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Abstract

Primary human hepatocyte cultures have long been the gold standard for assessment of liver metabolism of xenobiotic
compounds. In the liver, the response to infection and inflammation by tissue-associated immune cells can alter gene
expression, including cytochrome P450 (CYP) enzymes. Kupffer cells are macrophages which are part of the liver sinusoid and
mediate many of these responses. Hepatocyte/Kupffer cell co-cultures offer a more comprehensive model to understand the
effects of the liver inflammatory response and macrophage modulation of critical drug metabolizing enzymes for better in
vivo correlation. Freshly isolated Sprague Dawley®(SD) rat Kupffer cells and hepatocytes were cultured as separate
monolayers and in co-cultures at ratios ranging from physiological (1:16) to highly inflamed (1:2). Trypan blue exclusion was
used to assess viability of isolated cells. The phagocytic properties of Kupffer cells are retained in culture. The specific uptake
of 1um fluorescently labeled latex microbeads was used to assess purity of the Kupffer cells. Cells were cultured for 24 hours
prior to initiating experiment. Bacterial endotoxin, lipopolysaccaride (LPS) was used to stimulate production of cytokine by
Kupffer cells. Kupffer/hepatocyte co-cultures, at a ratio of 1:4 respectively, were exposed to increasing concentrations of LPS
ranging from 0.1ug/mL to 10ug/mL. Samples were taken 24-hour post-LPS exposure and analyzed for levels of the pro-
inflammatory cytokine IL-6 using ELISA. Following normal metabolism induction procedures, hepatocyte only cultures and
1:2, 1:4, 1:8 and 1:16 Kupffer/hepatocyte co-cultures were exposed to know inducers of CYP1A and CYP3A for 48 hours prior
to substrate incubation and sample collection. Metabolite formation was determined using LCMS to measure enzyme ' 10
activity. MTT was run in parallel to monitor viability of cultures throughout experiment. Specific uptake of 1 micron FL1-PL
fluorescently labeled microbeads by freshly isolated Kupffer cells showed >90% purity, as indicated by flow cytometry.
Isolated Kupffer cells in culture showed positivity for the macrophage marker CD163 (ED2) by immunofluorescence. Cytokine
quantitation using ELISA showed increased production of IL-6 (pg/mL) with increasing Kupffer cell content, with the highly
inflamed ratio 1:2 producing the highest levels of cytokine. ELISA results also showed a concentration dependent, linear
increase in IL-6 production with increasing concentrations of LPS. Cultures were treated with and without LPS for 24 hours
followed by induction for 48 hours with dexamethasone and beta-napaflavone. Induction of CYP1A and 3A were assessed by
metabolism of protypical substrates. Both 1A and 3A substrate metabolism activity showed significant reduction in CYP gene
induction in cultures of Kupffers/hepatocytes. In addition, this reduction was dependant on the ratio of Kupffer cells to
hepatocytes. These data indicate that defined in vitro cultures of Kupffer cells and hepatocytes can be obtained and used to
better define the impact of immune mediators on liver metabolism.
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Figure 3. ED2 (CD163) Immunofluorescence in cultured Kupffer

Figure 2. Uptake of 1um latex beads by Kupffer cells in co-culture with g
cells.

Figure 1. Flow cytometric analysis of the uptake of 1um latex beads by Kupffer
cells in freshly isolated rat Kupffer cells. hepatocytes.

Isolated rat Kupffer cells were plated on chamber slides and
cultured for 72 hours prior to fixation with 4% paraformaldehyde.
Fixed cells were stained with a mouse anti-rat ED2 antibody and a
FITC secondary antibody to mouse 1gG1. Isotype control antibody
was used on parallel wells and gave negligible background staining.
Nuclei were stained blue with a DAPI counterstain. Cells were
visualized by fluorescent microscopy and a merged image created.

Kupffer cells were plated with hepatocytes at a ratio of 1:1(left image) or
1:4(right image) and cultured for 72 hours before the addition of fluorescently
labeled beads. Beads were added at a ratio of 10:1 with Kupffer cells and
allowed to incubate for 1 hour before being washed twice with media. Cells
were imaged with both phase contrast and with (filter) then the images
merged.

