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Technology Overview

Figure 1: 3D human tissue development using the NovoGen Bioprinter® Platform. Cells reside in heterogeneous and architecturally structured 3D
environments in vivo. Using the proprietary NovoGen Bioprinter® Platform, Organovo builds 3D tissues through automated, spatially-controlled cellular
deposition to better recapitulate native tissue structure and function.

Drug and Nutrient Induced Steatosis in ExVive™ Human Liver Tissue 

Figure 2: (A) Schematic of ExViveTM Human Liver Tissue, comprised of
primary human hepatocytes (HCs), hepatic stellate cells (HSCs), and
endothelial cells (ECs) bioprinted in a compartmentalized geometry onto
the membranes of 24-well transwell culture inserts. (B) Representative
immunofluorescence image of 3D human liver tissue showing distinct
zones of non-parenchymal cells (NPC) in green and parenchymal (HC)
cells in red. [Norona, et al. (2016) Tox Sci. Dec;154(2):354-367]. (C) ExVive
Liver tissues exhibit sustained hepatocyte function as indicated by
albumin levels versus standard 2D hepatocyte culture, as well as
sustained CYP3A4 activity (D) [2D = matched hepatocytes, grown on
collagen 1 coated plates].
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Figure 4: Valproic acid (VPA) is prescribed for epilepsy, bipolar disorder and migraine; ~5% of patients develop ALT elevations, usually asymptomatic or
resolving but rarer, severe injury occurs with mitochondrial toxicity and steatosis. (A) Viability of 3D bioprinted liver tissue declines with increasing dose of
VPA. (B) H&E staining of VPA treated tissues shows a vesicular steatotic phenotype (arrowheads). Perilipin (PLN5) staining of lipid vesicles further confirms the
steatotic phenotype.
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Summary
• Organovo’s bioprinting platform enables the construction 

of 3D human tissue with complex architecture, sustained 
function and viability.

• ExVive™ Human Liver Tissue can recapitulate a variety of 
disease relevant phenotypes including steatosis, 
inflammation and fibrosis.

• ExVive™ Liver Tissue holds promise for the study of 
complex, chronic conditions such as NASH, enabling the 
discovery of novel therapeutics, biomarkers, and safety 
assessment of drugs in a disease-relevant background. 

Induced Stellate Cell Activation and Fibrosis in ExVive™ Liver Tissue 

Forward-Looking Statements
This presentation contains statements about future events and expectations known as “forward-looking statements” within the meaning of Section 27A of the Securities Act of 1933, as amended (the “Securities Act”), and Section 21E of the Securities Exchange Act of 1934, as amended (the “Exchange Act”). The Company has based these forward-looking statements on its current expectations and the information currently available to it, but any forward-looking statements are subject to a number of risks and uncertainties. The factors that could cause the Company’s actual

future results to differ materially from its current expectations, or from the results implied by any forward-looking statements, include, but are not limited to, risks and uncertainties relating to the Company's ability to develop, market and sell products and services based on its technology; the expected benefits and efficacy of the Company's products, services and technology; the Company’s ability to successfully complete studies and provide the technical information required to support market acceptance of its products, services and technology, on a timely basis or at all; the
Company’s ability to generate revenue and control its operating losses; the validity of the Company’s intellectual property rights and the ability to protect those rights; the Company's ability to implement and achieve its business, research, product development, regulatory approval, marketing and distribution plans and strategies; the Company’s ability to secure additional contracted collaborative relationships; and the Company’s ability to meet its fiscal-year 2017 outlook and/or its long-range outlook. These and other factors are identified and described in more detail in the
Company’s filings with the Securities and Exchange Commission (“the SEC”), including those factors listed under the caption "Risk Factors" in the Company’s Form 10-K for the year ended March 31, 2016, filed with the SEC on June 9, 2016, as well as other filings Organovo makes with the SEC from time to time.

