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Abstract 28 

The stem cells involved in formation of the complex human body are epithelial cells that 29 

undergo apicobasal polarization and form a hollow lumen. Epithelial plasticity manifests as 30 

epithelial to mesenchymal transition (EMT), a process by which epithelial cells switch their 31 

polarity and epithelial features to adopt a mesenchymal phenotype. The connection between 32 

the EMT program and acquisition of stemness is now supported by a substantial number of 33 

reports, although what discriminates these two processes remains largely elusive. In this 34 

study, based on 3D organoid culture of hepatocellular carcinoma (HCC)-derived cell lines and 35 

AAV8-based protein overexpression in the mouse liver, we show that activity modulation of 36 

isoform δ of phosphoinositide 3-kinase (PI3Kδ) controls differentiation and discriminates 37 

between stemness and EMT by regulating the transforming growth factor  (TGF) 38 

signalling. Thus, providing an important tool to control epithelial cell fate and represents a 39 

step forward in understanding the development of aggressive carcinoma. 40 

  41 



Introduction 42 

The class I phosphoinositide 3-kinases (PI3Ks) are the best-studied enzyme of PI-metabolism 43 

and frequently deregulated in cancer
1
. The class I PI3Ks consist of four isoforms (α β γ δ)  44 

however most of the fundamental or clinical studies were performed using pan-PI3K 45 

inhibitors targeting all isoforms. The isoform-specific roles just started to be investigated this 46 

last decade due to the generation of gene-targeted mice and commercially available isoform-47 

selective inhibitors
2,3

. Isoform δ of phosphoinositide 3-kinase (PI3Kδ) is the l test member of 48 

class I PI3Ks identified more than 20 years ago as predominantly expressed in the spleen and 49 

thymus while almost undetectable in other tissues
4
. 50 

PI3Kδ pl ys   m jor role in the immune system, and extensive work devoted to understanding 51 

this protein led to establishment of the first PI3K inhibitor, idelalisib (CAL-101), an ATP-52 

competitive kin se inhibitor th t t rgets PI3Kδ with   high potency  nd selectivity  approved 53 

for the treatment of lymphoma
5,6

. Nevertheless, the fundamental role of this enzyme in non-54 

haematopoietic cells, notably those in the epithelium, remains enigmatic. Several recent 55 

studies have shown the level of this protein to be elevated in solid cancers
7–11

. Previously, we 56 

found th t PI3Kδ pl ys  n import nt role in epitheli l cells using 3D cultured Madin Darby 57 

canine kidney (MDCK) cells
12

. In particular, we demonstrated that PI3Kδ is essenti l for 58 

correct polarization and hollow lumen formation. Indeed, pharmacological inhibition or 59 

knockdown of this enzyme led to an inverted polarity phenotype and a defect in extracellular 60 

matrix (ECM) assembly
12
  In the present study  we sought to determine the role of PI3Kδ in 61 

morphogenesis and plasticity in the context of the liver. 62 

The most studied form of cellular plasticity is the epithelial to mesenchymal transition (EMT), 63 

a process through which epithelial cells lose their polarity and differentiation traits to acquire 64 

mesenchymal, then invasive characteristics
13–17

. EMT and its reverse process mesenchymal-65 

epithelial transition (MET) represent key mechanisms in embryonic development and are 66 

essential driver of plasticity in cancer and resistance to treatments
18–20

. Number of signaling 67 

pathway including transforming growth factor-β (TGFβ), Wnt, Notch, Hedgehog and Hippo 68 

pathways contributed to EMT. Furthermore, remodeling of the extracellular matrix (ECM) 69 

and changes to cell interactions with the ECM are essential regulators of EMT
21

. The 70 

connection between the EMT program and acquisition of stemness by cancer cells is now 71 

supported by a substantial number of reports, although what discriminates these two processes 72 

remains largely elusive. 73 



Here we show th t overexpression of isoform δ of phosphoinositide 3-kin se (PI3Kδ) 74 

reprogrammed Huh7 cells to acquire a stem cell phenotype, forming a polarized rosette 75 

structure. This reprogramming was observed using AAV8-b sed PI3Kδ overexpression in the 76 

mouse liver. Not bly  the ph rm cologic l inhibition of PI3Kδ using CAL-101 promoted 77 

EMT  These PI3Kδ-medi ted pl sticity processes were dependent on TGFβ/SM D7/Src  nd 78 

TGFβ/SM D3 that control stemness and EMT respectively. Furthermore, the treatment of 79 

different HCC cells with CAL-101 induced morphological and functional differentiation. 80 

Taken together, our results suggest that PI3Kδ is a gatekeeper of the epithelium that controls 81 

plasticity. Modulation of its activity discriminates stemness from EMT, representing a step 82 

forward in understanding the development of aggressive carcinoma. 83 

Results 84 

PI3Kδ determines Huh7 cell derived-organoid morphogenesis 85 

To investig te the role of PI3Kδ in the liver, we used Huh7 cells derived from differentiated 86 

human HCC, representing the most studied cell culture system, to study liver 87 

physiopathogenesis, including infection by hepatitis C virus
22

. When cultured in 3D Matrigel, 88 

these cells organized to form actin-enriched tubules, delineated by apical Zona-Occludens 1 89 

(ZO-1) staining, that were elongated and branched to form bile canaliculus-like structures on 90 

day 6 of culture (Fig.1a, b)  Interestingly  Huh7 cells overexpressing PI3Kδ (Huh7+PI3Kδ) 91 

displayed a polarized rosette structure in which the cells were organized around a single 92 

central lumen (Fig. 1a, b, Supplementary Fig.1a, b). The small size of the rosettes could be 93 

due to decreased cell proliferation, suggested by the decreased expression of several cyclin-94 

dependent kinases (CDKs) and the increased expression of P21, an inhibitor of CDKs
23

 (Fig. 95 

1c, Supplementary Fig. 1c). Notably, pharmacological inhibition of this enzyme in 96 

Huh7+PI3Kδ cells impaired rosette formation, indicating that rosette formation was 97 

dependent on PI3Kδ activity (Supplementary Fig. 1d). 98 

PI3Kδ reprograms Huh7 cells into stem-like cells 99 

This rosette-like structure consisting of Huh7+PI3Kδ cells, surrounded by a dense ECM 100 

visible by laminin-111 labelling (Fig. 2a), is reminiscent of not only liver progenitor 101 

cells/small cholangiocytes
24

 but also stem cells that polarize during embryonic development
25

 102 

and stem cells grown in 3D in Matrigel
26–28

. Thus, we analysed the expression of epithelial 103 

surface protein (EpCAM) (Fig. 2a, b) and cytoskeleton protein cytokeratin 19 (CK19) (Fig. 104 



