
The ARRIVE Essential 10
These items are the basic minimum to include in a manuscript. Without this information, readers and reviewers 
cannot assess the reliability of the findings.

Item Recommendation
Section/line 

number, or reason 
for not reporting

Study design 1 For each experiment, provide brief details of study design including:

a. The groups being compared, including control groups. If no control group has 
been used, the rationale should be stated.

b. The experimental unit (e.g. a single animal, litter, or cage of animals).

Sample size 2 a.	 Specify the exact number of experimental units allocated to each group, and the 
total number in each experiment. Also indicate the total number of animals used.

b. Explain how the sample size was decided. Provide details of any a priori sample 
size calculation, if done.

Inclusion and 
exclusion 
criteria

3 a.	 Describe any criteria used for including and excluding animals (or experimental 
units) during the experiment, and data points during the analysis. Specify if these 
criteria were established a priori. If no criteria were set, state this explicitly.

b. For each experimental group, report any animals, experimental units or data points 
not included in the analysis and explain why. If there were no exclusions, state so.

c.	 For each analysis, report the exact value of n in each experimental group.

Randomisation 4 a.	 State whether randomisation was used to allocate experimental units to control 
and treatment groups. If done, provide the method used to generate the 
randomisation sequence. 

b. Describe the strategy used to minimise potential confounders such as the order 
of treatments and measurements, or animal/cage location. If confounders were 
not controlled, state this explicitly.

Blinding 5 Describe who was aware of the group allocation at the different stages of the 
experiment (during the allocation, the conduct of the experiment, the outcome 
assessment, and the data analysis).

Outcome 
measures

6 a.	 Clearly define all outcome measures assessed (e.g. cell death, molecular markers, 
or behavioural changes). 

b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the 
outcome measure that was used to determine the sample size.

Statistical 
methods

7 a.	 Provide details of the statistical methods used for each analysis, including 
software used.

b. Describe any methods used to assess whether the data met the assumptions of 
the statistical approach, and what was done if the assumptions were not met.

Experimental 
animals

8 a.	 Provide species-appropriate details of the animals used, including species, strain 
and substrain, sex, age or developmental stage, and, if relevant, weight.

b. Provide further relevant information on the provenance of animals, health/immune 
status, genetic modification status, genotype, and any previous procedures.

Experimental 
procedures 

9 For each experimental group, including controls, describe the procedures in enough 
detail to allow others to replicate them, including: 

a. What was done, how it was done and what was used.

b. When and how often.

c.	 Where (including detail of any acclimatisation periods).

d. Why (provide rationale for procedures).

Results 10 For each experiment conducted, including independent replications, report:

a. Summary/descriptive statistics for each experimental group, with a measure of 
variability where applicable (e.g. mean and SD, or median and range).

b. If applicable, the effect size with a confidence interval.
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The Recommended Set
These items complement the Essential 10 and add important context to the study. Reporting the items in both sets 
represents best practice.

Item Recommendation
Section/line 

number, or reason 
for not reporting

Abstract 11 Provide an accurate summary of the research objectives, animal species, strain 
and sex, key methods, principal findings, and study conclusions.

Background 12 a.	 Include sufficient scientific background to understand the rationale and 
context for the study, and explain the experimental approach.

b.	 Explain how the animal species and model used address the scientific 
objectives and, where appropriate, the relevance to human biology.

Objectives 13 Clearly describe the research question, research objectives and, where 
appropriate, specific hypotheses being tested.

Ethical 
statement

14 Provide the name of the ethical review committee or equivalent that has approved 
the use of animals in this study, and any relevant licence or protocol numbers (if 
applicable). If ethical approval was not sought or granted, provide a justification.

Housing and 
husbandry

15 Provide details of housing and husbandry conditions, including any environmental 
enrichment.

Animal care and 
monitoring

16 a.	 Describe any interventions or steps taken in the experimental protocols to 
reduce pain, suffering and distress.

b.	 Report any expected or unexpected adverse events.

c.	 Describe the humane endpoints established for the study, the signs that were 
monitored and the frequency of monitoring. If the study did not have humane 
endpoints, state this.

Interpretation/
scientific 
implications

17 a.	 Interpret the results, taking into account the study objectives and hypotheses, 
current theory and other relevant studies in the literature.

b.	 Comment on the study limitations including potential sources of bias, 
limitations of the animal model, and imprecision associated with the results.

