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Abstract: Hepatocellular carcinoma (HCC) is a common cancer with high morbidity and mortality. Poorer differen-
tiation status indicates worse prognosis of HCC patients. Regain of better differentiation status may improve the 
prognosis. Differentiation therapy for HCC is based on the fact that agents may reverse the dedifferentiation process 
from hepatocytes to HCC cells and thus improve tumor differentiation status. Reversal of progenitor-like property 
and restoration of hepatic characteristics are main objectives of HCC differentiation therapy. Comprehending the 
mechanisms of HCC dedifferentiation provides ideas for drug design. Diverse dysregulated molecules and signal-
ings cooperatively cause HCC dedifferentiation. Dysregulation of liver enriched transcription factors, especially he-
patocyte nuclear factor 4α, was a critical determinant of HCC dedifferentiation. Aberrant pivotal signaling molecules 
such as transforming factor-β, β-catenin and Yes-associated protein caused disordered signalings, which promoted 
HCC dedifferentiation. Loss of epithelial morphology during epithelial-mesenchymal transition (EMT) concurred with 
HCC dedifferentiation. Some EMT-related molecules exerted double-sided role in concurrently inducing EMT and 
HCC dedifferentiation. Besides, microRNAs (e.g. miR-122 and miR-148a) as well as some impressive proteins (i.e. 
KLF4, gankyrin and CHD1L) functioned in manipulating HCC differentiation status. Restoring normal expression 
levels of these molecules could induce HCC differentiation and inhibited malignant tumor behaviors. Based on the 
knowledge above, some agents have been found effective in lab, but need more data to support their reliability. 
Additionally, peretinoin as a potential drug is in progress of several phase III clinical trials. It’s promising that dif-
ferentiation therapy for HCC may be a part of options in future HCC treatment. 
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Introduction

Liver cancer is the sixth most common cancer 
and the fourth leading cause of cancer-related 
death worldwide. Hepatocellular carcinoma 
(HCC) is the major subtype of liver cancer, and 
comprises 75%-85% of the cases [1]. Stepwise 
dedifferentiation is a certain event in the devel-
opment of HCC. Regenerative nodules in cir-
rhotic liver incipiently breed dysplastic nodules 
(DNs). Then, DNs gradually develop into well, 
moderately and poorly differentiated HCCs [2]. 
Many clinical reports have highlighted that  
HCC patients with poorer tumor differentiation 
had worse prognosis [3-5]. It can be specu- 
lated that regain of better differentiation status 
may improve the prognosis of HCC patients. 

Therefore, differentiation therapy focusing on 
inducing tumor differentiation may be a promis-
ing strategy for HCC. 

Recent convincing evidence from murine mod-
els suggested that HCCs originated from hepa-
tocytes but never from the progenitor/biliary 
compartment [6]. During the dedifferentiation 
process, hepatocytes transform into neoplas- 
tic hepatocytes, then dedifferentiate into HCC 
cells, and partially become HCC cells with 
hepatic progenitor markers [7]. Several hepatic 
progenitor markers such as epithelial cell adhe-
sion molecule (EpCAM), CD90 and CD133 are 
useful for identifying and isolating liver cancer 
stem cell (LCSCs) [8]. Expansion of these hepat-
ic progenitor markers is a sign of HCC dediffer-
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entiation. In addition, HCC dedifferentiation is 
accompanied by the loss of hepatic functions 
and morphology, whose alterations can be 
reflected by detecting hepatocyte markers 
including functional proteins and surface  
markers [9, 10]. Therefore, reversal of pro- 
genitor-like property and restoration of he- 
patocyte differentiation are considered as the 
main objectives of HCC differentiation therapy 
(Figure 1). Diverse dysregulated molecules  
and signaling pathways cooperatively contrib-
ute to HCC dedifferentiation. Regulation of rel-
evant molecules may contribute to better dif-
ferentiation status. Knowledge of the under- 
lying mechanisms of HCC dedifferentiation  
provides profound insights for drug design. In 
this review, we summarized potent molecules 
that manipulate HCC differentiation status  
and emerging agents for inducing HCC differen-
tiation as well as depicted the prospect of dif-
ferentiation therapy in HCC.