2c, d)  , both of which are enriched in liver carcinomas with stem cell features, in the rosette 105 

cells
29,30

. We also investigated the Notch pathway, which plays a crucial role in the 106 

transdifferentiation and dedifferentiation of hepatocytes
31

. We observed increases in the 107 

Notch2 and Notch3 receptors in the Huh7+PI3Kδ cells  indic ting th t PI3Kδ activates this 108 

pathway (Fig. 2e, f). Using RT-qPCR on organoids, we validated the increase of Notch2 and 109 

Notch3 gene expression (Fig. 2g). Furthermore, Huh7+PI3Kδ cells expressed the key 110 

epithelial cell genes EpCAM and CDH1; and the polarity genes CRB3 and PRKCZ (Fig. 2g), 111 

all of which are essential for the establishment and maintenance of apico-basal polarity
32,33

. 112 

The pluripotency genes SOX2, OCT4 and NANOG and some of their upregulated targets 113 

genes like BMP4, PAX6, KLF4 and FGFR2, a down regulated targets genes 
34

 ; VIM, CDH2 114 

and the genes that encode the mesenchymal stem cell markers CD44, CD90/THY1 and 115 

CD133/PROM1; also increased. We also observed decreased expression of the hepatocyte 116 

differentiation markers including the cytochrome P450 1A2 (CYP1A2) and D6 (CYPD6) and 117 

albumin, suggesting a dedifferentiation process (Fig. 2g). In addition, the Huh7+PI3Kδ cells 118 

formed more spheroids than control cells (Fig. 2h), reinforcing their stem cell characteristics. 119 

We v lid ted PI3Kδ-induced Huh7 cell reprogramming in 2D culture using RT-qPCR and 120 

flow cytometry (Supplementary Fig. 2). Finally, we validated in HepG2 cells, which derived 121 

from a hepatoblastoma, a pediatric form of HCC, the role of PI3K in inducing stemness 122 

(Supplementary Fig. 3). Thus  PI3Kδ reprogrammed Huh7 cells into stem-like cells with 123 

self-renewal capacity; the cells possessed the features of both mesenchymal and epithelial 124 

cells and exhibited columnar polarity when cultured in 3D in Matrigel.  125 

 126 

PI3Kδ is enriched in stem cells 127 

We then performed a series of bioinformatics analyses to obtain more information about the 128 

potential involvement of PI3K in stemness. Using bioinformatics approaches based on 129 

GSE26093
35
  we showed high PI3Kδ expression in human embryonic stem cells (hESCs), 130 

induced pluripotent stem cells (iPSCs) and mesenchymal stem cells (MSCs) (Supplementary 131 

Fig. 4a). Furthermore, using GSE23034
36,

 we  n lysed the expression of PI3Kδ during the 132 

generation of iPSCs from mature human hepatocytes
36
  PI3Kδ expression signific ntly 133 

increased during the reprogramming process, while PI3K expression decreased, but no 134 

significant change in PI3K or PI3K was observed (Supplementary Fig. 4b). Subsequently, 135 

we hypothesized th t PI3Kδ expression is important for embryonic development and needs to 136 

be downregulated to allow differentiation. To test this hypothesis, we analysed the expression 137 



of PI3Kδ during the differenti tion of hES s into hepatocyte-like cells in vitro (GSE70741
37

). 138 

We validated the efficiency of the differentiation protocol described by the authors to generate 139 

hepatocyte-like cells and showed that they were capable of polarizing in Matrigel and forming 140 

bile canaliculi (Supplementary Fig. 5a, b). Then, using transcriptomics data from cells 141 

collected at different time points during hESC differentiation, we observed a gradual decrease 142 

in PI3Kδ expression, which was correlated with expression of the pluripotency factors nanog 143 

and oct4 and inversely correlated with expression of the differentiation genes albumin and 144 

HNF4α (Supplementary Fig. 5c, d). Thus, suggesting th t PI3Kδ could h ve   role in 145 

development. 146 

PI3Kδ induced-reprogramming is dependent on TGFβ/Src 147 

To gain further insight into the mech nisms involved in PI3Kδ-dependent reprogramming, we 148 

performed transcriptomic analysis of Huh7+PI3Kδ cells versus control cells in triplicate, and 149 

a fold change in PI3Kδ of +53 was observed (Supplementary Fig. 6a). The Pavlidis template 150 

matching algorithm was applied, enabling the identification of 660 Affymetrix probes for 151 

genes co-regul ted with PI3Kδ (312 positively regul ted  nd 348 neg tively regul ted) 152 

(Supplementary Table 1). Unsupervised classification of this expression profile enabled 153 

discrimination between the two conditions, as represented by a heatmap (Supplementary Fig. 154 

6b) and confirmed by unsupervised principal component analysis (Supplementary Fig. 6c). 155 

Among the genes downregulated in Huh7+PI3Kδ cells, BAX, CYP2D6, and FOXO1 are 156 

involved in hepatocyte-specific processes such as xenobiotic metabolism and hormone and 157 

steroid synthesis (Fig. 3a, c)  confirming th t overexpression of PI3Kδ led to Huh7 cell 158 

dedifferentiation. Among the upregulated genes, most of them are related to ECM and thus 159 

reinforced the reported effect of PI3Kδ on ECM assembly in MDCK cells 
38

 and the data from 160 

Fig.2a. They included the non-receptor tyrosine kinase protein Src and connective tissue 161 

growth factor (CTGF) which is involved in most cellul r responses to TGFβ  nd p rticul rly 162 

those leading to ECM remodeling 
39

 . EMT and SMAD7 are also highlighted (Fig. 3b, 163 

Supplementary Fig.7a). Interestingly, processes such as cellul r response to TGFβ  164 

extracellular signal-regulated kinase 1(ERK1) and 2 (ERK2) cascade and the response to 165 

mechanical stimulus were highlighted in Huh7+PI3K cells (Fig. 3d). The cues from 166 

mechanical stimuli arising from the ECM surrounding cells played important role in 167 

biological processes such as proliferation and differentiation 
40

. Subsequently, we wondered if 168 

the effects of PI3Kδ on rosette form tion were depend nt of E M sign ling  First  we 169 

confirmed ERK phosphorylation and the increase of Src (Fig. 3e, f, g Supplementary Fig.7b, 170 



c). We then investig ted whether the PI3Kδ-induced phenotype depends on Src-mediated 171 

ECM signaling. Pharmacological inhibition of Src with herbimycin A impaired rosette 172 

formation and resulted in the formation of organoids that formed multiple lumens 173 

(Supplementary Fig. 7d). The expression of phosphorylated Src (
Y416

p-Src), Notch 2 and 174 

CK19 decreased, as did the laminin surrounding the rosettes (Fig. 3h, Supplementary Fig. 175 

