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Abstract
Aim: We wished to establish 3D organoid-like hepatocellular carcinoma (HCC) models from HCC cell lines.

Methods: Hep3B, Huh7, HepG2, SNU398, SNU449, and SNU475 cell lines were inoculated into Matrigel and 
grown up to 9 days in hepatocyte specific or standard RPMI media. Spheroid formation was followed by light 
microscopy. Matrigel scaffolds were immobilized and embedded in paraffin, and sections were subjected to H&E 
and immunohistochemical staining for different hepatobiliary biomarkers. Stained material was examined under 
light microscopy and micro photo were taken.

Results: Organoid-like structures were obtained successfully from all selected cell lines except mesenchymal-like 
SNU475 cells. Hep3B, Huh7, and HepG2 cell lines from hepatoblast-like sub-group formed compact 3D colonies 
and showed hepatocyte-like morphology and staining with different hepatocyte lineage markers as well as 
hepatobiliary progenitor markers. SNU398 and SNU449 cell lines from mesenchymal-like group formed irregular 
and loose 3D colonies that expressed vimentin homogeneously, but also several epithelial and hepatocyte lineage 
markers. The pattern of biomarker expression was unique for each cell line tested. Such features, not observed in 
tested monolayer cultures were confirmed with single-cell derived Hep3B cells.
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Conclusion: We described experimental conditions to obtain organoid-like structures from five different HCC cell 
lines representing hepatoblast-like and mesenchymal-like subgroups. These models are useful as an alternative to 
monolayer cultures to study phenotypic features of HCC cells. Our detailed analysis of biomarker expression in five 
different organoid-like structures provide convincing evidence for highly specific phenotypic features of these cell 
lines although they share some common or subtype-restricted features also.
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INTRODUCTION
Established cell lines derived from tumors of human hepatocellular carcinoma (HCC) have been widely 
used as models for studying cancer biology including mechanisms of proliferation, invasion, and 
metastasis[1-5]. They are also useful to establish models for acquired resistance to anticancer compounds. 
Currently, different HCC cell lines are available worldwide and they represent a necessary source for basic 
and translational research on HCC[5]. Indeed, although several laboratories have reported the establishment 
of tumor organoids (or tumoroids) from primary HCC tissues, this practice is not yet widely available[6,7]. 
More importantly, access to primary liver tumors is quite limited due to the underlying liver disease as well 
as in vivo diagnostic techniques that relived in vitro techniques in recent years.

Moreover, most of the available HCC cell lines have been thoroughly characterized by multi-omic 
techniques in terms of their mutation status, genome-wide mRNA, and mi-RNA expression profiles as well 
as protein expression studies by proteomics[4,5]. However, there are some limitations of established HCC cell 
lines such as their capacity to represent the well-known heterogeneity of HCC tumors which can only be 
addressed by establishing additional cell lines. Another major limitation of available cell-lines is their 
traditional cultures on plastic as monolayers 2D cultures. This monolayer culture practice is far from 
representing three-dimensional growth of primary tumors.

Similar to primary tumors, HCC cell lines form several subgroups. Fuchs et al.[2] identified subgroups of 
epithelial-like and mesenchymal-like cells that are based on the expression of E-cadherin and vimentin, 
respectively. We refer to them as “well-differentiated” and “poorly differentiated” subgroups, respectively[3]. 
More recently, Caruso et al.[5] examined molecular characteristics by mutation analysis, transcriptome 
analysis, and proteomics, and identified three subgroups namely CL1, CL2, and CL3 also qualified as 
hepatoblast-like, mixed epithelial-mesenchymal, and mesenchymal-like, respectively. Here we tried to 
establish 3D cell culture methods to generate organoid-like structures from three hepatoblast-like and three 
mesenchymal-like HCC cell lines. Organoid-like structures have been obtained successfully from given cell 
lines and we compared their morphologies together with HCC marker protein expression patterns 
identified by immunocytochemistry. Our primary intention was to optimize organoid culture conditions 
with standard cell culture media in order to obtain organoid-like characteristics under simple conditions at 
affordable costs. After establishing organoid-type 3D cell culture conditions, we also optimized conditions 
for paraffin embedding, as well as histochemical and immunohistochemical techniques easily available in a 
clinical pathology laboratory setting. We also describe here morphological and protein marker expression 
features of six HCC cell lines representative of hepatocyte-like and mesenchymal-like subgroups.

