images are representative of at least four biological
replicates. Scale bars, 20 µm. (C ) Oil Red O staining of 6- to 8-mo-old
WT and p21−/− livers 3 d after PH. All images are representative of at
least four biological replicates. Scale bars, 50 µm. (D,E) qPCR analysis
for (D) p16Ink4a and (E) p19Arf of 2- to 3-mo-old WT and p21−/− and
6- to 8-mo-old p21−/− livers at different days after PH normalized to
2- to 3-mo-old WT day 0. (n = 4–27). (F ) Liver/body weight ratios of
6- to 8-mo-old WT and p16−/− mice 7 d after PH (n = 4–5). Error
bars, mean ±SEM, unpaired two-tailed Student’s t-test. (∗) P≤ 0.05;
(∗∗) P≤0.01; (∗∗∗) P≤ 0.001.
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expression in day 3 adult livers comparedwith their young
counterparts (Fig. 4H; Supplemental Fig. S4B). We then
asked whether ABT-737-treated livers with improved
regeneration exhibit similar inflammatory profiles. Inter-
estingly, cytokine array analysis demonstrated a large
reduction in the expression of many of the same SASP-as-
sociated factors, including Pai1, Ccl2, IGFBP-3, and
MMP2 (Fig. 4H,I; Supplemental Fig. S4C). This suggests
that ABT-737 decreases both p21 and SASP-associated
proteins. Such drugs are suggested to induce apoptosis in
fully senescent cells. However, in treated adult livers
with improved regeneration, we were unable to detect in-
creased apoptosis, nor changes in macrophage number
(Supplemental Fig. S5A,B). This suggests that ABT-737
may also interfere with p21 and SASP expression. To in-
vestigate this possibility, we treated proliferating p21-pos-
itive dermal fibroblastswithABT-737 and by qPCR, found
decreased expression of p21 and some of the same SASP-
associated factors including IGFBP3, FGF21, and MMP2,
without noticeable cell death (Fig. 4J; Supplemental Fig.
S5C). This suggests that this drug can decrease p21 and
SASP-levels.

Altogether, this study shows that p21 and SASP-like
proteins become aberrantly expressed following PH
in adult mice, which, interestingly, appears independent
of the other senescence-associated genes p16Ink4a and

p19Arf. Importantly, we show that treatment with
ABT-737 can improve regenerative capacity, introducing
the concept that such drugs could be explored further in
regeneration strategies.

In the liver, models of severe damage such as extended
hepatectomy (Lehmann et al. 2012), acetaminophen treat-
ment (Bird et al. 2018), Mdm2 deletion (Lu et al. 2015),
β1-integrin loss (Raven et al. 2017), or p21 overexpression
(Raven et al. 2017), each induce a pronounced p21 ex-
pression in hepatocytes, which results in decreased regen-
eration, senescence, and senescence spreading. It will
be interesting to determine whether senotherapeutics
can also improve such cases of severe damage. Indeed,
senolytics were shown to function in the liver (Ovadya
et al. 2018) and in ameliorating age-related hepatic steato-
sis (Ogrodnik et al. 2017). Also, although future studies
testing different drugswith different stages of delivery (be-
fore and after injury) are needed, based on these findings it
will be interesting to explore whether senotherapeutics
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Figure 3. ABT-737 improves regenerative capacity in adult livers.
(A) Schematic representation of the experimental protocol. Intraperi-
toneal injection of DMSO or ABT-737 twice over 2 d was followed 1 d
later by PH and mice were analyzed 1, 3, and 7 d after PH. (B) Liver/
body weight ratios of 6- to 8-mo-old DMSO- or ABT-737-treated
mice at different time points after PH (n = 5–11). (C ) Representative
macroscopic images of livers from DMSO- or ABT-737-treated mice
3 and 7 d after PH. Scale bars, 5 mm. (D) Aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) measured 7 d after PH (n =
4–5). (E) H&E staining of DMSO- and ABT-737-treated livers before
and at different days after PH. All images are representative of at least
five biological replicates. Scale bars, 20 µm. (F ) Oil Red O staining of
6- to 8-mo-old DMSO- or ABT737-treated mice 3 d after PH. All im-
ages are representative of at least four biological replicates. Scale
bars, 50 µm. Error bars, mean ±SEM, unpaired two-tailed Student’s
t-test. (∗) P≤ 0.05; (∗∗) P≤ 0.01.
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Figure 4. ABT-737 decreases expression of p21 and SASP factors.
(A) qPCR analysis for p21 inDMSO- andABT-737-treated livers at dif-
ferent days after PH normalized to DMSO day 0 (n = 5–21). (B) Immu-
nohistochemistry for p21 in DMSO- and ABT-737-treated livers at
different time points after PH. All images are representative of at least
four biological replicates. Scale bars, 20 µm. (C,D) p21 expression fol-
lowing treatment with DMSO or ABT-737 in whole liver lysates 1 d
(C ) and 3 d (D) after PH measured by Western blot. Tubulin was
used as a loading control (n = 3). (E) qPCR analysis for p16Ink4a in
DMSO- and ABT-737-treated livers at different days after PH normal-
ized to DMSO day 0 (n = 5–21). (F ) RNA ISH staining and quantifica-
tion for CDKN2A inDMSO andABT737 liver sections before PH (day
0). All images are representative of at least three biological replicates.
Scale bars, 20 µm. Quantification shows number of cells/field of view
that have three or more dots/cell. (n = 3) (PC) Parenchymal cells;
(NPC) nonparenchymal cells. (G) qPCR analysis for p19Arf in
DMSO- and ABT-737-treated livers at different days after PH normal-
ized to DMSO day 0 (n = 5–21). (H) Venn diagram showing the overlap
in 6- to 8-mo-old liver lysates ≥1.5-fold up-regulated proteins (com-
paredwith 2- to 3-mo-old liver lysates) and inABT737-treated liver ly-
sates ≤0.6-fold down-regulated proteins (compared with DMSO-
treated liver lysates) (n = 2). (I ) List of 19 overlapping proteins of
Venn diagram in H. (J) qPCR analysis for p21 and selected SASP fac-
tors in DMSO- or ABT737-treated dermal fibroblasts 4 d after contin-
uous treatment (n = 3). Error bars, mean ±SEM, unpaired two-tailed
Student’s t-test. (∗) P≤ 0.05; (∗∗) P≤ 0.01 (∗∗∗) P≤0.001.
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can improve regeneration in human liver and other
tissues.
Our study suggests that p21-positive cells may be a pri-

