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ABSTRACT 21 

Maintenance of the pancreatic acinar cell phenotype suppresses tumor formation. 22 

Hence, repetitive acute or chronic pancreatitis, stress conditions in which the acinar 23 

cells dedifferentiate, predispose for cancer formation in the pancreas. Dedifferentiated 24 

acinar cells acquire a large panel of duct cell specific markers. However, it remains 25 

unclear to what extent dedifferentiated acini differ from native duct cells and which 26 

genes are uniquely regulating acinar cell dedifferentiation. Moreover, most studies 27 

have been performed in mouse since the availability of human cells is scarce. 28 

Here, we applied a non-genetic lineage tracing method in our culture model of human 29 

pancreatic exocrine cells that allowed cell-type specific gene expression profiling by 30 

RNA sequencing. Subsequent to this discovery analysis, one transcription factor that 31 

was unique for dedifferentiated acinar cells was functionally characterized using in vitro 32 

and in vivo genetic loss-of-function experimental models.   33 

RNA sequencing analysis showed that human dedifferentiated acinar cells expressed 34 

genes in 'Pathways of cancer’ with prominence of the transcription factor MECOM 35 

(EVI-1) that was absent from duct cells. During mouse embryonic development, pre-36 

acinar cells transiently expressed MECOM and MECOM was re-expressed in 37 

experimental in vivo models of acute and chronic pancreatitis in vivo, conditions in 38 

which acinar cells dedifferentiate. MECOM expression correlated with and was directly 39 

regulated by SOX9. MECOM loss-of-function in mouse acinar cells in vitro and in vivo 40 

impaired cell adhesion resulting in more prominent acinar cell death and suppressed 41 

acinar cell dedifferentiation by limiting ERK signaling.  42 

In conclusion, we transcriptionally profiled the two major human pancreatic exocrine 43 

cell types, acinar and duct cells, during experimental stress conditions. We provide 44 

insights that in dedifferentiated acinar cells, cancer pathways are upregulated in which 45 
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MECOM is a critical regulator that suppresses acinar cell death by permitting cellular 46 

dedifferentiation.  47 

 48 

INTRODUCTION 49 

Few cancers have such poor survival rates as pancreatic ductal adenocarcinoma 50 

(PDAC) (1). Understanding the molecular mechanisms that are at play in early stage 51 

cancer formation is important to improve disease outcomes, but clinical samples of 52 

early disease are rare. Hence, genetically modified mouse models are pivotal to 53 

provide us insight into the contribution of the different pancreatic cell types to tumor 54 

formation (2-4). Accumulating evidence points to acinar cells as cells of origin for 55 

pancreatic tumor development (5-10). In order to become susceptible to 56 

tumorigenesis, acinar cells have to lose their differentiated phenotype to some extent. 57 

Consequently, tumorigenesis. is restrained by mechanisms that control acinar cell 58 

differentiation (5-10). Loss of differentiation can result from repetitive acute or chronic 59 

pancreatitis whereby dedifferentiated acinar cells acquire a panel of markers that are 60 

typical for (embryonic) duct cells (11-13). Notably, duct cells can also give rise to 61 

tumors but likely through on other mechanisms (14-16).  62 

To date, knowledge is lacking to discriminate the mechanisms that govern the duct-63 

like dedifferentiated acinar cell phenotype versus the ‘native’ duct cell phenotype, the 64 

latter being more resistant to stress- or inflammation-associated tumorigenesis. 65 

Previously, we had established in vitro experimental models that recapitulate a human 66 

(12) and rodent (13) acinar dedifferentiation. Specifically, upon suspension culture 67 

acinar cells lose their acinar-specific markers while gaining (embryonic) duct-like 68 

features, thereby mimicking chronic pancreatitis(12, 13).Here, we investigated the 69 

differential gene expression in adult human dedifferentiated acinar cells compared to 70 
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native duct cells from the same cell preparations. The transcription factor MECOM/EVI-71 

1 was found to be uniquely re-expressed in dedifferentiated acinar cells since 72 

embryonic development. 73 

Although MECOM transcription factor is a known oncogene with a role in apoptosis 74 

(17-19) and pancreatic tumor formation (20, 21), its function in acinar cell 75 

(de)differentiation is still unknown. We analyzed its role in the context of acinar cell 76 

dedifferentiation through caerulein-induced pancreatitis modeling in transgenic Evi-1 77 

knock-out mice. We provide mechanistic insights that mouse acinar cells are 78 

dependent on MECOM expression to prevent cell death by allowing them acquisition 79 

of the dedifferentiated cell state.   80 

 81 

MATERIALS AND METHODS 82 

Human donor material and cell culture 83 

Human pancreata from deceased donors were processed by the Beta Cell Bank of 84 

the Centre for Beta Cell Therapy in Diabetes (Brussels, Belgium), affiliated to the 85 

