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1st Editorial Decision 22nd Jul 2019

Thank you for the submission of your manuscript (EMBOJ-2019-102808) to The EMBO Journal.
Your manuscript has been sent to three reviewers, and we have received reports from all of them,
which I enclose below.

As you will see, the referees acknowledge the potential interest and novelty of your results, although
they also express a number of issues that will have to be addressed before they can support
publication of your manuscript in The EMBO Journal. In more detail, referee #2 states that a
number of concerns about additional experiments and controls are required to consolidate your
findings and further investigate interdependence of HNF1A and UTX in mouse and human. Referee
#1 asks you to explore the pathways and signaling components downstream of HNF and/or UTX in
greater depth. In addition, the reviewers raise a number of issues related to methods annotation, data
representation, statistics and appropriate citation of literature references that would need to be
conclusively addressed to achieve the level of robustness and clarity needed for The EMBO Journal.

| judge the comments of the referees to be generally reasonable and given their overall interest, we
are happy to invite you to revise your manuscript experimentally to address the referees' comments.

REFEREE REPORTS:

Referee #1:

This study focuses on the tumor-suppressive function of the transcription factor HNF1A in the
exocrine pancreatic tissue. The authors studied HNF1A-deficiency alone and in combination with

KrasG12D PDAC model. Moreover, the pancreas-specific Hnfla null mutations were compared to
the histone demethylase UTX/KDMB6A deficient mutations in PDAC mouse models. Both mutations
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synergize with KrasG12D leading to PDAC with partially overlapping features. Based on
transcriptomics, epigenomic and biochemical studies the authors suggest a molecular mechanism
whereby HNF1A is required for the recruitment of UTX to its genomic targets in acinar cells. This
recruitment remodels the enhancer landscape of acinar cells and activates a differentiation program
and, indirectly, suppresses oncogenic and epithelial-mesenchymal transition genes. Finally, these
observations were extended to human PDAC transcriptome data and defined a subset of non-
classical PDAC human tumors that exhibit HNF1A/UTX-deficient transcriptional programs.

Overall, this is a very interesting study that sheds light on how epigenetic modifiers, such as UTX,
work together with lineage-specific transcription factors, such as HNF1A, in the context of
pancreatic differentiation and cancer.

All the genetics, transcriptome and biochemical data are very convincing and support well the
proposed model of a direct positive regulatory control of UTX through HNF1A on pancreatic
differentiation. By contrast, the evidence for an indirect negative control on EMT and oncogenic
pathways is tenuous - this could be expanded or better discussed by the authors.

Additional comments:

- The authors should further explain or discuss why a non-classical PDAC sarcomatoid architecture
is associated with HNF1A/UTX-deficient molecular signature. Is it because of the ECM remodelling
or the EMT genes dysregulation?

- Looking at the histology in Fig.1A and Fig. Sbi, | wonder if there is any consequence in the
pancreatic tissue-architecture and lobule organization in the HNF1A- and UTX-single KO animals.
If this can be excluded, then the micrographs shown in Fig.1a and Fig. S5i are not representative and
should be replaced.

- Is it known where UTX is expressed in normal pancreatic tissue?

Referee #2:

This is an elegantly done manuscript by Kalisz and colleagues supporting a role for the functional
interaction between UTX and HNF1A in the development of Kras-induced pancreatic tumor
initiation. The investigational team used a set of state-of-the-art animal models and genome wide
studies to evaluate the transcriptional programs used by this complex in the regulation of gene
expression during pancreatic transformation. The data and writing are clearly presented, however,
additional results are needed to fully determine the impact of the UTX-HNF1A complex in the
regulation of pancreatic carcinogenesis. Specifically, the nature of the interaction, the role in human
models as well as lack of key controls.

Specific comments:

1) The effect HNF1A loss on the expression UTX should be evaluated as the magnitude of the drop
in UTX enrichment is difficult to account based on the number of HNF1A targets. The differences
could be explained by a decreased expression of UTX and not lack of recruitment to target genes.

2) The validation of key findings (cell growth, target gene regulation and interaction - IP and CHIP)
should be done in pancreatic human cells (KRAS-transformed and non-transformed). This will
enhance the disease significance of the study.

3) ChIP-seq using genome browser track is not ideal, at least some key genes and chromatin
landscaping mapping should be validated by ChIP-PCR in tissue or cell lines derived from the WT
and KO models. Also, the levels of H3K4me should be evaluated in both WT and KO cells.

4) The levels of Kras activation should be evaluated in both WT and KO models by examining the
levels of pERK.