Generalisability/
translation

18 Comment on whether, and how, the findings of this study are likely to generalise 
to other species or experimental conditions, including any relevance to human 
biology (where appropriate).

Protocol 
registration

19 Provide a statement indicating whether a protocol (including the research 
question, key design features, and analysis plan) was prepared before the study, 
and if and where this protocol was registered.

Data access 20 Provide a statement describing if and where study data are available.

Declaration of 
interests

21 a.	 Declare any potential conflicts of interest, including financial and non-financial. 
If none exist, this should be stated.

b.	 List all funding sources (including grant identifier) and the role of the funder(s) 
in the design, analysis and reporting of the study.
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	Study design - 1a: In all of our experiments, experimental groups were compared with appropriate controls. Line: 211-214 and 225
section: Subcutaneous tumor growth and serial transplantation studies. 
	Study design - 1b: Groups of mice were used in control and experimental groups. Animal experiments were detailed in the section "Subcutaneous tumor growth and serial transplantation studies" Line: 202-230
	Sample size - 2a: Figure 3a. four groups of mice were studied, n=13 (control cell injected mice, n=9), endothelial-like cells, n=11; adipose like cells, n=13 and polyclonal cells, n=8) Total number of mice used in this group=41. In Fig. 3d two groups were studied; control n=8 and Ebf2 cells injected mice n=8. Total mice=16. In the supplementary figure 5 mice were used to assess serial transplantation of tumors. 
	Sample size - 2b: We selected the sample size per our previous experience
	Inclusion and exclusion criteria - 3a: We included samples based on our previous experience .
	Inclusion and exclusion criteria - 3b: Not excluded any data points.
	Inclusion and exclusion criteria - 3c: Figure 3a. four groups of mice were studied, n=13 (control cell injected mice, n=9), endothelial-like cells, n=11; adipose like cells, n=13 and polyclonal cells, n=8) Total number of mice used in this group=41. In Fig. 3d two groups were studied; control n=8 and Ebf2 cells injected mice n=8. Total mice=16. In the supplementary figure 5 mice were used to assess serial transplantation of tumors. 
Results: Cell differentiation inhibits PDAC growth; line 389-423
	Randomisation - 4a: None
	Randomisation - 4b: None
	Blinding - 5: Varghese and Bentzen
	Outcome measures - 6a: Tumor size, cell proliferation, cell colony formation
	Outcome measures - 6b: Tumor size, cell proliferation, cell colony formation
	Statistical methods - 7a: Cell proliferation was analyzed by One-way analysis of variance (ANOVA) with Duncan multiple range test. Cell colony formation, qRT-PCR, vimentin expression in cells and tumor weight were analyzed by unpaired t-test comparing the means of two groups of values. Two-tailed Fisher’s exact test was used to determine significant differences in tumor growth in control and experimental groups. Section: Methods; Statistical analyses; line 326-335
	Statistical methods - 7b: None
	Experimental animals - 8a: Mice, Nu/Nu, male or female depending on the origin of cell lines used, Age approximately 4-5 weeks old. section: Methods; "Subcutaneous tumor growth and serial transplantation studies"Line 202.
	Experimental animals - 8b: Athymic nude mice (Nu/Nu)
	Experimental procedures - 9a: Mice (Foxn1nu), 4-5 week old, were purchased and housed in a pathogen-free animal facility under standard conditions with access to food and water ad libitum. Experiments were performed in male or female mice based on the gender of the cells. No statistical methods were used to predetermine the sample size, and no blinding of the experimental groups was conducted. The number of animals in each group was estimated based on our previous experience in s.c. transplantation models. Cells for injections were counted using a cell counter (BioRad).  Limiting dilution experiments were performed using control cells to assess the number of cells required to induce tumor growth in 80% or more of mice upon cell injection.  Subcutaneous tumors were established by injecting 2X106 Mia PaCa-2 control, endothelial, adipose or polyclonal cells in 150 μl PBS on the flank of male mice using 24 G needles. Similar injections of 5X105 control or Ebf2-transfected TC2742-2 epithelial cells were performed on female mice. Time needed to overt tumor palpation was noted. Tumors were measured twice a week using digital calipers, and tumor volume were calculated using the formula w2 x l/2 where l is the length and w is the width. Mice injected with differentiated adipose cells were monitored for 3-months for tumor palpation. Data from two independent experiments were combined to determine tumor growth in adipose and endothelial subclones.  MIA PaCa-2 xenotransplantation studies were terminated early due to the exceeding tumor size in one control animal permitted in the study protocol. Tumor weight was gauged only in the MIA PaCa-2-tumors because TC2742-2-Ebf2-tumors contained liquefied tumor cortex with loose cells covering outer solid tissue.  
Next, we performed serial transplantation of TC2742-2 control (n=4) and Ebf2-tumors (n=4) in naive mice to gauge whether Ebf2 affect CSC functions in actively growing tumors. Equal sized primary tumor fragments were implanted s.c. in small skin incisions on the flank of the nude mice. Incisions were sealed with surgical clips or Vetbond (3M).   In a separate study, small and large MIA PaCa-2-Ebf2-polyclonal tumors were implanted. Mice were monitored for three months to gauge secondary tumor growth.

