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ABSTRACT
Following prolonged androgen receptor (AR)-targeted therapy, approximately 20% of castra-
tion-resistant prostate cancers (CRPC) progress to AR-independent subtypes. This includes neuro-
endocrine prostate cancer (NEPC), a highly aggressive variant with dismal clinical outcomes and 
limited treatment options. The pioneer transcription factor FOXA2 has been shown to drive this 
neuroendocrine trans-differentiation (NET), yet the precise histological characteristics of FOXA2-
driven tumors remain poorly defined. In this study, we demonstrate that FOXA2 overexpression 
in both xenograft and allograft prostate cancer models gives rise to tumors with mixed histologic 
features, resembling treatment-induced NEPC in patients. Notably, FOXA2-expressing tumors 
developed distinct NEPC foci characterized by poorly differentiated histopathology, neuroendo-
crine gene expression, and significantly elevated Ki-67 proliferation indices within predominantly 
adenocarcinoma tumors, indicating cellular heterogeneity in FOXA2 expression, lineage plasticity, 
and differential responses to local microenvironmental cues in vivo. Together, these findings vali-
date FOXA2 as a master regulator of lineage plasticity and NEPC transformation in vivo and under-
score the clinical relevance of FOXA2 overexpression models in studying NEPC transformation.
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1. Introduction
    Prostate cancer is the most diagnosed cancer in 
American men. Most prostate cancers are initially di-
agnosed as adenocarcinomas and are highly depen-
dent on androgens. Androgen deprivation therapy 
(ADT) is the mainstay treatment for prostate cancer 
(PCa). While most PCa originally responds well to 
ADT, the tumors eventually recur and progress to 
castration-resistant prostate cancer (CRPC). Further 
treatment with second-generation androgen receptor 
(AR) pathway inhibitors, such as enzalutamide and 
abiraterone, can extend survival, but as high as 20% 
of CRPC cases may progress into AR-independent 
prostate cancers, including neuroendocrine prostate 
cancer (NEPC) and double-negative prostate cancer 
(DNPC) [1-3].
    NEPC is characterized by the loss of AR signal-
ing pathway gene expression and the gain of neuro-

endocrine lineage marker genes. In contrast, DNPC 
exhibits low expression of both AR target genes and 
neuroendocrine genes [4]. Recent studies suggest 
that DNPC may acquire some squamous differen-
tiation features [5]. These AR-independent cancers 
are highly aggressive, with a median survival of less 
than one year. Given the poor prognosis, a DNPC 
or NEPC model that accurately recapitulates human 
PCa transformation is urgently needed. Such a mod-
el would be essential for elucidating the molecular 
mechanisms underlying this aggressive disease and 
for identifying key molecular targets for therapeutic 
intervention.
    CRPC and NEPC share many genetic alterations, 
with RB1 deletion and p53 mutation being more 
enriched in NEPC. Several genetically engineered 
mouse models (GEMMs), such as Ptenf/f;Rb1f/f (PR), 
Ptenf/f;p53f/f (PP), Ptenf/f;Rb1f/f;Mycn+ (PRN), and 
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Ptenf/f;p53f/f;Rb1f/f (PPR) mice with prostate-specific 
deletion or overexpression of indicated genes, have 
been created to study CRPC progression to NEPC 
[6-9]. These models initially develop high-grade 
adenocarcinoma and subsequently evolve into het-
erogeneous tumors exhibiting divergent differentia-
tion. Depending on the model, tumors may retain a 
conventional adenocarcinoma phenotype or acquire 
neuroendocrine, squamous, and/or sarcomatoid 
features. Notably, the PRN and PPR models display 
more aggressive and poorly differentiated tumors 
compared to the PP and PR models, underscoring the 
synergistic role of RB1 loss, p53 mutation, and Mycn 
amplification in driving NEPC aggressiveness.
    FOXA2 is a pioneer transcription factor that is 
highly expressed in NEPC and serves as a diagnostic 
marker for this aggressive subtype [10-12]. Genetic 
studies in mice have established that Foxa2 is essen-
tial for NEPC transformation, mediating its effects 
through the KIT and hypoxia pathways [13, 14]. Our 
recent work demonstrated that FOXA2 overexpres-
sion in prostate adenocarcinoma cell lines induc-
es NEPC trans-differentiation by remodeling both 
2D and 3D chromatin architecture [15]. However, a 
comprehensive histopathological characterization of 
FOXA2-driven NEPC tumors is still lacking.
    In this study, we demonstrate that Foxa2 promotes 
NEPC transformation across multiple preclinical 
models, including the PP mouse PCa organoids and 
allografts, as well as LNCaP xenografts. FOXA2 in-
duced heterogeneous tumors with a mixed histology, 
including adenocarcinoma and neuroendocrine tu-
mors. Notably, tumor foci with NE features exhibited 
significantly elevated expression of the proliferation 
marker Ki-67 and displayed poorly differentiated 
histology compared to adenocarcinoma foci. These 
findings underscore the clinical relevance of FOXA2 
overexpression models in studying NEPC transfor-
mation.