METHODS
Cell lines
Hep3B, Huh7, and HepG2 cell lines from hepatoblast-like and SNU398, SNU449, and SNU475 cell lines 
from mesenchymal-like subgroups of HCC were tested for their ability to form organoid-like structures 
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under 3D growth conditions. The origins and subgroups of cell lines have been described previously[1,3,5]. 
Single cell derived Hep3BTAp73β cells from parental Hep3B cell line[8] were also used for control 
experiments.

Monolayer cell culture
Following defrosting, cell lines were first cultivated as monolayers for at least three passages in RPMI (Cat. 
11875168, Thermo Fisher Scientific, Waltham, MA, USA) containing non-essential amino acid mixture 
(1X) (Cat.10270106, Thermo Fisher Scientific), L-Glutamine (2 mM), penicillin-streptomycin (100 U and 
100 µg, respectively) (Cat. 15140148, Thermo Fisher), and 10% (v/v) fetal calf serum (FBS) (Cat. 16000036, 
Thermo Fisher Scientific). Cells were routinely cultured in a humidified atmosphere at 37 °C and 5% CO2.

Optimization of Matrigel scaffold-based 3D organotypic culture system
We established organoid-like structures from HCC cell lines, based on previously published conditions 
described for 3D organoid (or tumoroid) culture of primary tumor samples[9,10]. To optimize cell number in 
3D culture, cells were prepared in either “hepatocyte culture medium” or “RPMI medium” and seeded into 
24-well plate. Hepatocyte culture medium complemented with epidermal growth factor (Corning Cat. 
355056) was mixed with 5% charcoal-stripped serum (Gibco, Cat. 12676029) as described by Chua et al.[9] 
and Lee et al.[10]. The complete RPMI medium was used as described above for the monolayer cell culture.

After the third 2D cell culture passage, 4 × 104 or 8 × 104 cells in 60 µL cell culture medium mixed with 
140 µL Matrigel (Cat. 356231, Growth Factor Reduced Matrigel Matrix, Phenol red-free, Corning, NY, 
USA) on wet ice. Next, this mix was distributed by using 50 µL for each well of a non-attachment 24-well 
plate (Sarsted) in order to form a small dome. Before this dome shaped drop begins to solidify at room 
temperature, the plates were turned gently upside-down to form a hanging drop. The plates were then 
incubated in a 37 °C incubator under 5% CO2 for 15 min for solidification of domes. Plates when then 
returned to normal position and each well as completed with 1 mL of culture medium (37 °C) and cells 
were left to incubate in a CO2 incubator. On the 3rd, 5th, and 7th days, the live images were taken under 
bright field microscope and the cell culture medium was replaced with fresh medium carefully in order not 
to disrupt the Matrigel domes.

Preparation of paraffin blocks from HCC cell-line organoid-like spheroids
The 3D organoid-like spheroids formed on the 9th day were harvested using cold (+4 °C) PBS and fixed in 
10% formalin (Fisher Chemical) for 30 min. Organoid-like spheroids were processed for paraffin sectioning 
using plasma thrombin clot preparation technique[11]. Hematoxylin-eosin (H&E) staining was performed 
using standard protocols on 5 µm paraffin sections. Histologic evaluation of H&E-stained sections of 
organoid-like spheroids samples was performed by a pathologist.