Eurotransplant Foundation (Leiden, The Netherlands). Consent for the use of 86 

residual donor material for research was obtained according to the legislation in 87 

country of organ procurement. This project was approved by the Medical Ethical 88 

Committee of UZ Brussel - Vrije Universiteit Brussel (B.U.N. 143201732260). 89 

Human exocrine cells were cultured as previously described (11, 12). 90 

 91 

Mouse strains and experiments 92 

ElaCreERT mice (22) ElaCreERT;Sox9f/f (23) (kindly provided by P. Jacquemin (UCL, 93 

Belgium) originally from D. Stoffers (UPenn, USA)) were crossed with EVI-1exon4 loxP 94 

mice (Mecomf/f) (24) (kindly provided by M. Kurokawa, UPenn), resulting in 95 
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ElaCreERT;Mecomf/f mice (Mecom KO). ElaCreERT;Sox9f/f (23) were kindly provided 96 

by P. Jacquemin (UCL, Belgium).  Six to eight-weeks-old ElaCreERT;Mecomf/f and 97 

ElaCreERT;Sox9f/f mice received tamoxifen and (Z)-4-Hydroxytamoxifen (all from 98 

Sigma-Aldrich, St-Louis, MO, USA) and were treated with 1,25mg/kg body weight 99 

caerulein (Invitrogen Waltham, Massachusetts, USA) according to (23). Acinar cell 100 

isolation was adapted from (13). Embryonic mouse tissue was isolated from 101 

ElaCreERT mice at E16.5 timepoint of embryonic development. All animal experiments 102 

were approved by the Ethical Committee for Animal Testing at the Vrije Universiteit 103 

Brussel (#17-637-1). 104 

 105 

Fluorescent activated cell sorting (FACS) 106 

FITC-conjugated UEA-1 (Ulex Europaeus Agglutinin-1, Sigma-Aldrich) lectin labeling 107 

of acinar cells within the human exocrine cell fraction was performed as in (12). At day 108 

4 of suspension culture, cell clusters were dissociated following the protocol of (11). 109 

Analysis and cell sorting were performed on a BD FACSAria (BD Biosciences, Franklin 110 

Lakes, NJ, USA). Viable, single cells were gated based on forward and side scatter.  111 

 112 

More details on experimental design and statistics can be found in supplementary 113 

materials and methods. 114 

 115 

Results 116 

MECOM is a cancer-related transcription factor uniquely expressed in human 117 

dedifferentiated acinar cells  118 

Given the difference in propensity of dedifferentiated acinar cells and duct cells for 119 

pancreatitis-associated tumor development (5), we were specifically interested in the 120 
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differential gene expression of these two populations. Using the acinar-specific UEA-121 

1 lectin in combination with the duct cell marker CA19.9, we FACS-purified both cell 122 

populations (11, 12) (Figure 1a,b). We confirmed the mutually exclusive expression 123 

pattern of CD142, a progenitor marker (11) in the UEA1+ dedifferentiated acinar cells, 124 

and of CA19.9 in the UEA1- duct cells (Figure 1b). We validated the different 125 

expression levels of the acinar cell markers MIST-1 and chymotrypsin, the progenitor 126 

marker CD142 and the duct-cell marker CK19 in the original mixed exocrine cell 127 

fraction and in the purified dedifferentiated acinar cells (UEA1+/CA19.9-) and native 128 

duct cells (UEA1-/CA19.9+) (Supplementary Figure 1). Comparing dedifferentiated 129 

acinar cells with native duct cells by RNAseq analysis highlighted 7953 differentially 130 

expressed genes (Adj. p<0,01). Of these, 1219 genes were expressed higher in 131 

dedifferentiated acinar cells (log fold change (FC) of ≤-2; Adj. p<0,01) (Supplementary 132 

Table 1) and were enriched for the KEGG pathways (Adj. p<0.01): ‘Protein digestion 133 

and absorption’ and ‘Pancreatic secretion’, including genes such as carboxypeptidase 134 