Materials and methods

Ethics statement
    Our research complies with all relevant ethical 
regulations. Mouse handling and experimental pro-
cedures were approved by the Institutional Animal 
Care and Use Committee at Northwestern Universi-
ty in accordance with the US National Institutes of 
Health Guidelines for the Care and Use of Laboratory 
Animals and the Animal Welfare Act.

3D organoid cell culture
Mouse prostate organoids were generated as pre-

viously described[16]. Briefly, prostates from 7- to 
8-week-old PbCre-/-; Ptenf/f; p53f/f mice were minced 
into small pieces (~1 mm³) and digested in 5 mg/
mL collagenase type II (Gibco, #17101-015) supple-
mented with 10 μM Y-27632 dihydrochloride (Toc-
ris, #1254) for 1–1.5 h at 37°C. The digested tissue 
was washed once with Advanced DMEM/F12 (adD-
MEM/F12) containing penicillin/streptomycin, 10 
mM HEPES, and 2 mM GlutaMAX (adDMEM/F12 
+/+/+), then resuspended in 5 mL TrypLE Express 
(Gibco, #12604-021) for further digestion at 37°C for 
15 min. After digestion, cells were washed once with 
adDMEM/F12 +/+/+, counted using a hemocytome-
ter, and 20,000 cells were plated in a 40 µL Matrigel 
drop in the center well of a 12-well plate. The plate 
was incubated (5% CO₂, 37°C) for 15 min to allow 
Matrigel polymerization. Subsequently, 1 mL of pre-
warmed mouse complete organoid medium supple-
mented with 10 μM Y-27632 was gently added, and 
cultures were maintained in a CO₂ incubator (5% 
CO₂, 37°C). Medium was refreshed every 3 days. For 
passaging, organoids were collected weekly at a 1:4 
split ratio. Matrigel and organoids were washed with 
PBS, resuspended in 0.5 mL TrypLE Express, and di-
gested at 37°C for 15 min. After digestion, cells were 
washed once with adDMEM/F12 +/+/+ and replated 
in 50% Matrigel before adding fresh organoid culture 
medium.

Lentiviral infection of mouse organoids
For lentiviral infection, dissociated single cells 

were mixed with lentivirus in the presence of 8 μg/
mL polybrene and centrifuged at 600 × g for 1 h at 
room temperature. After centrifugation, cells were 
incubated at 37°C with 5% CO₂ for 6 h to allow viral 
uptake, then embedded in Matrigel for further cul-
ture.

Murine xenograft and allograft studies
    Mice were housed in specific pathogen-free animal 
facilities (at 20–23 °C, with 40–60% humidity and 
12-h light/12-h dark cycle). NOD SCID male mice 
at 6–7 weeks old were purchased from Charles Riv-
er Laboratories. For LNCaP/plv and LNCaP/FOXA2 
xenografts, 2x106 cells were subcutaneously injected 
into the right flank of the mice. Tumor volumes were 
measured twice weekly using digital calipers and cal-
culated as: V = L × W2/2 (V, mm3; L, mm; W, mm).
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For the allograft study, control- or Foxa2-express-
ing prostate organoids from PbCre-negative Pten and 
p53 knockout mice were infected with Cre virus in 
vitro and then amplified in Matrigel for one week. 
Subsequently, 2 million dissociated organoids were 
injected subcutaneously into the flanks of SCID mice. 
The tumor growth was monitored as described above.