mary target of senotherapeutics. Interestingly, we found
that ABT-737 can decrease levels of p21 and SASP genes,
suggesting that this is partly how it might enable apopto-
sis in senescent cells and ultimately act as a senolytic. Un-
expectedly, we see no effect of ABT-737 treatment on the
increased expression of p16Ink4a that is present in adult
mice. However, as this appears to be primarily in macro-
phages at this stage and at lower levels than are detectable
in advanced age, it is likely that these cells are not senes-
cent. However, as we see prolonged p21 expression (a key
mediator of senescence induction) in hepatocytes after in-
jury, this possibly gives clues as to how full senescence ar-
rest might develop. Perhaps with advanced age or chronic
damage, p21 and p16Ink4a become expressed at higher lev-
els, or in the same cell types (Wang et al. 2014), and what
we witnessed here was an early stage in a cumulative and
progressive decline that becomes more complex over
time.

Materials and methods

Animal use

Wild-type C57Bl6/J and FVB, p21−/−, p19−/−, and p16−/− mice were used.

Breeding and maintenance of mice were performed in the accredited Insti-

tut de Génétique et de Biologie Moléculaire et Cellulaire/Mouse Clinical

Institute animal house, in compliance with French and European Union

regulations on the use of laboratory animals for research, under the super-

vision of Dr. Bill Keyes, who holds animal experimentation authorizations

from the French Ministry of Agriculture and Fisheries. All animal experi-

ments were approved by the ethical committee Com’Eth (Comité d’Ethi-

que pour l’Expérimentation Animale, Strasbourg, France).

Partial hepatectomy (PH)

Themice used in this study were 8- to 14-wk-old (young) and 24- to 32 wk-

old (adult) male and femalemice. Two-thirds partial hepatectomywas per-

formed under isoflurane anesthesia and according to standard procedures,

as described in supplemental material (Mitchell and Willenbring 2008).

Elimination of senescent cells in vivo

For elimination of senescent cells, 6- to 8-mo-old mice were injected once

per day intraperitoneally (i.p.) on two consecutive days immediately before

PH with DMSO (2%) or ABT-737 (25 mg/kg body weight; AdooQ Bio-

science). DMSO and ABT-737 were prepared in the following working sol-

ution: 30%propylene glycol, 5%Tween 80, 5%dextrose inwater (pH 4–5),

essentially as previously reported (Ovadya et al. 2018).

Histology and immunohistochemistry

Fixed liver tissues were washed in PBS and then processed for paraffin em-

bedding and hematoxylin and eosin (H&E) staining. Immunohistochemis-

trywas performed using standard procedures, as described in supplemental

material.

RNA in situ hybridization

In situ RNA hybridization was performed using RNAscope probes (Ad-

vanced Cell Diagnostics) for CDKN2A (411011), PPIB-positive control

(313911) and bacterial Dapb-negative control (310043) and Adgre1

(460651-C2), Pecam1 (316721-C2), Desmin (407921-C2), Ki67 (416771-

C2), CDKN1A (408551-C2), PPIB-C1/POLR2A-C2-positive control

(321651), and bacterialDapb-negative control (320751), as per themanufac-

turer’s instructions. RNAscope 2.5 HD reagent kit-RED (322360) and

RNAscope 2.5 HD duplex kit (322430) was used for chromogenic labeling

and hematoxylin for counterstaining. Images were obtained on a Leica

DM 1000 LED microscope.

Cytokine array

Cytokine levels from tissue lysates were analyzed using the mouse XL

cytokine array kit (R&D Systems), following the manufacturer’s instruc-

tions, as described in the Supplemental Material.

RT-qPCR and analysis

Frozen tissue was homogenized in TRI reagent (MRC), purified using

Direct-zol RNA miniprep kit (Zymo Research), and reverse-transcribed

using qScript cDNA Supermix (VWR International SAS). Values were nor-

malized toward Actinb and Gapdh quantification. Real-time qPCR was

performed using gene-specific primers (Supplemental Table 1) and a Light-

Cycler 480 (Roche).

Tissue culture

Primary mouse dermal fibroblasts were isolated from 1- to 2-day-old mice.

Cells were treated with 0.05% DMSO, 1 µM ABT737 and 5 µM ABT737

(both with 0.05% DMSO). Medium with treatment agents was changed

daily. After 4 d, RNA was isolated using NucleoSpin RNA plus (Mach-

ery-Nagel).

Statistical analysis

Statistical analysis was performed using the Prism 8 software (GraphPad

Software, Inc.). Results are presented as mean ± S.E.M. Statistical sig-

nificance was determined by the two-tailed unpaired Student’s t-test (P≤

0.05 [∗]; P≤0.01; [∗∗], and P≤0.001 [∗∗∗]).
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