A and amylase, pointing to gene expression reminiscent of the abundant acinar cell 135 

transcriptome (25). In addition, ‘Pathways in cancer’ belonged to the top enriched 136 

pathways such as those of the WNT signaling pathway, which is well-known for its 137 

function in pancreatic tumorigenesis. Other enriched pathways included ‘PI3K-AKT 138 

signaling’, which is involved in acinar cell dedifferentiation and pancreatic 139 

tumorigenesis (26-28) and ‘Complement and coagulation cascades’ encompassing 140 

genes belonging to the tissue damage pathway (Figure 1c) and that code for F8, 141 

fibrinogen and F3 (CD142), the marker used above (11) (Figure 1b). 142 

Dedifferentiated acinar and duct cells did have equal expression of the embryonic 143 

precursor gene PDX1, confirming our previous work (13). PTF1A, NR5A2, RBPJL, 144 

FOXA3 and GATA4 were expressed higher in the dedifferentiated acini reminiscent of 145 
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their fully differentiated state. Of note, GATA6 expression, which is required for 146 

embryonic acinar cell differentiation (29, 30) and a suppressor of pancreatic 147 

carcinogenesis (31, 32), was not different from the duct cells. 148 

Conversely, duct cell-enriched genes included CFTR, SOX9, NKX6.1, HES1, HNF1B 149 

and ONECUT2 (HNF6B), established markers of duct cell differentiation. The most 150 

significantly duct cell-enriched gene was DCDC2 (Doublecortin Domain Containing 2), 151 

demonstrated to bind tubulin and enhance microtubule polymerization (33) (Figure 1d). 152 

In the duct cell fraction, we found KEGG pathway enrichment for ‘ECM receptor 153 

pathway interaction’ and ‘O-linked glycosylation’. Also, here, ‘Pathways in cancer’ 154 

featured here but the genes in this pathway differed from the ones in the 155 

dedifferentiated acinar cell fraction (Supplementary Table 1).  156 

Among the differentially expressed genes were 71 transcription factors. The most 157 

significantly enriched transcription factor in the dedifferentiated acinar cell fraction was 158 

MECOM (log2FC = -6,09; Adj. p = 1,04E-123) (Figure 1d, Supplementary Table 1). 159 

MECOM, a known oncogene (34-36). It has been described as an activator of KRAS 160 

and glypican-1 in pancreatic cancer (20, 21). During our study, it was reported in 161 

relation to acinar cell-derived tumorigenesis (37). Hence, we confirmed MECOM 162 

expression in human PDAC samples (N=3) (Supplementary Figure 2a). We also used 163 

RNAseq analysis of stage 1 and 2 PDAC (N=103) where it correlated positively with 164 

overall survival (Supplementary figure 2b). In the same cohort, we previously reported 165 

a similar pattern for SOX9 and a correlation in expression between SOX9 and MECOM 166 

(Pearson R=0,49) (23). Pathway analysis of genes correlating with MECOM 167 

(Supplementary figure 2c) revealed similar pathways as those reported in our study on 168 

SOX9 where regulation of ErbB signaling was highlighted (23).  169 
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In conclusion, we FACS-purified human dedifferentiated acinar and duct cells and 170 

analyzed their transcriptome. The dedifferentiated acinar cell fraction showed a 171 

signature reminiscent of the acinar cell identity and specifically expressed MECOM, a 172 

transcription factor that featured in the pathway ‘Pathways of cancer’. MECOM was 173 

expressed in PDAC where it correlated with SOX9. We hypothesized that MECOM 174 

plays a role during acinar cell dedifferentiation, an event that initiates pancreatic tumor 175 

development. 176 

 177 

MECOM is expressed in developing acinar cells and is re-expressed during 178 

pancreatitis-associated acinar cell dedifferentiation  179 

We comprehensively assessed expression of MECOM during acinar cell differentiation 180 

or loss thereof. 181 

First, we confirmed the differential expression of MECOM in the purified human 182 

dedifferentiated acinar and duct cells from the experiments above (Figure 2a). Using 183 

RISH, MECOM mRNA appeared expressed at low levels in the acinar compartment of 184 

normal human pancreas (0,24±0,09 mRNA dots/cell; N=3), but increased strongly in 185 

samples of chronic pancreatitis (1,46±0,10 mRNA dots/cell; N=3) (Figure 2b,c). 186 

Within the human purified dedifferentiated acinar cell fraction, MECOM showed strong 187 

correlation with CD142 (Pearson R = 0,926, adj. P < 0,01), as discussed before (Figure 188 

1). Immunofluorescent co-staining of MECOM and CD142 after 4 days of culture 189 

showed strong colocalization of the two proteins (56,94±10,63% MECOM+/CD142+ 190 

cells; N=5), while MECOM did not co-localize with the duct cell marker CK19 191 

(5,69±2,32% MECOM+/CK19+ cells; N=5) (Figure 2d,e).  192 

Next, we assessed the expression pattern (Figure 2f-i) and levels (Figure 2j) of Mecom 193 

mRNA in murine pancreas. In contrast to normal adult mouse pancreas where Mecom 194 
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was expressed at very low levels (Figure 2f,j) a significantly increased expressed was 195 

noted in E16.5 pancreas where it localized to pro-acinar tip cells (Figure 2g,j) (38, 39). 196 