Western blotting and Immunohistochemistry (IHC)
Western blotting was performed using established 

protocols and antibodies (Supplementary Table 1). 
IHC was performed using ImmPRESS® Excel Am-
plified Polymer Kit (Vector Laboratories), according 
to the manufacturer’s instructions. Briefly, Forma-
lin-fixed paraffin-embedded (FFPE) tissue sections 
were de-paraffinized and hydrated, followed by anti-
gen retrieval, which was accomplished by heating at 
99–100 °C for 15 min in 1x citrate buffer, pH 6.0 (Sig-
ma, C9999-1000ML). Following antigen retrieval, the 
tissue sections were incubated with BLOXALL block-
ing solution to quench endogenous peroxidase activ-
ity and then were blocked with 2.5% normal horse 
serum. After blocking, the tissue sections were incu-
bated with primary antibodies (AR, cat#ab108341, 
1:1000;  FOXA2, cat#ab108422, 1:1000; SYP, 
cat#sc-17750, 1:100; Ki67, cat#ab16667, 1:150) fol-
lowed by incubating with amplifier antibody (Goat 
Anti-Rabbit IgG for rabbit primary antibodies) or 
directly incubated with ImmPRESS polymer reagent 
(for mouse primary antibodies). After ImmPRESS 
polymer reagent incubation, the tissue sections were 
incubated in ImmPACT DAB EqV working solution 
until desired stain intensity developed, then the tis-
sue sections were counterstained with hematoxylin, 
mounted with mounting medium, and imaged with 
an Olympus microscope. All histological evaluations 
and quantifications (including hematoxylin and eo-
sin (H&E)-stained and IHC images) were performed 
by a board-certified, genitourinary pathologist (L.H.) 
who was blinded to animal genotypes.

Bulk RNA-Seq Analysis
Raw counts of genes were calculated by STAR. 

Fragments per kilobase of transcript per million 
mapped reads (FPKM) values were calculated by 
an in-house Perl script. Differential gene expression 
analysis was performed using DESeq2 with default 
parameters. Pathway enrichment analysis was per-
formed using GSEA.

Statistical analysis
    For each independent in vitro experiment, at least 
three technical replicates were used. Most in vitro ex-
periments were repeated independently three times, 
and some were repeated twice. Two-tailed unpaired 
Student’s t-tests were used to assess statistical signifi-
cance in RT-qPCR experiments and cell-based func-
tional assays and in vivo mouse experiments. 

Results

Foxa2 induces neuroendocrine differentiation of 
mouse PCa organoids with Pten and p53 double 
knockout
    To investigate whether Foxa2 can induce neuroen-
docrine differentiation of mouse PCa, we generated 
organoid cultures of prostate cancer tissues derived 
from the Pbcre-/-;Ptenf/f;p53f/f (PP) mouse and infect-
ed them with either Cre lentivirus alone or Cre com-
bined with Foxa2 lentivirus (Fig.1A). Western blot 
analysis confirmed double knockout (DKO) of both 
pten and p53 upon Cre lentivirus infection. Notably, 
androgen receptor (AR) expression was significantly 
downregulated in organoids with Foxa2 overexpres-
sion (OE) (Fig. 1B), suggesting that Foxa2 may pro-
mote lineage plasticity. To further validate this, we 
assessed the expression of Ar and neuroendocrine 
(NE) marker genes in control and Foxa2-OE organ-
oids. Foxa2 markedly induced the expression of NE 
markers, including Syp, Chga, Ncam1, and Insm1, at 
RNA and/or protein levels (Fig. 1C). Together, these 
findings demonstrate that Foxa2 drives neuroendo-
crine differentiation of PP-DKO mouse prostate can-
cer organoids. 