section: Subcutaneous tumor growth and serial transplantation studies. Line 202. 
	Experimental procedures - 9b: same as the previous section
	Experimental procedures - 9c: Tumor cell injection once as described in section 9 
	Experimental procedures - 9d: Mice were acclimatised per the IACUC guidelines. A rationale was generated based on literature search and previous in vivo experiments.
	Results - 10a: All statistical analyses, except the microarray data, were presented as mean and s.e.m. The P-value, P<0.05, were considered statistically significant observation.  Cell proliferation was analyzed by One-way analysis of variance (ANOVA) with Duncan multiple range test. Cell colony formation, qRT-PCR, vimentin expression in cells and tumor weight were analyzed by unpaired t-test comparing the means of two groups of values.  No animals were excluded from the in vivo tumor growth analysis. The number of animals was specified in each figure or figure legend. Two-tailed Fisher’s exact test was used to determine significant differences in tumor growth in control and experimental groups. The predetermined criteria for secondary tumor growth were tumor induction or no tumor induction from implanted primary tumor fragments. Variables were mentioned in the previous sections. Section "Statistical analyses" line 326
	Results - 10b: N/A; Not used in our statistical analysis
	Abstract - 11: Cancer stem cells (CSCs) and poorly differentiated progenitor cells in pancreatic ductal adenocarcinoma (PDAC) exacerbate hierarchical tissue organization that contributes to cell hyperproliferation and resistance to therapy. Although several transcription factors have been identified in the selection of normal pancreatic lineages, the cell of origin and molecular mechanisms arbitrating PDAC growth is poorly defined. Studies have shown that adipogenic differentiation inhibits cancer cell evolution leading to healthy progenitor cell development1. Here we show that the energy disseminating brown adipose gene, the early B-cell factor-2 (EBF2), activates differentiation-associated signals in the pancreatic cancer progenitor cells in culture and CSC transplantation models. Mechanistically, Ebf2 uniformly activates Pparγ-expression in pancreatic cancer cells, limits cell proliferation, whereas oncogenic drivers expressed differentially in the progenitor cell subtypes. Expression of Ebf2 in the PDX1 and E-cadherin-expressing, organoid forming pancreatic epithelial CSCs indeed induced ductal and acinar-like structural differentiation in vivo in growing tumors resulting in impaired tumor growth.  Likewise, Ebf2 prompted cell differentiation in cultured PDAC mesenchymal-type cells, adipose-like lineage is associated with preferential expression of PI3K-p110α. In contrast,  Akt-phosphorylation, β-catenin, and c-Myc repressed in the cells that presumably thwart tumor growth.     Conversely, endothelial-like subsets grew tumors in mice upon cell transplantation, whereas tumor growth rate significantly reduced; the tumor-promoting signals such as Akt-phosphorylation, β-catenin, and c-Myc were upregulated in the cells compared to the controls.  Thus, our study reveals a previously unrecognized function of Ebf2 in regulating pancreatic progenitor cell differentiation and tumor growth. 
	Background - 12a: In normal pancreatic development, the pancreatic and duodenal homeobox-1 (Pdx1)-expressing cells differentiate into functionally different lineages.  However, the differentiation trajectory of Pdx1-expressing cells in tumors is mostly constrained by unidentified molecular mechanisms, contributing substantial clonal plasticity. Therefore, targeting CSC-like phenotypes for normalizing progenitor cell differentiation is emerging as an anti-cancer strategy.
Although prior studies have identified aberrations in Ebf1 and Ebf3 protein functions in PDAC due to cancer-specific somatic mutations, Ebf2-expression is largely muted in adult human somatic cells except that of continuously regenerating  liver and bone marrow suggesting a role in tissue development.  Moreover, Ebf2 signaling has been implicated in the regulation of PI3K signaling, an effector of KRAS, deregulated in about 50% of PDAC patients suggesting that Ebf2 could potentially interact with tumor signaling.   We found that following Ebf2-expression, the 3D-organoid forming PDAC epithelial cells differentiate in vivo into morphologically distinct pancreatic compartments. We further identified that the Ebf2-signaling accurately recapitulate differentiation processes in vitro in KRAS mutant mesenchymal PDAC cells. Therefore, we provide evidence that differentiation associated signaling inhibits PDAC growth representing a potential target to improve cancer therapy. 