Histology and immunohistochemical staining
For immunochemical staining, 4-5 µm thick sections were prepared from paraffin-embedded tissues and 
were placed on electrostatic-charged slides (X-traTM, Surgipath Medical Industries, Richmond, Illinois, 
USA). All Sections were deparaffinized and dehydrated through a graded ethanol series using routine 
protocols. Immunohistochemistry study was performed usingmouse or rabbit proper monoclonal 
antibodies. Briefly, sections were incubated at 50 °C overnight, deparaffinized in xylol, and rehydrated 
through graded alcohol rinses. Antigen retrieval, blocking, and the incubation with monoclonal antibodies 
were performed automatically on Ventana Platform as a staining antibody. Primary antibodies to the 
following antigens were used: Ki67 [Dako (MIB-I), 1/100], E-cadherin [VENTANA (36), ready to use], 
vimentin [Ventana (U9), ready to use], CD44 [VENTANA (SP37), ready to use], smooth muscle actin [Cell 
mergue (1A4), Ventana, 1/300], Axl (C89E7) Rabbit mAb #8661 Cell Signaling, 1:75 delusion, catalog 
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number: 8661S, beta-catenin [Cell marque (14), Ventana, ready to use], cytokeratin 7 [Ventana, ready to 
use], cytokeratin 18 [Epitomics (EP30), 1/100], cytokeratin 19 [CELL MARQUE (A52-B/A2.26), ready to 
use], cytokeratin 20 [VENTANA (SP33), ready to use], HEPpar1 [CELL MARQUE (OCH1E5), ready to 
use], alpha-fetoprotein [CELL MARQUE (POLYCLONAL), 1/100], Alpha1-antitrypsin [Dako (AAT) 1/30], 
glutamine-synthetase [Cell mergue (G5-6), Ventana, 1/200], and arginase [CELL MARQUE (SP156), ready 
to use]. Full list of primary antibodies is provided in Supplementary Table 1. The secondary antibody kit is 
used accordingly with the Ventana Platform. It used a positive control for each antibody accordingly, 
whereas primary mAb was omitted for negative control sections. For comparison of 3D organoids with 
monolayer cultures, Hep3B and SNU449 cell lines were grown as monolayers on sterilized microscope 
slides, fixed with cold ethanol for 5 min and subjected to immunohistochemical staining using a Ventana 
automatic staining device. The slides were analyzed under an Olympus BX61 microscope (Olympus 
Corporation, Tokyo, Japan).

Nuclear staining of Ki67, regardless of its intensity, was considered to be positive. The labelling-index was 
expressed as a percentage of positive nuclei[12]. Stained organoid like spheroids were analyzed and classified 
as negative, heterogeneously positive, or homogeneously positive.

RESULTS
We selected six HCC cell lines, three from hepatoblast-like and another three from mesenchymal-like 
subgroups[5] to establish 3D organoid-like models in order to develop an alternative model to monolayer 
culture that have major limitations. The mutational status of selected cell lines was given in Table 1.

Matrigel was used as a scaffold. 1-2 × 104 cells were incubated in 50 µL Matrigel droplets in two different cell 
culture media, one based on the use of hepatocyte culture medium[9], the other standard RPMI medium. 3D 
cell cultures have been observed every other day until day 9. The experiments were stopped upon 
observation of large number of colonies under light microscopy [Supplementary Figure 1]. Colonies were 
fixed, paraffin embedded, 5 µm sections were cut and treated for histochemical and immunochemical 
staining. Best results were obtained with 2 × 104 starting cell number and 8-10 days of cell culture, 
independent of cell culture media [Supplementary Figure 2]. Therefore, follow up studies were carried out 
in standard RPMI cell culture conditions.

Organoid-like structures from hepatoblast-like cell lines
HCC-derived Hep3B and Huh7 cell lines and hepatoblastoma-derived HepG2 cell line from the 
“hepatoblast-like” subgroup were grown under 3D culture conditions and examined at day 9 [Figures 1-5]. 
These cells formed large grape-like colonies each composed of tens to hundreds of cells depending on the 
cell line [Figure 1]. Hep3B cells formed smaller colonies of two major types. Some of these colonies were 
adenoid-like acinar structures with noticeable lumen[13], while others were filled with regular shaped cells, as 
seen with H&E staining [Figure 1]. Huh7 cells formed larger colonies and formed large clear cells. In 
contrast, HepG2 colonies were formed with intensely staining small cells [Figure 1].

