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Abstract
Non-parenchymal cells play a key role in the occurrence and development of alcoholic liver disease. However, this cellular
behaviour has not been fully characterized, and it is inconvenient to observe in traditional in vitro alcoholic liver disease (ALD)
models and animal models. Herein we developed a demountable liver-on-chip device for investigation of pathophysiological
process of individual non-parenchymal cells in alcohol induced ALD. This liver-device comprised of HepG2, LX-2, EAhy926
and U937 cells, which were ordered in a physiological distribution under perfuse. This device allows improved HepG2 cells
activities and maintained high liver functions which including albumin synthesis and urea secretion. This novel liver-device is
able to recreate the damage process of hepatic non-parenchymal cell lines induced by alcohol, and to understand the intercellular
communication between different types of hepatic cells during ALD by measuring multiple biomarkers of each types of hepatic
non-parenchymal cell lines, including Ve-cadherin, eNOS, VEGF and α-SMA. The proposed liver-device is able to further
studies of pathological analysis and drug- and toxicity-screening.
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1 Introduction
Alcoholic liver disease (ALD) is a globally health issue which
give rise to millions of death every year and account for 10%
of all disease deaths around the world (Wu 2017). Besides,
ALD is associated with over 60 diseases including hepatitis,
cirrhosis and insulin resistance (O'Shea et al. 2010). The primary cause of ALD is alcohol consumption, especially

alcohol abuse greatly increases the risk of get ALD (Mann
et al. 2003). As we know, the progress of ALD including a
series of changes in liver pathology. First, steatosis occurred.
Then inflammation and necrosis emerged which called
steatohepatitis. At last, hepatocellular carcinoma is developing
after liver fibrosis and cirrhosis (Louvet and Mathurin 2015).
The non-parenchymal cells play a key role in this complex
ALD process. For example, once the structural integrity of
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hepatic sinusoidal endothelial cells (LSECs) was compromised during ethanol exposure, it will result in release of inflammatory mediators increased, such as tumor necrosis
factor-α (TNF-α) and reactive oxygen species (ROS), to promote liver injury (Seo 2016). Hepatic stellate cells (HSCs)
activation increase secretion of extracellular matrix to accelerate the progression of liver fibrosis (COHEN and NAGY
2011). Accordingly, it is meaningful to analysis cellular behaviors of multiple types of non-parenchymal cells separately
for understanding the intercellular communication between
different types of hepatic cells during ALD, which will be
beneficial to the therapies of chronic liver disease.
Traditionally, animal models are the most common tool
used to study liver disease, hepatotoxicity and drug screening (Wikswo 2014). However, animal models are expensive,
time consuming, and associated with ethical issues. More
importantly, the results from animal models are overall responses of the body, which is impossible for directly observing the pathophysiological process of individual nonparenchymal cells during liver injury. While conventional
two-dimensional (2D) cell culture plates are insufficient to
study disease mechanisms due to lack of sufficient microenvironment as in vivo (Lauschke et al. 2016). Organ-on-achip is the cutting-edge technology to control the microenvironments of cells, including critical microarchitecture, spatiotemporal cell-cell interactions and extracellular physiological flow, and so on (Ronaldson-Bouchard and VunjakNovakovic 2018; Skardal et al. 2016; Zheng et al. 2016).
Thus, we propose that liver-on-a-chip may be an effective
tool for the research of ALD development.
To date, several liver-on-chip devices have been constructed to study on liver biology and function, druginduced liver injury or liver diseases (Deng et al. 2018,
2019). For example, JaeSeo Lee and his colleague (Lee
et al. 2016) developed a spheroid-based microfluidic chip
that co-cultured hepatocytes (HCs) and HSCs to investigate
the role of HSCs in the recovery of ALD. In addition,
Kostrzewski et al. (Kostrzewski et al. 2017) utilized primary
hepatocytes cultured in a three-dimensional (3D) perfused
platform to investigation of non-alcoholic fatty liver disease.
Moreover, Liu et al. (Liu et al. 2012) have developed a 3D
scaffold from hydrogels using 3D printing technology, culturing hepatocytes and endothelial cells in separated sections. These liver models either ignore the involvement of
multiple non-parenchymal cells, or have no perfusion culture
conditions, or need additional large equipment.
In this paper, we established a 3D liver-sinusoid-on-achip, which incorporated HepG2 cells with other three
types of cell lines (U937, LX-2 s and EAhy926 cells, as
primary non-parenchymal cells surrogates) to investigate
pathophysiological process of individual hepatic nonparenchymal cells in alcohol induced ALD under an
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artificial liver physiological flow. The proposed liverdevice has potential for further studies such as pathological analysis of ALD, drug-induced liver injury and
drug screening.

