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Figure 4 Ring1b-catalysed epigenetic alterations promote Kras®'?®-driven pancreatic carcinogenesis. (A) Ptf1a®";K* and Ptf1a™; K*;R1b™

mice were treated with tamoxifen (6 -week-old) and cerulein (8-week-old). Representative H&E staining depicted 3 and 24 weeks after the last
cerulein administration. Scale bars: 200 ym. Quantity of ADM remodelling was estimated in per cent to whole slide. Amount of low-grade PanIN

was scored and data are represented as mean+SEM; p value for PanIN score was calculated by Mann-Whitney test (n=6-7). (B) Presence of AFLs,
high-grade PanIN and PDAC was documented. Number of positive mice is shown in relation to the total number. (C) Representative immunoblot
analysis of protein lysates from Ptf1a™";K* and Ptf1a®"; K*;R1b"" mice (3-week time point) with indicated antibodies. Gapdh served as loading
control (n=2). (D) Representative immunofluorescence staining for tdTomato (left panel), amylase and Ck19 (right panel) of pancreatic tissue from
Ptf1a5:K* and Ptf1a™; K*;R1b" mice (3-week time point). Nuclei were stained with 4 ,6-diamidino-2-phenylindole (DAPI). Scale bars: 100 ym. (E)
Immunohistochemical analysis of amylase as well as alcian blue staining (3-week time point). Positive pixel were quantified with QuPath and related
to the total area. Scale bars: 100 pm (n=6). (F) mRNA expression analysis of acinar differentiation genes of control and cerulein-injected (3-week
time point) Ptf1a®":K* and Ptf1a™"; K*;R1b™ mice (n=3-6). (G) MRNA expression analysis of progenitor genes in the same context as described in
figure part F (n=3-6). Unless otherwise stated, all data are represented as mean=SEM; p values were calculated by two-tailed, unpaired Student's
t-test; *P<0.05, **p<0.01, ***p<0.001. ADM, acinar-to-ductal metaplasia; AFL, atypical flat lesion; PanIN, pancreatic intraepithelial neoplasia; PDAC,

pancreatic ductal adenocarcinoma.

RNF168 were barely affected.*® First, we tested the impact of
PRT4165 on in vitro ADM formation of embedded wildtype
acinar cells. Compared with controls, PRT4165 administration
resulted in a decreased number of H2AK119ub-positive and
proliferating cells as assessed by the BrdU staining (figure 6A).
ADM size of treated acinar cell explants was greatly diminished,
although the quantity was not affected (online supplementary

figure 6A). PRT4165 treatment of pancreatic TC lines (KPC-
1050, KPC-3595, KPC-3601, KC-921, KC-428 and KC-6066)
caused decreased levels of H2AK119ub at 2 and 4hours after
inhibitor administration (figure 6B and online supplementary
figure 6B). Interestingly, the acinar differentiation genes Cel, Ptf1a
or Amylase were significantly upregulated after PRT4165 admin-
istration, whereas the expression of the tumour-related genes

2014

Benitz S, et al. Gut 2019;68:2007-2018. doi:10.1136/gutjnl-2018-317208

1ybuAdoo
Aq pa108101d "UBYIUNIA TRIISIBAIUN 3][eyasaT 8YISIUIZIPSIA Te ZZ0Z ‘S 1800100 uo jwod’(wqgnby/:dny wou papeojumod "6T0Z Idy 9 U0 80Z/TE-8T0Z-[UANG/9ETT 0T Se paysiignd 1s1i) N9



Pancreas

A

control R1b KO

Ring1b

H2AK119ub

B

Embryonic organ development
Tube development

Embryonic morphogenesis
Epithelium development
Morphogenesis of epithelium

UP DOWN

Mesenchymal cell development

Regulation of transcription

Positive regulation of cell differentiation

Acute inflammatory response

Inflammatory response

Chromatin organisation

Peptid metabolic process
DNA packaging
Chromatin assembly

= 44 * [ control @ R1b KO
-% —_
N L]
[
‘6_ 3_ ° * *
3 . .o
é () (7S ° . .: ° 5
¥ 2 a
€ b 0 ° i . b E
8 ‘. > o . o.- had hd §
8 1] o . B - 1)
5 M3 o &
£
o
c [
Amy Bhlha15 Pnlip Pde3b Cpa2 Cel Cela3b Ptfla Rbpjl KIf15
[ control [ R1b KO
el 5
= — 100+ Fkkk a
g . © £
z 6004 ; 80 . §
0 . o) 5]
= = o
<_°) 4001 % g_ 801 Fkk
o S P =
“6 “6 404 Fkk
S 200 H -
2 ) 2 0..&,& l‘h’\ ﬂﬁ
> O 125 100
o«'\é ,@4' cells seeded/well
@&
G H circulating
tumour cells
f .
4- é’} if 5’* 5\
*