Readers are cautioned not to place undue reliance on forward-looking statements, which speak only as of the date of this presentation. Except as required by applicable law, we do not intend to update any of the forward-looking statements to conform these statements to reflect actual results, later events or circumstances or to reflect the occurrence of unanticipated events

Abstract

Translation of preclinical data to clinical outcomes remains an ongoing challenge in drug development. 3D bioprinted tissues exhibiting physiological tissue-like responses can be created to bridge this gap, through spatially-
controlled, automated deposition of tissue-specific cell types. These multicellular, human in vitro tissue models enable improved cellular interactions and assessment of biological responses at the biochemical, genomic, and
histological levels over extended time in culture. Organovo’s ExVive™ Human Liver can be used to model chronic liver disease relevant phenotypes including steatosis, inflammation, and fibrosis. Incorporation of Kupffer cells and
stimulation with inflammatory signals induces inflammatory cytokine release. Chronic exposure to drugs known to induce steatosis such as valproic acid, or to nutrient overload (free fatty acids) induces formation of lipid droplets.
Chronic exposure to chemical inducers of fibrosis or TGFβ stimulation leads to stellate cell activation and fibrosis. Finally, inflammatory inducers and nutrient overload together lead to steatosis and fibrosis. These results suggest that
ExVive™ Human Liver Tissue holds promise for the study of complex, chronic conditions such as NASH, enabling the discovery of novel therapeutics, biomarkers, and safety assessment of drugs in a disease-relevant background.
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Figure 6: Impact of fibrotic agents on bioprinted liver tissue viability and functionality. 14-day treatment with MTX (A) and TAA (B) resulted in tissue
damage, as evidenced by significant increases in LDH release (n = 9 for Tx1-Tx7, n = 5 for Tx9-Tx14) . Conversely, no overt damage is observed with TGFβ
treatment. The degree of hepatocellular damage as measured by albumin output (C; 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.
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Figure 7: Histological assessment of bioprinted liver treated with fibrotic agents. Fixed tissues sections were stained with Gomori’s One-Step trichrome to
visualize collagen (blue), cytoplasm (pink/purple), and nuclei (dark purple). TGF-β1 treatment caused focal nodular fibrosis (white arrows) in the
nonparenchymal compartment (NPC) but generally preserved hepatocellular (HC) mass. MTX caused mild hepatocellular damage and nodular and
pericellular fibrosis at lower doses, with evidence of bridging fibrosis (yellow arrow) connecting NPC at 1.0 µM. Treatment with TAA nearly eliminated HCs
in the tissues by 14 days, with the majority of tissue replaced by fibrotic scar tissue.

Figure 8: Measurement of cytokine levels at Tx7 and Tx14 (n = 5) showed treatment- and time-dependent differences in immunomodulatory and
chemotactic cytokines. (A) IL-6 regulates acute phase response proteins in response to injury and was significantly increased at Tx7 for 1.0 µM MTX and
both TAA treatment groups. (B) Monocyte chemotactic protein-1 (MCP-1), involved in facilitating macrophage/monocyte infiltration to perpetuate an
adaptive response to continued insult, increased at Tx14 for MTX and TAA treatment. (C) Up-regulation of two fibrosis-associated genes. The levels of
fibrogenic markers α-smooth muscle actin (ACTA2) and collagen, type 1, α1 (COL1A1) were measured using RNA isolated from whole tissue constructs at
treatment day 14. Values are represented as fold-change relative to vehicle control (mean ± SD, N=2); shaded values denote a fold-change greater than 2.
Treatment-induced induction of these genes suggests active fibrogenic processes and provide evidence to support collagen deposition within the tissue
constructs.
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One-way ANOVA
* p<0.05
** p<0.001
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**** p<0.0001

Figure 5: Palmitic acid (PA)-treated tissues exhibit increased incidence of putative lipid vesicles. H&E staining of PA treated tissues shows both macro- (arrows)
and micro- (arrowheads) vesicular phenotypes. Perilipin (PLN5) staining of lipid vesicles further confirms the steatotic phenotype.
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Figure 3: Characterization of bioprinted liver tissue with incorporation of Kupffer cells. (A) Kupffer cells in bioprinted liver express prototypical markers such
as CD68 and CD168, and a staining pattern similar to native liver. (B) ExViveTM Liver Tissue with Kupffer cells exhibited greater cytokine induction after
lipopolysaccharide (LPS) treatment. Media samples from tissue treated with LPS (100 μg/mL for 24h) were analyzed via electrochemiluminesce.
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Figure 9: Progression of steatosis to inflammation with fibrosis can be observed following incorporation of Kupffer cells (KC) and treatment with palmitic
acid (PA) in conjunction with lipoplysaccharide (LPS). (A) Increased activation of hepatic stellate cells (by α-SMA staining) is apparent, similar to native
tissue samples. (B) Trichrome staining reveals increased fibrosis (F; regions of increased collage staining in blue) and steatosis (arrows), similar to native
tissue samples.
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CHANGING THE SHAPE  OF RESEARCH AND MEDICINE 
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