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Abstract

Hepatic inflammation, mediated by Kupffer cells (KC), can exacerbate
hepatocellular damage during drug-induced liver injury. KC are often employed
in co-culture with hepatocytes to investigate the potential for inflammation in
response to stimuli, such as the prototypical inducer lipopolysaccharide (LPS);
however, such systems seldom include other nonparenchymal cells and fail to
recapitulate the complex 3D interactions present in native liver. In the current
study, LPS-mediated activation of KC at 24 and 72hrs was investigated in 3D
bioprinted human liver tissues (exVive3D™; Organovo, San Diego, CA). Induction
of pro- and anti-inflammatory  cytokines was measured via
electrochemiluminescence in tissues comprising primary hepatocytes, stellate
cells, and endothelial cells (Hep:KC-), and compared to tissues containing KC.
Independent experiments were conducted comparing two KC donors
(Hep:KC+D1 [male] and Hep:KC+D2 [female]) with all other cell donors held
constant. LPS stimulated TNF-a, IL-1B, IL-12p70, IL-10, IL-2, IL-13, and IL-4 levels
in Hep:KC+D1 tissues at 24hrs compared to untreated, with sustained induction
to 72hrs. TNF-a, IL-10, and IL-8 exhibited greater induction in Hep:KC+D1 tissues
compared to Hep:KC-. All cytokines were increased at 24hrs in Hep:KC+D2
tissues treated with LPS compared to untreated, with sustained induction of IL-
8, IL-1B, IFN-y, IL-2, and IL-12p70. IL-8, IL-6, and IL-10 induction was greater in
Hep:KC+D2 tissues compared to Hep:KC-. To compare donor-specific responses
to LPS, cytokine levels were normalized to untreated Hep:KC-, and the fold
change in LPS-treated Hep:KC+ tissues was calculated. Patterns of LPS-induced
cytokine release were distinct between KC donors, with greater induction in the
female donor. However, IL-1B, IL-10, IL-2, IL-13 exhibited no variation in donor-
specific response. The current data demonstrate the ability to measure a robust
donor-specific KC response to inflammatory stimuli, thus enabling investigation
of immune-mediated drug-induced liver injury in a 3D human liver tissue.

Experimental Design

e UL
LAy GER, "1

Figure 1: (Left) Representative single image of exVive3D human liver tissue,
which measures 2.5 x 2.5 mm with 0.5 mm thickness. (Right) Representative
H&E image of exVive3D human liver tissue showing distinct non-parenchymal
(N) and parenchymal (P) compartments.

e 3D human liver tissues (exVive3D) comprised of hepatocytes, hepatic stellate
cells, and endothelial cells (Hep:KC-) as well as tissues containing hepatocytes,
hepatic stellate cells, endothelial cells and Kupffer cells (Hep:KC+) were
bioprinted and allow to mature for 3 days.

e Two independent experiments were performed with two Kupffer cell donors.
Donor characteristics are shown below.

Kupffer Donor Age Sex TNF-a Baseline IL-6 Baseline
(years) (pg/mL) (pg/mL)

Donor 1 57 M 170.2 46.5

Donor 2 42 F 0.2 0.2

Table 1: Kupffer cell donor characteristics provided by vendor.

e Daily LPS treatment (100 pg/mL) began on Day 3 of culture and continued for
72 hrs.

e Media samples were collected at 24 hrs and 72 hrs of LPS treatment for
cytokine analysis via electrochemiluminesce on a Meso Scale Discovery
QuickPlex SQ 120 instrument.
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Figure 2: Experimental timeline of LPS treatment. Tissues were bioprinted and
allowed to mature for 3 days. LPS treatment of Hep:KC- and Hep:KC+ tissues began on Day 3.
Media samples to determine cytokine release from tissues were collected at 24 hrs and 72
hrs post-challenge (orange arrows).

Results

LPS Stimulates Cytokine Release in exVive3D Liver Tissues (Hep:KC-) and Liver Tissues Containing Kupffer Cells (Hep:KC+)

Experiment 1: Kupffer Donor 1
Hep:KC- Hep:KC+D1

Cytokine
(pg/mL £ SD)

Table 2: LPS Induced a Significant Release of Cytokines in Both Hep:KC- and Hep:KC+D1

Tissues with Strong Sustained Induction to 72 hrs

Cytokine levels in Hep:KC- and Hep:KC+D1 tissues are shown (pg/mL + standard deviation). To determine the
effects of LPS treatment on cytokine levels independently in Hep:KC- and Hep:KC+D1 tissues, data was
analyzed via one-way ANOVA with multiple comparisons. Significant differences due to LPS treatment (-LPS vs.
+LPS) within a time point are indicated by asterisks (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001).
Significant differences in cytokine levels over time (24 hrs vs. 72 hrs) within a treatment group are indicated by
daggers (1p<0.05, tTp<0.01, tt+p<0.001, tTT1p<0.0001).

CONCLUSION: LPS induced all cytokines measured at 24 hrs in Hep:KC- tissues with sustained induction of
half of those measured at 72 hrs. All cytokines except for IL-8 were induced by LPS in Hep:KC+D1 tissues at 24
hrs, with sustained induction of most at 72hrs. IL-8 was induced later, at 72 hrs, in Hep:KC+D1 tissues.