Potent molecules manipulate HCC differentia-
tion status

Liver enriched transcription factors

Hepatocyte differentiation is results from the 
vitality of liver enriched transcription factors 
(LETFs) including hepatocyte nuclear factor 1 
(HNF1), HNF3, HNF4, HNF6 and CCAAT/en- 
hancer binding protein (C/EBP). The relative 

abundance of LETFs greatly impacts hepato-
cyte differentiation [11]. In hepatocarcinogen-
esis, the expression levels of LETFs are fre-
quently changed. In a mouse model of tumor 
progression, cellular dedifferentiation that 
occurred during HCC progression was accom-
panied by decreased mRNA expression of 
LETFs [12]. HNF4α is a central regulator am- 
ong LETFs. Hepatocyte-specific knockdown  
of HNF4α in a mouse model significantly 
increased the size and number of diethylnitro-
samine (DEN)-induced hepatic tumors [13]. 
Reexpression of HNF4α induced differentiation 
of HCC cells in vitro and led to a less pro- 
gressive phenotype in vivo [12]. Adenovirus-
mediated gene delivery of HNF4α gene (Ad- 
HNF4α) into HCC cells induced cell differentia-
tion by re-establishing expression profile of 
hepatocyte and decreasing hepatic progenitor 
markers. Besides, systemic injection and intra-
tumoral injection of Ad-HNF4α inhibited tumor 
growth in mouse models [14]. HNF4γ2 is an  
isoform variant of HNF4α with similar binding 
affinity to the targets of HNF4α. HNF4γ2 
induced expression of typical HNF4α target 
genes to a greater degree than did HNF4α. 
Evidence showed that HNF4γ2 could restore 
dedifferentiated hepatoma cells to a more  
differentiated state by improving expression  
of hepatocyte markers and critical hepatic 
functions [15]. HNF1α is implicated in hepato-
cyte differentiation and regulate most liver-spe-

Figure 1. HCC differentiation therapy aims to reverse HCC dedifferentiation process. HCC dedifferentiation is a step-
wise process from hepatocytes to LCSCs exhibiting two obvious characteristics. These two characteristics serve as 
the objectives of HCC differentiation therapy to reverse the dedifferentiation process.
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cific genes at transcriptional level. Bi-allelic 
inactivation of HNF1α gene (also known as 
HNF1 or TCF1) was frequently found in DNs, 
indicating that the loss of HNF1α was an early 
event in hepatocarcinogenesis [16]. Decreased 
expression of HNF1α was observed in human 
HCC samples and HCC cells. Forced reexpres-
sion of HNF1α in HCC cells significantly sup-
pressed their malignant behaviors in vitro  
and abolished their tumorigenicity in vivo [17]. 
An adenovirus vector expressing HNF1α gene 
(Ad-HNF1α) was transfected to hepatoma cells, 
which induced differentiation of hepatoma 
cells and abolished their tumorigenicity in vivo. 
Besides, injection of Ad-HNF1α could inhibit 
HCC xenograft growth in mice [17]. HNF1β as 
an isoform of HNF1α seems to play an opposite 
role in regulating HCC differentiation status 
since higher expression of HNF-1β suggested a 
worse prognosis of HCC patients. In addition, 
HNF-1β promoted the dedifferentiation of HCC 
cells into LCSCs via activation of the Notch sig-
naling, and enhanced tumorigenicity of HCC 
cells in vivo [18]. HNF6 is a member of LETFs 
and is able to directly active HNF3α and HNF4 
at the transcriptional level [11]. Our study found 
that the expression level of HNF6 in human 
HCCs was significantly lower than those in the 
paired nontumor samples, and HNF6 expres-
sion level was negatively correlated with HCC 
differentiation grade. Furthermore, forced ex- 
pression of HNF6 in poor differentiated HCC 
cells elicited distinguishable morphology chan- 
ges toward well-differentiated phenotype and 
increased expression of hepatocyte markers, 
whereas inhibiting HNF6 expression repressed 
expression of hepatocyte markers [10]. C/EBPα 
also functions as a tumor suppressor protein. 
Phosphorylation of C/EBPα at Ser193 (Ser190 
in human protein) enhanced its tumor suppres-
sor activities, whereas de-phosphorylation of 
C/EBPα at Ser193 caused dedifferentiation of 
hepatocytes into cancer cells with pre-neoplas-
tic foci that gave rise to HCC [19]. Reebye et al. 
have designed an injectable short-activating 
RNA to enhance C/EBPα expression, which 
improved liver function and simultaneously 
reduced tumor burden in a rat model [20]. 
Collectively, normalization of LTEFs may acquire 
better differentiation status of HCC.