5) H/E of the Pdx1-HNF1A KO should be shown (high and low magnifications) and low
magnification of the UTX KO, the IF images are insufficient to evaluate the impact of the KOs on
the histomorphology of the pancreas. The positive signal (Sup Fig 1C) should be explained, it seems
that HNF1A KO still has some acinar signal?

6) It will be ideal (but not critical) that the TMAs are co-stained for UTX and the UTX mutational
status should be included.
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7) Validation of HNF1A and UTX targets by ChIP-PCR and gPCR is a must. This should be done
on tissue or cell lines derived from the mouse models. It is important to define the co-occupancy of
both molecules in a selected group of target genes. Also, it will be important to determine if the
recruitment to target genes is induced by mutant KRAS?

8) The requirement for UTX for the HNF1A-dependent transcription should be examined using
RNAI and overexpression tools in cell lines models. So far, the authors have shown associations to
support this event, not a cause-effect.

9) The histological and transcriptional differences with Cancer Cell article from Tzatzos's group
should be discussed.

10) The authors should evaluate (in an in vitro system) the impact of some of the genes commonly
regulated the transcriptional program regulated by HNF1A-UTX in KRAS induced transformation
11) References are incorrectly placed and many of them are missing (e.g., 15 and 39)

Referee #3:

SUMMARY:

This manuscript is scientifically and methodologically very strong. The findings add a considerable
amount of new knowledge to what is known about pancreatic carcinogenesis and the underlying
genes and transcriptional networks that are important in nudging the normal pancreas (in a state of
homeostasis) towards de-differentiation and oncogenesis. The focus of the manuscript is HNF1A, a
transcription factor known to be important for the endocrine pancreas and recently implicated as
being a tumor suppressor for the exocrine pancreas though analyses in vitro. The authors show that
HNF1A loss synergizes in a dramatic manner with KRasG12D in causing pancreatic cancer with
sarcomatoid features in mice as young as 8-10 weeks of age. They also show that KDM6A loss acts
in much the same manner, and that HNF1A recruits KDMB6A to regulatory elements of genes
important for suppressing the expression of EMT promoting and oncogenic promoting genes.
Therefore, in summary, the authors show convincingly that HNF1A is indeed a tumor suppressor for
the pancreas in vivo and link this transcription factor to KDM6A, a gene known to be mutated in a
considerable amount of human pancreatic cancers.

MAJOR CONCERNS

1. Gene names throughout the manuscript need to be changed to UniProt, HUGO and MGl
nomenclature. For KDMB6A the official protein name (UniProt) is Lysine-specific demethylase 6A
and the official gene name (HUGO and MGI) is KDM6A. Note that UTX is a previous acronym for
this gene and should not be used (apart from perhaps once stating that it is a previous gene name for
KDMB6A)

2. GWAS results for pancreatic cancer. On page 3 the authors state that "HNF1A locus contains one
of the strongest PDAC genetic association signals......". This is not correct. In fact, the locus is
suggestive as the P value does not reach the Bonferroni corrected P-value of 5x10-8 that is the
accepted threshold for robust GWAS findings. In the latest pancreas cancer GWAS by Klein et.al:
Genome-wide meta-analysis identifies five new susceptibility loci for pancreatic cancer (PMID:
29422604), this locus is listed with the following results:

Chrl2g24: P=3.5x10-7, OR=1.11

This means that the chr12g24 locus is GWAS suggestive but not GWAS significant. In fact, the best
locus for that paper has a P value (see table 2 of same paper) of P=10-15 which is much more
significant.

In a GWAS pathway analysis (Genome Wide Pleiotropy Scan identifies HNF1A ...., PMID:
21498636),

the authors indicate that the strongest association they observed was for SNP rs7310409 (P = 3 x
10-5). However, the strongest association in a pathway based GWAS analysis (here called
pleiotropy scan) is not the same as the strongest association in a GWAS.
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This needs to be stated in the paper - i.e. that this locus has a suggestive but not genome wide
significant GWAS signal.

MINOR CONCERNS

3. Page 6: "Furthermore, the analysis of genotypes from the Australian ICGC study revealed
putative loss of function UTC mutations ......"

Please clarify or change the word "genotypes" to mean "somatic genotypes" or "somatic mutations".
Genotypes per se can mean many things (germline and somatic) and the wording is not very clear in
this sentence.

4. Some P values are quite exact (e.g. P=2.9x10-6 and P=0.0064) whereas others are approximate or
less than a certain number (e.g. P< 10-4). Please show all P values as exact numbers.