Foxa2 induces luminal-to-neuronal transcriptional 
reprogramming in PP mouse PCa organoids 
    To investigate the transcriptional programs reg-
ulated by Foxa2, we performed RNA sequencing 
(RNA-seq) in control and Foxa2-OE PP mouse PCa 
organoids and identified differentially expressed 
genes. Notably, genes upregulated in Foxa2-OE cells 
were enriched for pathways associated with cell mo-
tility, neurogenesis, and epithelial cell differentiation, 
while downregulated genes were involved in luminal 
epithelial cell functions, such as cell adhesion and 
response to stimulus (Fig. 2A). We noticed that cell 
differentiation programs were enriched by both gene 
sets. A close look revealed that they involve distinct 
genes (Supplementary Table 1). Genes upregulated 
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in Foxa2 OE cells were enriched for molecular path-
ways involved in epithelial cell differentiation and 
exhibited a distinct neuroendocrine (NE) signature, 
characterized by the induction of key regulators such 
as Ascl1, Insm1, Bmp4, and Lef1 (Fig. 2B and Sup-
plementary Table 1). Conversely, the downregulated 
genes are predominantly involved in extracellular ma-
trix remodeling and epithelial-mesenchymal transi-
tion, as evidenced by the repression of structural and 
signaling markers including Col5a1, Mmp9, Tgfb3, 
Sfrp1, and Cd34 (Supplementary Table 1). Taken 
together, these findings demonstrate that Foxa2 pro-
motes neuronal transcriptional programs in the mouse 
PP PCa organoids, while repressing luminal pheno-
types.

Figure 1. Foxa2 overexpression in PP-DKO (double-knockout) prostate organoids induces neuroendocrine differentiation

A. Schema illustrating the generation of control (plv) and Foxa2-overexpressing (Foxa2-OE) organoids from PP mice. 

B. Western blot (WB) confirming knockout of Pten and p53, and overexpression of Foxa2 in the PP organoids with indicated 
treatment. 

C. RT-PCR (left) and WB (right) showing that Foxa2 OE induced NE marker gene expression. Data were normalized to GAPDH 
(mean ± SEM, n =3). P values were calculated by an unpaired two-sided t-test.

Foxa2 drives androgen-independent PCa growth 
    Given the downregulation of Ar in Foxa2-OE or-
ganoids, we investigated whether Foxa2 drives andro-
gen-independent growth. We cultured control and 
Foxa2-OE organoids in both androgen-supplement-
ed and androgen-depleted medium. Under andro-
gen-supplemented conditions, while the size of Foxa2-
OE organoids remained comparable to controls, their 
number was significantly increased (Fig. 3A). Impor-
tantly, under androgen-depleted conditions, control 
organoids exhibited markedly reduced growth com-
pared to androgen-supplemented conditions, but 
Foxa2-OE organoids maintained robust proliferation 
(Fig. 3B). These findings suggest that Foxa2 OE ro-
bustly drives androgen-independent PCa growth. 
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Figure 2. Foxa2 overexpression in PP-DKO prostate organoids induces neuronal transcriptional signatures.

A. Gene set enrichment analysis of Foxa2-induced and -repressed genes in PP organoids. The most enriched molecular concepts 
are shown on the Y-axis, while the X-axis indicates enrichment significance. Neuron and cell differentiation-related GO terms 
are highlighted in Red. B. Genome browser views showing that the mRNA levels of neuronal lineage genes Six1 and Insm1 were 
increased in Foxa2-OE organoids compared to controls.
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Foxa2-OE PP PCa organoids grow allograft prostate 
tumors with a mixed histology
    Given that Foxa2 OE enhances organoid growth 
in vitro, we next examined its specificity in driving 
NEPC in vivo. Control and Foxa2-OE organoids 
were inoculated into the flanks of NOD/SCID mice. 
We observed notable differences in tumor growth 
between control and Foxa2-OE groups as early as 2 
weeks post-inoculation, which showed a more pro-
nounced difference by week 6 (Fig. 4A). Consistent 
with this, endpoint tumors in Foxa2-OE mice were 
substantially larger than those in the control mice 
(Fig. 4B), confirming that Foxa2 drives PP-DKO al-
lograft tumor growth.
    Histopathological analysis revealed that most tu-
mors in both groups exhibited adenocarcinoma 
features (81.7% control vs. 74.2% Foxa2-OE cells), 
with a minor subset (~6% in both groups) showing 
squamous differentiation (Fig. 4C), a pattern that 
is consistent with prior observations in Ptenf/f;p53f/f 
and Ptenf/f;Rb1f/f;Mycn+ GEMM models [9]. Notably, 
control tumors occasionally displayed sarcomatoid 
differentiation, which was also previously reported 
in the Ptenf/f;p53f/f model [9]. Strikingly, Foxa2-OE tu-
mors exhibited a significant increase in tumor cells 
with neuroendocrine (NE) differentiation (19.6% vs. 