The proliferation patterns of these cell lines, as tested by Ki-67 staining were clearly different from each 
other [Figure 2]. Hep3B cells were positive mostly at peripheral cells with about 50% positivity. HepG2 cells 
were also partly positive but proliferating cells were scattered among Ki-67-negative cells irregularly. In 
contrast, Huh7 cells displayed a highly proliferative morphology with nearly 100% of cells being Ki67-
positive [Figure 2]. We also analyzed the expression of intermediate filaments including hepatocyte-
associated cytokeratin 18 (CK18), biliary cell-marker CK7[14] and mesenchymal cell marker vimentin in 
these hepatoblast-like cell lines [Figure 2]. All three displayed positive staining for CK18, but negative 
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Table 1. Mutational status of cell lines used in this report[1,5]

Hep3B Huh7 HepG2 SNU398 SNU449 SNU475

TP53e TP53c TERTb Tp53a TP53c TP53c

AXIN1a TERTb ATMc TERTb ARID1Aa TERTb

RPS6KA3e FGF19f CTNNB1d TSC2e CDKN2Ae AXIN1e

RB1a CCND1f FAT4c CTNNB1c AKAP9c FGF19f

KMT2Da PREX2c FLT4c MTAPe CCND1f

PREX2c NRASc ZNF521c ARID2c AKAP9c

PDE4DIPa ZFHX3c KEAP1a

G6PCc PTENc ACVR2Ac

HNF1Ac

aTruncation mutation; bpromoter mutation; cmissense mutation; din-frame deletion; ehomozygous deletion; ffocal amplification.

Figure 1. Bright field microscopy and hematoxylin-eosin staining patterns of organoid-like structures observed with hepatoblast-like 
hepatocellular carcinoma cell lines.

staining for CK7 and vimentin as an indication of their hepatocyte-like phenotype. CK18 staining pattern in 
acinar-like Hep3B structures was intense at apical site near the lumen, as an indication of differentiation. In 
contrast, Huh7 and HepG2 showed diffuse cytoplasmic staining. vimentin was mostly negative with few 
positive colonies in only Huh7 cells [Figure 2].

We compared the organization and biomarker expression in HCC cells under 3D growth conditions with 
features under 2D monolayer culture. Hep3B was selected as a model for hepatoblast-like cells [Figure 2]. 
and SNU449 as representatives of mesenchymal-like HCC cell lines (see later in figure 7). Hep3B cells did 
not form any colonies under 2D conditions. There was no lumen formation. Cells were scattered with no 
major contact with each other. When stained for Ki-67, the ratio of positive cells did not show a striking 
difference between 3D and 2D growth conditions. For CK7 and CK18 expression there was no major 
difference between different growth conditions, cells being negative for CK7 and nearly fully positive for 
CK18. In contrast, Hep3B cells grown as monolayers showed higher positivity for vimentin, compared to 
their growth under 3D conditions. Another major difference between 3D and 2D cell structures was the 
subcellular localization of CK18 expression. Its expression was restricted mostly at the periphery of the 
cytoplasm in 3D organoids, whereas it displayed diffuse cytoplasmic and perinuclear staining in cells grown 
as monolayers (compare Hep2B 2D and Hep3B 3D panel photos in Figure 2).
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Figure 2. Comparative immunohistochemical analysis of Ki-67, CK18, CK7, and vimentin expression in hepatoblast-like cell lines. Hep3B 
cells were used to illustrate different patterns of expression of these proteins under 2D monolayer (Hep3B 2D) and 3D organoid-like 
(Hep3B 3D) culture conditions. For two other hepatoblast-like cell lines (Huh7 and HepG2) pictures represent immunostaining patterns 
under 3D organoid-like culture conditions.

The expression of hepatocyte markers was positive but showed heterogeneity in hepatoblast-like HCC cell 
lines. Hep3B, but not the other two cell lines displayed mostly strong, but regionally weak granular staining 
for HepPar1, a mitochondrial antigen associated with hepatocytes. Hep3B and HepG2 cells displayed 
colonies staining positively for A1AT (alpha-1 antitrypsin), a liver-specific protein secreted to the plasma. 
Huh7 cells were uniformly but weakly positive for A1AT with some unexpected nuclear staining. Hep3B 
cells were also positive for glutamine synthetase, but not for arginase. In contrast, Huh7 cells expressed 
arginase but not glutamine synthetase. HepG2 cells were negative for both markers [Figure 3].