7e, f)   ddition lly  we  ssessed the involvement of TGFβ sign lling in the PI3Kδ-induced 176 

rosette phenotype. Inhibition of the TGFβ receptor with SB431542 promoted the formation of 177 

organoids with multiple lumens and decreased Notch2 signal, similar to the effects of src 178 

inhibition (Fig. 3i). Interestingly, treatment with SB431542 strongly decreased Src, indicating 179 

th t TGFβ sign lling regul ted PI3Kδ-induced Src expression, which was required for the 180 

reprogramming of Huh7 cells into stem-like cells (Fig. 3j). 181 

 182 

PI3Kδ reprograms hepatocytes in the mouse liver 183 

To study the relevance of our in vitro observations, we injected 8-week-old C57BL/6 mice 184 

with adeno-associated vector serotype 8 (AAV8), which has high affinity for mouse 185 

hepatocytes and has been suggested to transduce more than 90–95% of hepatocytes
41

, via 186 

intraportal vein injection. We used a plasmid encoding EGFP or mouse PI3Kδ under the liver-187 

specific thyroid-binding globulin (TBG) promoter
42

 (pAAV TBG-EGFP (named AAV-188 

control), pAAV TBG-PI3Kδ (n med   V-PI3Kδ)  Overexpression of PI3Kδ did not  lter 189 

weight gain in the mice (Supplementary Fig. 8a). The infection of murine livers was verified 190 

by visualization of GFP fluorescence (Supplementary Fig. 8b). Hematoxylin and eosin 191 

staining revealed that PI3Kδ overexpression induced subtle ductular reaction characterized by 192 

numerous and disorganized small ductular structures around the portal vein (PV) (Fig. 4a, b) 193 

known to be associated with hepatocyte reprogramming
43,44

. PI3Kδ w s  ssessed by 194 

immunohistochemistry and the signal was observed in sinusoids in line with its description in 195 

blood cells 
45

. Nevertheless, in control mice a faint signal was observed around the PV (Fig. 196 

4a, b); in AAV-PI3Kδ mice liver the PI3Kδ st ining incre sed in all the liver and here again 197 

the signal was intense in sinusoids and around the PV. Although no major changes were 198 

observed at the central veins (Fig.4a, b). Together, these data suggested an enhancement of 199 

PI3Kδ localization in the PV area of mouse liver. We thus performed RT-qPCR on the liver 200 

samples and data revealed the increase of epithelial and pluripotency genes, as well as the 201 

Notch2, Src, TGFβ and Smad7 genes, associated with a decrease in expression of genes 202 

involved in hepatocyte differentiation were observed in AAV-PI3Kδ mouse livers (Fig. 4c). 203 



Transcriptomic analysis revealed 73 upregulated genes in the livers of AAV-PI3Kδ mice  204 

allowing discrimination of the two conditions (Supplementary Table 2, Supplementary Fig 205 

9a, b). Gene set enrichment  n lysis of the two conditions reve led th t PI3Kδ regul tes 206 

different cell functions, such as the response to hypoxia, apical junctions, mitotic spindle 207 

function and myogenesis (Supplementary Fig 9c-e)  Gene set enrichment  n lysis of PI3Kδ-208 

induced signatures revealed the enrichment of liver bipotency and stem cell phenotypes, as in 209 

liver cancer, which exhibits high levels of H3K27me3 marks
46

, EpCAM+ bile duct cells
47

, 210 

and hepatoblastoma, which exhibits the properties of hepatoblasts
48

 (Fig. 4d, e). Taken 211 

together  these results show th t overexpression of PI3Kδ in the mouse liver induced the 212 

dedifferenti tion of mouse hep tocytes   s observed in Huh7+PI3Kδ cells (Fig.2g). Thus, 213 

PI3Kδ overexpression reprogr ms hepatocytes into stem-like cells with polarity and epithelial 214 

features. 215 

PI3Kδ discriminates between EMT and stemness 216 

To further investig te how PI3Kδ reprograms Huh7 cells, we studied the impact of PI3Kδ 217 

enzymatic activity. Treatment of Huh7 cells with idelalisib /CAL-101 at different doses 218 

altered the formation of canaliculi and resulted in the dose-response formation of organoids 219 

with an inverted polarity in which the apical domain stained by ZO-1 faced the ECM, whereas 220 

in control cells, ZO-1 stain the apical membrane facing the lumen of the tubules (Fig. 5a). 221 

This was reminiscent of our data from MDCK cells
12

. Subsequently, we analysed the 222 

expression of several genes, as done upon PI3Kδ overexpression (Fig. 2g). Over ll  PI3Kδ 223 

inhibition using 5 µM CAL-101 or siPI3Kδ significantly decreased Src and NOTCH2/3 genes, 224 

epithelial genes and pluripotency factors and their target genes as expected. Strikingly, 225 

mesenchymal markers were significantly increased, and the effect was more pronounced than 226 

that upon PI3Kδ overexpression. Here, again, these changes were associated with the loss of 227 

hepatocyte markers (Fig. 5b). Similar data were observed at different concentration of CAL-228 

101 (Supplementary Fig.10a-c), suggesting a dedifferentiation and EMT processes. 229 

 omp ring the control  nd siPI3Kδ condition in RT-qPCR, we didn't detect significant 230 

changes regarding the other isoforms of class I PI3Ks, confirming that the effects seen is due 231 

to the δ isoform (Supplementary Fig.10e). We also confirmed the changes in CDH1, VIM 232 

and EpCAM gene expression by immuofluorescence analyses of the encoded proteins (Fig. 233 

5c, d, Supplementary Fig.10d). Notably, the localization of E-cadherin at cell-cell contacts 234 

reinforced the notion th t Huh7+PI3Kδ cells  re highly pol rized epitheli l cells (Fig. 5c). 235 

Therefore, PI3Kδ inhibition induced epithelial to mesenchymal transition (EMT), 236 



characterized by decreased epithelial gene expression and increased mesenchymal marker 237 

expression, consistent with the inverted polarity phenotype of the organoids (Fig. 5a). Indeed, 238 

EMT has been shown to reverse the apico-basal polarity axis
49

. 239 

Different TGF β signaling pathways control EMT and stemness 240 

TGFβ is a master regulator of the EMT process
50
  We therefore investig ted whether TGFβ 241 

signaling was also involved in the polarity inversion of org noids gener ted upon PI3Kδ 242 

inhibition. The addition of SB431542 to inverted polarized organoids restored the canaliculi-243 

like structure of the Huh7 organoids, and the cells no longer expressed vimentin 244 