1st Revision - authors' response 5th Dec 2019

POINT BY POINT RESPONSE

We are grateful to all three reviewers for the careful evaluation and constructive
comments, which we have addressed as detailed below. Please note that
supplementary figures have now been renamed as follows:

Supplementary Figure 1 -> Appendix Figure S1

Supplementary Figure 2 -> Figure EV 1

Supplementary Figure 3 -> Figure EV 2

Supplementary Figure 4 -> Appendix Figure S2

Supplementary Figure 5 -> Figure EV 3

Supplementary Figure 6 -> Figure EV 4

Supplementary Figure 7 -> Figure EV 5

Referee #1:

Overall, this is a very interesting study that sheds light on how epigenetic modifiers, such
as UTX, work together with lineage-specific transcription factors, such as HNF1A, in the
context of pancreatic differentiation and cancer. All the genetics, transcriptome and
biochemical data are very convincing and support well the proposed model of a direct
positive regulatory control of UTX through HNF1A on pancreatic differentiation. By
contrast, the evidence for an indirect negative control on EMT and oncogenic pathways is
tenuous - this could be expanded or better discussed by the authors.

We thank the reviewer for the praiseful comments and useful suggestion.

To address the suggestion, we list numerous examples of HNF1A/UTX direct target
genes that show downregulation in the KO models and are known negative
regulators of EMT, including FoxA3 (PMID:29155818), Deptor (PMID:31685947 ),
and negative regulators of MAPK signaling such as Gstp1 (PMID: 11408560 and
PMID: 16023107) and DEP-1/Ptprj (PMID: 19494114), which are relevant because
ERK signaling is known to be essential for EMT (PMID: 24556840). We mention
these example genes in the results section (line 311 and 317).

In addition to the lack of enrichment of HNF1A/UTX binding, we provide more
examples of EMT-associated genes that show upregulation in HNF1A KO and have
no evidence of HNF1A binding within 300 Kb (Figure 2J).
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In the discussion, we emphasize the arguments that support our conclusion that
effects on EMT and oncogenic pathways are indirect as follows (line 372-378):

Our integrated analysis of genomic binding sites indicated that the positive
regulatory effects of KDM6A (and HNF1A) on acinar differentiation genes
are largely mediated through direct mechanisms. By contrast, genes
associated with EMT and oncogenic pathways that were upregulated in KO
models were not frequently bound by HNF1A and KDMG6A, while both
proteins bound and activated known negative regulators of EMT. These
findings strongly suggest that the suppression of oncogenic and EMT
transcriptional programs is predominantly indirect.

Additional comments:

- The authors should further explain or discuss why a non-classical PDAC sarcomatoid
architecture is associated with HNF1A/UTX-deficient molecular signature. Is it because of
the ECM remodelling or the EMT genes dysregulation?

Sarcomatoid carcinomas are thought to reflect profound EMT, and molecular
studies (including the current study) point to upregulation of EMT markers, as well
as ECM genes, which in turn have been tightly linked to EMT. The relative role of
different EMT vs. specifically genes involved in ECM genes not been tested, so it is
difficult for us to speculate on the relative contribution of different mechanisms.

We have now, however, briefly emphasized extracellular matrix remodeling
together with EMT in the discussion (line 374-375).

- Looking at the histology in Fig.1A and Fig. S5i, | wonder if there is any consequence in the
pancreatic tissue-architecture and lobule organization in the HNF1A- and UTX-single KO
animals. If this can be excluded, then the micrographs shown in Fig.1a and Fig. S5i are not
representative and should be replaced.

The histology in young mice is normal in both KO models. Figure 1A and Figure EV
31, which are mentioned by this reviewer, are immunofluorescence stainings
which are not ideal to assess morphology. We prefer to highlight the HE images in
Appendix Figure S1(D). To we have modified the text to make a more unequivocal
statement in this regard (line 57-61):

As expected from previous studies of Hnfla germ-line null mutants, this did
not produce gross defects in pancreas organogenesis or tissue architecture

The acinar-specific (in addition to the pancreas-specific) HNF1A KO also showed
normal morphology, as shown in HE stainings for HNF1A KO in Figure EV 1B and
1C. We note that Figure 1A and Figure EV 1C have been updated in the new
version to present better quality images.

We do wish to mention, however, that we have noticed that by 8 weeks of age
UTX-KO do show some signs of acinar cell attrition and pancreatic lobe atrophy
with fat replacement, which we now know progress with time. This was already
shown in the zoomed image in Figure EV 3H', and we are now mentioning it in the
main text (line 228). The conclusion remains unchanged, in that neither HNF1A or
UTX are required for organogenesis or organ architecture at stages that precede
the formation of tumors that we observe in the KRAS mutants.
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- Is it known where UTX is expressed in normal pancreatic tissue?