Figure 3. Foxa2 overexpression promotes androgen-dependent and androgen-independent PP-DKO PCa organoid growth

A-B. Representative brightfield images showing the morphology of control and Foxa2-OE organoids maintained in androgen (A, 
DHT, 1nM) and androgen-depleted (B) conditions. The number and diameter of organoids are quantified on the right.

0% in controls) (Fig. 4C), indicated by condensed 
nuclei and scant cytoplasm. Immunohistochemis-
try (IHC) demonstrated a global loss of the luminal 
marker Ar in Foxa2-OE tumors, in both adenocar-
cinoma and poorly differentiated NE phenotypes 
(Fig. 4D). By contrast, the NE marker synaptophysin 
(Syp) was selectively elevated in poorly differentiated 
regions with NE morphology, in contrast to its un-
detectable expression in adenocarcinomas. Critical-
ly, NE-differentiated regions also showed markedly 
higher staining of the proliferation marker Ki-67 than 
adenocarcinoma regions (Fig. 4D). Taken together, 
these findings demonstrate that FOXA2 overexpres-
sion broadly inhibits luminal gene expression, while 
only a small fraction of cells fully acquire a neuroen-
docrine phenotype, mirroring the mixed histology of 
treatment-induced NEPC in patients.

FOXA2-OE LNCaP cells grow xenograft tumors with 
a mixed histology 
    To further investigate the extent of FOXA2 in 
promoting NE differentiation in human PCa, we es-
tablished LNCaP xenografts with either control or 
FOXA2-OE cells. We have previously shown that 
FOXA2-OE LNCaP cells grow xenograft tumors at a 
considerably faster speed than the control cells [15]. 
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Histopathological examination revealed markedly 
different tumor morphology, with FOXA2-OE cells 
exhibiting features indicative of a much higher grade 
and poor differentiation (Fig. 5A). Moreover, all con-
trol tumors exhibited an adenocarcinoma phenotype, 
whereas FOXA2-overexpressing tumors consisted 
predominantly of adenocarcinoma (~95%) with a 
minor component of classical neuroendocrine differ-
entiation (~5%), as we have previously reported [15].

Figure 4. Foxa2-OE PP PCa organoids grow allograft prostate tumors with a mixed histology

A-B. Foxa2 OE promotes Ptenf/f;p53f/f (PP) allograft tumor growth.  (A) Tumor growth curves of control and Foxa2-overexpressing 
(Foxa2-OE) allografts. (B) Representative tumor images from each group at endpoint. 

C. Quantification of tumor histology based on pathologist assessment. Shown is the percentage of tumor foci exhibiting 
conventional adenocarcinoma (including HGPIN and adenocarcinoma), poorly differentiated/neuroendocrine (Poorly Diff/NE) 
features, squamous differentiation, or sarcomatoid differentiation in control and Foxa2-OE groups. 

D. Representative H&E (left) and immunohistochemistry (IHC, right) images of tumor foci. Control tumors primarily exhibit 
adenocarcinoma (Adeno) morphology, whereas Foxa2-OE tumors display mixed features of Adeno and Poorly Diff/NE differenti-
ation. IHC staining for Ar (adenocarcinoma marker), Syp (neuroendocrine marker), and Ki-67 (proliferation marker). Scale bar, 30 
μm. Insets show higher-magnification views.