Similar to human, Mecom became re-expressed during acute and chronic pancreatitis 197 

in mouse (Figure 2h,i,j). 198 

Altogether, these data show that Mecom is transiently expressed in developing acinar 199 

cells and becomes re-expressed during pancreatitis in dedifferentiated acinar cells. 200 

 201 

SOX9 regulates Mecom expression in dedifferentiated acinar cells 202 

SOX9 is an important marker of acinar cell dedifferentiation and is indispensable for 203 

tumor formation in the pancreas (23). SOX9 correlates with MECOM in PDAC patients, 204 

as shown above, but also in other tissues (40, 41). Hence, we investigated whether 205 

these two transcription factors might also correlate in the context of acinar cell 206 

dedifferentiation. Indeed, we observed a strong correlation between MECOM and 207 

SOX9 (Pearson R = 0,83; *p=0,015; N=6) (Figure 3a) in the human exocrine cell 208 

cultures in which acinar cells gradually dedifferentiate, a finding which was confirmed 209 

at the protein level (Figure 3b).  210 

Based on the observed induction of Mecom after 48 hours of caerulein-induced acute 211 

pancreatitis (Figure 2h), we investigated Mecom expression in Sox9 loss-of-function 212 

mice (Figure 3c) (13, 42). ElaCreERT;Sox9f/f mice showed significant reduction in 213 

Mecom compared to control mice (ElaCreERT) (19,48 ± 4,54% reduction in mRNA 214 

dots) (Figure 3c). suggestive for SOX9 to act as an upstream regulator of Mecom. 215 

To further study whether SOX9 directly regulated Mecom in the acinar cell context, we 216 

performed a promoter-reporter assay on the partially differentiated mouse acinar cell 217 

line 266-6 (that expresses Mecom, as shown further). We observed low increase in 218 

luciferase activity when cells were transfected with the Mecom enhancer expression 219 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 23, 2020. ; https://doi.org/10.1101/2020.08.21.260539doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.21.260539
http://creativecommons.org/licenses/by/4.0/


 10 

plasmid alone. After Sox9 overexpression, luciferase activity increased significantly 220 

(Figure 3d), indicating that SOX9 regulates the Mecom enhancer in partially 221 

differentiated acinar cells.  222 

In conclusion, we showed that Mecom is (directly) regulated by SOX9 in pancreatic 223 

acinar cell context. 224 

 225 

Mecom maintains cell adhesion and cell viability in a partially differentiated 226 

acinar cell line and in human and mouse acinar cell cultures  227 

A lentiviral all-in-one CRISPR/Cas9-mediated approach comparing 3 different gRNAs 228 

designed to knock out (KO) Mecom in a partially differentiated acinar cell line (266-6) 229 

(Supplementary Figure 3), enabled us to study the role of Mecom in acinar cell 230 

dedifferentiation. RISH for Mecom in the loss-of-function condition (Figure 4a) showed 231 

significant reduction of mRNA expression (27,30±4,25% dots/cell decrease). In the 232 

Mecom KO condition, the cells were not able to organize into the typical ‘acinar dome-233 

like’ structures that were observed in the cells transduced with non-targeting gRNA 234 

(Figure 4b), suggestive of loss of proper cell-cell contacts. We also observed a 235 

decrease in absolute cell number (Figure 4c), an overall diminished cell viability (Figure 236 

4d) and a significant increase in cleaved caspase 3+ cells (Figure 4e), all indicative of 237 

cell death.  238 

We further studied downstream transcriptional effects of Mecom loss in this cell line by 239 

RNAseq analysis. Differential gene expression analysis revealed downregulation of 240 

genes enriched in ‘Focal adhesion’, ‘ECM receptor interaction’ and ‘Pathways in 241 

cancer’ (Figure 4f). This supported our observations of diminished dome formation due 242 

to potentially impaired cell adhesion. We also compared the differentially expressed 243 

genes from the Mecom KO condition with a publicly available MECOM ChIP-Seq 244 
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dataset (43) and found several overlapping genes (Figure 4g) that we further 245 

considered, in particular integrins that link the extracellular matrix (ECM) components 246 

such as collagen to the cytoskeleton. The data suggested that loss of Mecom might 247 

compromise cell-cell interaction by diminished Collagen IV-Integrin a2 interaction and 248 

downstream ERK-mediated signaling (Figure 4h), the latter considered crucial in acinar 249 

cell dedifferentiation (44).  250 

Diminished expression of collagen type IV and reduced ERK signaling upon Mecom 251 

loss-of-function was confirmed by immunofluorescent staining (Figure 4i,j).  252 

In conclusion, Mecom is indispensable to maintain cell adhesion and cell viability in a 253 

partially differentiated acinar cell line. 254 

Next, we crossed ElaCreERT deletor mice with mice carrying a floxed exon 4 of Evi, 255 

an exon which is conserved in all transcript variants (24) (Figure 5a). We studied 256 

effects in dedifferentiated acinar cells isolated from these mice using an established 257 

cell culture model, similar to the human cell culture model described above (13). 258 

