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As the largest internal organ of the human body, the liver has an extremely complex vascular
network and multiple types of immune cells. It plays an important role in blood circulation,
material metabolism, and immune response. Optical imaging is an effective tool for studying fine
vascular structure and immunocyte distribution of the liver. Here, we provide an overview of the
structure and composition of liver vessels, the three-dimensional (3D) imaging of the liver, and
the spatial distribution and immune function of various cell components of the liver. Especially,
we emphasize the 3D imaging methods for visualizing fine structure in the liver. Finally, we
summarize and prospect the development of 3D imaging of liver vessels and immune cells.
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1. Introduction

The liver plays an important metabolic and
detoxifying function. The liver contains a dense
vascular system,' and a large number of hepato-
cytes and immune cells are closely arranged
between the liver sinusoids. The study of the three-
dimensional (3D) spatial distribution of the liver
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vascular system and immune cells is necessary for
exploring the mechanism of liver disease. This re-
view highlights recent advances in 3D imaging of
the structure and composition of the liver vascular
system and immune cells. The main contents cover
advances in imaging of the liver vascular circulatory
system, the 3D anatomical structure of the liver
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circulatory system at different scales, the distribu-
tion and function of immune cells in the liver, and
the 3D imaging methods for liver immune cells.

2. Structure of the Liver Vascular
System and its Imaging Methods

The liver is located below the diaphragm in the
abdominal cavity of the human body,” and it is
divided into the left lobe and right lobe according to
the distribution of the vascular. Moreover, the liver
is further divided into eight segments according to
Couinaud’s liver segments method, with segments
1-4 being located in the left lobe, and segments 5—8
being located in the right lobe (Fig. 1).* The mouse
liver is segmented into five lobes according to mor-
phology and distribution, including left lateral lobe,
median lobe, right anterior lobe, right posterior
lobe, and caudate lobe. The liver has a complex
vascular network, including bile ducts, and blood
and lymphatic vascular networks. Although the
macrovascular structure of the liver is well under-
stood, the features of the microcirculation (hepatic
sinusoids) remain unclear.

2.1. The vascular network of the liver

The liver is a highly vascularized organ with blood
circulating 12 times per hour.?* The vascular net-
work is composed of hepatic veins (HV), portal
veins (PV), and hepatic arteries (HA), which are
connected by hepatic sinusoids with an average di-
ameter of 5-14 pum (Fig. 2).° Liver cells are essential
for blood detoxification, and the liver receives 75%
of the blood from the PV, which delivers nutrients
and toxins from peripheral organs, including the

(a) Right lobe

Fig. 1.

Left lobe (b)

intestine, spleen, pancreas, etc. The remaining 25%
of the blood comes from the HA, which originates
from the celiac artery and supplies oxygen to the
liver. The peripheral blood flows from the PV and
HA, and enters into the central vein (CV) wvia the
hepatic sinusoids, and then forms HV that will
drain into the inferior vena cava.

In the vascular network of the liver, the hepatic
sinusoids serve as the capillaries of the liver. The
hepatic lobule is the basic structural unit of the
liver, and hepatic sinusoids constitute a honeycomb
network in the hepatic lobule. Besides hepatic
parenchymal cells and liver sinusoid endothelial
cells (LSECs), the liver has a variety of immune cell
components. The cross-section of the human he-
patic lobule is hexagonal,’ and the border areas are
distributed with portal triads formed by interlobu-
lar veins, interlobular arteries, and interlobular bile
ducts.”® The center of the hepatic lobule is the CV
formed by the branches of the HV. The radiating
hepatic sinusoid in the hepatic lobule connects the
hepatic PV and HA through the interlobular vein
and interlobular artery.® Interestingly, latest re-
search showed that the hepatic lymphatic vessels
are also distributed at the portal area and closely
entangled with the PV (Fig. 2(a)).”