Fluorescently labeled microbeads which had a mean diameter of 1lum were
added to cell suspensions at a ratio of 50:1 and allowed to incubate for 1 hour
before being washed twice with media prior to analysis. Cells were analyzed on
a Guava PCA and compared to unlabeled populations. Histogram plot displays
intensity of fluorescence against number of events at that intensity. Difference in
gated populations is indicated.

Results: Hepatocytes remained unlabeled while Kupffer cells took up beads
with high specificity. Bead uptake indicates that the natural phagocytic activity
of large beads is retained in Kupffer cells in culture.

Results: Hepatocytes remained unlabeled (data not shown) while Kupffer cells
took up beads with >90% penetrance indicating high purity isolated Kupffer cells.
H Bead uptake indicates that the natural phagocytic activity of large beads is
Introduction > uptake ind ural phagocytic activity of farg |
retained in isolated Kupffer cells.

Results: Cells showed a high proportion of staining confirming the
presence of highly enriched Kupffer cells which retain appropriate
markers in culture.

Kupffer cells are the resident macrophage population in the liver, where they reside within the lumen of the liver sinusoid
and mediate a number of immune functions. They were first identified by Karl Wilhelm von Kupffer , for whom they are
eponymously named (see photo below), though some contention remains.>? Kupffer cells account for approximately 4-8%
of the liver cellularity and are the largest pool of macrophages in the body.?> They are exposed to a significant amount of
bacteria, microbial debris and absorbed compounds from the gut due to their primary access to portal vein flow. Kupffer
cells have a phagocytic property which allows them to take up large particles, with greater capacity than sinusoidal
endothelial cells.*> They are able to respond to bacterial lipopolysacharide(LPS) and virus utilizing toll like receptor(TLR)
signaling.® They exercise their role in immune mediation through response to immune mediators such as interlukin-2(IL-2) or
bacterial endotoxin and concomitant release of IL-6, tumor necrosis factor alpha(TNFa), IL-1, and IL-10.7-8 The

It has been shown that cytokines can have an effect on the expression of cytochrome P450s in the liver. %1% These alterations m Vehicle
in expression can have significant metabolic effect on disease states, immune pathology and drug safety. Isolated = LPS W 24Hrs
hepatocytes have long been used for the investigation of a number of hepatic functions in vitro. They are used extensively in m 48Hrs
drug development to model drug clearance, utilizing the intact metabolic and transporter pathways. They are also applied to
toxicity using the same intact systems. In order to improve predictive power and explore more complicated questions of
drug-drug interaction and toxicity culture systems have been developed which include ) , , ,

a broader complement of cell types present in the liver. In vitro hepatocyte cultures, S e 7 : 1:4 1:8 1:16  Hepatocyte 4 6 8
co-cultured with other cell types , such as Kupffers are becoming more common. -.;_{' " Kupffer : Hepatocyte Ratio LPS Concentration (ug/ml)
Using these co-culture systems , questions involving the interactions between immune

mediators and drug metabolism and toxicity can be explored.11?
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Figure 5. Dose dependant IL-6 secretion by cultured Kupffer :
hepatocyte co-cultures in response to LPS. : : : :16 Hepatocyte

In this poster we explore hepatocyte : Kupffer cell co-culture models and explore 1 ._ Figure 4. IL-6 secretion by cultured Kupffer : hepatocyte co-cultures in
their effectiveness in modeling immune : metabolic interactions. We explore the ability ‘ response to LPS.

of both cell types to retain their key functional characteristics. We show the utility of 3
this co-culture model in answering question key to drug development. _ Ny Hepatocyte and Kupffer co-cultures at varying ratios from 1:2 to 1:16

respectively or hepatocytes alone were incubated for 48hours then treated with . Hepatocvte and Kuoffer co-cultures at varving ratios from 1:2 to 1:16 respectivelv or
LPS at 1ug/ml or with media alone. IL-6 was generated by ELISA and by ELISA for rat IL-6. Values were quantitated by the use of a g Y d ying ' ' ' y

| o : , standard curve and plotted against concentrations used for hepatocytes alone were incubated for 48 hours then treated with LPS at 1ug/ml or with
Karl Wilhelm von Kupffer (Nov. 14,1829-Dec. 16, 1902) quantitated by the use of a standard curve of IL-6 protein. stimulation. media alone. Supernatants were collected at 24 hours and media with LPS replaced for an

additional 24hour incubation with a final 48 hours post treatment collected. IL-6 was
Results: The stimulation of Kupffer cells in culture by LPS to measured by ELISA and quantitated with the use of a standard curve of IL-6 protein.