Immunohistochemical staining for MECOM showed 42,71±13,42% less MECOM 259 

positive cells in freshly isolated (day 0) MECOM KO exocrine cells, consistent with 260 

previous reports on the recombination efficiency of the ElaCreERT strain (45-47). 261 

Interestingly, by day 4, we detected only 23,89±13,42% less MECOM positive cells in 262 

the KO condition suggesting selective loss of MECOM deficient cells (Supplementary 263 

Figure 4). 264 

We observed that after cell isolation the control cells remained organized in small 265 

acinar spheroid-like structures while in the MECOM KO condition they often presented 266 

as single cells. After 4 days of culture, clusters did form in the ElaCreERT;Mecomf/f 267 

mouse cells but cluster diameter was significantly smaller compared to those of 268 

ElaCreERT control mice (57,21±15,73% reduction in average diameter) (Figure 5b,e), 269 
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suggestive of diminished cell adhesion and cell death of the single cells. In our 270 

experience acinar cells cannot survive as single cells (e.g. after FACS purification). 271 

Similar to our results in the 266-6 cells (Figure 4), an increased fraction of acinar cells 272 

in the MECOM KO cultures stained positive for cleaved caspase 3 (81,21±26,47% 273 

increase in cleaved caspase 3+ cells) (Figure 5c,f). Notably, the MECOM KO cultures 274 

also showed fewer expression of CK19+ cells in comparison to the control cells 275 

(25,79±6,33% reduction in CK19+ cells), suggesting a lower capacity for 276 

dedifferentiation (Figure 5d,g).  277 

These observations were confirmed by shRNA-mediated knockdown in cultured 278 

human exocrine cells in culture. At 24h, 4 and 7 days after transduction, average 279 

cluster diameter was significantly decreased (Supplementary Figure 5), underscoring 280 

the compromised cell-cell adhesion.  281 

In conclusion, MECOM is indispensable for maintenance of cell-cell adhesion and cell 282 

viability in primary cultures of mouse and human acinar cells.  283 

 284 

Mice with Mecom-deficient acinar cells show impaired recovery from acute 285 

pancreatitis 286 

Since the primary cell culture models above recapitulate acinar cell dedifferentiation 287 

as it occurs during pancreatitis (11-13), we subjected control and MECOM KO mice to 288 

caerulein-induced acute pancreatitis. In wild-type mice, acute pancreatitis peaks 289 

around day 4 and resolves by day 11 (Figure 6a). We observed no macroscopic 290 

differences in the pancreas nor in weight of the pancreas or body weight when 291 

comparing Mecom-deficient with control mice (Supplementary Figure 6). 292 

Haematoxylin-eosin staining however showed more inter-acinar spaces at day 11 in 293 

the Mecom KO mice (Figure 6b,f). Similar to the phenotype observed in the 266-6 cells 294 
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(Figure 4) and the ex vivo cultures (Figure 5), this was preceded by an increased 295 

incidence of apoptosis (Figure 6c,g). Since we observed more inter-acinar space in the 296 

Mecom KO mice, we analyzed immune cell infiltration. Similar to a previous report (37), 297 

at day 11, CD3 positive area in MECOM KO mice remained at a level comparable to 298 

the acute phase of pancreatitis (day 4) whereas in the control mice it was significantly 299 

decreased (Figure 6e,i). F4/80+ macrophages showed a similar trend (not shown). 300 

Remarkably, no difference in collagen deposition could be detected between control 301 

and MECOM KO mice (Figure 6d,h) indicating that the inter-acinar space was not filled 302 

with collagen. The histological pattern showing accumulation of excessive liquid in the 303 

interstitial space was consistent with that of edema. Also, we did not observe any 304 

changes in acinar-to-ductal transdifferentiation markers at day 11 (not shown). 305 