We define that Ebf2 mediates the differentiation of various pancreatic tissue types. A particularly notable finding is that the epithelial cells induce lineage commitment in vivo when Ebf2 activated in cells, but the differentiation signaling is not enough to abolish tumor growth. Indeed, differentiation of adipose-like phenotype remodeled tumor signaling. Thus further studies warranted to identify the molecular mechanisms that eliminate tumor growth.    A better understanding of the regulation of cell differentiation of pancreatic cancer progenitor cells could lead to the discovery of therapeutic options with broad implications. 
Line 67-
	Background - 12b: Presently animal models are widely used and reliable methods to understand the tumor growth rate. In this study we used mouse tumor cell transplantation model to gauge in vivo tumor growth because the objective of this study was to understand the role of tumor cell differentiation on tumor growth.   
	Objectives - 13: Our objective is to test whether tumor-associated cell differentiation arrest potentially contributes to the development of PDAC and any progenitor cell subset acquires strong translational signals to override normal cell proliferation to advance tumor growth. Line 79-82Line  
	Ethical statement - 14: Animal studies were conducted under approved protocols of the University of Maryland Institutional Animal Care and Use Committee.
section: Subcutaneous tumor growth and serial transplantation studies.  Line 202.
	Housing and husbandry - 15: Mice were purchased from the University of Maryland Veterinary Resources and housed in a pathogen-free animal facility under standard conditions with access to food and water ad libitum.
	Animal care and monitoring - 16a: None; Not reported any adverse events.
	Animal care and monitoring - 16b: None; Not reported any adverse events.
	Animal care and monitoring - 16c: Mice were euthanized at the end of the study period. Other endpoints are mice euthanized if they show any signs of distress if the tumors ulcerate or become infected or at two months after the start of each experiment. Tumor size exceeding 1000 mm3 by volume, weight loss of more than 20% of the total body weight, or drastic alterations in feeding habits were also endpoints of the study.
	Interpretation scientific implicationsm - 17a: We hypothesized that whether tumor-associated cell differentiation arrest potentially contributes to the development of PDAC and any progenitor cell subset acquires strong translational signals to override normal cell proliferation to advance tumor growth.
	Interpretation scientific implications - 17b: Cell transplantation (mouse) tumor models are widely used for tumor growth studies. However, the lack of tumor growth in differentiated adipose cells injected mice was unexpected in this study.  
	Generalisability/translation - 18: This research is a preclinical study using human cell lines and mouse models. We performed in vivo experiments in mouse models which, is widely accepted for preclinical studies. We expect that our in vitro mechanism of action and  in vivo results can be replicated in other experimental species as well as in humans. This study clearly showed that cell differentiation activated in the cell culture could be replicated in mouse models. Therefore, we expect that our results can be repeated in other experimental models and humans.
	Protocol registration - 19: Animal studies were conducted under approved protocols of the University of Maryland Institutional Animal Care and Use Committee. Line:202-204.
	Data access - 20: Research data were kept in the lab computers and lab notebooks of the University of Maryland, Baltimore. 
	Declaration of interests - 21a: The authors declare no competing financial or non-financial interest. Line 579-580
	Declaration of interests - 21b: This study was sfunded by the Department of Surgery, University of Maryland School of Medicine.
Hannah Mathew participated in the cell culture, western blotting and animal studies. Jennifer Barb performed the microarray bioinformatics and generated the gene list; Soren Bentzen analyzed tumor growth data; Sheelu Varghese conceived the project, designed and guided the research, performed experiments, analyzed data and wrote the manuscript.
Section: Author Contribution Line; 574-577
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