Pivotal signaling molecules

Dysregulation of Wnt signaling is a frequent 
event during hepatocarcinogenesis, and β- 

catenin is a pivotal signaling molecule repre-
senting canonical Wnt/β-catenin signaling. 
Normally, β-catenin is located at plasma mem-
brane with E-cadherin. However, analysis of a 
series of patient samples revealed that 58.6% 
of human HCCs exhibited nuclear β-catenin 
accumulation. And a large percentage of poorly 
differentiated HCCs showed nuclear β-catenin 
at moderate to high levels, while most of well  
or moderately differentiated HCCs exhibited 
nuclear β-catenin at low to moderate levels 
[21]. Nevertheless, nuclear β-catenin accumu-
lation doesn’t mean the direct activation of 
canonical Wnt/β-catenin signaling since the 
existence of corresponding antagonists. TCF 
reporter assay demonstrated more frequent 
activation of canonical Wnt/β-catenin signaling 
in well-differentiated HCC cell lines as com-
pared to poorly differentiated HCC cell lines. It 
could be explained that canonical Wnt/β-catenin 
signaling was inhibited by Wnt5a (a noncanoni-
cal Wnt ligand) in poorly differentiated HCC 
cells, which was independent of the expression 
or cellular localization of β-catenin [22]. It could 
be speculated that canonical Wnt signaling 
might not play a predominant role in triggering 
the dedifferentiation process of well-differenti-
ated HCC to poorly differentiated HCC. Thus, 
nuclear β-catenin may participate in other path-
ways promoting HCC dedifferentiation. An in 
vivo study identified that HCCs established by 
transforming factor (TGF)-β1-treated neoplastic 
hepatocytes exhibited a less differentiated 
phenotype than those without TGF-β1 treat-
ment. TGF-β1 treatment caused nuclear β- 
catenin accumulation, whereas loss of nuclear 
β-catenin led to a more differentiated HCC [21]. 
It suggested that TGF-β1 might cause dediffer-
entiation of neoplastic hepatocytes via nuclear 
β-catenin. Further in vitro study observed that 
exogenous TGF-β1 stimulation promoted dedif-
ferentiation of neoplastic hepatocytes [9]. 
Expression of Interleukin 6 (IL-6) mRNA and 
protein were found to be upregulated after TGF-
β1 stimulation. Also, exogenous IL-6 inhibited 
expression of hepatocyte markers via the sig-
nal transducer and activator of transcription 3 
(STAT3). Simultaneously adding exogenous 
TGF-β1 and a specific STAT3 inhibitor to neo-
plastic hepatocytes abolished the TGFβ1-
induced reduction of hepatocyte markers, indi-
cating that TGF-β1 might mediate neoplastic 
hepatocytes dedifferentiation via IL-6/STAT3 
[9].
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Yes-associated protein (YAP), a transcriptional 
regulator in cooperation with TEAD, is a central 
effector of the Hippo signaling. Overexpression 
of YAP was frequently observed in human HCC 
samples compared with the nontumor coun- 
terparts. Also, positive YAP expression was 
detected in more than half of the cases and 
was significantly associated with poorer tumor 
differentiation [23]. Fitamant et al. identified 
that knockout of YAP in genetically engineered 
mouse models inhibited a progenitor-like phe-
notype of HCC. And systemic injection of siRNA 
to silence YAP restored hepatic differentiation 
and caused pronounced tumor regression [24]. 
Besides, they verified that HNF4α was a promi-
nently inhibitory target of YAP/TEAD. Inhibiting 
YAP expression showed pronounced activation 
of the HNF4α gene signature (expression of  
a set of hepatocyte functional genes) [24]. 
Consistent results have been found in human 
HCC samples that YAP1 expression increased 
while HNF4α expression decreased with higher 
grade HCC compared to lower grade HCC [25]. 
Further results showed that the HNF4α protein 
level, not the mRNA level, was downregulated 
by YAP1 via a ubiquitin proteasome pathway. 
Reciprocally, HNF4α did not affect the expres-
sion of YAP1 but directly competed with YAP for 
binding to TEAD4. The existence of a double-
negative feedback loop between YAP/TEAD 
and HNF4α has also been evidenced in a DEN-
induced rat model [25]. Therefore, YAP1 and 
YAP/TEAD complex may be promising targets 
for designing differentiation-inducing agents.