Next, we explored the expression of hepatobiliary progenitor cell markers, AFP (alpha-fetoprotein) and 
CK19[14]. Hep3B and HepG2 cells formed AFP+ and AFP- cell colonies, whereas Huh7 cells were 
homogeneously positive. The pattern of CK19 staining was also different between cell lines. Hep3B cells 
were homogeneously positive, whereas HepG2 cells formed positive as well as negative colonies. Finally, 
CK19 staining of Huh7 cells were extremely rare and weakly positive [Figure 4]. Epithelial-mesenchymal 
transition defines the ability of epithelial cells to gain a mesenchymal morphology[15]. In order to test the 
ability of hepatoblast-like cells to undergo epithelial-mesenchymal transition under 3D growth conditions, 
we performed immunostaining for E-cadherin and β-catenin as epithelial markers, and CD44 as 
mesenchymal marker [Figure 5] in addition to vimentin presented in Figure 2. Both Hep3B and Huh7 
displayed fully positive membrane-localized E-cadherin and β-catenin staining in all colonies tested. HepG2 
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Figure 3. Hepatocyte lineage markers (HepPar1, alpha-1 antitrypsin, glutamine synthetase, and arginase) immunohistochemistry 
staining patterns of organoid-like structures observed with hepatoblast-like hepatocellular carcinoma cell lines.

Figure 4. Liver progenitor lineage markers (alpha-fetoprotein and CK19) immunohistochemistry staining patterns of organoid-like 
structures observed with hepatoblast-like hepatocellular carcinoma cell lines.

cells displayed a few E-cadherin-positive colonies, β-catenin staining in HepG2 was strong and mostly 
diffuse rather than membrane-localized. Similarly, CD44 staining was negative in all three cell lines 
[Figure 5].
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Figure 5. β-catenin, E-cadherin, and CD44 immunohistochemistry staining patterns of organoid-like structures observed with 
hepatoblast-like hepatocellular carcinoma cell lines.

Figure 6. Bright field microscopy and hematoxylin-eosin staining patterns of organoid-like structures observed with mesenchymal-like 
hepatocellular carcinoma cell lines.

Organoid-like structures from mesenchymal-like cell lines
Three cell lines selected from the mesenchymal-like HCC subgroup were explored for organoid-like growth 
ability. SNU398 and SNU449 cell lines were able to create organized 3D structures [Figure 6], but SNU449 
3D structures were less cohesive compared to 3D structures observed with hepatoblastoma-like cell lines 
[Figure 1]. SNU475, on the other hand, did not form organized structures under our experimental 
conditions. As seen by H&E staining, SNU475 cells formed only small and scattered cell groups 
(consequently, we did not further explore this cell line under 3D growth conditions). Of particular interest, 
lumen-forming structures associated with glandular epithelium were not observed in mesenchymal-like 
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Figure 7. Comparative immunohistochemical analysis of Ki-67, CK18, CK7, and vimentin expression in mesenchymal-like cell lines. 
SNU449 cells were used to illustrate different patterns of expression of these proteins under 2D monolayer (SNU449 2D) and 3D 
organoid-like (SNU449 3D) culture conditions. For two SNU 398 pictures represent immunostaining patterns under 3D organoid-like 
culture conditions.

SNU398 and SNU449 cell lines. This was expected as they are classified as mesenchymal-like cell lines.

Ki67 immunohistochemical proliferative index of SN398 was about 40%, while SNU449 displayed a much 
lower proliferation index [Figure 7]. We observed strong and homogenous vimentin expression in these cell 
lines classified as mesenchymal-like cells. However, the expression of hepatocyte-associated cytoskeletal 
protein CK18 was negative in SNU398 as expected, but surprisingly positive in some 3D colonies of 
SNU449 cells. Interestingly, SNU449 cells but not SNU338 cells expressed biliary cell-associated cytoskeletal 
marker CK7, almost fully [Figure 7].

As stated before, we also compared SNU449 cells after growth under 2D monolayer (SNU449 2D) and 3D 
organoid-like (SNU449 3D) conditions [Figure 7]. SNU449 cells did not show colony-like organization as 
monolayer. The rates of positive staining for Ki67 and CK18 were similar under 3D and monolayer 
conditions. Subcellular organization of their expression was not selective under monolayer culture 
conditions displaying diffuse cytoplasmic and perinuclear patterns. Similar differences were also observed 
with CK7 staining.
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Figure 8. Hepatocyte lineage markers (HepPar1, alpha-1 antitrypsin, glutamine synthetase, and arginase) immunohistochemistry 
staining patterns of organoid-like structures observed with mesenchymal-like hepatocellular carcinoma cell lines.