2 Materials and methods
2.1 Cell culture and live cells tracking
HepG2 (ATCC® HB-8065TM) cells as primary hepatocytes
surrogate were cultured in DMEM/High Glucose medium
(1×) containing 10% fetal bovine serum (GibcoTM), 1%
non-essential amino acids (NEAA) (Gibco TM),
100 U mL−1 penicillin and 100 U mL−1 streptomycin, with
medium change performed every 2 days. LX-2 cells (EMD
Millipore, Billerica, MA, USA), EAhy926 cells (kindly provided by Prof. Du, Institute of Process Engineering, Beijing)
and U937 cells (CRL-1593.2TM, ATCC) were cultured in
DME/F-12 1:1 (1×) medium supplemented with 10% fetal
bovine serum (GibcoTM), 100 U mL−1 penicillin and
100 U mL−1 streptomycin to mimic the functions of liver
sinusoidal endothelial cells, hepatic stellate cells and Kupffer
cells, respectively. All cell lines were cultured in an incubator with 5% CO2 and 95% relative humidity at 37 °C. Cells
were subcultured after trypsin digestion every 2 days, except
for U937 cells centrifuged every 2 days for subculture. Cell
tracking assays were carried out using CellTracker™ Green
CMPTX (Invitrogen) and CellTracker™ Blue CMFDA
(Invitrogen) for staining before seeding on a polycarbonate
(PC) porous membranes (Whatman) according to the manufacturer’s protocol.

2.2 Design, fabrication and assembly of the live-chip
The entire chip contains two polymethyl methacrylate
(PMMA) frames, three PDMS layers and two PC membranes
with a 1-μm pore size. PDMS spacers were completed using
SU8–3035 negative photoresist (Microchem Corp., Newton,
CA, USA) and polydimethylsiloxane (PDMS, Sylgard 184,
Dow Corning, USA) according to the standard soft lithography and microfabrication methods. Prior to assembly,
EAhy926 cells and LX-2 cells were successively inoculated
on two trimmed circular porous PC membrane with a diameter
of 6 cm. During this time, U937 cells were exposed to
50 ng mL−1 PMA (phorbol 12-myristate 13-acetate, SigmaAldrich) for 48 h to differentiate into functional macrophages
(Passmore et al. 2001; Prodanov et al. 2016). Immediately
after digestion, HepG2 cells were mixed with 3D Matrigel
(BD Company) thawed overnight at 4 °C at a ratio of 1:1 at
a concentration of 107 cells mL−1. Subsequently, the cellseeded porous membrane was assembled with the presterilized three-layer PDMS layer according to the sequence
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to form three culture chambers (upper, middle and lower)
(Fig. 1d). Concurrently, 20 μL of cells/matrigel mixture was
added to the middle chamber. Finally, the upper and lower
PMMA substrates and the assembled PDMS chips were

assembled at a final size of 4 × 4 cm by screws. U937 cells
were introduced into the upper chamber of the chip via a
syringe with a cell density of 5 × 105 mL after differentiation.
After standing for 2 h, pipes and a multi-channel peristaltic

Fig. 1 Schematic of liver sinusoid structure and the liver-on-a-chip
microdevice. a The illustration of the structure and function of liver sinusoids in the liver. b The liver sinusoid consists of four major types of
hepatic cells - the liver HCs, HSCs, KCs, and LSECs, which reside inside
liver sinusoids and interact with flowing peripheral cells under blood
flow. c The design of the liver-on- chip device. It consists of two layers

of PMMA substrate and three pieces of PDMS spacer, which were divided by two pieces of cell seeded PC membranes to mimic the microenvironment of the liver sinusoid and its complex multiple cell–cell interactions in vitro. d The actual picture and the assembly process of liver-onchip device: stack from bottom to top and fasten with screws
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pump (205 S/CA12, Watson Marlow, UK) were connected to
provide the perfusion culture conditions at a rate of
1 μL min−1. The liquid flowing in top and bottom channels
(perfusate) basically were DMEM/High Glucose medium
(1×) containing 10% fetal bovine serum (GibcoTM), 1%
non-essential amino acids (NEAA) (GibcoTM), 100 U mL−1
penicillin and 100 U mL−1 streptomycin. Fluidic condition
inside the chip can be described as follows: the medium flow
into the chip via the inlet, and flow out from the outlet in the
upper PDMS. And a small part of medium passes into the
lower layer through the diffusion, and finally returned to the
circulation system through the outlet on the bottom PDMS.