Experiment 2: Kupffer Donor 2
Hep:KC- Hep:KC+D2

Cytokine
(pg/mL £ SD)

Table 3: LPS Induced a Significant Release of Cytokines in Both Hep:KC- and Hep:KC+D2

Tissues with Less Sustained Induction to 72 hrs

Cytokine levels in Hep:KC- and Hep:KC+D2 tissues are shown (pg/mL + standard deviation). To determine the
effects of LPS treatment on cytokine levels independently in Hep:KC- and Hep:KC+D?2 tissues, data was
analyzed via one-way ANOVA with multiple comparisons. Significant differences due to LPS treatment (-LPS vs.
+LPS) within a time point are indicated by asterisks (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001).
Significant differences in cytokine levels over time (24 hrs vs. 72 hrs) within a treatment group are indicated by
daggers (1p<0.05, TTp<0.01, Tt1p<0.001, TTt+p<0.0001).

CONCLUSION: LPS induced the release of all cytokines measured except IL-6 and IL-4 in Hep:KC- tissues at 24
hrs with sustained induction at 72 hrs. All cytokines except IL-13 were induced at 24 hrs in Hep:KC+D2 tissues
with sustained induction of only IL-1 at 72 hrs.

Cytokine Induction is Significantly Greater in Hep:KC+ Tissues Following LPS Treatment
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Figure 3: LPS-Mediated Cytokine Induction was Significantly Greater in Hep:KC+D1 Tissues at
Both 24 and 72 hrs Compared to Hep:KC-.

To compare the extent of LPS-mediated cytokine induction between Hep:KC- and Hep:KC+D1 tissues, data were
analyzed via two-way ANOVA with multiple comparisons. Significant differences in cytokine levels between tissue
groups (Hep:KC- vs. Hep:KC+D1) are indicated by asterisks (*p<0.05, **p<0.01,***p<0.001, ****p<0.0001).

CONCLUSION: At 24 hrs, LPS-mediated induction of IL-10, IL-1B, IFN-y, IL-2, IL-12p70, IL-13, and TNF-a was

significantly greater in Hep:KC+D1 tissues compared to Hep:KC-. IL-1B, IL-2, IL-12p70, IL-13, and TNF-a induction
by LPS remained significantly elevated versus Hep:KC- at 72 hrs. IL-8 induction was delayed in Hep:KC+D1 tissues
and was much greater than that of Hep:KC- tissues treated with LPS.
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Figure 4: LPS Treatment Induced the Release of Cytokines to a Greater Extent in Hep:KC+D2

Tissues at 24 hrs Compared to Hep:KC-

To compare the extent of LPS-mediated cytokine induction between Hep:KC- and Hep:KC+D2 tissues, data were
analyzed via two-way ANOVA with multiple comparisons. Significant differences in cytokine levels between tissue
groups (Hep:KC- vs. Hep:KC+D2) are indicated by asterisks (*p<0.05, **p<0.01,***p<0.001, ****p<0.0001).

CONCLUSION: IL-6, IL-8, IL-10, IL-1B, IFN-y, IL-2, IL-12p70, IL-4, and TNF-a levels were induced by LPS to a much
greater extent in Hep:KC+D2 tissues compared to Hep:KC- at 24 hrs. IFN-y and IL-2 remained elevated at 72 hrs in
Hep:KC+D2 tissues compared to Hep:KC- treated with LPS.

Abstract
#1959

Poster
P311

Results

Donor Effects on Pro-Inflammatory Cytokines
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Figure 5: Pro-Inflammatory Cytokines Exhibited Varying Degrees of Induction.

To determine any donor-specific responses to LPS treated, cytokine levels in Hep:KC+ untreated
and LPS-treated samples were normalized to untreated Hep:KC-. The fold-change between
Hep:KC+ untreated and LPS-treated samples was then calculated and compared between donors
via two-way ANOVA with multiple comparisons.

CONCLUSION: Donor response to LPS was significantly different for TNF-a, IL-6, and IL-8 at 24 hrs
as evidenced by greater fold induction in Kupffer Donor 2. Additionally, at 72 hrs there was a
significant difference in IL-8 IFN-y, and IL-12p70 release between donors.

Donor Effects on Anti-Inflammatory Cytokines
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Figure 6: Regulation of
Anti-Inflammatory
Cytokines Appeared
Conserved Across

Assessed Donors.
Cytokine levels were
normalized with fold change
determined and compared
for Hep:KC+ tissues as
described in Figure 5.
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Summary

* A robust response to inflammatory stimuli was observed in exVive3D Liver
tissues both with and without Kupffer cells.

 The inflammatory response to LPS was greater in tissues containing Kupffer cells
versus tissues devoid of Kupffer cells.

e The LPS-mediated inflammatory response was sustained in exVive3D Liver
tissues containing Kupffer cells.

e Consistent with literature reports, donor-dependent effects on pro-
inflammatory cytokine production were seen following LPS treatment; induction
of anti-inflammatory cytokines however was similar between donors.

 Additional studies are needed to establish the contribution of factors such as
gender and/or donor-to-donor variability in basal and LPS-induced cytokine
profiles.

Safe Harbor Statement

Any statements contained in this report and presentations that do not describe historical facts may constitute forward-looking statements as that term is defined in the Private Securities Litigation Reform
Act of 1995. Any forward-looking statements contained herein are based on current expectations, but are subject to a number of risks and uncertainties. The factors that could cause actual future results
to differ materially from current expectations include, but are not limited to, risks and uncertainties relating to the Company’s ability to develop, market and sell products based on its technology; the
expected benefits and efficacy of the Company’s products and technology; the timing of commercial launch and the market acceptance and potential for the Company’s products, and the risks related to
the Company’s business, research, product development, regulatory approval, marketing and distribution plans and strategies. These and other factors are identified and described in more detail in the
Company’s filings with the SEC, including its prospectus supplement filed with the SEC on November 27, 2013, its report on Form 10-Q filed February 6, 2014 and its transition report on Form 10-KT filed
with the SEC on May 24, 2013 and our other filings with the Securities and Exchange Commission. You should not place undue reliance on these forward-looking statements, which speak only as of the
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