The expression of hepatocyte markers was negative in SNU398 and SNU449 [Figure 8]. In terms of 
progenitor markers, AFP-positive colonies were detected in both SNU398 and SNU449 3D structures, but 
CK19 expression was negative in both cell lines [Figure 9]. The study of the expression of epithelial-
mesenchymal transition markers in these two cell lines indicated that SNU398, but not SNU449 cells were 
able to generate some epithelial-like E-cadherin positive colonies. The β-catenin was weakly, but uniformly 
positive in both cell lines. Finally, strong membrane staining for CD44 was observed in SNU449, but not in 
SNU398 cells [Figure 10].

Our immunostaining data for five cell lines was summarized in Table 2.

The heterogeneity of biomarker expression in HCC cell lines as observed under 3D conditions raised the 
question of cellular heterogeneity, although it is well known that many HCC cell lines display stem cell-like 
features with the ability to generate differentiated progeny from progenitor-like cells[16]. To test this 
hypothesis, we used single cell derived Hep3BTAp73β cells that we recently described[8]. 3D organoids 
obtained with single cell derived Hep3BTAp73β cells displayed cellular architectures and biomarker 
expression patterns that could not be distinguished from parental cells, as demonstrated with H&E staining, 
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Figure 9. Liver progenitor lineage markers (alpha-fetoprotein and CK19) immunohistochemistry staining patterns of organoid-like 
structures observed with mesenchymal-like hepatocellular carcinoma cell lines.

Figure 10. β-catenin, E-cadherin, and CD44 immunohistochemistry staining patterns of organoid-like structures observed with 
mesenchymal-like hepatocellular carcinoma cell lines.

as well as AFP, CK7, CK18, CK19, and β-catenin immunostaining patterns [Figure 11].
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Table 2. Expression of biomarkers in organoid-like structures of hepatocellular carcinoma cell lines

Cell Line Hep3B Huh7 HepG2 SNU398 SNU449
Subgroup HB-like HB-like HB-like MES-like MES-like

Ki67 55% Pos. 90% Pos. 40% Pos. 50% Pos. 40% Pos.

HepPar1 Het. Pos. Neg. Neg. Neg. Neg.

GS Het. Pos. Neg. Neg. Neg. Neg.

Arginase Neg. Het. Pos. Neg. Neg. Neg.

A1AT Het. Pos. Het. Pos.* Het. Pos. Neg. Neg.

CK18 Hom. Pos. Hom. Pos. Hom. Pos. Neg. Het. Pos.

CK7 Neg. Neg. Neg. Neg. Pos.

CK19 Hom. Pos. Rare. Pos. Het. Pos. Neg. Neg.

AFP Het. Pos. Hom. Pos. Het. Pos. Het. Pos. Het. Pos.

E-cadherin Hom. Pos. Hom. Pos. Het. Pos. Het. Pos. Neg.

β-catenin Hom. Pos. Hom. Pos. Hom. Pos.** Hom. Pos.** Hom. Pos.

Vimentin Neg. Het. Pos. Neg. Hom. Pos. Hom. Pos.

CD44 Neg. Neg. Neg. Neg. Hom. Pos.

*Nuclear. **Diffuse. Het. Pos.: Heterogeneously positive; Hom. Pos.: homogeneously positive; Rare. Pos.: rarely positive; Neg.: negative.

Figure 11. The hematoxylin-eosin staining, and alpha-fetoprotein, CK7, CK18, CK19, and β-catenin immunohistochemical staining 
patterns in organoid-like structures obtained from single cell derived Hep3BTAp73β cells.

DISCUSSION
Here we described experimental conditions to grow hepatoblast-like and mesenchymal-like HCC cells as 
3D organoid-like structures. Our model that provided satisfactory results with five out of six cell lines tested 
is easy to perform and does not require specific reagent, except Matrigel. Successful 3D growth of three 
hepatoblast-like and two mesenchymal-like cell lines allowed us to compare their biomarker expression 
status, from which we are able to draw some conclusions on the common and unique characteristics of 
these two subgroups of cell lines.
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All five 3D organoids that we were able to generate from HCC cell lines formed compacted structures 
similarly to organoids derived from primary HCC[6,7]. Hepatoblast-like organoids were more compacted 
than mesenchymal-like organoids reflecting their well-differentiated and poorly differentiated features, 
respectively.