Altogether, these results indicate that MECOM-deficiency in pancreatic acinar cells 306 

under the experimental stress of acute pancreatitis leads to increased acinar cell death 307 

with ensuing immune cell infiltration and edema. 308 

 309 

Discussion  310 

When subjected to stress, such as occurring during chronic pancreatitis, acinar cells 311 

dedifferentiate and acquire a ductal cell-like phenotype, rendering them prone to Kras 312 

induced transformation, in contrast to the native duct cells which seem more resistant 313 

to neoplastic development. Where studies in the past focused on the acinar cell 314 

plasticity and on how the dedifferentiated acinar cells become duct-like (13), the 315 

inherent differences between the two cell populations that may underly a different 316 

propensity to tumor formation remained unclear. Therefore, we profiled, for the first 317 

time to our knowledge, the transcriptome of human dedifferentiated acinar cells versus 318 

their native duct cell counterpart. This comparative transcriptomic analysis provided 319 
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several new insights, including the fact that both cell populations were enriched in 320 

'Pathways of cancer’ although the related genes differed in both fractions. We identified 321 

MECOM, a transcription factor known to be involved in (pancreatic) cancer, as the 322 

most uniquely expressed gene in the dedifferentiated acinar cells. 323 

MECOM is known to regulate many aspects of tumorigenesis including differentiation, 324 

proliferation and apoptosis (17-19, 40). It is a regulator of stomach-specific genes, 325 

some of which become upregulated in dedifferentiated acinar cells (23). Previously, a 326 

role for MECOM in pancreas cancer was proposed (20, 21, 37). Here, we focused on 327 

its role in acinar cell dedifferentiation. We uncovered that MECOM is uniquely 328 

expressed in dedifferentiated mouse and human acinar cells and absent from native 329 

duct cells, both in cell cultures and in tissue samples. Notably, MECOM expression 330 

levels appeared even higher in embryonic mouse pancreas, specifically in the pro-331 

acinar tip cells again suggesting a relation to an immature acinar cell phenotype. 332 

Interestingly, SOX9 is a known regulator of acinar cell dedifferentiation and a driver of 333 

pancreatic tumor formation (21, 48). Here, SOX9 expression correlated with that of 334 

MECOM. An interplay of MECOM and SOX9 has been described in other tissues (12, 335 

13, 44) and we confirmed that SOX9 transactivates the Mecom enhancer in an acinar 336 

cell context. Still, it requires further investigation why SOX9 does not transactivate 337 

MECOM expression in duct cells where SOX9 expression is the highest.  338 

We observed a clear phenotype when culturing MECOM deficient acinar cells (266-6 339 

cells and primary mouse and human acinar cells), i.e. impaired formation of acinar 340 

domes or cell clusters, suggesting impaired cell adhesion and higher rates of 341 

apoptosis. We showed that MECOM depletion reduced the cell-cell interactions 342 

through Itga2 and its ligands such as Col4a2. In our MECOM KO cells, the expression 343 

of several integrins (Itga2, Itga4, Itga5 and Itga9) was decreased. Importantly, 344 
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available ChIP-Seq data of MECOM in human ovarian carcinoma cells also showed 345 

direct binding to the promotor regions of Col4a2 and Itga2 (43). We confirmed this in 346 

MECOM KO cells, where reduced activity of the ERK signaling pathway could be 347 

directly linked to reduced acinar cell dedifferentiation, a process for which this signaling 348 

pathway is critical (12, 44). In a caerulein-induced acute pancreatitis model in MECOM-349 

deficient mice, we again make similar observations and demonstrated a prolonged 350 

immune cell infiltration, similar as reported recently (37). 351 

We propose that normal acinar cells have two options when they are subjected to 352 

stress, either to subside in an “incognito” reversible dedifferentiated state, or to die. 353 

MECOM seems indispensable for the former option. Ye et al., who, like us did not 354 

provide formal proof by lineage tracing, claimed that MECOM-deficient acinar cells 355 

transdifferentiate more extensively during pancreatitis (37). We suggest that MECOM-356 

deficient acinar cells undergo apoptosis and therefore cannot contribute any longer to 357 

the CK19+ transdifferentiated cell pool. This is supported by our observations 358 

increased inter-acinar spaces filled with fluid (edema) in the acute pancreatitis model. 359 

Such phenotype has also been reported in EGF knockout mice (49). We also did not 360 

detect any increase in collagen deposition around the recovering acini, which clearly 361 

differs from acinar to ductal transdifferentiation that is accompanied by typical collagen 362 

deposition (50), further supporting our conclusion.  363 

Altogether, these results show that dedifferentiated acinar cells have a clearly distinct 364 

gene expression profile compared to native duct cells. Under stress, MECOM 365 

expression is turned on, downstream of SOX9, where it prevents acinar cell death and 366 

allowing cellular dedifferentiation. 367 

  368 

 369 
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 539 

Figure Legends 540 
 541 

Figure 1. RNAseq analysis identifies MECOM as uniquely expressed in 542 

dedifferentiated acinar cells. (a) Schematic overview of FACS-purification of human 543 

dedifferentiated acinar and duct cells, using acinar-specific UEA-1 lectin. (b) 544 