    At the molecular level, IHC analysis demonstrat-
ed that control LNCaP xenograft tumors, as expect-
ed, expressed high levels of AR but did not express 
FOXA2 and the NE marker SYP. In contrast, FOXA2-
OE tumors exhibited a loss of AR expression and a 
huge increase in FOXA2, SYP, and Ki67 levels in both 
adenocarcinoma and NE-differentiated foci, with the 
latter showing much stronger staining intensities for 
all three (Fig. 5B). This data confirms that FOXA2 
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OE leads to tumors with a mixed histology of adeno-
carcinoma and NEPC, similar to allograft mouse PP 
PCa and clinical treatment-induced NEPC. 

Discussion
    NEPC is an aggressive variant of prostate cancer, 
and developing models that faithfully recapitulate 

Figure 5. FOXA2 overexpression drives LNCaP xenograft tumors with a mixed histology

A. Representative H&E images (4× magnification) of tumor foci. Control (plv) tumors display conventional adenocarcinoma 
(Adeno) morphology (left). FOXA2-OE tumors exhibit mixed histology with regions of Adeno (blue square) and neuroendocrine 
(NE) differentiation (red square). Scale bar, 30 μm. Insets show higher magnification of boxed regions. 

B. Representative immunohistochemistry (IHC) images of tumor foci. Control tumors exhibit adenocarcinoma features, while 
FOXA2-OE tumors contain both Adeno and NE components. IHC markers: AR (adenocarcinoma), SYP (neuroendocrine), and Ki-
67 (proliferation). Scale bar, 30 μm. Insets show higher-magnification views.

clinical NEPC transformation is critical for under-
standing its biology and identifying therapeutic tar-
gets. In this study, we demonstrated that Foxa2 OE 
induces luminal-to-neuronal transcriptional repro-
gramming, promotes PCa cell growth, and promotes 
androgen-independent growth in the PP mouse PCa 
organoid model. Moreover, Foxa2 drove the forma-
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tion of mixed adenocarcinoma (most) and neuroen-
docrine tumors (less) in both allograft and xenograft 
models, suggesting that FOXA2-induced tumors are 
heterogeneous and the AR-/NE- tumors may be a 
transient state between adenocarcinoma and neuro-
endocrine cancer. The features were consistent with 
observations in Ptenf/f;p53f/f and Ptenf/f;Rb1f/f;Mycn+ 
models, where some adenocarcinomas also lack both 
AR and NE marker gene expression. 
    Interestingly, not all FOXA2-expressing tumor foci 
exhibited neuroendocrine features, despite compara-
ble FOXA2 expression and reduced AR levels in both 
adenocarcinoma and NEPC regions. These findings 
contrast with our in vitro observations, in which 
FOXA2 OE induced a complete luminal-to-neuro-
endocrine lineage transition by 28 days post-induc-
tion. This discrepancy may be attributable to several 
factors. First, the duration of FOXA2 expression in 
mice might have been insufficient to support com-
plete lineage conversion for all cells, consistent with 
observations from the PRCAB model [17, 18], where 
tumors predominantly exhibit adenocarcinoma fea-
tures at early time points. Second, the enrichment 
of FOXA2-expressing cells may have been less com-
plete in vivo than in vivo, because antibiotic selection 
could not be applied, resulting in heterogeneous and 
potentially lower levels of FOXA2 expression across 
tumor cells. Third, as we have shown in our recent 
publication [19], even during a complete NET in 
vitro, some FOXA2-overexpressing cells remain lu-
minal, alongside a larger proportion of NE cells, as 
determined by scRNA-seq and scATAC-seq. Indi-
vidual cells could exhibit varying levels of FOXA2 
overexpression and degrees of lineage plasticity, 
thus growing tumors of different histology.  Last-
ly, FOXA2-driven neuroendocrine transformation 
might be affected by additional cues in vivo, such as 
hormonal and tumor immune microenvironment. 
This latter possibility aligns with the clinical obser-
vation that treatment-induced NEPC frequently ex-
hibits mixed histology, with neuroendocrine and 
adenocarcinoma components coexisting within the 
same tumor. Furthermore, consistent with clinical 
NEPC, which is characterized by highly aggressive 
behavior, elevated proliferative indices, and histo-
logical features including nuclear condensation and 
scant cytoplasm, NEPC foci in both models used in 
this study exhibited similar morphology and signifi-
cantly higher Ki-67 expression than adenocarcinoma 
regions. These findings further support the relevance 

of the FOXA2-overexpression models for studying 
NEPC transformation.
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Supplementary Table 1. Antibodies and Primers used in this study