(Supplementary Fig. 10f). We therefore sought to validate these observations in MDCK cells, 245 

a well-established model for the study of epithelial cell plasticity. As in Huh7 cells, inhibition 246 

of PI3Kδ induced polarity inversion and the increase of N-cadherin in MDCK organoids 247 

(Supplementary Fig. 11a), where s PI3Kδ overexpression increased src signal both in a 248 

TGFβ sign ling-dependent manner (Supplementary Fig.11a, b, c). Interestingly RT-qPCR 249 

data confirmed the changes in induced pluripotency factors, polarity gene PRKCZ, the 250 

transcripts for E cadherin, vimentin and N-cadherin (Supplementary Fig. 11d). TGFβ 251 

signalling controls plasticity and was involved here in the formation of both the rosette 252 

structure and inverted polarity organoids; thus, it contributes to EMT and stemness. To 253 

distinguish these processes, we studied sign ling downstre m of TGFβ receptors upon the 254 

modul tion of PI3Kδ  ctivity  Mothers  g inst dec pent plegic homolog (SMADs) are the 255 

m in tr nsducers of TGFβ receptor signaling. These proteins are notably involved in the 256 

regul tion of EMT induced by TGFβ  While SM D3 is one of the m in effectors of TGFβ-257 

induced EMT
51

, SMAD7 is a known inhibitor of this process
52

 and was recently found to 258 

promote stemness
53

. Strikingly, SMAD3 was upregulated in Huh7+CAL-101 and 259 

Huh7+siPI3Kδ cells (Fig. 5e), whereas SMAD7 was upregulated in Huh7+PI3Kδ cells (Fig. 260 

3b, 5e) and downregulated in Huh7+CAL-101 cells (Fig. 5e). We also measured SMAD3 261 

 ctivity following the  ddition of TGFβ using the luciferase reporter CAGA
54

. We observed 262 

enhanced TGFβ-induced SMAD3 activity in Huh7+CAL-101 cells and conversely, the 263 

stimul tion of Huh7+PI3Kδ cells with TGFβ decre sed SM D3 activity (Fig. 5f). Overall, 264 

these d t  reve l th t PI3Kδ activity regulates different TGFβ-dependent pathways, ultimately 265 

leading to different cellular responses, and highlights the differences between stemness and 266 

EMT, as illustrated in Fig. 5g. 267 

PI3Kδ activity controls plasticity and the fate of different HCC cells 268 



In order to g in further insights reg rding the role of PI3Kδ in liver cell pol riz tion  nd 269 

differentiation, we used CAL-101 to treat HCC cells with high expression level of PI3Kδ 270 

including HepG2, Hep3B, another hepatoblastoma derived cell lines and the hepatic bi-271 

progenitor cell line HepaRG (Fig.6a,b). Unlike Huh7 cells, these cells were not able to form 272 

bile canaliculi on 3D culture after 6 days rather HepG2 and Hep3B could form rosette 273 

structure (Supplementary Fig.12)  We then inhibited PI3Kδ activity in those cells with 274 

increasing doses of CAL-101. Surprisingly, we observed a rescue of bile canaliculi formation 275 

with a maximum effect at 1 and 5 µM for all the cell lines (Fig.6c, d). Interestingly, the 276 

presence of canaliculi in the different cell lines was associated with the increase of the 277 

expression of differentiated hepatocyte markers such as albumin and the cytochrome P450 278 

1A2 (CYP1A2), cytochrome P450 2D6 (CYP2D6) (Fig.6e and supplementary Fig.13a, b). 279 

Concomitantly, the induced pluripotent transcription factors Nanog and SOX2 significant 280 

decreased in a dose dependent manner while CD44 and CDH2 used as EMT markers were 281 

very low and abruptly increased significantly at 10µM where organoids adopted inverted 282 

polarity phenotype with no canaliculi formation (Fig.6d, e). Interestingly, we also observed a 283 

decrease of SMAD7 transcripts while we detected a significantly increases at 10µM of CAL-284 

101 for SMAD3 (Fig.6e). All together, these data strongly suggested that high PI3Kδ  ctivity 285 

controlled stemness and its modulation induced hepatocytes cell differentiation as validated 286 

by immunofluorescence staining of albumin (Fig.7a, b) and its full inhibition promoted EMT 287 

(Fig.6e). These data also provided evidence that these plastic events are regulated by different 288 

TGFβ-dependent pathways and highlighting the differences between stemness and EMT in 289 

different hepatic cell lines.  290 

Finally, we performed a well described method for 2D culture by which HepaRG cells 291 

were able to acquire the differentiated hepatocyte phenotype when treated with DMSO
(55)

 292 

(Fig.7c). HepaRG cells were grown to confluence for 7 days and treated with 1.8%DMSO or 293 

different concentrations of CAL-101 for 7 days. We observed a more than two folds increase 294 

of albumin staining in HepaRG + 1µM CAL-101 comparing to HepaRG +DMSO (Fig.7c, d). 295 

These d t  provide   distinct role of PI3Kδ in hep tocyte differenti tion  nd m y serve as a 296 

new tool to acquire differentiated hepatocyte in vitro and both in 2D and in 3D.   297 

Discussion 298 

In this study and as summarized in Fig.7e, we showed th t PI3Kδ controls plasticity in 299 

epithelial cells and that its balance is required to maintain epithelial cell polarity and 300 

differentiation. In the liver, this results in the formation of bile canaliculi and the functional 301 



differentiation of hepatocytes. Inhibition of PI3Kδ induced EMT, revealed by an increase in 302 

mesenchymal genes and a decrease in epithelial and polarity genes in cells that formed 303 

inverted polarized organoids. Conversely, PI3Kδ overexpression in cells promoted stemness, 304 

characterized by an increase in both mesenchymal and epithelial markers and pluripotency 305 

factors.  306 

To note that the stemness was described as a broad window on the halfway to EMT, a stage 307 

named hybrid EMT 
56–58

. Here, we propose that distinct routes promote the stemness which 308 

represents a gain of epithelial and pluripotency factors, while EMT, as it is largely defined, is 309 

accompanied by the loss of these genes
59
  Import ntly  PI3Kδ activity allows the 310 

discrimination of these two processes, both of which require TGFβ-dependent plasticity. We 311 

identified SM D3  nd SM D7  s the m in downstre m effectors of TGFβ th t control the 312 

divergence between EMT and stemness, respectively. 313 

Interestingly, our data also showed that PI3Kδ expression was elevated in different stem cells, 314 

including hESCs, thus strongly supporting its role in the developmental stemness. 315 