2.2. The basic structural units
of the liver

The theory of hexagonal hepatic lobule was first
proposed by Kiernan in 1833. It describes the widely
accepted microstructure of the liver microanato-
mical.'” This model features the CV in the middle of
the classical hepatic lobule, which is the terminal
branch of the HV. The portal triads are composed of
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Segments and lobulation of the liver. (a) Schematic diagram of the human liver. The liver is divided into two lobes, left and

right, with eight segments, of which the back of segment IV is segment I. (b) Picture of mouse liver, divided into five liver lobes.
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Schematic diagram of the composition of the liver vasculature. (a) Schematic diagram of the liver.” (b) Schematic diagram

of the hexagonal hepatic lobule. Blue: CVs and liver sinusoids. (c) Schematic of the intersection of the interlobular veins and the
interlobular arteries at the hepatic sinusoids. Red: interlobular arteries. Blue: interlobular veins, hepatic sinusoids, CVs.

the PV, HA | and bile duct, and the portal triads are
distributed at the junction of two classical hepatic
lobules. However, the hexagonal hepatic lobule
oversimplifies the complex lobular structure of the
liver. The shape of the hepatic lobules of mice is not
hexagonal columns as is generally considered.
In vivo photoacoustic imaging clearly revealed that
the criss-crossing arrayed hepatic lobules were not
in regular shape. The structure of hepatic sinusoids
in the hepatic lobule presented complex labyrin-
thine networks, rather than regular radial distri-
bution.'! The latest research showed that the mouse
hepatic lobules tended to be oblate ellipsoids, as
revealed by liver-CUBIC optical clearing approach.’
In addition, as shown in Fig. 3, according to the
distribution of hepatic vascular branches, the
structural units of the liver can also be defined as
the portal lobule (where the PV and bile duct are
located at the center, CV at the boundary)'? and
the hepatic acinar structure (where the PV as the
central axis and CV at both ends).™”

2.3. Anatomical 3D imaging of
hepatic vessels
Fueled by the development of imaging technology,

the method for liver vessel imaging has significantly
improved. In addition to conventional 2D imaging,

the 3D imaging of the hepatic vascular network
offers more informative and complete pathological
data. As early as the 19508, German doctor Claude
Couinaud divided the complete human liver into
eight segments according to the branching direction
of the hepatic vessels.'*!? Couinaud’s liver segment
theory is regarded as the beginning of the era in
liver surgery, and it’s an important milestone in the
anatomy of the intact hepatic vascular system. This
segment theory has become a common clinical
practice for doctors.?

Digital human database

For achieving a comprehensive view of the 3D
anatomical structure in humans, the American
Visual Human Project (VHP) obtained a complete
digital human database (2048 x 1216 pixels) set by
sequential cutting at intervals of 1 mm and 0.33 mm
in the 1990s. The VHP presented the 3D anatomical
atlas of individual organs to human beings. In 2002,
the first Chinese Visible Human (CVH) database in
China was obtained through an improved scheme,
and the human body data was collected with a more
advanced Computer Numerical Control (CNC)
milling machine at intervals of 0.1-1 mm. The dig-
ital photography resolution of its cross-section was
3072 x 2048 pixels.'® In comparison with the pre-
vious VHP database, CVH database offered higher
resolution and better integrity enabling it to
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The structure of hepatic lobules. (a) Schematic diagram of the classical hepatic lobule, portal lobule, and hepatic acinus.

The light blue pseudo-color area circled the classical hepatic lobule, the light yellow pseudo-color area circled the portal lobule, and
the magenta pseudo-color area circled the hepatic acinar. (b) The sinusoidal structure in the classical lobule, normal portal lobule,

and the hepatic acinar.”

provide more precise information on the 3D ana-
tomical structure of liver vessels. For example, Chen
et al. reconstructed the HV, PV, HA, and bile duct
of the human liver based on the CVH database,
which provided a complete digital model of liver
vascular anatomy.'” CVH database is an invaluable
resource for the study of human liver anatomy and
clinical practice. In 2017, the published Human
Digital Liver Databank displayed the 3D models of
healthy or diseased livers that provided a valuable
platform for the study of liver structure.'®

Liver anatomy imaging by CT and MRI

Computed tomography (CT) and magnetic reso-
nance imaging (MRI), which developed in the 1970s
and 1980s, have become widely used in clinical
practice due to their ability to achieve liver vascular
structure at 0.5—2 mm resolution. These techniques
have greatly contributed to uncovering the 3D

structure of large liver vascular and bile duct, ad-
vancing the diagnosis of liver diseases and aiding in
preoperative assessment of patients.'” However,
limited by the background noise interference in CT
and MRI imaging of the liver, the accurate recon-
struction of liver vessels from 3D imaging data
remains full of challenges. Recently, Zeng et al.
achieved an effective identification and segmenta-
tion of HV and PV with a specificity, average ac-
curacy, and sensitivity of 98.6%, 97.7%, and 79.8%
through the combination of oriented flux symmetry
and graph cuts.?’ Goceri et al. proposed a fully
automated and adaptive method to segment he-
patic PV and HV in MRI imaging data.?’ Deep
learning networks also play an important role in the
segmentation of hepatic vessels.???* Moreover,
some software for hepatic vascular segmentation
and 3D printing techniques have also been
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developed for the 3D reconstruction of the liver
blood vessels and lesion structure based on the CT
and MRI data of patients.?>?%

