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Cancer metastasis accounts for 90% of cancer deaths.

Tumor metastasis is the leading cause of death among cancer patients
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(Fig. 1B), each with distinct patterns of ductal branching, whereas in
humans this process leads to the formation of different prostatic
zones (Fig. 1A) within a uni-lobular organ (Cunha et al., 1987;
Timms, 2008). In the final stage, the solid epithelial cords undergo
canalization to form the ductal lumen and cytodifferentiation to give
rise to functional glandular epithelium with fully differentiated cell
types.
The mature prostate epithelium contains several distinct cell

types that differ in their morphology (Figs 2, 3). The luminal cells
are tall columnar epithelial cells that express cytokeratins (CK; also
known as KRT) 8 and 18 as well as secretory proteins such as
prostate specific antigen (PSA; also known as KLK3) (Liu et al.,
1997; Verhagen et al., 1988, 1992; Wang et al., 2001). Below the
luminal layer are non-secretory basal cells that line the basement
membrane and express CK5, CK14 and p63 (Trp63) (Signoretti
et al., 2000; Verhagen et al., 1988, 1992; Wang et al., 2001).
Notably, mouse and human prostate basal cells express low or
undetectable levels of AR compared with luminal cells, nearly all of
which express high levels of AR (El-Alfy et al., 1999; Mirosevich
et al., 1999). Within the basal layer are occasional intermediate cells
that co-express luminal and basal markers as well as additional
markers such as CK19 (De Marzo et al., 1998; Wang et al., 2001;
Xue et al., 1998); despite considerable speculation, it remains
unclear whether intermediate cells represent a functionally distinct
cell type. Finally, rare neuroendocrine cells correspond to basally
localized cells that express secreted neuropeptides and other
hormones, and often display a dendritic-like process that contacts
the glandular lumen (Abrahamsson, 1999).
The mesenchymal compartment of the prostate also contains a

number of differentiated cell types (Fig. 3). For example, cells of
the embryonic UGM form a layer of smooth muscle, which lines
the epithelium and exhibits contractile activity to aid expulsion of
prostatic fluid into the ejaculate (Hayward et al., 1996b). The
adult prostate stroma also contains a large population of mature
fibroblasts that secrete extracellular matrix, consisting of fibrillar
proteins, glycoproteins and proteoglycans that form a structural
network and mediate growth factor signaling (Tuxhorn et al.,
2001). Finally, other components of the stroma include blood
vessels, lymphatics, nerves, and immune cells, which have been
implicated in stem cell regulation as well as tumorigenesis within
the prostate.

A comparison of rodent and human prostate development,
anatomy and histology
Although analyses of archival human tissue samples have provided
descriptive insights into prostate development, functional and
mechanistic studies of human prostate organogenesis have been
limited, and have depended on the use of animal models,
particularly genetically engineered mice. Key features of
androgen-mediated prostate induction, epithelial budding,
branching morphogenesis and differentiation, as well as the
pathways that drive these processes, are similar in rodent and
human prostate organogenesis. However, there are significant
differences between rodents and humans in terms of the temporal
and spatial regulation of these processes. In humans, prostate
epithelial budding occurs relatively early during embryogenesis,
followed by interrupted phases of organogenesis at postnatal and
pubertal stages (Cunha et al., 1987). In contrast, prostate epithelial
budding initiates at late fetal stages in the mouse and rat, but the
remainder of organogenesis occurs continuously during postnatal
stages through puberty.