control
histology score
. e

R1b KO

Figure 5 Ablation of Ring1b in pancreatic tumour cells establishes a less aggressive phenotype. (A) Representative immunoblot analysis with the
indicated antibodies from protein lysates of untransfected (@), CRISPR/Cas9 control-transfected (control) and CRISPR/Cas9-catalysed Ring1b knockout
(R1b KO) murine pancreatic cancer cells (KPC-1050). Gapdh served as loading control. (B) Heatmap of GO terms (biological process), which are
significantly enriched or diminished in R1b KO cells. Colour scale represents —log10 p value. (C) mRNA expression analysis of indicated acinar-specific
genes in control and R1b KO cancer cell clones (three clones, n=2). (D) Levels of H2AK119ub and H3K4me3 at the Rbpjl and KIf15 promoter in control
and R1b KO cells were evaluated by ChIP analysis. Enrichment was calculated as per cent of input (three clones, n=2). (E) Representative pictures and
quantification of colony formation of control and R1b KO cells (three clones, n=4). (F) Quantification of spheroid formation of control and R1b KO cells
(three clones, n=6). (G) Representative H&E staining of orthotopic tumours from nine control cell-injected and nine R1b KO tumour cell-injected mice
(three mice per clone), graphs show number of mice exhibiting tumour growth and a histology score for tumour evaluation. P value of histology score
was calculated by Mann-Whitney test. (H) Representative pictures of blood-isolated circulating epithelial cells from orthotopic tumour mice. Number
of mice with positive cultivation of epithelial cells is depicted (n=8-9). Scale bars: 100 um. All data are represented as mean=SEM. Unless otherwise
stated, all p values were calculated by two-tailed, unpaired Student's t-test; *P<0.05, **p<0.01, ***p<0.001, ****p<0.0001. GO, gene ontology.
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Figure 6 Ring1b as a promising therapeutic target. (A) Representative immunofluorescence staining, detecting H2AK119ub-positive and BrdU-
positive cells of control-treated and PRT4165-treated (100 pM) wildtype acinar cell explants in a three-dimensional collagen matrix. Cell nuclei
were counterstained with DAPI. Five representative pictures were taken and number of H2AK119ub-positive and BrdU-positive cells (proliferation)
is represented in relation to the total number of cells. Scale bars: 50 ym (n=3). (B) Representative immunoblots detecting H2AK119ub levels

after PRT4165 treatment (100 uM) at indicated time points in three KPC (1050, 3595 and 3601) and three KC (921, 428 and 6066) cell lines. The
corresponding Gapdh loading controls are provided in online supplementary figure 6B. (C) mRNA gene expression of selected genes in KPC (1050,
3595 and 3601) and KC (921, 428 and 6066) tumour cell lines treated with 100 yM PRT4165 for 2 and 6 hours was determined by qRT-PCR (n=2).
Relative expression levels are visualised within a heatmap. P values were calculated by two-way analysis of variance. (D) Representative pictures and
quantification of colony formation of control and 100 uM PRT4165-treated KPC-1050 tumour cells (1-day time point) (n=3). (E) Spheroid formation
of KPC-1050 tumour cells treated for 24 hours with 100 uM PRT4165 (n=20 wells). All data are represented as mean+SEM. Unless otherwise stated,
p values were calculated by two-tailed, unpaired t-test; *P<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

Rbpj and Ck19 was concomitantly reduced (figure 6C). However,
KIf15 expression was persistently down. TC reprogramming of
the aggressive cell line KPC-1050 towards a more differentiated
phenotype was verified in functional assays showing significantly
reduced colony and sphere formation after PRT4165 application
(figure 6D,E). In summary, administration of the Ringlb inhib-
itor PRT4165 decreased ADM formation in vitro and impaired
TC aggressiveness, opening new avenues for PDAC treatment.