2.3 Cell viability assay
Cell viability was detected by LIVE/DEAD Viability/
Cytotoxicity Kit (Thermo Fisher). Generally, HepG2 cells cultured both on the chip and on the plate were took photos after
staining by LIVE/DEAD Kit. Data were obtained by statistical
analysis of those pictures.

2.4 Detection of urea production and albumin
synthesis
As important indicators of liver function, the amount of albumin and urea secreted in the perfusate was measured every 24 h.
The concentration of urea was evaluated by the colorimetric
endpoint method using diacetylmonoxime (Urea Nitrogen
(BUN), Stanbio Labs, Boerne, TX) according to the instruction
manual procedure. The method is: 20 μL culture supernatant
were mixed with 200 μL detection reagent in a 96 plate, after
heating at 80 °C for 10 min, absorbance at 525 nm was measured using a microplate reader. The albumin content was quantified by bromocresol green assay method, absorbance at
620 nm was measured according to the manual instructions.

Biomed Microdevices (2019) 21: 57

were obtained at different time points, and then cellular ROS
was measured using a Reactive Oxygen Species Assay Kit
(Solarbio, China) according to the manufacturer’s protocol.
Finally, the cells were suspended in 10 μL of culture medium
alone and carefully placed on coverslips. The results were
recorded using a fluorescence microscope and microplate
reader (H1MF9, Genentech, USA).

2.7 Immunofluorescence staining
Cell samples were washed in PBS 3 times for 5 min each time
and fixed with cold methanol for 10 min. After osmosis for
10 min with 0.2% Triton X-100 (Sigma), cell samples were
washed in PBS 3 times for 5 min each time. Non-specific
immunization was blocked by PBST containing 1% BSA,
and then cell samples were counterstained with primary antibody at 4 °C overnight followed by incubation with a
fluorescence-labeled secondary antibody for 2 h at room temperature. All primary antibodies (ZO-1, CD14 and F-actin)
and secondary antibodies were purchased from Abcam, and
DAPI were from Sigma.

2.8 Imaging and data analysis
Images were pictured by a fluorescent inverted microscope
(Olympus, IX71) equipped with a mercury lamp (Olympus,
U-RFLT50). Image processing and statistical data analysis were
processed using ImageJ (National Institutes of Health, Bethesda,
MD) and SPSS 18.0 software (IBM Corp., Armonk, NY, USA),
respectively. All experiments were repeated at least three times.
Statistical significance was defined as P < 0.05.

3 Results
3.1 Design and construction of liver on chip

2.5 Polarization of HepG2 cells
3D HepG2 cells/matrigel mixture were obtained by carefully
disassemble the chip, washed the mixture three times in PBS,
incubated for 2 h in complete perfusate containing 2 μg mL−1
5-(and-6)-carboxy-2′,7′-dichlorofluorescein diacetate (CDFDA),
and then incubated for another1 hour in complete medium and
imaged under a fluorescence microscope (Tostões et al. 2012).

2.6 Ethanol-induced ALD model and ROS
measurement
After the successful operation of the liver-device for 2 days,
perfusate was changed to 1 mL complete medium containing
3, 6 or 9 μL sterilized filtered ethanol to achieve concentrations of approximately 50, 100 and 150 mM, respectively (Lee
et al. 2016). After perfusion, HepG2 cells/matrigel mixtures