The gross morphology and histology of the human and rodent
prostates (Fig. 1) also display several important differences (Ittmann
et al., 2013; Shappell et al., 2004). One of the first studies of human
prostate development observed that epithelial buds emerge from the
UGE in defined pairs, suggesting that the human gland comprises
multiple lobes (Lowsley, 1912). In the adult, however, such lobes
are no longer recognizable (Price, 1963). Instead, the human
prostate is uni-lobular, containing three zones – the central,
transition and peripheral zones – that are believed to originate
from five pairs of epithelial buds (McNeal, 1988). The central zone
branches anteriorly from the prostatic urethra to surround the
ejaculatory duct and constitutes approximately 20% of the prostate.
The transition zone encircles the urethra and comprises
approximately 10% of the prostate volume; it also represents the
site of benign prostatic hyperplasia (BPH), a tissue enlargement that
is unrelated to malignancy (McNeal, 1978; Timms and Hofkamp,
2011). Finally, the peripheral zone constitutes approximately 70%
of the prostate, and represents the most common site of malignancy
(McNeal, 1981). In addition to these epithelial components, the
human prostate also has an anterior fibromuscular stroma that covers
the glandular tissue, as well as a fibrous capsule that covers the
exterior of the organ (McNeal, 1988).
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Fig. 1. Overview of prostate anatomy. (A,B) Schematics of the adult human (A) and adult mouse (B) prostate gland. Key structures and regions of the prostate
are indicated. Adapted from Cunha et al. (1987) and McNeal (1969) and reproduced from Abate-Shen and Shen (2000).
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Bladder cancer

Arises from transitional epithelium of 
the urothelial tract (bladder, ureter, 
renal pelvis)

Non-muscle invasive bladder cancer 
(75%)

Muscle invasive bladder cancer 
(MIBC; 25%)

High recurrence rate

50% 5-year overall survival

Bladder Cancer Treatment (PDQ®)–Health Professional Version. National Cancer Institute



• 4th most common cancer in men

• Less common in women but more aggressive 

• Smoking → ~50% of cases

• Aging: Median diagnosis at 70 years

• Chronic bladder inflammation

• Environmental & occupational hazards

Bladder cancer



Estimated number of New cancer cases and death by sex, US 2022



Adapted from Kobayashi… Abate-Shen, Nat Rev Cancer (2015)

90% 50% ~15%5-year 
survival 

Bladder Cancer Progression
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Treating bladder cancer by stage

Cansu Yol.

MIBC

HG 
NMIBC

LG 
NMIBC



Cell 2017;171(3):540-556.e25
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European Urology 2025 
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Treating bladder cancer by stage
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BCG is the Original Cancer Immunotherapy

SWOG 8216

BCG

Doxorubicin

Lamm NEJM 1991Redelman-Sidi, Glickman, Bochner, Nature Reviews Urology 2014
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Treating bladder cancer by stage
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Antibody Drug Conjugates (ADCs) emerge as 
a new standard of care for bladder cancer



Common genetic alterations in bladder cancer



Establishment of patient-derived bladder organoids

Lee et al. (2018) Cell 173: 515-528
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A living urothelial tumor organoid biobank
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Luminal-basal plasticity in organoids
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Biology of Bladder Urothelium

Challenges

o Unclear what cell types to target
o Limited options to target bladder urothelium directly



AdenoCre

Bladder-specific Gene Recombination 



Modeling Bladder Cancer in Mice

Puzio-Kuter et al., 2009
Park et al., 2021



Refined Approaches to Model  
Bladder Cancer in Mice

Park et al., 2021



Frequently Mutated Genes in MIBC



Modeling Bladder Cancer in Mice

Abbreviation Full description Phenotype Mets
DKO Ptenflox/flox; p53flox/flox MIBC with sarcomatoid 

differentiation ~40%

Kmt2d DKO Kmt2dflox/flox; Ptenflox/flox; p53flox/flox MIBC with squamous 
differentiation ~35%

Kdm6a DKO Kdm6aflox/flox; Ptenflox/flox; p53flox/flox MIBC with sarcomatoid 
differentiation ~40%

Arid1a DKO Arid1aflox/flox; Ptenflox/flox; p53flox/flox MIBC with sarcomatoid 
differentiation ~90%

Ep300 DKO EP300flox/flox; Ptenflox/flox; p53flox/flox Under characterization

Crebbp DKO Crebbpflox/flox; Ptenflox/flox; p53flox/flox Under characterization

DKO inbred Ptenflox/flox; p53flox/flox Under characterization

Model of 
plasticity

Model of 
metastasis 

Model of 
TME 



Luminal Luminal to basal 
(Double-positive)