Epithelial-mesenchymal transition-related 
molecules

Hepatocytes are epithelial cells with highly spe-
cialized morphology. Epithelial-mesenchymal 
transition (EMT) is a multistep biological pro-
cess where epithelial cells dedifferentiated into 
a mesenchymal phenotype. To some extent, 
EMT and HCC dedifferentiation describe the 
same thing, but with different emphasis. During 
EMT, loss of epithelial morphology is evidenced 
by decreased epithelial markers, which con-
curs with HCC dedifferentiation [26]. For exam-
ple, one of the common changes is the loss  
of plasma membrane E-cadherin, an epithelial 
marker and also a marker of hepatocyte differ-
entiation. In a set of human HCC samples, well-
differentiated HCCs exhibited plasma mem-
brane E-cadherin in 63% of cases, whereas 

poorly differentiated human HCCs frequently 
displayed loss or redistribution of plasma mem-
brane localization. The loss of E-cadherin could 
cause disruption of normal plasma membrane 
E-cadherin/β-catenin complexes and further 
led to accumulation of nuclear β-catenin [21]. 

Snail, Twist or ZEB are key EMT-inducing tran-
scription factors which are involved in the 
downregulation of E-cadherin, and TGF-β has 
been widely proposed as a major inducer of 
these transcription factors [26]. We have 
described in the previous section that TGF-β 
could promote HCC dedifferentiation, indicat-
ing its multifaceted roles. Wu et al. confirmed 
that TGF-β1 could induce dedifferentiation of 
HCC cells in vitro, and they found that cano- 
nical TGF-β1/Smad/Snail1 signaling pathway 
was involved in the dysregulation of HNF4α 
[27]. Besides, increased expression level of 
CD147 mRNA, a tumor-related glycoprotein, 
was found in the TGF-β1-induced dedifferentia-
tion via the PI3K/AKT signaling. Interestingly, 
overexpression of CD147 could also induced 
dedifferentiation of HCC cells. Further results 
showed that CD147 could induce the expres-
sion, secretion and activation of TGF-β1 through 
upregulation of β-catenin and its nuclear trans-
location, and thus negatively regulated HNF4α 
expression via the TGF-β1 signaling [27]. 
Consistent results have been observed in  
DEN-treated mice and human HCC samples as 
well as paired serum samples [27]. Another 
study found that CD147 was normally located 
at basolateral membrane of hepatocyte. In 
human HCC samples, normal localization of 
CD147 significantly exhibited better differen- 
tiation status than disordered localization of 
CD147 [28]. Additionally, CD147 not only pro-
moted the TGF-β1-mediated loss of morpholo-
gy, but also directly induced endocytosis and 
ubiquitination degradation of E-cadherin, which 
contributed to the loss of hepatic morphology 
[28]. On the basis of these studies, potential 
agents designed to target TGF-β1 signaling or 
CD147 may concurrently induce HCC differen-
tiation and reverse EMT.