Furthermore, the profile of each of the class I PI3K isoforms appeared different and indeed, 316 

the PI3K expression was elevated in the stem cells and was found correlated to pluripotency 317 

factors expressions. By contrast the PI3K expression decreased in stem cells and its 318 

expression increased along with differentiation process. Thus, it will be important to decipher 319 

the spatio-temporal regulation of stemness and plasticity by PI3K and the contribution of 320 

other isoforms which remained enigmatic 
60

. The crucial role of signaling pathways such as 321 

Notch in liver plasticity has been reported 
61

. Interestingly, we were able to demonstrate in our 322 

study that the Notch pathway is activated by PI3Kδ.  323 

Moreover, we studied the effects of CAL-101 treatment on different HCC-derived cells grown 324 

on 3D and data showed different scenarios regarding drug concentration which are also 325 

related to PI3K expression.  Indeed, using Huh7 with low expression of PI3Kδ, treatment 326 

induced loss of differentiation and promoted EMT. However, cells such as HepG2, Hep3B 327 

and HepaRG which have a high expression of PI3Kδ are able to form canaliculi and 328 

expressed hepatocyte differentiation markers. However, at the highest dose of CAL-101 329 

formed inverted polarized structures and with EMT features. Thus PI3K appeared as a 330 

central regulator of epithelial cells plasticity in liver as well as in MDCK cells. Furthermore, 331 

the establishment of relevant in vitro culture systems is a challenge for the toxicology 332 

assessment of drugs by the pharmaceutical industry and for the study of liver cell biology. In 333 

this context, CAL-101 appeared here as an efficient tool for in vitro hepatic differentiation. 334 



  335 

We noticed th t PI3Kδ overexpression cre tes   dense layer of ECM around the rosettes as 336 

previously described with MDCK cysts 
62

 and furthermore the bioinformatic data (Fig.3b) 337 

highlighted  n incre se of E M  upon PI3Kδ overexpression   Therefore  we demonstr ted 338 

here that Src is an important regulator of the signaling from the cell-ECM interactions 339 

required for PI3Kδ-dependent morphogenetic effects. ECM plays important role during 340 

differentiation of liver cells as well as in carcinoma development. Furthermore, nearby 80% 341 

of HCC are established on cirrhotic liver presenting ECM alteration. Together, these findings 342 

open new perspectives for investigating the role of PI3K isoforms in the plasticity of 343 

epithelial cells in both development and cancer conditions which remained open questions
63

. 344 
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 530 

Figure legends 531 

Figure 1. PI3Kδ is required for bile canaliculi formation and its overexpression induces 532 

formation of rosette-like structures 533 

a) Time-course analysis of lumen formation in Huh7 and Huh7 overexpressing PI3Kδ 534 

(Huh7+PI3Kδ) org noids plated in 3D Matrigel-matrix and stained after 2, 4 or 6 days for 535 

Zonula-occludens 1 (ZO-1, green), actin microfilaments using phalloidin (red) and nuclei 536 

using Hoechst (blue)  Sc le b r: 10 μm  b) Quantification of the phenotypes percentage over 537 

the days of culture of Huh7 (n=117 organoids)  nd Huh7+PI3Kδ (n=123 organoids). c) 538 

Quantification of Huh7  nd Huh7+PI3Kδ circularity index, organoids area and nuclei per 539 

organoid. Each dot of the graph corresponds to an organoid  540 

Figure 2. PI3Kδ activity regulates the plasticity of hepatocyte between epithelial and 541 

mesenchymal features 542 

a) Immunofluorescence staining in Huh7 and Huh7+PI3Kδ  fter 6 days of 3D culture for 543 

Laminin-111 and EpCAM (green), actin microfilaments using phalloidin (red) and nuclei 544 

using Hoechst (blue). Sc le b r: 10 μm  Quantification of laminin thickness and the relative 545 

intensity of EpCAM (right). Each dot of the graph corresponds to an organoid. b) Flow 546 

cytometry analysis of EpCAM intensity at plasma membrane in Huh7 (red) versus 547 

Huh7+PI3K cells 3 days after transfection (orange), control isotype is presented in gray. 548 

Right: Quantification of EpCAM mean intensity at the plasma membrane measured by flow 549 

cytometry analysis. c) Immunofluorescence staining in Huh7 and Huh7+PI3Kδ  fter 6 days of 550 

3D culture for CK19 (green), actin microfilaments using phalloidin (red) and nuclei using 551 

Hoechst (blue)  Sc le b r: 10 μm  Quantification of the relative intensity of CK19 (right). 552 

Each dot of the graph corresponds to an organoid. d) Immunoblot analysis of CK19 in Huh7 553 

 nd Huh7+PI3Kδ with the qu ntific tion of the rel tive intensity (n= 3 experiments)  e) 554 

Immunofluorescence staining in Huh7 and Huh7+PI3Kδ  fter 6 days of 3D culture for Notch2 555 

and Notch3 (green), actin microfilaments using phalloidin (red) and nuclei using Hoechst 556 

(blue)  Sc le b r: 10 μm  Quantification of the relative intensities (right). Each dot of the 557 

graph corresponds to an organoid. f) Immunoblot analysis of Notch2 and Notch3 in Huh7 and 558 

Huh7+PI3Kδ with the qu ntific tion of the rel tive intensity (below  n= 3 experiments)  g) 559 

RT-qPCR analysis of different genes performed in Huh7 and Huh7+PI3Kδ org noids after 6 560 

days of 3D culture. Data are presented as log10 mRN  fold ch nge in Huh7+PI3Kδ comp red 561 



to Huh7 in two independent experiments performed in duplicate h) Spheroid formation assay 562 

in Huh7  nd Huh7+PI3Kδ  the number of spheres w s determined  fter 5 d ys of culture 563 

based on two independent experiments performed in triplicate.  564 

Figure 3. The PI3Kδ-induced phenotype in Huh7 cells is dependent on TGFβ/Src 565 

pathway 566 

a,b) Circosplot representing connection numbers during text-mining prioritization  on pubmed 567 

of the genes down- regulated (a) and  up-regulated (b) by PI3Kδ in tr nscriptomics  n lysis 568 

and terms hepatocyte, liver, EMT, ECM, epigenetics regulation and stemness. c,d) functional 569 

enrichment of the gene down- regulated (c) and up-regulated (d) by PI3Kδ in tr nscriptomics 570 

analysis (GO-BP basis) e) boxplot of Src expression in transcriptomics analysis. f) 571 

Immunoblot analysis of Src in Huh7 and Huh7+PI3Kδ with the quantification of the relative 572 

intensity (n=3 experiments). g) Immunofluorescence staining for Src (green), actin 573 

microfilaments using phalloidin (red) and nuclei (blue) in Huh7 and Huh7+PI3Kδ organoids 574 

after 6 days of 3D culture. Scale bar: 10µm. Quantification of the relative intensities (right). 575 

Each dot of the graph corresponds to an organoid. h) Immunofluorescence staining for CK19 576 