As shown in Fig. 1a and b, liver sinusoid is a lacuna between
adjacent liver plates, possess a unique configuration that composed of four main types of cells (HCs, HSCs, KCs and
LSECs) with specific space layout and performs many functions, in which hepatocytes and LSECs are separated by hepatic sinusoidal space. HSCs are located in this gap, and KCs
are free in the blood flow (Godoy et al. 2013). In this study,
organ-on-chip technology was used to construct bionic liver
sinusoids in vitro. As shown in Fig. 1c, this device contains
two PMMA substrates, three PDMS layers and two pieces of
PC membranes to form three chambers (diameter is 6 mm).
The two sides of the top and bottom PC membranes were
seeded with EAhy926 cells and LX-2 cells respectively to
simulate the endothelial barriers. Besides, the two cellseeded PC membranes were placed in opposite direction (the
two layers of LX-2 cells were face to face) to form a chamber
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which filled with matrigel encapsulated HepG2 cells. U937
cells were injected into in the top chamber between the
microchannel upper-wall and top porous membrane. After
2 h for U937 cells to attach to the PC membranes, a multichannel peristaltic pump was connected at the inlet of chip to
provide nutrition and shear conditions for each types of cell
cultured in the chip at a rate of 1 μL min−1. The PDMSPMMA chip and its assembly process shown in Fig. 1d.
This highly integrated liver-on-chip device is able to replicate
key aspects of the liver as in vivo, including critical
microarchitecture, cell composition, and flow environment.
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The liver-on-chip we proposed consisted of hepatocytes
(HepG2) cells and non-parenchymal cells (EAhy926, LX-2

and U937 cells). Each type of cells playing unique roles and
interacting with each other when liver was performing its
functions. To ensure that each type of cells keep functioning
well during the liver-on-chip device operation, serval biomarkers of these four types of cells in chip were characterized after the chip device operating for 48 h. Physiologically,
HCs are presented as 3D arrangement forms to constitute
liver plate in vivo and exert the main function of the liver.
In our experiment, HepG2 cells were embedded in a 3D
matrix gel at a density of 107 cells mL−1 to simulate 3D
culture conditions. CDFDA staining (Fig. 2a) indicated the
polarization of HepG2 cells and formed a canaliculus-like
structure. EAhy926 cells mainly perform the function as a
barrier to allow substances to through selectively. The location and intensity of ZO-1 staining illustrated that a tight
junction mono-dermic structure was emerged which showed
in Fig. 2b and Fig. S1 respectively. The penetration rate of

Fig. 2 Biological characterization of the four types of hepatic cells on
chip after perfused for 48 h. a-d. Immunostaining of respective
biomarkers for the distinct types of cells. a CDFDA staining:
fluorescence intensity tend to converge to the junction of HepG2 cells.
b Representative images of the expression of tight junction protein ZO-1
(green) and DAPI (blue) of EAhy926 cells. c The cytoskeleton of LX-2

on membrane (red; stained with F-actin) are visualized with nucleus
(blue; stained with DAPI). d U937 cells, as a substitute of KCs, stained
with CD14 (green) and DAPI (blue) shown strong and clear fluorescence.
e Three-dimensional schematic diagram and (f) reconstructed views of
interface formed by EAhy926 and LX-2 cells on the top PC membrane
tracked by CMFDA (green; EAhy926) and CMTPX (red; LX-2)