MicroRNAs

MicroRNAs (miRNAs) are conserved small  
non-coding RNAs involved in post-transcription-
al gene regulation and play an important role  
in physiological and pathological processes. 
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Evidence has shown miRNA dysregulation dur-
ing HCC dedifferentiation. The expression lev-
els of miR-18, precursor miR-18, miR-20 and 
miR-92 were inversely correlated with the 
degree of HCC differentiation. In contrast,  
miR-99a expression exhibited a positive corre-
lation between expression level and tumor  
differentiation status [29]. Another microarray 
analysis demonstrated that the expression of 
miR-18a, miR-18b, miR-221 and miR-423-5p 
were higher in poorly differentiated HCCs  
than in well-differentiated HCCs, whereas the 
expression of miR-22, miR-99a, miR-100, miR-
122, miR-215, miR-455-3p, miR-1914 and let-
7b were lower in poorly differentiated HCCs 
than in well-differentiated HCCs [30]. Altered 
expression of miRNAs may involve in the re- 
gulation of HCC differentiation status.

MiR-122 is the most abundant miRNA in the 
liver. However, miR-122 levels were highly vari-
able among the clinical HCC samples and HCC 
cell lines. Low miR-122 expression has been 
shown to be associated with poor differentia-
tion status in human HCCs [31]. In HCC cell 
lines, high expression level of miR-122 was  
correlated with high expression of hepatocyte-
specific genes [31]. Forced expression of miR-
122 to a high level in HepG2 cells could induce 
mRNA expression of liver functional genes  
[32]. Several forenamed LETFs (i.e. C/EBPα, 
HNF1α, HNF3β, and HNF4α) were able to 
directly bind to miR-122 as transactivators and 
upregulated miR-122 expression in HCC cells. It 
indicated that these LETFs may induce HCC dif-
ferentiation with the help of miR-122 [32, 33]. 
MiR-148a have been identified as a liver spe-
cific miRNA highly expressed in adult liver, 
whose expression was frequently downregulat-
ed in samples from HCC patients as well as in 
mouse and human HCC cell lines [34]. Fur- 
thermore, miR-148a expression was lower in 
poorly differentiated HCC tissues relative to 
well-differentiated HCC tissues [35]. Overex- 
pression of miR-148a in HCC cell lines led to a 
significant increase of hepatocyte markers. 
Intraperitoneal injection of nanoliposomal miR-
148a in a genetically engineered mouse model 
induced a better differentiated phenotype of 
HCC and also improved liver functions [34, 36]. 

Other impressive proteins

Krüppel-like factor 4 (KLF4) is a transcription 
factor functioning as an imperative regulator of 
cell differentiation, and is physiologically ex- 

pressed in terminally differentiated hepato-
cytes [10]. Our previous results demonstrated 
that KLF4 expression in human HCC samples 
was remarkably lower than that in paired  
nontumor specimens, and decreased KLF4 
expression was closely correlated with poor 
tumor differentiation [10]. KLF4 was found to 
induce differentiation of poorly differentiated 
HCC cells via its transcriptional activity and  
synchronously upregulated HNF6 expression. 
HNF6 knockdown evidently reversed the KLF4-
induced differentiation. Further mechanistic 
study revealed that KLF4 could bind to the 
HNF6 promoter and transactivated HNF6  
transcription [10].

Gankyrin, also known as a proteasome regula-
tory subunit, was overexpressed in human 
HCC, whose expression was inversely corre- 
lated with the differentiation status of human 
HCCs. Consistent results have been observed 
in a DEN-treated Wistar rat model [37]. Ov- 
erexpressed gankyrin in primary rat hepato-
cytes facilitated the dedifferentiation of hepa-
tocytes to LCSCs, while inhibition of gankyrin 
expression improved differentiation status of 
hepatoma cells and their subcutaneous xeno-
graft [37]. A notably inverse correlation be- 
tween gankyrin and HNF4α was found in human 
HCCs and the DEN-treated rats. A mechanistic 
study showed that gankyrin could bind to 
HNF4α and subsequently enhanced protea-
some-dependent degradation of HNF4α, indi-
cating that gankyrin might mediate dedifferen- 
tiation process by downregulating HNF4α [37].

