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The HEPATOPAC® model, an in vitro bioengineered co-culture of primary hepatocytes and fibroblasts,
has demonstrated invaluable utility for liver-based safety, metabolism, and efficacy evaluation for small
molecule drug candidates, due to its longevity and close resemblance to the in vivo liver1-3. Here, we
identify a method to specifically deliver small-interfering RNAs (siRNA) into the hepatocytes in the
HEPATOPAC co-cultures, by using a commercially available, non-liposomal transfection reagent that
targets hepatocytes (PromoFectin-Hepatocyte). Upon the transfection of a fluorescent control siRNA,
fluorescent signal was detected mainly in the hepatocyte islands, but not in the surrounding stromal
cells. When siRNA targeting a cytochrome P450 enzyme was transfected in HEPATOPAC cultures, a
time-dependent reduction in the CYP activity following transfection was observed. The results provide
a proof of concept that the HEPATOPAC platform is amenable to hepatocyte-specific siRNA
transfection and siRNA-mediated gene knockdown, which can be useful in elucidating the
hepatocellular mechanisms in various research areas, aiding in reaction phenotyping assessment, as
well as in vitro safety and efficacy studies for novel RNA therapeutics.
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HEPATOPAC preparation
Human micropatterned co-cultures (HEPATOPAC) were created using patented microfabrication tools
and consist of primary hepatocytes arranged in optimized domains and surrounded by 3T3 J2 murine
fibroblasts. In this configuration (Fig 1), the HEPATOPAC co-cultures retain in vivo functionality in
vitro. The co-cultures were first allowed to stabilize functionally in serum-supplemented medium for
7~14 days prior to siRNA transfection or IL-6 treatment.

Transfection of CYP3A4-targeting siRNA and evaluation of functional knockdown
On day 7 or 14 post seeding, siRNA targeting CYP3A4 (ON-TARGETplus SMARTpool, Dharmacon) or
control siRNA (ON-TARGETplus Non-targeting Pool, Dharmacon) were transfected into HEPATOPAC
co-cultures, using different transfection reagents following user manuals. Transfections were
conducted in proprietary serum-free application medium. Four hours after transfection, media were
replaced by serum-containing HEPATOPAC maintenance medium. CYP3A4 activity was measured
24hrs, 48hrs, 72hrs and 96hrs post transfection, using Promega P450-Glo™ CYP3A4 Assay Kit. IL-6
treatment (10,000pg/ml) served as a positive control for CYP3A4 down-regulation4.
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Figure 1. HEPATOPAC Platform. HEPATOPAC
micropatterned co-culture platform is created using
patented microfabrication tools and consists of
primary hepatocytes arranged in optimized
domains and surrounded by stromal fibroblasts,
which support the high level of performance
observed in the HEPATOPAC system.
HEPATOPAC cultures retain long- term
functionality for several weeks in vitro.
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Figure 3. CYP3A4 functional knockdown after siRNA transfection.
CYP3A4-targeting siRNA or control siRNA were transfected on (a) day 7 or (b) day 14 post seeding,
using PromoFectin-Hepatocyte, Lipofectamine RNAiMAX, or METAFECTENE Si+. Transfection using
either PromoFectin-Hepatocyte or Lipofectamine RNAiMAX resulted in a reduction in CYP3A4
activity, while transfection using METAFECTENE Si+ didn’t. The functional knockdown was more
pronounced when siRNA was transfected on day 14 (up to 53%, by PromoFectin-Hepatocyte at
96hrs) than on day 7 (~20%). IL-6-treated (10,000pg/ml) cultures were used as a positive control for
CYP3A4 down-regulation.
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Evaluation of siRNA transfection reagents in HEPATOPAC cultures
Transfection reagents tested for delivering siRNA into HEPATOPAC cultures included: Lipofectamine®
3000, Lipofectamine® RNAiMAX (both from Thermo Fisher), METAFECTENE® PRO, METAFECTENE®
SI⁺ (both from Biontex), and PromoFectin-Hepatocyte (PromoCell). A fluorescent labeled control siRNA
(BLOCK-iT™, Thermo Fisher) was used to monitor siRNA transfection efficiency and localization.
Transfection efficiency and siRNA localization was manually observed using fluorescent microscopy.
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1. Five transfection reagents were evaluated for the delivery of siRNA into HEPATOPAC cocultures.
2. PromoFectin-Hepatocyte reagent specifically delivered siRNA into hepatocytes in
HEPATOPAC co-cultures (human and rat).
3. Lipofectamine RNAiMAX delivered siRNA into both hepatocytes and fibroblasts in
HEPATOPAC co-cultures.
4. Transfection of CYP3A4-targeting siRNA using either PromoFectin-Hepatocyte or
Lipofectamine RNAiMAX in HEPATOPAC co-cultures resulted in functional knockdown of
CYP3A4. Transfection at a later time (day 14) generated greater knockdown (up to 53%).
5. The results provide a proof of concept that the HEPATOPAC system is amenable to siRNA
transfection and siRNA-mediated gene knockdown, by using commercially available
transfection reagents. Furthermore, hepatocyte-specific siRNA delivery can be achieved by
using PromoFectin-Hepatocyte reagent.
6. This application can be useful in elucidating the hepatocellular mechanisms in various
research areas, aiding in reaction phenotyping assessment, as well as in vitro safety and
efficacy studies for novel RNA therapeutics.
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Figure 2. Evaluation of siRNA transfection reagents in human HEPATOPAC co-cultures.
Five transfection reagents were evaluated for the delivery of the fluorescent control siRNA (BLOCK-iT) into
human HEPATOPAC co-cultures. Twenty-four hours after transfection, images were taken to illustrate
whether siRNA was delivered into the hepatocytes in the co-cultures. (a) Transfection with Lipofectamine
3000 didn’t result in detectable siRNA in HEPATOPAC cultures. (b) Lipofectamine RNAiMAX delivered low
levels of siRNA into both hepatocyte islands and fibroblasts. (c and d) METAFECTENE PRO and
METAFECTENE Si+ introduced high amounts of siRNA into HEPATOPAC cultures. However, siRNA
colocalized with fibroblasts and no siRNA was observed in hepatocytes. (e) PromoFectin-Hepatocyte
preferentially delivered siRNA into hepatocyte islands in the co-cultures.
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