Overt basal/
squamous

Kmt2d DKO mouse
1.5 months after induction
Ck8/Ck14/DAPI

Modeling plasticity



Modeling metastasis

TKO: Arid1a DKO



Conserved Drivers of Metastasis  

Maeve Humphery



Summary: Bladder cancer 

• Most people with bladder cancer do well, those with advanced disease have 
poor outcomes


• Bladder cancer is a genetically and phenotypically diverse disease with a 
range of outcomes


• Treatments depend on the stage and the genetics 


• Can model bladder cancer in human organoids, PDX and GEMMs for 
preclinical investigation


•  Still no cure for metastatic disease




(Shen and Abate-Shen, 2010)

• Study developmental pathways to understand mechanisms of cancer initiation that can 
be targeted for prevention

• Mechanisms of castration resistance and metastasis that can be targeted for treatment

Prostate cancer progression





Arap, Pasqualini, and Costello, N Engl J Med. 2020 

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 383;23 nejm.org December 3, 20202288

The second — and perhaps more revealing 
— discovery invokes the theory proposed by 
Conrad H. Waddington, who coined the term 
epigenetics to describe “the branch of biology 
which studies the causal interactions between 
genes and their products which bring the pheno-
type into being.”5 Pomerantz et al. asked whether 
prostate cancer cells require a new epigenetic 
program to become metastatic or whether the 
cells adopt an existing program from their own 
repertoire, such as a prior developmental stage 
within the prostate lineage. Multiple lines of 
evidence support a connection between the 
metastatic state and the fetal prostate. First, in 
their analyses of metastasis-specific sites of an-
drogen-receptor binding, the researchers identi-
fied sets of genes that were active during pros-

tate development, including the critical Wnt
pathway. Second, they found that the epigenome 
(H3K27ac) pattern in prostate metastasis was 
distinct from that in adult epigenomes (includ-
ing in the prostate) and in metastases of other 
cancers, yet strongly resembled the epigenome 
of an embryo-derived cell line from the urogeni-
tal sinus, a structure with cells fated for prostate 
development. Finally, the genes that were tagged 
by H3K27ac in metastases of human prostate 
cancer were expressed to a higher degree in em-
bryonic mouse prostate tissues than they were in 
the postnatal prostate. These data support the 
hypothesis that the epigenome in prostate can-
cer metastases resembles that of an earlier devel-
opmental period in the prostate-cell lineage, 
when developing prostate cells are actively pro-

Figure 1. Androgen-Receptor Activation and Action.

The androgen receptor (AR) is activated by the binding of androgen ligands, which prompts AR dimerization, trans-
location to the nucleus, and activation of a canonical transcriptional program that promotes cell survival, prolifera-
tion, and the secretion of prostate-specific antigen (PSA).
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Androgen receptor signaling



Prostate cancer stages and treatment options



Prostate cancer 
treatment

LHRH agonists 
(reduce testosterone 

production)

Abiraterone

Anti-androgens 
(block AR)

First generation
(Flutamide, 

Bicalutamide)

Second 
generation 

(Enzalutamide, 
Apalutamide)

Prostate cancer stages and treatment options



(Shen and Abate-Shen, 2010)

Modeling prostate cancer progression in mice



Prostate-specific gene recombination in a luminal cell of origin

(Wang et al., Nature 2009)



A series of GEMMs that model all stages of prostate cancer

Abbreviation Full description Phenotype Mets

N Nkx3.1CreERT2/+; Pten+/+ Low-grade PIN 0%

NP Nkx3.1CreERT2/+; Ptenflox/flox High-grade PIN/Adenocarcinoma <5%

NPE Nkx3.1CreERT2/+; Ptenflox/flox; R26R-Erg High-grade PIN/Adenocarcinoma <5%

NPM Nkx3.1CreERT2/+; Ptenflox/flox; Hi-Myc Adenocarcinoma ~40%

NPp53 Nkx3.1CreERT2/+; Ptenflox/flox; p53flox/flox Aggressive Adenocarcinoma/NEPC ~50%