DISCUSSION
Epigenetic silencing of tumour suppressor genes, such as
CDKN2A, was described as a hallmark of cancer contributing

to pancreatic cancer development and progression.”” Although
tissue-specific genes controlling cell homeostasis are downreg-
ulated during carcinogenesis, the regulatory mechanisms have
been rarely specified. Importantly, the susceptibility of pancreatic
acinar cells towards oncogenic transformation highly depends
on the cellular reprogramming towards a progenitor-like cell
state.” 7 In the present study, we demonstrated that dynamic
epigenetic changes of cell fate regulatory transcription factors
and functional acinar genes vigorously transforms acinar cell
identity and differentiation promoting acinar cell metaplasia and
pancreatic cancer progression. We globally mapped the histone
modifications H3K4me3, representing transcriptional activation
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and H3K27me3 and H2AK119ub, mediating gene repression,
in an in vitro carcinogenesis model to comprehend epigenetic
deregulation. Particularly, in comparison with differentiated
acinar cells, we identified a significant gain of H3K27me3 and
H2AK119ub at the regulatory acinar cell fate genes Rbpjl, Ptf1a,
Nr5a2 and Bhlhal5 in embryonic acinar and ADM cells with an
additional significant loss of H3K4me3 in TCs. Moreover, the
transcription factor KIf15 exhibited a similar epigenetic pattern,
suggesting a role in regulating acinar cell homeostasis. Notably,
in embryonic acinar and ADM cells, the identified acinar differ-
entiation genes were bivalent, reflected by the simultaneous pres-
ence of active and repressive histone marks, probably enabling
short-term flexibility and acinar cell plasticity. Chromatin biva-
lency in ADM may be resolved to either re-establish an acinar
phenotype or, under oncogenic Kras expression, to transform
into TCs. Knockout of Ptfla, Bhlhal5 or Nr5a2 potentiated
ADM and significantly accelerated Kras-dependent PDAC devel-
opment,” *7 *% suggesting that the inhibition of acinar genes
is critical for pancreatic carcinogenesis. As a novelty, our data
revealed the enormous extent of epigenetic deregulation in
acinar cell reprogramming and pancreatic cancer progression.
In accordance with our previous study, the enrichment of the
Ringlb-catalysed histone modification H2AK119ub promotes
epigenetic silencing of known and newly identified regulatory
acinar cell fate genes.’!

Consistent with these results, a conditional loss of Ringlb in
our mouse model greatly impaired ADM formation, because
acinar cells were retained in a differentiated state. Even in the
presence of oncogenic Kras, Ringlb depletion significantly
diminished vulnerability to oncogenic transformation resulting
in massively diminished ADM, PanIN and cancer development.
Accordingly, the conditional loss of the PRC1 component Bmil
in a Kras-driven pancreatic cancer mouse model showed an
analogous phenotype with abolished tumour formation.*® In
contrast, a depletion of the PRC2 component Ezh2, catalysing
H3K27me3, in embryonic pancreatic cells slightly aggravated
early Kras“®'?P-dependent metaplastic tissue transformation but
decelerated tumour progression.*’ Overall, the data emphasise
a fundamental role of Ringlb-mediated epigenetic silencing of
acinar specific genes in initial cellular dedifferentiation and Kras-
driven tumour formation.

Moreover, high levels of H2AK119ub in PDAC tissue
correlated with a higher tumour grade, larger tumour size as
well as lymph node invasion.’® In our study, loss of Ringlb in
established pancreatic cancer cells induced a more epithelial-like
and better differentiated phenotype. Accordingly, Ringlb-tar-
geted repression of E-cadberin was previously identified.’’ A
TC reprogramming was similarly achieved by using the Ringlb
inhibitor PRT4165, opening new paths for PDAC therapies.

In conclusion, we delineate Ringlb-mediated epigenetic
repression of regulatory cell fate genes as a novel key mechanism
triggering acinar cell dedifferentiation and pancreatic cancer
development. Thus, epigenetic reprogramming of TCs towards
a better differentiated phenotype could represent an effective
strategy for cancer therapy .
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