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In this issue of Clinical and Molecular Hepatology, Lee and col-

leagues1 publish an article entitled inhibition of phosphoinositide 

3-kinase (PI3K)/protein kinase B (AKT) signaling suppresses epi-

thelial-mesenchymal transition (EMT) in hepatocellular carcinoma 

(HCC) through the Snail/glycogen synthase kinase 3/betacatenin 

pathway, which describes a therapeutic approach to suppress the 

development of HCC employing PI3K inhibitors, which specifically 

target EMT. EMT is a highly dynamic process that occurs during 

normal embryonic development and cancer metastasis.2,3 It re-

quires key drivers for mesenchymal transition, which include EMT-

activating transcription factors (EMT-TFs), such as members of the 

Snail, Twist, and Zeb families. While EMT-TFs are known to partic-

ipate in cancer metastasis, they also play roles in cancer initiation 

and chemoresistance, because of which they are associated with 

poor clinical outcomes.4 The pleiotropic roles of EMT-TFs in tu-

morigenesis result from their association with multiple cancer sig-

naling pathways, including Wnt/β-catenin, growth factor, trans-

forming growth factor-β, Notch, inflammation, and hypoxia 

pathways, which can lead to the stimulation of these transcription 

factors and partial EMT of cancer cells. As a result of the induc-

tion of one or a combination of the abovementioned pathways, 

the hallmarks of EMT are exposed, which can be detected by pro-

tein markers.5 For example, there is a decreased expression of epi-

thelial cadherin (E-cadherin), which is involved in mediating cell-

cell contact. This process is accompanied by the expression of 

vimentin, N-cadherin, and fibronectin, which are major mesen-

chymal markers.

HCC is ranked the fourth most common cause of cancer-related 

death worldwide.6 While local ablation, surgical resection, and 

liver transplantation can be applied for curative treatment of HCC 

in the early stages, kinase and immune checkpoint inhibitors have 

been applied for treatment at intermediate and advanced stages.7 

In particular, because of the well-known association of the pro-

gression of EMT with liver fibrosis, cancer stemness, and invasion, 

drugs targeting the EMT pathways could be employed for thera-

peutic applications as well.8 In line with this notion, Lee and col-

leagues employed PI3K inhibitors, idelalisib and LY294002, to 

suppress the progression of EMT in HCC.

The rationale for using PI3K inhibitors lies in the induction of 

EMT-TFs by well-known signaling pathways. The binding of Wnt 

to Frizzled induces the suppression of glycogen synthase kinase 
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3β (GSK3β) through the formation of complexes with APC, Axin, 

Dvl and other proteins. This leads to stabilization of β-catenin, 

and thereby, stimulates EMT-TFs (Fig. 1).9,10 Inhibition of GSK3β 

could also be accomplished by activation of the epidermal growth 

factor receptor (EGFR)/PI3K/AKT pathway. The recruitment of 

growth factors to their receptors activates the cell growth path-

way involving PI3K and AKT. AKT, in turn, phosphorylates GSK3β, 

which is blocked from destabilizing Snail. The stabilized Snail en-

ters the nucleus prompting the expression of factors-related to 

EMT (Fig. 1).11 Lee and colleagues1 employed idelalisib because 

this drug was approved by the Food and Drug Administration in 

2013 to treat different types of leukemia. In recent years, this 

drug has been clinically tested for solid tumors, such as metastatic 

pancreatic ductal adenocarcinoma and lung cancer.12,13 Idelalisib is 

an ATP-competitive kinase inhibitor that targets the PI3K p110 

isoform δ with high selectivity. In addition to idelalisib, Lee and 

colleagues1 employed LY294002, which is a well-known chemical 

inhibitor of PI3K.14

Treatment of HCC cell lines, Huh-BAT and HepG2, with idelalisib 

or LY294002 resulted in distinct changes in the morphology of 

cells from the epithelial to the mesenchymal state and retardation 

of cell growth. Furthermore, cell cycle was arrested at G0/G1 

phase, with concomitant decrease in the levels of cyclin D, E, and 

cyclin-dependent kinase 6. Transwell assays showed that treat-

ment with idelalisib or LY294002 suppressed cell invasion and ex-

pression of E-cadherin, a hallmark of EMT. Mechanistically, both 

Figure 1. Regulation of EMT transcription factors by Wnt/GSK3β/β-catenin/Snail and PI3K/AKT/GSK3β/Snail signaling. Activation of Wnt/β-catenin 
and PI3K/AKT pathways stimulates EMT pathway by suppressing GSK3β, which in turn is inhibited from destabilizing Snail. Suppression of GSK3β also 
stabilizes β-catenin, which in turn involved in the expression of EMT genes such as vimentin and EMT-TFs. Idelalisib and LY294002 are PI3K inhibitors, 
which prevent AKT activation. This leads to the release of GSK3 β from PI3K/AKT-mediated suppression. The active GSK3β then phosphorylates Snail, 
leading to its degradation. LRP, low-density-lipoprotein-related protein; GSK3β, glycogen synthase kinase 3β; TCF, T-cell factor; LEF, lymphoid enhanc-
ing factor; EMT-TFs, epithelial-mesenchymal transition-activating transcription factors; EGF, epidermal growth factor; EGFR, epidermal growth factor 
receptor; IRS1, insulin receptor substrate 1; PI3K, phosphoinositide 3-kinase; EMT, epithelial-to-mesenchymal transition.
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the drugs induced destabilization of Snail, and caused an increase 

in the levels of dephosphorylated GSK3β in HCC cell lines, possi-

bly due to the inhibition of the EGFR/PI3K/AKT pathway. These 

results were supported by the observations that GSK3β localized 

to the nucleus with the decrease in the levels of Snail and 

β-catenin. While this study unambiguously reveals the mechanism 

of action of idelalisib and LY294002, the importance of transloca-

tion of GSK3β to the nucleus upon treatment is not clearly de-

fined, warranting further studies. Although the PI3K/AKT pathway 

is known to be a major pathway affecting GSK3β, the inhibitory 

effects of other pathways on GSK3β would also be interesting to 

investigate.

The application of idelalisib or LY294002 for treatment of HCC 

is important in several aspects. First, there is an aberrant activa-

tion of PI3K/AKT in HCC, which makes these signaling molecules 

meaningful targets.15,16 Second, GSK3β has been reported to play 

critical roles in the development of HCC.17 In particular, recent 

studies have indicated that GSK3β is associated with various sig-

naling pathways, including Wnt, Notch, and Hedgehog, in addi-

tion to the PI3K/AKT pathway.17 As an extension to these studies, 

it would be interesting and necessary to target GSK3β with com-

binations of inhibitors of the related pathways.

It would be eventually required to perform studies employing 

genetically modified mice or orthotopic xenograft models for as-

sessing the effects of treatment with various inhibitors, such as 

idelalisib and LY294002. In the former case, conditional knockout 

of GSK3β or other EMT-TFs, including Snail, in HCC mouse model 

would provide more definitive answers to the necessity of EMT in 

the development of HCC. For the latter case, it would be interest-

ing to question whether idelalisib or LY294002 could work on an 

orthotopically xenografted cell line with aberrant activation of 

PI3K/AKT pathways. Overall, this manuscript provides an interest-

ing perspective on the correlation between the development of 

HCC and EMT and offers a plausible alternative treatment for ad-

vanced HCC in future.
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