We now provide images of UTX expression in normal pancreas, showing it is
expressed in acinar, duct and endocrine cells (Appendix Figure S2C).

Referee #2:

This is an elegantly done manuscript by Kalisz and colleagues supporting a role for the
functional interaction between UTX and HNF1A in the development of Kras-induced
pancreatic tumor initiation. The investigational team used a set of state-of-the-art animal
models and genome wide studies to evaluate the transcriptional programs used by this
complex in the regulation of gene expression during pancreatic transformation. The data
and writing are clearly presented, however, additional results are needed to fully
determine the impact of the UTX-HNF1A complex in the regulation of pancreatic
carcinogenesis. Specifically, the nature of the interaction, the role in human models as well
as lack of key controls.

We thank this reviewer for these complimentary comments.
Specific comments:

1) The effect HNF1A loss on the expression UTX should be evaluated as the magnitude of
the drop in UTX enrichment is difficult to account based on the number of HNF1A targets.
The differences could be explained by a decreased expression of UTX and not lack of
recruitment to target genes.

Agreed. We have incorporated this important control, which is now shown in
Figure 7B.

2) The validation of key findings (cell growth, target gene regulation and
interaction - IP and CHIP) should be done in pancreatic human cells (KRAS-
transformed and non-transformed). This will enhance the disease significance of
the study.

The focus of this study, as discussed in the original submission, is on the function
of HNF1A and UTX in acinar cells, which are thought to be the cells of origin for
common forms of PDAC. Our analysis of non-transformed mouse KO pancreas
shows that HNF1A regulates a cancer-relevant program in acinar cells. The validity
of these molecular findings for human cells should ideally be tested in non-
transformed human acinar cells. To the best of our knowledge human acinar cell
lines do not exist while primary cultures of human acinar cells have been
challenging to establish over the years. Once in culture they rapidly change their
phenotype, downregulate acinar markers and dedifferentiate to progenitor like
cells or transdifferentiate to ductal like cells with EMT features (PMID: 21703267,
PMID: 1373187; PMID: 12870182; PMID: 25003220; PMID: 30858455). We can
thus unfortunately not address this point by perturbing HNF1A in human acinar
cells.

In our previous manuscript, we did show that mouse KO molecular signatures can
be observed in a subset of human tumors. We now additionally show that mouse
KO expression phenotypes correlate with HNF1A mRNA levels in human pancreas
RNA-seq samples. This analysis was carried out with expression data from 328
non-diseased human pancreas from the Genotype-Tissue Expression (GTEx)
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project. We compared samples with lowest vs. highest HNFIA mRNA deciles, and
show that human orthologs of up- and downregulated genes in Hnfla and Kdmé6a
KOs varied as a function of HNF1A mRNA levels. This result has been incorporated
in Figure 3A, and line 117-131.

3) ChiIP-seq using genome browser track is not ideal, at least some key genes and
chromatin landscaping mapping should be validated by ChIP-PCR in tissue or cell lines
derived from the WT and KO models. Also, the levels of of H3K4me should be evaluated in
both WT and KO cells.

We have performed gPCRs as suggested.

Figure EV 4 now shows gPCR for HNF1A and UTX binding at co-bound regions, as
well as mRNA levels in Hnfla KO pancreas in 4 loci. Figure EV 3T,U shows mRNA
levels in both KOs in two co-bound loci.

We have also performed ChIP-qPCR of H3K27me3, H3K27ac and H3K4mel in WT
and UTX-KO pancreatic chromatin in representative bound regions, and RT-PCR for
those genes. (Figure 5H,l and Figure EV 3Q,R; main text line 280-287).

All validations confirmed NGS-based findings.

4) The levels of Kras activation should be evaluated in both WT and KO models by
examining the levels of pERK.

We evaluated levels of phospho-ERK in our models by immunoblots, and found
increased levels of phospho-p42 (phospho-ERK2) in HNF1A and UTX mutants
(Figure EV 1F and Figure EV 3K).

Given that this study has focused the functional analysis on non-transformed
mouse models we have performed this analysis in these mutant models. In fact,
we do not necessarily expect a further increase in transformed cells, which already
show high levels.