NPp53mut Nkx3.1CreERT2/+; Ptenflox/flox; p53R270H/flox Aggressive Adenocarcinoma/NEPC ~50%

NPp53Br1 Nkx3.1CreERT2/+; Ptenflox/flox; p53flox/flox; Brca1flox/flox Aggressive Adenocarcinoma/NEPC ~80%

NPp53Br2 Nkx3.1CreERT2/+; Ptenflox/flox; p53flox/flox; Brca2flox/flox Aggressive Adenocarcinoma/NEPC ~80%

NPB Nkx3.1CreERT2/+; Ptenflox/flox; B-RafV600E Poorly differentiated adenocarcinoma 100%

NPK Nkx3.1CreERT2/+; Ptenflox/flox; KrasG21D Poorly differentiated adenocarcinoma 100%

Outcome 
Group1:
Indolent

Outcome 
Group 2:
Adeno

carcinoma

Outcome 
Group 3:

Lethal



GEMMs model the full range of prostate cancer phenotypes

(Vasciaveo,  Arriaga, Nunes de Almeida et al, Cancer Discovery, 2023)

Outcome group 1 Outcome group 2 Outcome group 3



Prostate cancer GEMMs available at the Jackson Laboratory

JAX#033750  STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> Nkx3-
1<tm4(cre/ERT2)Mms>/AbshnJ
Common Name:  N 

JAX#033751  STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> Nkx3-
1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/AbshnJ
Common Name:  NP 

JAX#033752  STOCK Gt(ROSA)26Sor<tm1(TMPRSS2/ERG)Key> Nkx3-
1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/AbshnJ
Common Name:  NPE 

JAX#033753  STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> 
Brca1<tm2Cxd> Nkx3-1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/AbshnJ
Common Name:  NPBR1

JAX#033754  STOCK Brca2<tm1Brn> Gt(ROSA)26Sor<tm3(CAG-
EYFP)Hze> Trp53<tm1Brn> Nkx3-1<tm4(cre/ERT2)Mms> 
Pten<tm1Hwu>/AbshnJ
Common Name:  NPp53BR2

JAX#033755  STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> 
Trp53<tm1Brn> Nkx3-1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/AbshnJ
Common Name:  NPp53

Lines Sending to The Jackson Laboratory
JAX#033756  STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> 
Trp53<tm1Brn> Trp53<tm3Tyj> Nkx3-1<tm4(cre/ERT2)Mms> 
Pten<tm1Hwu>/AbshnJ
Common Name:  NPp53MUT

JAX#033757  STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> Nkx3-
1<tm4(cre/ERT2)Mms> Pten<tm1Hwu> Tg(ARR2/Pbsn-
MYC)7Key/AbshnJ
Common Name:  NPM 

JAX#033759  STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> Nkx3-
1<tm4(cre/ERT2)Mms> Smad4<tm2.1Cxd> Pten<tm1Hwu>/AbshnJ
Common Name:  NPS

JAX#033760  STOCK Braf<tm1Mmcm> Gt(ROSA)26Sor<tm3(CAG-
EYFP)Hze> Nkx3-1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/AbshnJ
Common Name:  NPB

JAX#033761  STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> 
Kras<tm4Tyj> Nkx3-1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/AbshnJ
Common Name:  NPK

JAX#033763  STOCK Gt(ROSA)26Sor<tm2(myc*T58A)Rcse> Nkx3-
1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/AbshnJ
Common Name:  NPMycTA

Lines Sending to The Jackson Laboratory

https://www.jax.org/ 

JAX Strain Datasheet 

JAX#033756  STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> 
Trp53<tm1Brn> Trp53<tm3Tyj> Nkx3-1<tm4(cre/ERT2)Mms> 
Pten<tm1Hwu>/AbshnJ
Common Name:  NPp53MUT

JAX#033757  STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> Nkx3-
1<tm4(cre/ERT2)Mms> Pten<tm1Hwu> Tg(ARR2/Pbsn-
MYC)7Key/AbshnJ
Common Name:  NPM 