(purple), Notch2 (green), actin microfilaments using phalloidin (red) and nuclei (blue) in 577 

Huh7 and Huh7+PI3Kδ organoids treated or not with the Src inhibitor herbimycin A at 578 

100nM during 6 days of 3D culture. Scale bar: 10µm. Quantification of the relative intensities 579 

(below). Each dot of the graph corresponds to an organoid i) Immunofluorescence staining for 580 

Notch2 or Src (green), actin microfilaments using phalloidin (red) and nuclei (blue) in Huh7 581 

and Huh7+PI3Kδ organoids tre ted or not with 2µM of the TGFβ S 431542 during 6 days of 582 

3D culture. Scale bar: 10µm. Quantification of the relative intensities (below). Each dot of the 583 

graph corresponds to an organoid. j) Proposed PI3Kδ depend nt p thw y for rosette-like 584 

structure form tion in Huh7 expressing PI3Kδ  585 

 586 

Figure 4. PI3Kδ overexpression in mouse liver induces histological changes and increase 587 

of stem cells markers 588 

a) Representative images of H&E staining of liver sections from mice injected with pAAV8-589 

TBG-EGFP (AAV-control) (n=4 mice) and with pAAV8- TGB- PI3Kδ (  V-PI3Kδ) (n=4 590 

mice) allowing a visualization of liver architecture (portal vein (PV) and central vein (CV)) 591 

and ductular structure around the portal vein (PV). Scale bar: 50µm. Right: Representative 592 

images of immunohistochemistry staining of PI3Kδ on AAV-control and AAV- PI3Kδ liver 593 



around the PV and CV structure. Colored images using case Viewer were presented at the 594 

right of each panel. Scale bar: 50µm. b) Bar graphs representing the percentage of portal vein 595 

(PV) with more th n 3 sm ll ductul r structures    r gr phs representing PI3Kδ glob l 596 

st ining intensity  nd PI3Kδ st ining intensity in PV  nd  V per 1000µm
2 

(n=20 for each 597 

mice).  c) RT-qPCR analysis of several markers expression indicated in the figure from AAV-598 

PI3Kδ  nd   V-control mices (duplicate measurement of n = 4 mices per condition). Data 599 

are presented as log10 mRNA fold change in AAV-PI3Kδ comp red to   V-control. d) Liver 600 

signature of gene sets enriched in AAV-PI3Kδ. e) Gene set enrichment analysis of 601 

upregulated genes in AAV-PI3Kδ  602 

 603 

Figure 5. PI3Kδ activity discriminates EMT from stemness acquisition based on 604 

different TGFβ signaling 605 

a) Immunofluorescence staining for ZO-1 (green), actin microfilaments using phalloidin (red) 606 

and nuclei (blue) of 3D culture in organoids of Huh7 treated or not with PI3Kδ specific 607 

inhibitor idelalisib (CAL-101) at different concentrations after 6 days of 3D and 608 

quantification of the canaliculus and inverted polarity phenotype percentage in the different 609 

conditions (n > 49 for each condition). b) RT-qPCR analysis of different genes expression 610 

performed in organoids of Huh7, Huh7+CAL-101 (5 µM)  nd Huh7+siPI3Kδ after 6 days of 611 

3D culture in two independent experiments performed in duplicate for Huh7+5CAL and in 612 

triplic te for HuH7+siPI3Kδ. Data are presented as log10 mRNA fold change in Huh7+CAL-613 

101 or Huh7+siPI3Kδ compared to Huh7. c) Immunofluorescence staining for the different 614 

markers indicated in the panel in organoids of Huh7, Huh7+PI3Kδ  Huh7+CAL-101 (5µM) 615 

and Huh7+siPI3Kδ. Scale bar: 10µm. The right panels present E-cadherin (green) and actin 616 

microfilaments using phalloidin (red) line profile blots of the white lines. d) Quantification of 617 

relative intensity of these markers. Each dot of the graph corresponds to an organoid. e) RT-618 

qPCR analysis of different genes expression performed in organoids of HuH7, Huh7+PI3Kδ, 619 

Huh7+CAL-101 (5 µM) and Huh7+siPI3Kδ after 6 days of 3D culture in two independent 620 

experiments performed in duplicate. f) Smad3 transcriptional activity, measured using 621 

CAGA-luciferase reporter, in HuH7, Huh7+ CAL-101 (5 µM) and Huh7+ PI3Kδ tre ted with 622 

TGFβ (2ng/ml). Data represent a typical experiment performed in triplicate. g) Schematic 623 

represent tion of the PI3Kδ-dependant plasticity with the EMT and stemness routes. 624 



Figure 6. Inhibition of PI3Kδ activity improves canaliculus formation and 625 

differentiation in HepG2, Hep3B and HepaRG cells associated with the regulation of 626 

EMT and stemness markers 627 

a) Immunoblot  n lysis of PI3Kδ protein level in Huh7  HepG2  Hep3   nd Hep RG with 628 

the quantification of its relative intensity (right, n= 3 experiments). b) RT-qPCR analysis of 629 

PI3Kδ expression in Huh7  HepG2  Hep3   nd Hep RG cells; RPLP0 w s used  s the 630 

housekeeping gene for normalization. c) Immunofluorescence staining for  ZO-1 (green), 631 

actin microfilaments using phalloidin (red) and nuclei (blue) in HepG2, Hep3B and HepaRG 632 

cells pl ted in 3D cultures for 6 d ys  nd tre ted with the PI3Kδ specific inhibitor (CAL-101) 633 

at different doses. Scale bar: 10µm d) Quantification of the percentage of the different 634 

phenotypes seen in the conditions above (n=40 organoids). e) RT-qPCR analysis of several 635 

markers expression in HepG2, Hep3B and HepaRG cells plated in 3D culture and treated with 636 

different doses of CAL-101 for 6 days in two independent experiments performed in 637 

duplicate; RPLP0 was used as the housekeeping gene for normalization. 638 

Figure 7. The inhibition of PI3Kδ activity increases albumin protein level in different 639 

hepatic cell lines.  640 

a) Immunofluorescence staining for  Albumin (green), actin microfilaments using phalloidin 641 

(red) and nuclei (blue) in HepG2, Hep3B and HepaRG cells plated in 3D cultures for 6 days 642 

 nd tre ted or not with the PI3Kδ specific inhibitor (  L-101) at different doses. Scale bar: 643 

10µm. b) Quantification of albumin relative intensity in the different cell lines treated or not 644 

with CAL-101 at different doses. c) Experiment plan for HepaRG differentiation using 645 

DMSO or CAL-101. d) Immunofluorescence staining for Albumin (green), actin 646 

microfilaments using phalloidin (red) and nuclei (blue) in HepaRG cells treated with DMSO 647 

or CAL-101 at different doses after 7 days of treatment. Scale bar: 100µm. Quantification of 648 

albumin relative intensity in HepaRG within the different conditions above. e) Proposed 649 

