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Course of differentiation

Stem cell-based 3D liver models for Biomedical and Toxicological research
Riju Roy Chowdhury1(PhD Student), Iva Sovadinová1(Co-Supervisor), Vladimír Rotrekl2,3(Consultant), Pavel Babica 1, 4 (Supervisor)

1RECETOX, Faculty of Science, Masaryk University, Kamenice 5, Brno, Czech Republic
2Department of Biology, Faculty of Medicine, Masaryk University, Kamenice 5, Brno, Czech Republic
3International Clinical Research Center (ICRC), St. Anne’s University Hospital, Pekařská 53, Brno, 

Czech Republic
4Department of Experimental Phycology and Ecotoxicology, Institute of Botany of the Czech Academy 

of Sciences, Lidická 25/27, Brno, Czech Republic

BACKGROUND
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Microcystin-LR (MC-LR)
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CYANOTOXINS in 
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Cylindrospermopsin (CYN)

Chronic liver 

damage?

Acute liver

damage

Tools

Required

Health hazard identification

(chronic toxicity)

Risk assessment

Mechanistic understanding

HYPOTHESIS AND OBJECTIVES

 MC-LR hepatotoxicity depends on 

cellular uptake by organic anion 

transporting polypeptides 

OATP1B1/1B3

 More advanced liver in 

vitro models for

MC-LR and CYN 

hepatotoxins research

needed

Human HCC cell lines
2D monolayer culture

 Improvement of

hepatocyte- specific

characteristics?

 OATPs?

 MC-LR/ CYN effects?

3D spheroid culture

HepG2

Blastocyst

Pluripotent stem cell lines

hESCs

CCTL-14

8
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2D monolayer culture

3D embryonic bodies

In vitro hepatic differentiation

Need for a 

suitable model 

system

In 3D in vitro human liver 

models, cyanotoxins will 

induce cellular and 

molecular events related to 

chronic liver disease

 CYN hepatotoxicity depends 

on Cytochrome P450 (CYP450) 

induction and bioactivation

Adapted from Buxhofer-Ausch et al. 2013. Journal of 

Drug Delivery

MC-LR
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MC-LR
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CYP450

CYN 

toxicity

 Traditional monolayer (2D)

cultures of liver cell lines-

human HCC cell line HepG2:

Low expression of OATP1B1/1B3

GAPDH

OATP1B1

OATP1B3
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EXPERIMENTAL DESIGN (PLANNED METHODS) W/ RESULTS

3D models in Static culture Agarose-coated 96-well microplate

1. 3D HepG2 model

2. hESC- derived 3D Hepatic model 

BioSpa and Cytation

automated imaging Imaging - 1000 cells/ Spheroid 

(14 day culture period)

1000 cell/sph, 14-d maturation
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Hepatic differentiation markers in 2D v 3D (Already standardised in our lab)

• Increased expression of hepatocyte-specific markers such as CYP1A2

and also OATP1B1 and OATP1B3

• Decreased expression of liver progenitor/biliary duct cells (Connexin43)

• Increased hepatocyte-specific functions (Albumin secretion)

Albumin secretion

(ELISA)
qPCR

AIM 1: Generation and Characterization of 3D in vitro liver models
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WORK IN PROGRESS:

Characterization- Gene expression analysis (qPCR), IHC, ALB release, LDH release
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3D models in Dynamic culture

3D HepG2 model

RCCS- Bioreactor Apparatus

WORK IN PROGRESS:

Characterization-

Gene expression analysis 

(qPCR), IHC

Cx32 Cx43

300 Spheroids/ 

Vessel (7 days 

culture)

- Increased Cx32 expression (Hepatocyte- specific marker)

- Decreased Cx43 expression (liver progenitor/ biliary duct cell marker)

IHC and 

Imaging

AIM 2: Study on the effect of Cyanotoxins on 3D in vitro liver models

Selective elimination of OATP+ cells from the cell 

population to favour Cx43+ progenitor cells? 

 Disruption of liver tissue homeostasis

 Contribution to the development of chronic

liver toxicity and disease?

• No strong cytotoxicity up to 10µM (MC-LR 1 nM)

 Decreased expression of Albumin (ALB), 

Cx32 and genes involved in MC-LR cellular 

uptake OATP1B1 and OATP1B3

 Increased expression of Cx43 and CYP1A2
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Effects of 48 h MC-LR exposure on HepG2 spheroids

Differentiation stage-specific toxicity 

(MC-LR, CYN) and lipid accumulation in 

hESC-derived 3D Hepatospheroids

MC-LR, CYN toxicity effects in 3D HepG2 

(Static and Bioreactor cultures) with 

different exposure timings 

Endpoints to be evaluated:

- Lipid accumulation

- Cell viability assays, ALB & LDH release

- Steatosis gene expression

- Genes for disturbed differentiation-hepatic markers

- Proliferation marker- Ki67

- Steatosis/ Steatohepatitis marker- Ck18

CONCLUSION - 3D advanced models show improved hepatocyte characteristics and 

specific responses to Cyanotoxins (further evaluated) - linked to development of NAFLD, 

NASH , HCC
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