5) H/E of the Pdx1-HNF1A KO should be shown (high and low magnifications) and low
magnification of the UTX KO, the IF images are insufficient to evaluate the impact of the
KOs on the histomorphology of the pancreas. The positive signal (Sup Fig 1C) should be
explained, it seems that HNF1A KO still has some acinar signal?

We have now included representative H-E pictures with high and low
magnifications of Pdx1Cre-Hnfla KO in Appendix Figure S1D and low
magnification of Pdx1Cre-UTX KO pancreas in Figure EV 3F. Both mutants show
normal morphology up to 8 weeks. Beyond that, acinar cell attrition is observed,
with fat cell replacement, as shown in Figure EV 3H'.

The positive HNF1A signal in Appendix Figure S1C, is likely due to lack of Cre
mediated recombination in a very small number of cells. Incomplete deletion is
commonly observed in the pancreas when using transgenic Cre drivers. The
Pdx1Cre line selected for this study is regarded as the most efficient Pdx1Cre line
available, and excised the vast majority of cells (as shown in IF and immunoblot
studies in Figure EV 3A and Appendix Figure S2D).

6) It will be ideal (but not critical) that the TMAs are co-stained for UTX and the UTX
mutational status should be included.
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The contingency tables in Figure EV 2F showing that UTX levels correlate with
tumor grade are based on co-staining for UTX. We do not have the UTX mutational
status for the samples analyzed in TMAs as they were not DNA sequenced.

7) Validation of HNF1A and UTX targets by ChIP-PCR and qPCR is a must. This should be
done on tissue or cell lines derived from the mouse models. It is important to define the co-
occupancy of both molecules in a selected group of target genes. Also, it will be important
to determine if the recruitment to target genes is induced by mutant KRAS?

As also explained above, we have now performed gPCRs confirmations of main
findings. Figure EV 4 now shows qPCR for HNF1A and UTX binding at co-bound
regions, as well as mRNA levels in Hnfla KO pancreas in 4 loci. All validations
confirmed NGS-based findings.

We have not analysed if the recruitment is induced further by mutant KRAS,
because we already observe that UTX recruitment is nearly completely lost in
HNF1A KO, without KRAS. We do not expect further changes in transformed PDAC
cell lines.

8) The requirement for UTX for the HNF1A-dependent transcription should be examined
using RNAi and overexpression tools in cell lines models. So far, the authors have shown
associations to support this event, not a cause-effect.

Our studies have demonstrated causality based on transcriptional changes that
occur as a consequence of directed conditional mutations, which is more than an
association. Because human acinar lines do not exist, we have now created UTX-
KO clones in a mouse acinar cell line by CRISPR-Cas9. We confirmed by qPCR that
HNF1A-bound genes are down-regulated in the UTX-KO clones, while HNF1A
binding to those genes was unaffected by the loss of UTX expression, as observed
in the KO studies. These findings confirm the functional dependence on UTX for
transcriptional regulation by HNF1A in a separate in vitro cell model. The results
have been added to a new Figure EV 5B-F (see also page 343-346).

9) The histological and transcriptional differences with Cancer Cell article from Tzatzos's
group should be discussed.

Thank you for this comment. We now show that gene expression changes in
pancreas from Hnfla pKO and Kdmé6a pKO are markedly deregulated in
KrasG12D/Kdme6a KO tumors reported in Andricovich et al, Cancer Cell.
Furthermore, the functional annotations that were most enriched in deregulated
genes in tumors (Supplementary Figure 3 in Andricovich et al, Cancer Cell) showed
significant enrichment in Hnfla pKO and Kdmé6a pKO deregulated genes.
Understandably, some annotations, including “MycMax” and “pancreatic cancer”
were not enriched in our non-tumoral samples. We now provide this comparison
in Figure EV 5G,H, and describe the data briefly in line 322-327 as follows:

We further found that transcriptional changes in HNF1A- and KDM6A-
deficient pancreas were also recapitulated in Kdmé6a-mutant Kras®?P
tumors (Andricovich) (Fig EV 5G,H). This provided further evidence that
HNF1A function is not only relevant to Kdmeé6a-regulated programs in the
non-tumoral pancreas, but also to Kdmé6a-deficient cancer.
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Concerning the histology of pancreatic tumors in the Andricovich et al, Cancer Cell
study, the images are largely consistent with the tumors from our study. One
important distinction, however, is that Andricovich et al interpret that Kdmé6a KO
tumors are squamous-like whereas we have not identified specific morphological
features that define squamous differentiation. We should note that we also did
not identify unequivocal signs of squamous/adenosquamous carcinoma in the
representative image provided in the Andricovich manuscript (Figure 2B). We have
now noted that we do not find signs of adenosquamous carcinoma (line 203-205).

