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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
8

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

(fatty liver disease or cancer)

➢ CYN hepatotoxicity depends 

on Cytochrome P450 (CYP450) 

induction and bioactivation

➢ 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 ( METHODOLOGY) W/ RESULTS

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

1. 3D HepG2 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

• 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)

qPCR

Generation and Characterization of 3D in vitro liver models

Study on the effect of Cyanotoxins on 3D HepG2 Spheroids (2wks old)

Work in Progress:

• 3D hESC- derived Hepatocyte like cells- characterization ongoing with repititions. Seeding density optimized 

(12000 cells/Spheroid)

• MC-LR toxicity- to be tested in advanced 3D models (Stay abroad internship)

• HepG2 Spheroids in dynamic culture- Speed and seeding density optimized for spheroids growing in Bioreactors 

(Synthecon)

• Czech Science Foundation project No. GA19-19143S

• Czech Ministry of Education, Youth and Sports (No. LM2018121), and CETOCOEN

EXCELLENCE Teaming 2 project supported by Horizon 2020 (No. 857560) and the

Czech ministry of Education, Youth and Sports (No. 02.1.01/0.0/0.0/18_046/0015975).
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Albumin secretion

(ELISA)

Microcystin-LR (MC-LR) Cylindrospermopsin (CYN)

48 hours exposure

Why was there no strong cytotoxic effect?

Effect of Cyanotoxins (48h) on Lipid metabolizing gene expression in HepG2 Spheroids

MC-LR

➢ Strong Cytotoxic effects at concentrations > 

1µM CYN

➢ Functionality effected strongly at 

concentrations ≥ 1µM CYN

➢ No strong cytotoxicity and effect on 

functionality

➢ OATP is essential for hepatocellular 

uptake of MC-LR

➢ Possible selective elimination of OATP+ 

cells from cell population/ Cytoprotective 

mechanism

CYN

Further validation to be done by Lipid accumulation assay (AdipoRed) and LC-MS Lipid profiling 

Advanced 3D Liver models