3.2 Biological characterization of cells in the liver chip
device
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fluorescein sodium, 7 kD inulin as well as 40 kD and 70 kD
dextran that represented different size molecules were evaluated in this liver chip. The results of apparent permeability
(Fig. S2) indicated this EAhy926 cells formed barrier is
selectively permeable, more specifically, micromolecules
permeated easily while macromoleculars were not. HSCs
keeps at quiescent state under physiological conditions
in vivo, and it will be activated under pathological conditions. As shown in Fig. 2c, the cytoskeleton (F-actin)
showed a good condition of LX-2 cells as the cells were
dispersed from each other and keep the stable cell numbers.
KCs are innate macrophages in the liver organ that are responsible for removal of bacterial toxins such as endotoxins
or glucans produced by enteric bacteria which enter the liver
through the portal vein. In our study, U937 cells were used
as a substitute for Kupffer cells, with the characteristics of
the similar functions as KCs after inducted with 50 ng mL−1
PMA (Passmore et al. 2001; Prodanov et al. 2016). After
U937 cells adhered to the barrier formed by EAhy926 cells,
CD14 staining illustrated that U937 cells were in a state of
differentiation as shown in Fig. 2d. These results indicated
that U937 cells cultured in our device play a similar role of
KCs in immunological function as previous studies reported
(Passmore et al. 2001; Prodanov et al. 2016).
To verify the integrity of formed endothelial barrier in
the chip during operation, the CMFDA (green) and
CMTPX (red) which represent EAhy926 and LX-2 cells
were stained on the upper and lower surfaces of the top
PE, respectively (Fig. 2e). It is can be seen in the confocal
immunofluorescence microscopy analysis (Fig. 2f) that
the EAhy926 cells on upper surface maintained tight connections and the LX-2 cells on lower surface were distributed sparsely to maintain their proportions which as similar as Fig. 2e.
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3.3 Detection of related biochemical markers
at the states of physiological and ALD in liver-chip
device
Maintaining good liver function of an in vitro liver model is
critical for study of hepatopathy. Until the liver-chip device
operated for 8 days, the activity of cultured HepG2 cells on the
liver chip was investigated. As shown in Fig. 3a, the survival
rate of HepG2 cells cultured on liver-chip (82.1%) was higher
than HepG2 cells cultured alone (64.8%) or co-cultured with
other three types of non-parenchymal cells in a mixed way
(64.2%) in petri dish. To further demonstrate the similar function of liver on the device we proposed, albumin secretion and
urea synthesis were inspected in liver-chip device and petri
dish respectively. It is can be seen that in Fig. 3b and c, the
synthesis of albumin and excretion of urea were accounted
approximately to 526.9 and 73.1 ng/10,000 cells/day at day
8, respectively, which were higher than HepG2 cells cultured
or co-cultured with other three types of non-parenchymal cells
in a mixed way in petri dish. It is suggest that the synthesis and
secretion capacity of liver-on-chip device were better than
cells cultured in petri dish.
Excessive reactive oxygen species (ROS) production play
an important role in the process of ALD and lead to cellular
apoptosis and DNA damage (Louvet and Mathurin 2015).
Using this device, we investigated the production of ROS in
HepG2 cells which were encased in matrix gel after exposed
to alcohol at concentrations of 0, 50, 100 and 150 mM. It is
can be seen that from Fig. 4a, alcohol significantly induced the
generation of ROS in HepG2 cells and this effect exhibited a
dose- and time-dependent manner. In addition, according to
the quantitative results (Fig. 4b) using microplate reader assay,
50 mM of alcohol would not significantly increase ROS production in the first 24 h, while both 100 mM and 150 mM

Fig. 3 Verification of liver function compared with HepG2 cells cultured alone or co-cultured with other three types of non-parenchymal cells in a mixed
way in petri dish within 8 days. a HepG2 cells viability; b urea production; c albumin synthesis
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Fig. 4 a ROS production in HepG2 cells after exposure to different concentrations of alcohol at different time points. b Quantitative analysis of ROS
using a microplate reader. Scare bar = 200 μm

increased ROS production at 12 h, 24 h, 36 h and 48 h. It
suggested that a small amount and short-term alcohol stimulation does not have a direct impact ROS production.

3.4 Analysis of multi-non-parenchymal cells
individually in the liver chip device
Non-parenchymal cells are involved and promote the development of ALD (COHEN and NAGY 2011). As shown in
Figs. 5 and 6, with alcohol concentration increasing, expression of Ve-cadherin decreased obviously, indicating that tight
junctions between EAhy926 cells was significantly damaged
which will result in the microvascular permeability increased
in the liver device. Further, we measured the expression of
endothelial nitric oxide synthase (eNOS) which contributed
to induce nitric oxide (NO) release that resulting in maintaining dilated blood vessels and inhibited the activation of HSCs
(Louvet and Mathurin 2015). Results as shown in Fig. 6b
revealed that the synthetic of NO decreased during alcoholic
damage thus lead to the activation of HSCs. Besides, we detected the expression of vascular endothelial growth factor
(VEGF) and α-smooth muscle actin (α-SMA) in LX-2 cells.
From Fig. 6c and d we found that the expression of VEGF and
α-SMA increased significantly in the early stage of ALD,
indicating that the LX-2 cells were activated gradually. In
addition, the number of LX-2 cells increased with the rise of
alcohol concentration but not increased any more when the
alcohol concentration at 150 mM (Figs. 5 and 6). Moreover,
we found that the cell morphology was significantly changed
after exposure to 150 mM of alcohol (Fig. 5), this may be

because excessively high concentrations of alcohol directly
damage LX-2 cells. Taken together, these results demonstrated the non-parenchymal cells were involved in the injury of
alcoholic liver and this changes might promoted the progression of ALD.