Liver high-resolution anatomy imaging by
micro-CT and photoacoustic imaging

Furthermore, limited by the resolution of CT and
MRI techniques, most vascular segmentation
methods only provided macroscopic anatomical in-
formation for the 3D imaging of liver vessels. The
emergence of micro-computer tomography (micro-
CT) in scientific research has enhanced the imaging
resolution of liver vessels. For example, Debbaut
et al. performed vascular imaging and reconstruc-
tion of macrovascular to microcirculation in the
human liver by a combination of vascular corrosion
casting and micro-CT imaging.?” They analyzed the
radius, length, and number of vessel branches for
the HV, PV, and HA. Although the micro-CT is
ideal in the imaging of the macro- and mesoscale
vascular system of the human liver, the characteri-
zation of sinusoidal connectivity is unsatisfying

Vascualr structure and immnocyte distribution in liver

during microcirculation imaging. Peeters et al.
combined vascular corrosion casting and micro-CT
imaging to reconstruct 3D blood vessels in rat liver,
with an imaging resolution of 40 ym. This approach
enabled the realization of 3D imaging of the PV,
HV, and HA in intact rat liver.”® These studies
showed that the average diameter of the HA was
thinner than the PV, and the PV was thinner than
the HV. The HA and PV were found to lay parallel
to each other. In 2018, Peeters et al. conducted a
thioacetamide (TAA)-induced liver cirrhosis rat
model to quantitatively analyzed the 3D distribu-
tion of blood vessels in the liver.?? This study found
that liver cirrhosis induced an irreversible effect on
the liver vascular morphology, resulting in vessels
appearing to collapse or sudden sharp bends. Han-
keova et al. developed a double resin casting micro-
computed tomography (DUCT) method, which
achieved imaging of hepatic bile ducts and vessels in
an intact liver lobe (Fig. 4(a)).*" However, due to
the viscosity of the resin, the DUCT did not rec-
ognize vessels smaller than 5pum, which was

1000 um

White:blood vessel

Fig. 4. Optical clearing and imaging of the liver.”? (a) 3D reconstruction of the PV and bile duct (BD) of a mouse liver by micro-
CT. White: PV, green: BD. Scale bar: 4 mm. (b) The intact liver lobe imaging for TH immunolabeling by light-sheet imaging. (B)
The confocal imaging of the liver lobe with colorectal micrometastases. (¢ and d) The 3D imaging and skeleton of hepatic sinusoids.
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insufficient for large-volume imaging of hepatic
sinusoids. Lin et al. acquired the fine spatial distri-
bution of hepatic sinusoids in the mouse liver by in
vivo photoacoustic imaging, and the liver lobule was
clearly visible from the liver capsule.!! However, the
image depth of photoacoustic imaging was affected
by resolution. The cross-sectional image data indi-
cated that the image depth of photoacoustic imag-
ing for the hepatic sinusoids was limited to 300 pm.

2.4. Optical microscope imaging of liver
structure at single-cell resolution

Although the above-mentioned 3D imaging
methods of liver vessels achieved fast speed and
large-volume imaging of liver structure, their reso-
lution limited the obtaining of intact liver structure
information at single-cell resolution with high ac-
curacy. Confocal, multiphoton, and photoacoustic
imaging techniques have realized single-cell
resolution imaging of the liver tissue.?'™* These
techniques can acquire dynamic information from
in vivo imaging data with significant implications
for understanding the motor behavior and function
of the immunocytes. Yu et al. demonstrated that
oa-melittin-NPs targeted the LSECs in vivo wia
confocal imaging.®* Lin et al. visualized the 3D
distribution of KC and hepatic sinusoids viain vivo
photoacoustic and fluorescence imaging.'! Liu et al.
investigated the dynamic molecular events in CTLs
killing metastatic tumor cells in the liver via real-
time confocal imaging.*> However, the liver is dense
with a high level of lipid and pigment contents,
making it difficult for light to penetrate liver tissue,
and the confocal imaging depth is less than 100 pm.
Therefore, confocal or multiphoton can only be used
for small volume imaging of the liver. For example,

