Modeling Drug-Induced Hepatic Fibrosis In Vitro Using Three-Dimensional
Liver Tissue Constructs
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LDH release (n = 9 for Tx1-Tx7, n = 5 for Tx9-Tx14) . Conversely, no overt damage is observed with TGF treatment. The degree of
hepatocellular damage as measured by albumin output (D; n = 5) at key time points during the treatment period was most pronounced
with 25 mM TAA, as demonstrated by a statistically significant decrease in albumin output relative to vehicle treated control.
Significance was determined using a one-way ANOVA with post hoc Dunnett’s multiple comparisons test (*p<0.05, **p<0.01,
***p<0.001, ****p<0.0001).

regeneration. Figure 5: Hepatocellular stress/injury is thought to be a key initiating

event for fibrogenic processes. To identify hepatocellular stress/injury,
LDH (A) and ALT (B) were measured in time-matched medium samples (n =
5). Compared to LDH, ALT release was evident at earlier time points. The
estimated LC50 based on combined LDH and ALT data at time points with a
calculated curve fit was 0.4- 5.0 uM. To enable sigmoidal curve fit analysis,
values at the highest evaluated concentrations that were less than 80% of
the maximal response were excluded. Error bars denote the mean + SD.
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Histological examination reveals key features of clinical fibrosis in bioprinted tissues following 14 days of
treatment with select fibrogenic agents
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The recent availability of human liver tissue models (Fig. 1) that
incorporate both parenchymal (i.e., HCs) and non-parenchymal
cells (i.,e., HSCs and ECs) in a three-dimensional context has
created the opportunity to examine progressive liver injury in
response to known pro-fibrotic modulators. Here we demonstrate
the utility of 3D bioprinted tissues to perform more in-depth
evaluation of compound-induced liver fibrosis in an in vitro
setting.

Summary

* ExVive3D™ bioprinted liver tissue represents a
unique platform for measuring the effects of
repeated compound exposure.

 Bioprinted liver tissues can recapitulate in part the
cellular, molecular, and histopathological events
associated with drug-, chemical-, and TGF-B1-induced
fibrogenesis.
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* This novel model system may lead to a better
understanding of the early key events underlying
chronic liver injury leading to fibrosis in humans and

Figure 3: Histological assessment of bioprinted liver. Tissues were fixed and stained with Hematoxylin and Eosin (H&E) to examine overall tissue architecture and
cell morphology (top panel). NPC denotes the non-parenchymal compartment (i.e., HSCs and ECs) and HC denotes the hepatocellular compartment. Additional
cross-sections were stained with Gomori’s One-Step Trichrome (bottom panel) to visualize collagen (blue), cytoplasm (pink/purple), and nuclei (dark purple). TGF
treatment caused focal nodular fibrosis (white arrows) in the NPC compartment but generally preserved HC mass. MTX caused mild hepatocellular damage and

Figure 1: 3D bioprinted tissue recapitulates the
tissue-like density of native liver. Depiction of
transverse cross-section of bioprinted liver tissue (A)
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bioprinted liver (B). The 3D context of bioprinted liver by 14 days, with the majority of tissue replaced by fibrotic scar tissue. Scale bar = 100 um. assessment purposes.
and incorporation of non-parenchymal cells (i.e., HSCs
and ECs) support normal liver function and maintain
phenotypic features of cells for at least 42 days. Initial insight into other fibrogenic parameters suggest tissues are in an active state of wound healing
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