These findings were consistent with recently reported observations in 6
week-old mice, with the exception that we have not observed signs of
squamous differentiation (Andricovich et al., 2018).

It is perhaps worth emphasizing that “adenosquamous carcinoma” morphology is
a very rare form of PDAC that is not necessarily apparent in the relatively large
subset of human tumors that exhibit a “squamous-like” molecular signature.

10) The authors should evaluate (in an in vitro system) the impact of some of the genes
commonly regulated the transcriptional program regulated by HNF1A-UTX in KRAS
induced transformation

Our studies point to an extremely broad HNF1A/UTX-dependent transcriptional
program (see Figure 2C,D, Figure 5C,D, Table EV2, 4 and 5). This includes
numerous transcription factors and metabolic genes that are directly bound by
HNF1A/UTX. Some of these, in turn, are well known negative regulators of EMT,
ECM remodelling and/or MAPK signalling (see examples cited in the response to
the first query from reviewer #1). As pointed out in the manuscript, the oncogenic
role of several transcriptional changes in our KO models, at the pathway or gene
level, has already been established. On the other hand, given the large number of
genes affected, it is not necessarily true that the consequences of HNF1A or UTX
deficiencies can be ultimately ascribed to a single gene. Many deregulated genes
are likely to play a role in aggregate. We therefore do not necessarily expect that
perturbation of single target genes will result in increased KRAS-induced
transformation. We do not believe that a screen to identify additional individual
target genes that affect KRAS-induced transformation on their own would modify
the validity of our conclusions. We thus respectfully refrain from carrying out
these experiments in the context of this study, and hope that this reviewer agrees
with this argumentation.

11) References are incorrectly placed and many of them are missing (e.g., 15 and 39)

We thank the referee for noticing these errors which we now have corrected. We
have also gone through all references to ensure they are accurate.

Referee #3:
SUMMARY:

This manuscript is scientifically and methodologically very strong. The findings add a
considerable amount of new knowledge to what is known about pancreatic carcinogenesis
and the underlying genes and transcriptional networks that are important in nudging the
normal pancreas (in a state of homeostasis) towards de-differentiation and oncogenesis.
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The focus of the manuscript is HNF1A, a transcription factor known to be important for the
endocrine pancreas and recently implicated as being a tumor suppressor for the exocrine
pancreas though analyses in vitro. The authors show that HNF1A loss synergizes in a
dramatic manner with KRasG12D in causing pancreatic cancer with sarcomatoid features
in mice as young as 8-10 weeks of age. They also show that KDMG6A loss acts in much the
same manner, and that HNF1A recruits KDMG6A to regulatory elements of genes important
for suppressing the expression of EMT promoting and oncogenic promoting genes.
Therefore, in summary, the authors show convincingly that HNF1A is indeed a tumor
suppressor for the pancreas in vivo and link this transcription factor to KDM6A, a gene
known to be mutated in a considerable amount of human pancreatic cancers.

Thank you for the flattering note, we have addressed concerns as shown below.
MAJOR CONCERNS

1. Gene names throughout the manuscript need to be changed to UniProt, HUGO and MGl
nomenclature. For KDMG6A the official protein name (UniProt) is Lysine-specific
demethylase 6A and the official gene name (HUGO and MGI) is KDMG6A. Note that UTX is a
previous acronym for this gene and should not be used (apart from perhaps once stating
that it is a previous gene name for KDMG6A)

We have now corrected UTX to KDMG6A throughout the manuscript adhering to
the suggested nomenclatures.

2. GWAS results for pancreatic cancer. On page 3 the authors state that "HNF1A locus
contains one of the strongest PDAC genetic association signals......". This is not correct. In
fact, the locus is suggestive as the P value does not reach the Bonferroni corrected P-value
of 5x10-8 that is the accepted threshold for robust GWAS findings. In the latest pancreas
cancer GWAS by Klein et.al: Genome-wide meta-analysis identifies five new susceptibility
loci for pancreatic cancer (PMID: 29422604), this locus is listed with the following results:
Chr12q24: P=3.5x10-7, OR=1.11. This means that the chr12q24 locus is GWAS suggestive
but not GWAS significant. In fact, the best locus for that paper has a P value (see table 2 of
same paper) of P=10-15 which is much more significant. In a GWAS pathway analysis
(Genome Wide Pleiotropy Scan identifies HNF1A ...., PMID: 21498636), the authors
indicate that the strongest association they observed was for SNP rs7310409 (P = 3 x
10-5). However, the strongest association in a pathway based GWAS analysis (here called
pleiotropy scan) is not the same as the strongest association in a GWAS. This needs to be
stated in the paper - i.e. that this locus has a suggestive but not genome wide significant
GWAS signal.