Chromodomain-helicase-DNA-binding-protein 
1-like (CHD1L) is a genome-wide chromatin 
remodeling protein found frequently amplified 
in HCC. CHD1L expression increased progres-
sively from well-differentiated to moderately 
and poorly differentiated human HCCs [38]. 
Overexpression of CHD1L could promote HCC 
dedifferentiation both in vitro and in vivo, 
whereas knockdown of CHD1L significantly 
upregulated hepatocyte markers in HCC cells 
and sensitized HCC cells to sorafenib treat- 
ment [38]. Additionally, CHD1L could bind to 
the 5’-untranslated region of TCF4 gene and  
activated TCF4 transcription in HCC cells. In 
HCC cells, overexpressed TCF4 exhibited wor- 
se differentiation status, whereas knockdown 
of TCF4 partially abolished the effects of  
CHD1L in HCC dedifferentiation, suggesting 
that CHD1L facilitated HCC dedifferentiation 
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via TCF4 and unknown downstream factors 
[38]. 

Emerging agents for inducing HCC differentia-
tion

ATRA and arsenic trioxide (As2O3) are clinically 
promising drugs for the treatment of leukemia. 
ATRA-treated HCC cell lines showed better  
differentiation features reflected by elevated 
expression of differentiation marker E-cadherin 
and HNF4α, and reduced expression of LCSC 
marker CD90 and CD133 [27]. A mechanistic 
study demonstrated that binding of ATRA to 
retinoic acid receptor (RAR) induced inactiva-
tion of the PI3K/AKT pathway, thus enhancing 
GSK-3β-dependent phosphorylation of β-ca- 
tenin, which attenuated the function of β-ca- 
tenin in maintaining the quiescent status of 
LCSCs [39]. Moreover, ATRA could induce dif-
ferentiation of EpCAM+ LCSCs both in vitro and 
in vivo. The combined administration of ATRA 
with cisplatin or sorafenib potentiated the ther-
apeutic effect of a single chemotherapeutic 
agent [40, 41]. Likewise, As2O3 could induce  
differentiation of LCSCs by downregulating 
expression of GLI, a pivotal transcription factor 
in Hedgehog pathway, and prevented tumor 
recurrence after radical resection in mice [42].

Some molecule-targeting agents have been 
found effective in lab and exert functions both 
in vitro and in vivo. Oncostatin M (OSM) is an 
IL-6-related cytokine that induced hepatocyte 
differentiation of EpCAM+ HCC cells in an OSM 
receptor-specific manner [43]. Combination of 
OSM with 5-fluorouracil (5-FU) dramatically 
increased the number of apoptotic cells in vitro 
and suppressed tumor growth in vivo as  
compared to saline control, OSM, or 5-FU treat-
ment alone [43]. Mouse chemokine C-X-C motif 
ligand 1 (mCXCL1) as the mouse homolog of 
human IL-8 (hCXCL8) could block differentia-
tion of premalignant cells and activated quies-
cence in LCSCs by activating mTOR complex 1 
(mTORC1) kinase [44]. Blocking of the mTORC1 
kinase induced differentiation of LCSCs and 
facilitated their elimination using the chemo-
therapeutic drug doxorubicin [44]. Stearoyl-CoA 
desaturase-1 (SCD1) was one of the most 
upregulated enzymes in a subset of LCSCs. 
Suppression of SCD1 by a specific inhibitor 
forced LCSCs to differentiate, and augmented 
the efficacy of sorafenib in vivo [45]. A demeth-

ylating compound 5-azacytidine (5-AZA) could 
promote expression of characteristic hepato-
cyte markers in HCC cells via CpG demethyl-
ation of these genes. Injection of 5-AZA into 
mouse models inhibited tumor growth and 
restored hepatic differentiation, demonstrating 
the therapeutic significance of epigenetic 
reconditioning [46]. 