Antibody Source Catalog Number Application

Rabbit recombinant anti-AR Abcam Cat#ab108341 WB/IHC

Mouse monoclonal anti-SYP/Synaptophysin Santa Cruz Biotechnology Cat#sc-17750 WB/IHC

Rabbit recombinant anti-FOXA2 Abcam Cat#ab108422 WB/IHC

Rabbit monoclonal anti- PTEN Cell Signaling Technology Cat#9188S WB

Mouse monoclonal anti- p53 Cell Signaling Technology Cat#2524S WB

Mouse monoclonal anti-GAPDH Proteintech Cat#60004-1-Ig WB

Mouse monoclonal anti-β-Actin Santa Cruz Biotechnology Cat#sc-47778 WB

Rabbit  monoclonal anti-Ki67 Abcam cat#ab16667 IHC

Primers:

Name Sequence (5′ to 3′) Application

Ar-F GAATCCCACATCCTGCTCAA  RT-PCR

Ar-R GAAAGTCCACGCTCACCATA RT-PCR

Syp-F AGTGCCCTCAACATCGAAG RT-PCR

Syp-R GCCACGGTGACAAAGAATTC RT-PCR

Ncam1-F CCCCACAGGAGTTTAAGGAAG RT-PCR

Ncam1-R GTTGGACAGGACTATGAACCG RT-PCR

Chga-F AGCATCCAGTTCCCACTTC RT-PCR

Chga-R CTCTGTCTTTCCATCTCCATCC RT-PCR

Insm1-F AGACAGGTGATCCTCCTTCA RT-PCR

Insm1-R GGACACTTTCACCCTGGAAT RT-PCR
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Gene Symbol GO term

Bmp4 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Fstl1 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Reg3g GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Cstdc5 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Lef1 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Ascl1 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Six1 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Insm1 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Foxa2 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Cyp1a1 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Kcnma1 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Fgfr3 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Cited1 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Cdx2 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Npr2 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Klf2 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Spdef GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Slitrk6 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Clic5 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Slc9a4 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Spink5 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Krt1 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Upk1b GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Slc44a4 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Tgm1 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Exph5 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Krt4 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Krt75 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Sprr2h GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Dnase1l2 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Vsig1 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Upk3a GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Krt15 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Krt31 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Bdh2 GOBP_EPITHELIAL_CELL_DIFFERENTIATION

Supplementary Table 2. Upregulated
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Gene Symbol GO term

Sfrp1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Col5a1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Adamts12 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Mmp9 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Serpine2 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Lgals1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Efemp2 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Smoc1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Cela1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Tgfb3 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Adamts9 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Sema5a GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Prkd1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Dab2 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Ascl2 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Egr3 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Cd34 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Tgfb1i1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Tgfbr3 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Sema3a GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Slit1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Mef2c GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Ror2 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Gli1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Lrrk2 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Ntrk3 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Vim GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Foxc1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Ntrk2 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Foxg1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Nfatc2 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Fstl3 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Lck GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Sash3 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Ubash3b GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Elmo1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Fst GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Ereg GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Hspa1a GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Sostdc1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Cd109 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Scube3 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Vdr GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Supplementary Table 2. Downregulated
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Osr1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Shox2 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Alx1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Sgk1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Myb GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Prkg2 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Tiam2 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Rab7b GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Meis2 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Id4 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Fstl4 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Inpp4b GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Ctla2a GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Elf5 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Bnc1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Ifi204 GOBP_REGULATION_OF_CELL_DIFFERENTIATION

Plekhb1 GOBP_REGULATION_OF_CELL_DIFFERENTIATION