We appreciate that this was an overstatement, and have modified this, we now
reworded this as follows (line 35-36):

Furthermore, GWA studies suggest that genetic variants in the HNF1A locus
predispose to PDAC (Pierce & Ahsan, 2011, Klein et al., 2018).

MINOR CONCERNS

3. Page 6: "Furthermore, the analysis of genotypes from the Australian ICGC study
revealed putative loss of function UTC mutations ...... "

Please clarify or change the word "genotypes" to mean "somatic genotypes" or "somatic
mutations". Genotypes per se can mean many things (germline and somatic) and the
wording is not very clear in this sentence.

We have now reworded this sentence to (line 179-181):
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Furthermore, analysis of the Australian ICGC-PACA data revealed putative loss of
function KDM6A mutations in 19% of tumors showing HNF1A LoF phenotypes,
compared with 2% of all other tumors

4. Some P values are quite exact (e.g. P=2.9x10-6 and P=0.0064) whereas others are
approximate or less than a certain number (e.g. P< 10-4). Please show all P values as exact
numbers.

We are now showing exact P values throughout the manuscript.

Thank you in advance for assessing this re-submission, with best wishes

2nd Editorial Decision 8th Jan 2020

Thank you for submitting your revised manuscript for consideration by The EMBO Journal. My
apologies for getting back to you with delay at this time of the year due to protracted referee input.
Your amended study was sent back to two of the referees for re-evaluation, and we have received
comments from both of them, which | enclose below.

As you will see the referee finds that their concerns have been sufficiently addressed and they are
now broadly in favour of publication.

Thus, we are pleased to inform you that your manuscript has been accepted in principle for
publication in The EMBO Journal, pending some minor issues related to formatting and data
representation as listed below, which need to be adjusted at re-submission.

REFEREE REPORTS:
Referee #1:

In the revised manuscript the authors addressed all concerns requested by this reviewer and also
added some additional experiments, which clarified and reinforced their observations.

The present version of the manuscript is now suitable for publication in The EMBO Journal.

Referee #2:

The authors have been responsive to reviewers' criticisms. Now, the major conclusions of the study
are supported for previous (original submission) and new data set. Also, the addition of key sections
in the write-up addressed the limitations of the study. This is very valuable as it sets up the
foundation for future studies.

2nd Revision - authors' response 2nd Feb 2020

The authors performed the requested editorial changes.

© European Molecular Biology Organization
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3rd Editorial Decision 7th Feb 2020

Thank you for submitting the revised version of your manuscript. | have now evaluated your
amended manuscript and concluded that the remaining minor concerns have been sufficiently
addressed.

Thus, | am pleased to inform you that your manuscript has been accepted for publication in the
EMBO Journal.

© European Molecular Biology Organization
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Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist i used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:

> the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful wav.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

>
>
>
>

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:

> a specification of the experimental system investigated (eg cell line, species name).
the assay(s) and method(s) used to carry out the reported observations and measurements
an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

a description of the sample collection allowing the reader to understand whether the samples represent technical or
biological replicates (including how many animals, litters, cultures, etc.).

a statement of how many times the experiment shown was independently replicated in the laboratory.

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;

definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m.

>
>
>
>
>
>
>

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods

http://1degreebio.org

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsr
http://ClinicalTrials.gov
http://www.consort-statement.or;

http:,

ear Useofanimals/index.htm

consort: org/chec| view/32-consort/66-title

fo

http://www.equator-network.org/reporting: reporting-recom: -tum¢

http://datadryad.org
http://figshare.com
http:,

‘www.ncbi.nlm.nih.gov/gal

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/

http:, biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurit
http://www.selectagents.gov,

documents.html

Please fill out these boxes 0 not worry if you cannot see all your text once you press rets

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

For human genomic datasets, all samples that were available to us were analyzed. For the analysis
of qualitative features such as histopathology of mouse models, we analyzed a sufficient number of|
animals from each genotype to ensure the reproducibility of findings (at least 3 replicates from
each age and gentoype).

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

For RNA-seq, 3-4 mice of each genotype were analyzed. All ChIP-seq experiments were performed
from 2 independent biological replicates. qPCR for ChIP and RNA were from 3-4 biological
replicates. For the analysis of qualitative features such as histopathology of mouse models, we
analyzed a sufficient number of animals from each genotype to ensure the reproducibility of
findings (at least 3 replicates from each age and gentoype).