4 Discussion
Non-parenchymal cells play a key role in the occurrence and
development of alcoholic liver disease that has always affected human health (COHEN and NAGY 2011; Louvet and
Mathurin 2015; O'Shea et al. 2010). However, to date, there
has not been an in vitro liver model for analysis of nonparenchymal cells during this period. In this study, a highly
integrated liver-on-chip device was design according to the
physiological hepatic sinusoid microenvironment in vivo
which including key factors such as the interstitial fluid flow,
spatial composition as well as proportion and spatial arrangement of different types of cells for studying the cellular behavior of non-parenchymal cell at the states of physiological
and ALD in liver. The excessive oxidative stress, which is the
direct cause of ALD, was observed by detect the time- and
dose-dependent ROS in this liver-on-chip device. Moreover,
this easy disassemble device made it possible to collect various non-parenchymal cells separately and perform subsequent
offline analysis.
Another characteristic of this device is that it used lots biomimetic designs which are more physiologically compliant.
Physiologically, the main role of LSECs is as a permeable
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Fig. 5 Response of EAhy926 and LX-2 cells exposure to different concentrations of alcohol. a Schematic diagram of the process of alcohol liver
development. b The changes in biomarkers (Ve-Cadherin and eNOS for

EAhy926, VEGF and α-SMA for LX-2) of EAhy926 and LX-2 cells
under alcohol concentrations of 0, 50, 100, 150 mM. Scale bar: white,
200 μm; yellow, 100 μm

barrier but also contribute to other physiological and pathological processes (Poisson et al. 2017; Wohlleber and Knolle
2016). Here tightly connected EAhy926 cells were formed to
simulate the barrier function of LSECs and acted as an adhesion
substrate for U937 cells. Further, it is suggested that this tightly
connected EAhy926 possessed the characteristic of selective
permeability (Fig. 2 and Fig. S2). Secondly, matrigel was applied to support HepG2 cells growth as previous studies
showed that a 3D environment is necessary for the polarization
of HCs (Fig. 2a) (Jang et al. 2015; Treyer and Muesch 2013). In
terms of liver function, the on-chip device enhanced the activity
and albumin synthesis and urea secretion of HepG2 cells (Fig.
3), compared with the HepG2 cells cultured alone and cocultured with other three types of non-parenchymal cells in a
mixed way in petri dish, which favored the ALD study. In
addition, the proportion of 4 kinds of cells was consistent with
that in vivo (Godoy et al. 2013). When we calculated the number of each type of cells, it was found that the proportion of
HepG2, EAhy926, U937 and LX-2 cells in the liver device is
about 58.9%, about 17.5%, about 14.7% and about 8.8%, respectively. (SI: Cell number counting and Table 1).

This device is convenient to disassemble after the experiment, so that different types of functional cells, as
well as the perfusion medium, can be easily retrieved
independently compared with animal model and traditional plate models. Therefore, multiple biomarkers of each
types of cells can be readily characterized by an off-line
analysis, such as immunofluorescence staining. Our results (Figs. 5 and 6) revealed that alcohol damages the
tight junction and reduces the release of NO of EAhy926
cells. At the same time, LX-2 cells were activated and the
numbers of cells increased in the early stage, which
would lead to a mass of extracellular matrix secretion
and cause liver fibrosis. Furthermore, high concentrations
of alcohol directly damaged LX-2 cells, as can be seen
from Fig. 5, which further confirms the promotion of
non-parenchymal cells in ALD.
At this moment, the precise role of non-parenchymal cells
in the development of ALD still remains elusive. It is obvious
that such novel microfluidic device provides a more effective
experimental platform for further revealing the underlying
molecular mechanism in the process of ALD development.
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Fig. 6 Statistical analysis of Fig. 5. a and b Intercellular fluorescence analysis (Ve-cadherin staining) and eNOS expression of EAhy926 cells. c and d
Quantitative analysis of VEGF and α-SMA of LX-2 cells

In addition, through the results of EAhy926 and LX-2 cells
responses to alcohol, for further study of mechanism of ALD
which established by primary human hepatic cells and benefiting drug development, such as preclinical drug screening, establish a good foundation.

5 Conclusion
In conclusion, we proposed a demountable liver sinusoid on
chip device for study of ALD. The proportion and the spatial
structure of HepG2, LX-2, EAhy926 and U937 cells were
integrated in an orderly manner, which mimicking the complex structure and microenvironment of hepatic sinusoids
in vivo. Our results showed that this novel liver-device is able
to recreate the damage process of hepatic non-parenchymal
cell lines induced by alcohol, while measuring multiple

biomarkers of each types of hepatic non-parenchymal cell
lines to understand the intercellular communication between
each other. Thus, this in vitro liver-on-chip device could serve
as a functional platform for drug-induced hepatotoxicity, liver
function and disease.
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