We have summarized the potential differen- 
tiation-inducing agents for HCC in Table 1. 
These agents have multifaceted effects that  
1) induce cell differentiation and inhibit malig-
nant behaviors of hepatoma cells; 2) activate 
quiescence and promote maturation of LCSCs; 
3) reverse progenitor-like property as well as 
suppress HCC growth and metastasis in vivo. 
Currently, available systemic therapy is unable 
to completely destroy hepatoma cells, especial-
ly LCSCs. These agents may facilitate drug  
sensitivity of systemic therapy and compensate 
for its limitation.

Conclusions and perspectives

HCC is a global medical problem due to its high 
morbidity and mortality. Surgical treatments 
(e.g. liver resection and transplantation) and 
local regional strategies (e.g. ablation and che-
moembolization) remain the mainstay to maxi-
mally increase survival. But for the patients 
whose tumors progress to advanced stage or 
those with newly diagnosed advanced HCC, 
systemic therapy is their only choice. In recent 
years, several systemic drugs have substantial-
ly changed the field of palliative strategies in 
patients with advanced HCC. Sorafenib and 
lenvatinib are currently the first line treatment 
for patients with advanced HCC. Regorafenib, 
cabozantinib and ramucirumab are approved 
second line medication [47]. Although current 
sequential approaches have evolved to benefit 
HCC patients irrespective of the stage of dis-
ease at diagnosis, the treatment decision piv-
ots around what can be done rather than what 
is worth being done. Oncologists and surgeons 
have focused on adjuvant therapy of HCC for a 
long time. Excellent results have been achieved 
in other solid tumors such as colorectal cancer 
and breast cancer. To date, there is no widely 
accepted adjuvant option to reliably improve 
survival of HCC patients. Novel therapeutic 
options are urgently required to prevent recur-
rence after curative therapy or progression 
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Table 1. Emerging agents for inducing HCC differentiation
Compounds Mechanisms Functions Cell lines and models Ref.
ATRA inactivation of PI3K/AKT pathway  

enhancing GSK-3β-dependent  
phosphorylation of β-catenin

(i) Induce differentiation (i) Cell lines (SMMC-7721, BEL-7402 and HepG2) [27, 39]
(ii) Inhibit proliferation
(iii) Enhance the drug sensitivity to docetaxel

ATRA + cisplatin Inhibition of AKT phosphorylation in Thr308 (i) Induce differentiation and apoptosis (i) Cell lines (Huh7 and CSQT-2)
(ii) Cell-derived xenograft (HuH7 and CSQT-2)

[40]
(ii) Inhibit proliferation and migration
(iii) Enhance the drug sensitivity to cisplatin
(iiii) Inhibit HCC metastasis

ATRA + sorafenib Inhibition of AKT phosphorylation (i) Induce differentiation (i) Cell lines (Huh7)
(ii) Patient-derived xenograft

[41]
(ii) Inhibit proliferation 
(iii) Enhance the drug sensitivity to sorafenib
(iiii) Inhibit HCC growth

As2O3 Downregulation of the GLI1 expression (i) Induce differentiation (i) Cell lines (Huh7 and Hep3B)
(ii) Cell-derived xenograft (Huh7 and Hep3B)

[42]
(ii) Inhibit self-renewal ability
(iii) Inhibit tumorigenic capacity and HCC recurrence

OSM Unknown (i) Induce differentiation (i) Cell lines (Huh1 and Huh7)
(ii) Cell-derived xenograft (Huh1 and Huh7)
(iii) Patient-derived xenograft

[43]
(ii) Enhance the drug sensitivity to 5-FU
(iii) Inhibit HCC growth

Rad001 Inhibition of mTORC1 (i) Induce differentiation (i) Cell lines (HepT1, HepG2, Huh6 and Huh7)
(ii) Cell-derived xenograft (Huh7)

[44]
(ii) Enhance the drug sensitivity to doxorubicin
(iii) Inhibit HCC growth

A939572 Inhibition of SCD1 (i) Induce differentiation
(ii) Inhibit self-renewal ability, migration and invasion
(iii) Enhance the drug sensitivity to sorafenib
(iiii) Inhibit HCC growth

(i) Cell lines (PLC/PRF/5 and Huh7)
(ii) Patient-derived xenograft

[45]