Hepatoblast-like cell lines displayed homogenous expression of CK18 and β-catenin. They also commonly 
expressed E-cadherin, AFP, and A1AT, but heterogeneously. They were negative for CK7 expression, a 
marker for mature cholangiocytes[14]. Only Hep3B cells displayed 3D polarized cell structures and they 
expressed HepPar1 and glutamine synthetase, markers of mature hepatocytes. However, they also expressed 
CK19, a common marker for cholangiocytes and hepatobiliary progenitor cells[14]. Huh7 cells did not form 
polarized cell structures, but expressed hepatocyte markers arginase and A1AT, in addition to CK18. Huh7 
cells, although homogeneously positive for AFP, did not express CK19. HepG2 cells, derived from a 
hepatoblastoma, heterogeneously positive for CK19 and AFP, but also E-cadherin and A1AT.

Colony-like structures formed by mesenchymal-like cell lines were loose and irregular. More interestingly, 
one of such cell lines, namely SNU475 was not able to form viable cell clusters in Matrigel. The remaining 
two mesenchymal-like cell lines shared homogenous expression of vimentin and β-catenin together with 
lack of expression of most hepatocyte markers as common features. However, both cell lines were able to 
form AFP-positive as well as E-cadherin-positive colonies. In addition, SNU449 displayed heterogeneous 
CK18 staining, but also homogenous staining for CD44.

Taken together, 3D culture of HCC cell lines belonging to two major subgroups revealed that such grouping 
of HCC cell lines is artificial since each cell line has its own cellular heterogeneity. In other terms, it is true 
that HCC cell lines, like primary tumors share many features in common. Nevertheless, they also have a 
private life with many unique features, as seen here with 3D organoid-like structures. Indeed, these cell lines 
express many markers heterogeneously as an indication of their ability to generate different progeny from 
the same ancestral cells. A large set of established HCC cell lines studied recently displayed mutation and 
transcriptomic profiles quite similar to those observed in primary tumors[5]. Therefore, the generation of 
progeny displaying different types of biomarker expression is not necessarily due to a genetic drift. 
However, we did not study here whether HCC cell lines reported here are genetically stable during cell 
culture. Such a hypothesis cannot be excluded. Another possibility for generation of heterogenous progeny 
under cell culture is the presence of stem/progenitor subpopulations in cell lines tested here. As reported 
previously, HCC cell lines harbor cancer stem cells able to generate differentiated progeny[16]. It will be 
interesting to further explore the mechanisms of cellular heterogeneity observed in this report.

Compared to primary tumor-derived organoids, cell line-derived organoids are much easier and less costly 
to obtain and maintain. The most noteworthy advantage of cell line-derived organoids is the ability to 
manipulate the expression status of selected genes either by ectopic expression or by gene knock-down or 
Cre-mediated gene inactivation that can be easily carried out under 2D monolayer culture conditions before 
testing them under 3D organoid-like conditions. Primary tumor derived organoids are usually maintained 
and expanded as 3D organoids which are less accessible to gene manipulation[6,7]. We have recently used 
Hep3B-derived clones to study TAp73 gene effects under 3D organoid conditions and demonstrated that 
this gene strongly affects biomarker expression and differentiation status of HCC cells[8]. Similar approaches 
could be applied to study the roles of selected genes in response of HCC cells to different therapeutic 
applications under tissue-like conditions. It is also possible to combine selected cancer and normal cell lines 
to generate heterotypic 3D organoid-like in vitro models to investigate tumor malignancy. Finally, their 
genomes are fully described in terms of structural alterations as well as expression profiles[5].
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In conclusion, we describe here experimental conditions to obtain organoid-like structures from five 
different HCC cell lines representing hepatoblast-like and mesenchymal-like subgroups. These models will 
be useful as an alternative to monolayer cultures when studying proliferative, invasive, and metastatic 
abilities of HCC cells. Our detailed analysis of biomarker expression in five different organoid-like 
structures provides convincing evidence for highly specific phenotypic features of these cell lines, although 
they also share some common or subtype-restricted features.
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