
Ability to study lipogenesis (fatty acid 
formation) in normal and diseased 
populations
TruVivo is “flexible and easy-to-use,” representing 
“a promising new platform to study lipogenic 
mechanisms in normal and diseased populations 
[at both the early and later stages] due to the 
preservation of phenotypic differences over a 
prolonged culture period.”1

TruVivo responds to pathogenic stimuli 
(high glucose and high free fatty acid) by 
displaying disease-associated features
Diseased features were retained in disease origin 
PHHs when cultured in the TruVivo system, including 
decreased function, increased lipogenesis, production 
of pro-inflammatory cytokines, and fibrogenesis.

TruVivo can be used for the assessment 
of interventional strategies
Obeticholic acid (OCA) treatment, a commonly 
used drug to reduce the effects (steatosis, 
inflammation, and fibrosis) of non-alcoholic fatty 
liver disease (NAFLD), reduced lipid accumulation 
in the TruVivo system. This supports the use of 
TruVivo for assessment of interventional strategies 
as diseased PHHs “exhibited several other advanced 
features of progressing NAFLD, including markers of 
inflammation.”1
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SUMMARY: TruVivo (LifeNet Health) is an all-human hepatic system (hTCS) consisting of cryopreserved 
primary human feeder cells (FCs), a mix of stromal and endothelial cells, and cryopreserved primary 
human hepatocytes (PHHs) that can maintain distinct liver disease types from all 3 stages of non-
alcoholic fatty liver disease (NAFLD). In the present study, disease-origin PHHs obtained from diseased 
tissue donors were applied to TruVivo (DhTCS) to evaluate its ability to retain relevant disease 
phenotypes. For PHH morphology, results showed that diseased vs normal PHHs had significantly lower 
attachment efficiency (48,779 ± 42,703 vs 173,614 ± 31,080 PHHs), appeared less compact (measured 
by percent confluency [29.2% ± 22.9 vs 66.1% ± 2.7]), and had greater lipid accumulation over 14 days 
(151.9% ± 50.6 vs 100% ± 35.9). Diseased PHHs exhibited decreased basic liver functionality, including 
lower albumin and urea secretion and CYP3A4 activity on Days 3 and 15, whereas CYP2E1 activity 
was increased. Gene expression analysis revealed decreased levels of PCK1 (C[t] value: 30.8 ± 2.1 vs 
28.2 ± 0.7) and G6PC (C[t] value: 30.6 ± 3.3 vs 27.6 ± 1.4) on Day 15, two genes important to enzyme 
production during gluconeogenesis, as well as FASN on Day 7 (C[t] value: 25.0 ± 1.7 vs 22.4 ± 0.8). When 
evaluating markers of inflammation, results showed higher CD163 gene expression (4.9 ± 1.8 vs 3.3 ± 
1.2) with significantly elevated number of macrophages in DhTCS vs hTCS on Day 15. There was also 
a fold-change difference in CD68 gene expression (diseased: 1.0 ± 0.2 vs normal: 1.3 ± 0.2). Moreover, 
DhTCS had higher pro-inflammatory gene expression IL-6 (3.6 ± 2.7 vs 1.0 ± 0.5) and fibrotic marker 
TGF-ß (3.0 ± 1.4 vs 0.5 ± 0.2). There was no significant difference in gene expression of proinflammatory 
cytokine MCP-1 and fibrotic marker CK-18. However, cells in the DhTCS secreted higher levels of CK-18 
(15,224 ± 3569 vs 9462 ± 2461 pg/106 cells/ day) and TGF-ß (753.4 ± 322.4 vs 439.5 ± 205.4 pg/106 cells/
day) on Days 3 and 15. While evaluating lipid production, there was an overall increase throughout the 
14-day culture period in the lipogenic vs standard medium in both diseased (120.6% ± 9.1 vs 100% ± 11.8) 
and normal PHHs (145.3% ± 8.5 vs 100% ± 5.6 ). In the lipogenic medium vs standard medium, diseased 
PHHs exhibited lower induced CYP3A4 activity through Day 14 (321.8 ± 20.6 nm vs 367.1 ± 10.2 nm) and 
lower albumin secretion through Day 7. There was elevated gene expression of PCK1 in both normal 
and diseased PHHs in the lipogenic medium at Day 7, the levels of which increased only in normal 
PHHs in the lipogenic medium on Day 14 (2.8 ± 1.3 vs 0.8 ± 0.4). Normal PHHs cultured with obeticholic 
acid (OCA) showed increased levels of CYP3A4 activity in lipogenic medium compared to non-OCA 
treated PHHs. In sum, these results collectively support that TruVivo can effectively evaluate lipogenic 
mechanisms by maintaining distinct liver disease phenotypes including hepatocyte functionality and 
inflammatory cytokine production to address the limitations seen with standard models.
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Increased macrophage expression, inflammatory gene expression, and fibrotic markers in diseased vs normal PHHs

Figure 1. Left—Quantification of CD68 and CD163 expression showing increased levels in diseased (DhTCS) compared to normal (hTCS) PHHs. 
Middle—Inflammatory markers IL-6 and MCP-1 are increased in diseased compared to normal PHHs. Right—Marker expression of CK-18 and TGF-ß are increased in 

diseased compared to normal PHHs. Figure adapted from Figures 3C, 3E, and 4C with permission under an open access license.1
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