Hepatocyte and Kupffer co-cultures at a ratio of 1:4 were incubated Figure 6. Time dependant secretion of IL-6 by Kupffer : hepatocyte co-cultures in response

for 48hours then treated with LPS at concentrations from .1 - to LPS.
10ug/ml. After 24 hours supernatants were collected and analyzed

Results: Increasing numbers of Kupffer cells with respect to hepatocytes (lower

ratios) showed an increasing response to LPS as measured by IL-6 production.
Methods The Kupffers cells remain functioning in culture and allow for Kupffer cell

contribution to the inflammatory response to be modeled in in vitro systems.

produce IL-6 showed dose dependence with saturating properties.
This data indicates a functioning Kupffer cell phenotype able to Results: IL-6 as was shown to increase with increased Kupffer cell content after the first 24

produce cytokines in response to exogenous stimuli (bacterial hours of exposure to LPS. The level of IL-6 for each Kupffer: hepatocyte ratio decreases from
endotoxin ) in a manner similar to that in vivo. 24 to 48 hours possibly due to a feedback response. These results show the need for precise

Kupffer Cell Isolation: Sprague Dawley rat livers were digested using a standard two step perfusions. Hepatocytes were , , , ,
experimental design when looking at Kupffer mediated responses.

separated from the non-parenchymal fraction which underwent further proprietary steps to generate a pure population of
Kupffer cells. Kupffer cell populations were assessed for purity by cell morphology and their ability to take up fluorescently
labeled 1um latex beads (Fluoresbrite® Polychromatic Red Microspheres, Polysciences Inc, Warrigton PA). Co-cultures were
generated by recombining cell populations at specified ratios and plated on collagen | coated plates. Cells were cultured with
a custom media formulation at 37C and 5%C0O2 in a humidified incubator for 24-48 hours prior to addition of LPS or
cytochrome p450 inducers.
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Kupffer Cell Staining:

Microspheres: Fluoresbrite® Polychromatic Red Microspheres were mixed with cells either in suspension or in plated cells at a
concentration of 50 beads/ cell. Cells were incubated with spheres for 1hr to allow uptake, then washed two times with
Phosphate Buffered Saline. Visualization was performed with a Guava PCA (Millipore, Billerica, MA), with normalization
perfomed using unstained cells. Data was analyzed using FCS Express 4 Plus (De Novo Software, Los Angles, CA) Plated cells
were visualized on a Nikon TE200 scope using phase contrast optics.
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ED2 Immunofluorescence: Cells were plated on collagen coated Lab-Tek chamber slides (Nalge Nunc International, Rochester,
NY) and were cultured in parallel to standard experimental conditions until stained. Cells were washed in PBS and fixed in 4% Hepatocyte : : : : Hepatocyte Heobatocvte 1.4 Kuoffer - Heoatocyte
paraformaldehyde for 10min at room temperature (RT). Cells were washed three times for 5min each in PBS, followed by ' ' ' ' Only Only patocy 4 RUPTIer - nepatocy
permeabilization with 0.1% Triton X-100 in PBS for 4min. Cells were rinsed in PBS containing 1% BSA. Staining was performed
with a 1hr incubation in the primary antibody, CD163 (ED2) (Santa Cruz Biotechnology Inc., Santa Cruz, CA (all antibodies were Figure 7. Impact of LPS stimulation of Kupffer : hepatocyte co-cultures on basal
obtained here ) or a mouse I1gG1 isotype control at 4ug/ml. Slides were washed and stained with a goat ant-mouse IgG-FITC and induced CYP3A metabolism.