JAX#033759  STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> Nkx3-
1<tm4(cre/ERT2)Mms> Smad4<tm2.1Cxd> Pten<tm1Hwu>/AbshnJ
Common Name:  NPS

JAX#033760  STOCK Braf<tm1Mmcm> Gt(ROSA)26Sor<tm3(CAG-
EYFP)Hze> Nkx3-1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/AbshnJ
Common Name:  NPB

JAX#033761  STOCK Gt(ROSA)26Sor<tm3(CAG-EYFP)Hze> 
Kras<tm4Tyj> Nkx3-1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/AbshnJ
Common Name:  NPK

JAX#033763  STOCK Gt(ROSA)26Sor<tm2(myc*T58A)Rcse> Nkx3-
1<tm4(cre/ERT2)Mms> Pten<tm1Hwu>/AbshnJ
Common Name:  NPMycTA

Lines Sending to The Jackson Laboratory



OncoLoop:  A network-based precision cancer medicine framework 

Conceptual Framework

Network Analysis

Oncoloop Analysis

(Vasciaveo,  Arriaga, Nunes de Almeida et al, Cancer Discovery, 2023)

Drug prediction and validation
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Cell fate
determination:
process by which a cell
assumes a specific
differentiated state

Differentiation:
process by which a less
specialized cell
acquires properties of
a more specialized cell,
usually a mature
functioning cell

Progenitor cell: cell
that can differentiate
into more specialized
cell types within a
tissue

Cellular identity: the
features of a cell that
are associated with its
differentiation state

Cellular plasticity:
ability of a cell to
change from one
identity to another

Senescence: process
by which cells stop
dividing and enter a
state of permanent
growth arrest without
undergoing cell death

INTRODUCTION: ROLLING BACK UP WADDINGTON’S HILL
Since the nineteenth century, studies of classical embryology supported a central dogma that
the process of cellular differentiation is progressive, unidirectional, and essentially irreversible.
Thus, starting with a pluripotent progenitor cell that can generate all somatic cell types within the
embryo, specification events progressively restrict cell fates and ultimately lead to the generation
of fully differentiated cell types. Through this process, cell fates become determined and can no
longer be reversed or altered. Thus, the process of cell fate determination can be metaphorically
likened to a ball rolling down a hill: A common starting point leads to multiple distinct paths, but
once a certain path has been selected, there is no turning back (Waddington 1957) (Figure 1).

However, studies over the past several decades have revealed that many differentiated cell types
have a greater potential for altering their identity than previously appreciated. It is now realized
that cellular plasticity, or the ability of differentiated cells to change their identity, is relatively
common in normal physiological contexts, as well as in cancer. Since the term “plasticity” is not
always used appropriately in the literature, we restrict our discussion of plasticity to scenarios in
which meaningful experimental evidence supports a phenotypic alteration in differentiation status.
Cellular plasticity may occur in response to physiological stresses, such as injury, inflammation,
or senescence, or may be a consequence of oncogenic stimuli. Such plasticity may have profound
implications for tumor progression, since it can provide a mechanism for cancer cells to evade
detection and treatment or to escape from the confines of the primary tumor.

The conceptual framework underlying cellular determination and plasticity was established
using experimental models that are amenable for direct analysis of lineage relationships in vivo. In
contrast, it is more challenging to unequivocally demonstrate lineage plasticity in human tumors.
Therefore, we first introduce conceptual aspects of lineage plasticity as understood in develop-
mental contexts, and then discuss their relationship to cancer. We describe the advantages and
disadvantages of experimental approaches that have been used to study plasticity and their appli-
cation to cancer biology. Finally, we discuss examples of lineage plasticity in cancer initiation and

Di!erentiationDi!erentiation

Stem cell

Di!erentiated cell typesDi!erentiated cell types

Dedi!erentiationTransdi!erentiation
(direct)

Transdi!erentiation
(direct)

ReprogrammingReprogramming

(Indirect)(Indirect)