Immunofluorescent staining of FACS-purified dedifferentiated acinar (UEA-1+/CA19.9-545 

) and duct (UEA-1-/CA19.9+) cells at day 4 with CD142 and CA19.9. DNA is labelled 546 

in blue. (c) Table of genes uniquely expressed in human dedifferentiated acinar cells 547 

(green) and duct cells. Selection limited to genes with BaseMean ≥ 1000, Log2FC ≥ 2 548 

or ≤ -2 and P.adj ≤ 0,01. (d) KEGG pathways enriched (Adj. p-value < 0,01) in human 549 

dedifferentiated acinar cells (N=5). 550 

 551 

Figure 2. MECOM is uniquely upregulated in dedifferentiated acinar cells and not 552 

in duct cells. (a) qPCR for MECOM on purified human dedifferentiated acinar (UEA-553 

1+/CA19.9-) versus duct cells (UEA-1-/CA19.9+) after FACS isolation at day 4 of 554 

culture, compared to the mixed exocrine fraction at day of isolation (D0) (N=5; mean ± 555 

SD; ***p<0,005; One-way ANOVA with post-hoc Bonferroni correction). (b,c) RNA-ISH 556 

for MECOM on tissue from normal human pancreas (b) and human chronic pancreatitis 557 

(c) Scale = 50µM. Arrows indicate individual mRNA dots. (d,e) Immunofluorescent co-558 

staining of human mixed exocrine fraction at day 4 of culture for MECOM and CD142 559 

(d) and for MECOM and CK19 (e). Scale = 50µM. (f-i) RNA-ISH for Mecom and (j) 560 

Mecom expression level in normal mouse pancreas (f; dotted line indicates a normal 561 

duct, striped line indicates the outer edge of an islet), embryonic pancreas (g); E16.5 562 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 23, 2020. ; https://doi.org/10.1101/2020.08.21.260539doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.21.260539
http://creativecommons.org/licenses/by/4.0/


 24 

embryonic pancreas; dashed line indicates groups of tip cells) and in a mouse model 563 

for acute (h) and chronic (i) pancreatitis. Scale = 50µM. (j) 5 individual microscopic 564 

fields per replicate were quantified. (N=5; mean ± SD; *p<0,05; **p<0,01; One-way 565 

ANOVA with post-hoc Bonferroni correction;).  566 

 567 

Figure 3. SOX9 regulates MECOM during acinar cell dedifferentiation. (a) qPCR 568 

for MECOM and SOX9 expression on human exocrine mixed fraction in culture over 569 

time (day 1 to day 8). Each donor is indicated as a different colored line. (b) Immunoblot 570 

for MECOM, SOX9 and actin as loading control on human exocrine mixed fraction in 571 

culture over time. Representative blot from N=3 human donor samples. The different 572 

isoforms of MECOM locus are indicated by arrows. (c) Generation of acinar-specific 573 

(Elastase) Cre deletor mice with Sox9ex5 flanked by loxP sites. Acinar-specific deletion 574 

of SOX9 is performed in ElaCreERT;Sox9f/f versus control (ElaCreERT) littermates by 575 

administering tamoxifen 3 times over a period of 5 days, followed by a two-week 576 

washout. Acute pancreatitis is induced by administering caerulein by 7 hourly injections 577 

for 3 days over a period of 5 days. Mice are sacrificed at day 4 after caerulein 578 

administration. Immunohistochemical staining for SOX9 and RNA in situ hybridization 579 

of Mecom mRNA expression in mouse pancreatic tissue after experimentally induced 580 

acute pancreatitis in control (ElaCreERT) and acinar-specific Sox9 knockout 581 

(ElaCreERT;Sox9f/f) mice. Scale = 50µM.  (N=3; **p<0.01; unpaired two-tailed t-test) 582 

(d) Luciferase reporter assay in 266-6 cells, 48h after transfection. (mean ± SD; N=3; 583 

***p<0,001; one-way ANOVA with post-hoc Bonferroni correction) 584 

 585 

Figure 4. Mecom retains cell adhesion and survival in 266-6 cells. (a) RNA in situ 586 

hybridization (RISH) on control (NT-gRNA) and Mecom KO (gRNA3) 266-6 cells. Scale 587 
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= 200µM. (N=3; **p<0,01; unpaired two-tailed t-test). (b) Phase contrast images of 588 

control (NT-gRNA) and Mecom KO (gRNA3) 266-6 cells. Scale = 200µM. (c) Absolute 589 

number of cells at 96h after seeding 50.000 cells (mean ± SD; N=3; **p<0,01; unpaired 590 

two-tailed t-test) (d) Cell viability measured relative to background levels of the culture 591 

medium by CellTiter Glo assay (mean ± SD; N=3; ***p<0,001; unpaired two-tailed t-592 

test) (e) Immunofluorescent staining and quantification  of cleaved caspase 3+ cells. 593 