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

No data points or experiments were excluded the analysis.

3. Were any steps taken to minimize the effects of bias when ] ples to treatment (e.g. |No randomization procedures were needed for any experiments in the current
randomization procedure)? If yes, please describe. study.
For animal studies, include a about r evenifnor was used. In some instances it makes sense to randomize mice to receive experimental or control conditions,

and when possible experimenters should be blinded to the experimental condition during the
analysis. However, no randomization procedures were needed for any experiments in the current
study, therefor no blinding was done.

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

NA

4.b. For animal studies, include a statement about blinding even if no blinding was done

Genotypes were blinded for the analysis of Histopathology

5. For every figure, are statistical tests justified as appropriate?

Statistical tests used in all figures are mention in figure legends, in main text where appropriate
and described in detail in the method section.

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Mann-Whitney U test was used to evaluate statistical significance between two independent
[groups with continous variables, namely for ChIPseq data. The non-parametric Kruskall-Wallis test
was used to assess more than two groups when assuming that the dependent values are not
normally distributed (e.g. for RNAseq and Microarray data). Two-tailed student's t test was used to
compare two sets of gPCR and ChIP-gPCR data, in which a normal distribution was assumed.
Fisher's exact test was used to determine if there were nonrandom associations between two
categorical variables (e.g. to determine if up- or down-regulated genes were enriched for HNF1A
binding or not).




Is there an estimate of variation within each group of data?

Data are presented as mean +/- standard deviation or as box plots with interquartile range,
median and whiskers showing distribution of values from data points that are less than 1.5 x IQR
away from 1st/3rd quartile.

Is the variance similar between the groups that are being statistically compared?

Data are presented as mean +/- standard deviation or as box plots with interquartile range,
median and whiskers showing distribution of values from data points that are less than 1.5 x IQR
away from 1st/3rd quartile.

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

Primary antibodies including catalog numbers are indicated in Supplementary Table 7.

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

The pancreatic acinar cell line 266-6 is available at: (https://www.atcc.org) under catalogue
number: CRL-2151. Control and CRISPR-Cas9 knock-out clones developed from it, were tested
negative for mycoplasma contamination.

* for all hyperlinks, please see the table at the top right of the document

D- Animal Models

8. Report species, strain, gender, age of animals and genetic " status where

and husbandry conditions and the source of animals.

Please detail housing

Species: Mus musculus. Strain: C57BL/6. Gender: Females. Age of animals: Day 4 -> 8 weeks.
Genetic modification status and source of animals: The Kdm6aLoxP mice were from Shpargel et
al., 2012, Pdx1Cre from Hingorani et al., 2003, LSL-KrasG12D from Jackson et al., 2001, Hnfla-/-
from Lee et al., 1998, and PtflaCre from Kawaguchi et al., 2002. The HnflaLoxP mice were
generated in the current study as described in material and methods. Housing and husbandry
conditions: All mice were housed and bred under specific pathogen-free conditions maintained in
the accredited animal facilities of Barcelona Biomedical Research Park (PRBB) and the Spanish
National Cancer Centre (CNIO).

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the
committee(s) approving the experiments.

[Animal experimentation was carried out in compliance with the EU Directive 86/609/EEC and
Recommendation 2007/526/EC regarding the protection of animals used for experimental and
other scientific purposes, enacted under Spanish law 1201/2005 in accordance with the
recommendations of the Federation of European Laboratory Animal Science Associations (FELASA)
under specific pathogen-free conditions. All animal experiments were performed in accordance
with the guidelines stated in the International Guiding Principles for Biomedical Research Involving
Animals, developed by the Council for International Organizations of Medical Sciences (CIOMS)
and were approved by the Ethical Committee (CEIyBA) from the PRBB and CNIO.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), 1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

Yes we are in compliance.

E- Human Subjects

11. Identify the committee(s) approving the study protocol. NA
12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments NA
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human

Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA
16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) |NA
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting
Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at [NA

top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

We have provided information for NGS data availability in our "Data availability" section. These
data have been deposited in the ArrayExpress database under accession numbers: E-MTAB-7944
and E-MTAB-7945.

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

NA

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized format|
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited
in a public repository or included in supplementary information.

Methods for preprocessing, statistical, and integrative analysis of NGS data are provided in the
Materials and Methods section. Scripts underlying any bicinformatic analysis are available upon
request.

G- Dual use research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.