Figure 1
Waddington’s (1957) landscape of differentiation, depicting the process of differentiation of a stem cell into
distinct cell types, visualized as a ball rolling down a hill. Pathways of dedifferentiation, transdifferentiation
(both direct and indirect), and reprogramming are indicated. Adapted from Waddington (1957, p. 29,
figure 4) with permission from Taylor & Francis.
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A phenotypic change in cellular state at the 
single-cell level, often in response to 
microenvironmental signals or drug 
treatment


Can occur through alterations at the 
genomic, epigenetic, transcriptional, or post-
transcriptional level


Can be reversible or irreversible


Can be difficult to distinguish from clonal 
selection at the population level

Lineage plasticity in development and cancer

“ability of a cell to change from one identity to another ” 



Abbreviation Full description Phenotype Mets

N Nkx3.1CreERT2/+; Pten+/+ Low-grade PIN 0%

NP Nkx3.1CreERT2/+; Ptenflox/flox High-grade PIN/Adenocarcinoma <5%

NPE Nkx3.1CreERT2/+; Ptenflox/flox; R26R-Erg High-grade PIN/Adenocarcinoma <5%

NPM Nkx3.1CreERT2/+; Ptenflox/flox; Hi-Myc Adenocarcinoma ~40%

NPp53 Nkx3.1CreERT2/+; Ptenflox/flox; p53flox/flox Aggressive Adenocarcinoma/NEPC ~50%

NPp53mut Nkx3.1CreERT2/+; Ptenflox/flox; p53R270H/flox Aggressive Adenocarcinoma/NEPC ~50%

NPp53Br1 Nkx3.1CreERT2/+; Ptenflox/flox; p53flox/flox; Brca1flox/flox Aggressive Adenocarcinoma/NEPC ~80%

NPp53Br2 Nkx3.1CreERT2/+; Ptenflox/flox; p53flox/flox; Brca2flox/flox Aggressive Adenocarcinoma/NEPC ~80%

NPB Nkx3.1CreERT2/+; Ptenflox/flox; B-RafV600E Poorly differentiated adenocarcinoma 100%

NPK Nkx3.1CreERT2/+; Ptenflox/flox; KrasG21D Poorly differentiated adenocarcinoma 100%

A series of GEMMs that model all stages of prostate cancer



PTEN and TP53 up-regulated in castration-resistant prostate cancer (CRPC)

(Zou, …. Califano, Shen, Abate-Shen  Cancer Discovery, 2017)



NPp53 mice share molecular features with human CRPC

(Zou, …. Califano, Shen, Abate-Shen  Cancer Discovery, 2017)



Abiraterone accelerates CRPC in NPp53 



Neuroendocrine differentiation (NEPC) arises via 
transdifferentiation of adenocarcinoma cells



Treatment resistance leads to NEPC via transdifferentiation

Luminal cells
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(CRPC-Adeno) CRPC focal NE CRPC overt NE

(CRPC-NE)
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Anti-androgen treatmentPTEN loss p53 loss

Neuroendocrine
proliferationtransformed lineage-marked

luminal cells

tumor induction
and lineage

marking

androgen-
deprivation

treatment
failure

“proliferative
switch”

Figure 6



Sleeping beauty forward genetic screening

Francisca Nunes de Almeida



Forward genetic screen to identify drivers of NEPC

(Nunes de Almeida, Vasciaveo, Giacobbe, Zou, … Califano, Abate-Shen, In revision)



Sleeping beauty tumors enriched for a molecular signature of NEPC 



Sleeping beauty tumors enriched for master regulators of NEPC



Sleeping beauty tumors “match” with NEPC patients



Common insertion sites (CIS) enriched for a molecular signature of NEPC



Integration of genomic (CIS) and transcriptomic data
identifies modulators of NEPC  



Lead candidate NEPC regulator is SIRT1

SIRT1 is an NAD-dependent deacetylase that plays a key role 
in regulating metabolism, cellular stress responses, and aging. 



Gain of SIRT1 promotes NEPC 



Silencing SIRT1 reverses NEPC 



Inhibition of SIRT1 blocks 



Treatment resistance leads to NEPC via transdifferentiation
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SIRT1