5-AZA CpG demethylation (i) Induce differentiation
(ii) Inhibit tumorigenicity
(iii) Enhance the drug sensitivity to sorafenib
(iiii) Inhibit HCC growth

(i) Cell lines (HepG2, Hep3B and Huh7)
(ii) Cell-derived xenograft (HepG2 and Hep3B)

[46]

Abbreviations: ATRA, all-trans retinoic acid; As2O3, arsenic trioxide; OSM, oncostatin M; SCD1, stearoyl-CoA desaturase-1; 5-AZA, 5-azacytidine.
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after effective chemoembolisation. To fill the 
gap, HCC differentiation therapy is proposed. 
The concept of differentiation therapy is based 
on the fact that agents may induce differentia-
tion of cancer cells into benign or normal cells. 
Its landmark success is the treatment of acute 
promyelocytic leukaemia [48]. HCC differentia-
tion therapy might be designed as either the 
single use of differentiation-inducing agents or 
the combined administration of differentiation 
inducers and other therapeutic drugs. It might 
act as a neoadjuvant therapy for HCC down-
staging or could serve as an adjuvant strategy 
to reduce postoperative recurrence, which 
would increase tumor resectability and improve 
prognosis.

Application of HCC differentiation therapy is 
based on the development of differentiation-
inducing drugs. Discovery of the molecular 
mechanisms of HCC dedifferentiation con- 
tributes to the development of new agents. 
Accumulated evidence reveals that dysregulat-
ed molecules and aberrant signaling pathways 
cooperatively cause HCC dedifferentiation. We 

drew Figure 2 to show pre-
dominant molecular mecha-
nisms of HCC dedifferentia-
tion, among which the PI3K/
AKT signaling has been widely 
confirmed. Peretinoin is an 
orally synthetic retinoid with a 
RAR agonist activity (that 
could inhibit the PI3K/AKT si- 
gnaling) as the only potential 
drug currently for seconda- 
ry chemoprevention of HCC 
after curative therapy. It is 
worth mentioning that pereti-
noin has been shown to re- 
duce the postoperative recur-
rence of hepatitis C virus-
related HCC in a phase II/III 
randomized controlled study 
[49, 50]. The significant re- 
duction in recurrence after 2 
years (600 mg group vs. the 
placebo group) was clinically 
meaningful (hazard ratio (HR) 
0.27, 95% confidence cinter-
val (CI) 0.07-0.96). In the sub-
set of patients with Child-
Pugh A, the 5-year survival of 
the 600 mg group was signifi-

cantly longer than the placebo group (HR 0.575, 
95% CI 0.341-0.967, P=0.0347). Although 
achieving positive results, the study indicated 
that only a specific group could reliably benefit 
from peretinoin. Several ongoing phase III clini-
cal trials expand recruitment criteria and 
patient groups, which are promising to further 
identify the targeted groups of peretinoin.

The need for effective therapeutic agents is 
continuous. Although a growing number of 
agents are shown to induce HCC differentia-
tion, most of the agents are only indentified  
to be effective in lab, and they need more data 
to support their reliability. Elaborative preclini-
cal studies are necessary to ensure their  
safety, tolerability and efficiency. Besides, in 
vivo assessment of tumor differentiation status 
is more difficult in HCC than in leukaemia. It’s 
hard to directly confirm whether a differentia-
tion inducer functions at a tissue level, since 
repeated liver biopsy has high risk. Therefore, 
developing a non-invasive method to stratify 
HCC differentiation status by detecting reli- 
able biomarkers (i.e. liquid biopsy) is of great 

Figure 2. Predominant molecular mechanisms of HCC dedifferentiation. 
Oncogenic TGF-β/SMAD signaling, PI3K/AKT signaling and Wnt/β-catenin 
signaling are widely activated in HCC and cooperatively promote HCC dedif-
ferentiation.
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value. In addition, the characteristics of 
patients and their tumors as well as potential 
biomarkers may guide the patients who will 
benefit from the differentiation therapy. Existing 
treatment modalities for HCC are evolving with 
emerging agents. Differentiation therapy for 
HCC holds great promise for being part of 
options in future HCC treatment.
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