antibody at 1:100 for one hour. Slides were coated in mounting solution containing DAPI and imaged on a Nikon TE200 with

Control Control

Figure 8. Impact of LPS stimulation of Kupffer : hepatocyte co-cultures on basal Figure 9. Impact of LPS stimulation of Kupffer : hepatocyte co-cultures on
and induced CYP1A metabolism. CYP1A metabolism and induction.

phase contrast optics Hepatocyte and Kupffer co-cultures at varying ratios from 1:2 to 1:16 respectively

or hepatocytes alone were incubated for 48 hours then treated with LPS at
IL-6 ELISA: Supernatents were collected from cell culture wells at the indicated time and treatments and stored frozen until 1ug/ml (red bars) or with media alone (blue bars). Media was exchanged to

tested. Supernatents were Centrifuged at 190Xg for 10minutes to pe||et cell debris. A Rat IL-6 Elisa kit (RnD Systems, include dexamethasone or a vehicle control (acetonitr”e) and incubated under

Minneapolis, MN) was used according to manufactures instructions. these cytochrome p450 inducing conditions for two days. An incubation with

125uM testosterone was performed and production of 6-B-OH testosterone was
Metabolism and Induction: Inducers of CYP450 were incubated in serum free media for 48hrs with media containing measured by HPLC. Results were normalized to that in the hepatocyte only wells

inducers replaced daily. Inducer stocks were made with acetonitrile and this was used in the vehicle control. Substrates were for each condition.
added to cultures and incubated for 4 hours before being collected in an equal volume of methanol. Metabolites were
analyzed by LCMS. MTT was performed on parallel well to assess viability differences between conditions. Results: Kupffer cell cultures showed a reduction in CYP3A expression as

Hepatocyte and Kupffer co-cultures at varying ratios from 1:2 to 1:16 respectively Hepatocyte and Kupffer co-cultures at varying ratios from 1:2 to 1:16

or hepatocytes alone were incubated for 48 hours then treated with LPS at 1ug/ml respectively or hepatocytes alone were incubated for 48 hours then treated
(red bars) or with media alone (blue bars). Media was exchanged to include beta- with LPS at 1ug/ml (red bars) or with media alone (blue bars). Media was
naphthaflavone or a vehicle control (acetonitrile) and incubated under these exchanged to include beta-naphthaflavone or a vehicle control (acetonitrile)
cytochrome p450 inducing conditions for two days. An incubation with 100uM and incubated under these cytochrome p450 inducing conditions for two
phenacetin was performed and production of acetaminophen was measured by days. An incubation with 100uM phenacetin was performed and production
HPLC. Results were normalized to that in the hepatocyte only wells for each of acetaminophen was measured by HPLC. Results were normalized to that

condition. in the hepatocyte only wells for each condition.

b ool 5 ¥ ot Results: Kupffer cell cultures showed a reduction in CYP1A expression as measured Results: CYP1A activity is reduced in co-cultures when exposed to LPS. This
measure testonsterone metabolism in a ratio dependant manner with those : e : : : ) '
Y P by phenacetin metabolism in a ratio dependant manner with those having the reduction occurs in both the presence and absence of inducer. The relative

Cytochrome P450 Isoform _m Metabolite Analyzed having the lowest hepatocyte to Kupffer ratio (1:2) showing the greatest impact. lowest hepatocyte to Kupffer ratio (1:2) showing the greatest impact. Both VC and similar change in the induced and vehicle can result in similar fold induction
Both VC and PC treated with LPS showed larger reduction than the media only

PC treated with LPS showed larger reduction than the media only treated. _ : nifi :
CYP3A 50uM Dexamethasone 125uM Testosterone 6-Beta-OH Testosterone treated. Induction in the induced(PC) non-LPS exposed wells also showed a Induction of activity in the non-LPS exposed wells also showed a background ratio \a/i'lclijvei:yfor LPS treated and un-treated, masking the significant impact on CYP

background, ratio dependant, reduction in metabolite formation. A : :
CYP1A 10uM Beta-Naphthaflavone 100uM Phenacetin Actetaminophen dependant reduction in metabolite formation.

Conclusions
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