(N=3; **p<0,01; unpaired two-tailed t-test) (f) KEGG pathway analysis on differential 594 

gene expression profiles after RNAseq analysis of MECOM wildtype versus MECOM 595 

KO cells (N=3) (g) Venn diagrams showing genes overlapping between differentially 596 

expressed genes in MECOM KO 266-6 cells and publicly available ChIP-seq dataset 597 

from Bard-Chapeau et al. (43) (h) Schematic representation of our hypothesis. (i) 598 

Collagen IV immunofluorescent staining on 266-6 NTgRNA and gRNA3-transduced 599 

cultured cells. (j) Immunoblot for phospho-ERK and total ERK and quantifications of 600 

pERK relative to total protein stain. (mean ± SD; N=3; *p<0,05; Unpaired two-tailed t-601 

test) 602 

 603 

Figure 5. Mecom retains cell adhesion and survival in cultured acinar cells. (a) 604 

Acinar cell-specific deletion of MECOM is performed by administering tamoxifen 3 605 

times over a period of 5 days both subcutaneously and by gavage, followed by a two-606 

week washout period. Acute pancreatitis is induced by administering caerulein by 7 607 

hourly injections for 3 days over a period of 5 days. Mice are sacrificed at day 4 after 608 

caerulein treatment. (b,e) Phase contrast images and quantification of mean cluster 609 

surface of ElaCreERT and ElaCreERT;Mecomf/f isolated acinar cells immediately after 610 

isolation (D0) and at day 4 of culture (D4). Scale = 100µM. (c,f) Cleaved caspase 3 611 

staining and quantification on ElaCreERT and ElaCreERT;Mecomf/f acinar cells at day 612 
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4 of culture. Scale = 25µM. (d,g) CK19 staining and quantification of ElaCreERT and 613 

ElaCreERT;Mecomf/f acinar cells at day 4 of culture. Scale = 25µM. (mean ± SD; N=6; 614 

*p<0,05; **p<0,01; two-way ANOVA with post-hoc Bonferroni correction.) 615 

 616 

Figure 6. Mecom depletion in acinar cells in vivo causes pronounced cell death 617 

during recovery after caerulein-induced acute pancreatitis. (a) Acinar-specific 618 

deletion of MECOM is performed by administering tamoxifen 3 times over a period of 619 

5 days, followed by a two-week washout period. Acute pancreatitis is induced by 620 

administering caerulein by 7 hourly injections for 3 days over a period of 5 days. Mice 621 

are sacrificed at day 4 and day 11 after caerulein administration. (b,f) H&E staining 622 

and quantification of acinar/non-acinar area ratio relative to day 4. (c,g) Cleaved 623 

caspase 3 immunohistochemical staining and quantification at day 4. (d,h) Collagen 624 

staining and quantification relative to day 4. Scale = 50µM. (e,i) CD3 staining and 625 

quantification relative to day 4 for ElaCreERT and ElaCreERT;Mecomf/f mice. Scale = 626 

50µM. (mean ± SD, N=6, **p<0,01, ns = non-significant. two-way ANOVA with post-627 

hoc Bonferroni correction) 628 

  629 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 23, 2020. ; https://doi.org/10.1101/2020.08.21.260539doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.21.260539
http://creativecommons.org/licenses/by/4.0/


 27 

630 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 23, 2020. ; https://doi.org/10.1101/2020.08.21.260539doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.21.260539
http://creativecommons.org/licenses/by/4.0/


 28 

631 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 23, 2020. ; https://doi.org/10.1101/2020.08.21.260539doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.21.260539
http://creativecommons.org/licenses/by/4.0/


 29 

632 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 23, 2020. ; https://doi.org/10.1101/2020.08.21.260539doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.21.260539
http://creativecommons.org/licenses/by/4.0/


 30 

633 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 23, 2020. ; https://doi.org/10.1101/2020.08.21.260539doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.21.260539
http://creativecommons.org/licenses/by/4.0/


 31 

634 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 23, 2020. ; https://doi.org/10.1101/2020.08.21.260539doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.21.260539
http://creativecommons.org/licenses/by/4.0/


 32 

 635 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 23, 2020. ; https://doi.org/10.1101/2020.08.21.260539doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.21.260539
http://creativecommons.org/licenses/by/4.0/