PI3Kδ depend nt p thw y discrimin ting EMT from stemness  650 

Material and methods 651 

Cells and 3D culture  652 

Huh7 and HepG2 cell lines (from ATCC) were cultured in Dulbecco’s modified E gle’s 653 

Medium containing 4.5 g/L glucose supplemented with 10% heat-inactivated fetal bovine 654 

serum, 1% non-essential amino acids, 1% sodium pyruvate and 1% of penicillin/streptomycin 655 



at 37°C in 5% CO. HepaRG cell line (from  iopredic) w s cultured in Willi m’s E medium 656 

supplemented with 10% fetal bovine serum, 1% penicillin/streptomycin, 5 µg/mL insulin and 657 

5x10
-5 

M hydrocortisone hemisuccinate. To obtain HepaRG differentiation, cells were 658 

cultured in the same medium as above for 2 weeks supplemented with 1.8% 659 

dimethylsulfoxide (DMSO). MDCK (Madin Darby Canine Kidney from Keith Mostov, 660 

UCSF, San Francisco) cells were cultured in minimal essential medium (MEM) supplemented 661 

with 5% fetal bovine serum and 1% of penicillin/streptomycin. For the 3D culture, cells were 662 

trypsinized as 10,000 cells/mL in 2% Matrigel (BD Biosciences). 500 µL of cells were plated 663 

in each well of eight-well Lab-Tek II chamber slides (Thermo Fisher Scientific) coated with 664 

Matrigel and grown for up to 6 days.  665 

 666 

Human embryonic stem cells maintenance, differentiation and 3D culture 667 

Undifferentiated human H1 ES cells (WiCell) were maintained in monolayer culture on 668 

Matrigel (BD Biosciences) in mTeSR1 medium (Stemcell Technologies, 05850) at 37°C with 669 

5% CO2. Cells were manually passaged at 1:4 to 1:6 split ratios every 3 to 5 days. For hepatic 670 

differentiation, cells were cultured for 3 days in RPMI/B27 medium (Insulin minus, Gibco, 671 

A18956-01) supplemented with 100 ng/ml Activin A (Peprotech, 120-14E), followed by 4 672 

days with 20 ng/mL BMP2 (Peprotech, 120-02) and 30 ng/mL FGF-4 (Peprotech, 100-31) in 673 

RPMI/B27 (complete with Insulin, Gibco, 17504-044) medium, then 6 days with 20 ng/mL 674 

HGF (Peprotech, 100-39) and KGF (Peprotech, 100-19) in RPMI/B27 (complete with 675 

Insulin), then 8 days with 20 ng/mL Oncostatin-M (R&D Systems, 295-OM/CF) in 676 

hepatocyte culture media (Lonza, cc-3198) supplemented with SingleQuots (without EGF). 677 

All cell lines used were negative for mycoplasma contamination. For 3D culture, cells were 678 

dissociated as small patch at day 16 using accutase and manual pipetting and add to a solution 679 

of 40% matrigel containing hepatocyte culture medium supplemented with SingleQuots 680 

(without EGF). Then cells were placed as drop in eight-well Lab-Tek II chamber slides and 681 

culture for 6 days before fixation. 682 

Plasmids, siRNA and cell transfection  683 

Human p110δ cDNAs were obtained from Bart Vanhaesebroeck, University College London. 684 

The specific p110δ duplex RN i used were: si3: 5’-685 

CAGAUGAGAAGGGCGAGCUGCUGAA-3’  nd 5’-686 

UUCAGCAGCUCGCCCUUCUCAUCUG-3’  For tr nsfection  the cells were seeded  t the 687 

density of 1.10
5
 cells/well of a 12-well-plate and transfected with 100 pmol of specific siRNA 688 



or 2 µg cDN  using jetPRIME (Ozyme)   ccording to the m nuf cturer’s instructions  For 689 

3D culture, 24h after the transfection, cells were detached using trypsin and plated on 690 

Matrigel as indicated above.  691 

Immunoblot 692 

Cells were lysed in Laemmli sample buffer and denatured at 100°C for 5 min before 693 

separation on 10% SDS–PAGE and then electrotransferred onto nitrocellulose blotting 694 

membrane (Amersham Protran). After transfer, the membrane was saturated in DPBS 695 

containing 0.1% Tween 20 and 5% milk. Primary antibodies (appropriate dilution) were 696 

added overnight at 4°C. After washes in the presence of DPBS, appropriate secondary 697 

antibodies coupled with peroxidase were added. Immunoblotting was revealed with 698 

chemiluminescent peroxidase substrate (Chemiluminescent Peroxidase Substrate-3; Sigma-699 

Aldrich) and exposure was observed with G: box (Syngene). 700 

Immunofluorescence staining 701 

The cells were rinsed with ice-cold Dulbecco’s P S (DP S)  nd fixed with 4% 702 

paraformaldehyde for 20 min at 4°C. The samples were then permeabilized and saturated with 703 

DPBS supplemented with 0.7% fish gelatin and 0.025% saponin for 30 min at 37°C before 704 

being incubated with primary antibodies. After washing, staining was performed with 705 

secondary fluorescent antibodies, phalloidin for F-actin and Hoechst-33342 for nuclei. Images 706 

were acquired using a Leica TCS SP5 AOBS tandem 30 confocal microscope and presented 707 

as a single confocal section through the middle of the cyst. Images were analyzed using 708 

ImageJ.  709 

Antibodies and chemicals 710 

Two primary antibodies were used for p110δ: the rabbit anti p110d from Santa Cruz sc7176 711 

for immunoblot (1:1000 dilution) and the anti-PI3- Kinase p110d antibody from Abcam 712 

ab32401 (1:100 dilution used for immunofluorescence). The other antibodies used are 713 

detailed in Supplementary Table 3. 714 

Idelalisib was purchased from Selleckchem, SB-431542 from Invivogen, recombinant human 715 

TGF-β1  nd herbimycin   from  hem ruz  716 

Quantitative reverse transcription–PCR.  717 



Total RNA was isolated using RNeasy Mini Kit 50 (Qiagen) and applied to reverse 718 

transcription using the RevertAid First Strand cDNA Synthesis Kit (ThermoFisher). The 719 

cDNA was analyzed by qPCR using the light cycler 480 SYBR Green I Master (Roche) with 720 

a LightCycler
®

 96 Instrument (Lifescience, Roche). The reaction parameters were 50°C for 30 721 

min, 95°C for 15 min, followed by 40 cycles of 94°C for 30 s, 55°C for 30 s and 72°C for 30 722 

s. The triplicate mean values were calculated using RPLP0 gene transcription as the reference 723 

for normalization. The primers used are indicated in Supplementary Table 4. 724 

Spheroid formation assay 725 

Huh7 cells tr nsfected or not with PI3Kδ expression vector were seeded  s 500 cells/well in   726 

24-well ultra-low attachment plates with lid flat bottom (Corning).The number of spheres was 727 

counted using a microscope from triplicate experiments after 5 days of culture. 728 

Flow cytometry 729 

Cells were dissociated using Accutase followed by a neutralization step with culture media. 730 

1/100 of primary antibody was added for 1 hour, and after washing the cells were stained and 731 

incubated with the secondary antibody for 1 hour. Fluorescence intensity was measured by 732 

flow cytometry with BD Accuri C6 plus software. Data Analysis was performed using the 733 

FlowJo software.  734 

CAGA-Luciferase reporter experiments 735 

Cells were co-transfected with vectors coding for the gene of interest with CAGA-Luc 736 

reporter plasmids and the Renilla luciferase plasmid to normalize the results. Cells were 737 

incubated 24 h later in the presence or absence of TGF-β1 and with or without CAL-101 for 738 

another 18 h. Luciferase activity was measured with the Dual-Luciferase Reporter Assay 739 

(Promega) system according to the manufacturer's instructions. 740 

RNA preparation and transcriptome analysis  741 

Total RNA from the Huh7 cells was prepared using the RNeasy Mini Kit 50 (Qiagen) or 742 

using Trizol (Invitrogen)  nd following the m nuf cturer’s recommend tions  RN  w s 743 

quantified using Nanodrop technology and the quality of nucleic acid was verified using a 744 

Bioanalyser (Agilent Technologies). Triplicate total RNA samples which passed quality 745 

controls was used to synthetize an amplified RNA (aRNA) microarray probe using the linear 746 

T7 RNA polymerase amplification protocol (Affymetrix). Labeled a RNA probes were 747 



hybridized on the human Affymetrix Microarray ST2.0. The microarray was then scanned by 748 

the Affymetrix platform and normalized using the RMA algorithm included in the Affymetrix 749 

expression console.  The RNA-Seq data discussed in this publication have been deposited 750 

with GEO under the accession number GSE128022.  751 

Bioinformatics analysis of the transcriptome  752 

A bioinformatics analysis was performed in the R software environment (version 3.0.2). An 753 

RMA normalized matrix of the Huh7 transcriptome was used with the R Bioconductor 754 

genefilter package in order to remove invariable genes. The Pavlidis template matching 755 

algorithm was used to determine genes co-regulated to PIK3CD which was transfected in 756 

Huh7 cell: the threshold of correlation was fixed at R>=0.80 in absolute value. Microarray 757 

expression heatmaps were produced using the MADE4 R-package. Unsupervised principal 758 

component analysis on the gene expression matrix was performed with the FactoMineR R-759 

package. Functional enrichment on the gene ontology biological process for microarray 760 

analysis was performed using Enrichr website tools.  761 

AAV-2/8 vectors production for PI3Kδ expression in vivo    762 

AAV gene transfert plasmids were purchased at Vector Builder: pAAV T G m PI3Kδ 763 

(VB180205-1022wdw)  llowing mouse PI3Kδ  DS expression under the control of T G 764 

promoter (liver specific promoter) and pAAV TBG EGFP [VB180202-1128wha]). These 765 

plasmids were first amplified and then co-transfected into 293AAV Cell Line (Cell Biolabs, 766 

AAV-100) together with a helper plasmid (Part No. 340202 VPK-401 kit) and REP-Cap 767 

plasmid (pAR-(rh)8, a kind gift of Dr. Miguel Esteves (Gene Therapy Center, University of 768 

Massachusetts Medical School, 368 Plantation Street, ASC6-2055, Worcester, MA 01605). 769 

After 3 days, cells were lysated and rAAV were collected and clarified. rAAV vectors were 770 

then titrated with RT-qPCR Adeno-Associated Virus Titration (Titer) Kit (ABMGood, G931) 771 

and used for in vivo injections (1E11 TU/mouse). 772 

Mice and lentiviral transduction 773 

C57BL/6 mice (purchased from Charles River) were maintained under specific 774 

pathogen-free conditions, and food and water were provided ad libitum. Mice were infected at 775 

8 weeks old using pAAV TBG m PI3Kδ and pAAV TBG EGFP adenovirus (10
11

 particules / 776 

mouse) and sacrificed at 12 weeks old. C57BL/6 mice purchased from Charles River were 777 

maintained under specific pathogen-free conditions, and food and water were provided ad 778 

https://www.cellbiolabs.com/293aav-cell-line
https://my.labguru.com/catalog/materials/21341


libitum. Mice were infected in the tail vein at 8 weeks after birth using pAAV TBG m PI3Kδ 779 

and pAAV TBG EGFP adenovirus (10
11

 particules / mouse) and sacrificed at 12 weeks after 780 

birth. Mice were bled under anesthesia via retro-orbital plexus and sacrificed by cervical 781 

dislocation. One lobe of the liver was divided in three parts: one lobe was fixed in 4% 782 

formalin for 24 hr and embedded in paraffin, one lobe was placed in Tissue-Tek OCT 783 

compound and stored at -80°C and the rest of the liver was snap frozen and kept at -80°C. The 784 

sample in paraffin was used for immunohistochemistry staining (using case viewer and 785 

QuPath software) and the frozen tissue was used for RNA extraction and RT-qPCR analyses.  786 

Liver mice transcriptome 787 

With total RNA from tumors transcriptome Clariom S mouse was performed for three 788 

individual samples in each experimental condition: transfection with empty vector and 789 

transfection with PIK3CD vector. Microarray were normalized Robust Microarray Analysis 790 

(RMA) method 
64

. Rank products analysis with False Discovery Rate correction between 791 

sample conditions was performed to identify genes regulated between experimental 792 

conditions 
65

. Gene set enrichment analysis was performed between sample conditions 
66

 and 793 

functional enriched networks were built with Cytoscape version 3.6.0 
67

. Bioinformatics 794 

analysis were followed in R software environment version 4.0.2 with some packages: 795 

pheatmap for drawing expression heatmap and FactoMineR for principal component analysis. 796 

Statistics and reproducibility 797 

All values are expressed as mean±S.E.M. Comparisons of mean values were performed using 798 

 n unp ired Student’s t-test on 3 independent experiments excepted when mention in legend. 799 

Data availability 800 

Raw data from affymetrix microarray have been deposited under the following code: 801 

GSE128022 for the tr scriptomes of Huh7  nd Huh7+PI3Kδ. 802 

 803 

 804 
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 806 
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