Hammad et al. performed a small volume 3D im-
aging of hepatic sinusoids, bile canalicular, and
hepatocytes under 100 um thick liver tissue by
confocal 3D scanning.”® Although photoacoustic
imaging technology has improved the imaging
depth of liver tissue by optical microscopy,®” its
development is limited by the development of pho-
toacoustic probes and the dense vascular structure
of the liver, and it has yet to achieve intact liver
structure at single-cell resolution. Recently, the
development of microscopic optical tomography
and tissue transparency enabled researchers to ob-
tain the 3D structure of hepatic vascular, duct,
immunocytes, and neurons in intact livers.

Optical clearing of liver

To address the limitations of confocal microscopic
imaging in achieving deeper liver imaging, recent
advancements in optical clearing methods reduce
tissue absorptivity and scattering, enabling in-
creased light penetration depth.?®? This makes it
possible for noninvasively image large or even intact
liver vasculature networks. For example, Oren et al.
performed confocal imaging of the liver of Vecad ¢/
tdTomatofx/stop/fox transgenic mice, which specifi-
cally labeled the blood vessels. By combining the
optical clearing methods of Clarity and ScaleA2,
they obtained a single cell resolution vascular image
of 1200 um x 600 um x 600 um that clearly distin-
guished the spatial distribution information of he-
patic sinusoids in hepatic lobules.*’ Jing et al. used
the PEGASOS optical clearing method in combi-
nation with confocal microscopic imaging technol-
ogy to achieve 3D imaging of complete hepatic lobe
vessels in Tie2-Cre; Ail4 mice that specifically label
hepatic blood vessels.*' However, due to the influ-
ence of transparency or background fluorescence,
the overall resolution of hepatic sinusoids is poor,

Table 1. Summary table of liver anatomy 3D imaging.
Imaging method Resolution Imaging characteristic
CNC cutting and digital 0.1-1mm  Realize the acquisition of complete human anatomy data. The data collection is

relatively comprehensive and the resolution is not high. Imaging for fixed samples,

Widely used in clinical diagnosis. Realize rapid scanning and imaging of all organs of the

body, and the resolution is not high.

Widely used in clinical diagnosis. Realize rapid scanning and imaging of all organs of the

body, and the resolution is not high.

photography
not live samples.
CT 0.5-1.5 mm
MRI 0.5-2mm
micro-CT 1-100 pm
range.
Photoacoustic imaging 3-100 pm

Mostly used in scientific research with high resolution and a relatively limited imaging

Realize intravital imaging, and the image depth was affected by resolution.
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and it is difficult to analyze the network topology of
hepatic sinusoids. Adori et al. and Liu et al. used the
iDISCO 3D immunoimaging to obtain 3D neural
distribution in the liver, and explore the distri-
bution change of the liver nervous system in
disease.*>*® To overcome the problem of liver
transparency and fluorescence retention, Liu et al.
developed a fast and fluorescence-preserving trans-
parency method, liver-CUBIC, to achieve single-cell
resolution imaging of the vascular structure in in-
tact liver lobes (Fig. 4(b)).” The liver-CUBIC
method analyzed the topological change of hepatic
sinusoids in normal and diseased conditions, pro-
viding an important scheme to study the 3D fine
vascular structure of the liver (Fig. 4(c)).

Thus, the combination of optical clearing meth-
ods with optical microscope imaging provides high-
resolution imaging, which can obtain not only the
main vascular branches of the liver but is also
suitable for the large-volume imaging of hepatic
sinusoids. This approach is an effective method for
realizing the 3D imaging of the hepatic vascular
network. However, it requires long imaging time,
high imaging equipment, and fine transparency of
the liver tissue. For larger liver samples, such as the
liver in primates, optical clearing technology is re-
quired to be more effective and the imaging equip-
ment should have a long working distance.

Micro-optical sectioning tomography
imaging

To overcome the limited depth of confocal imaging
in liver tissue, researchers have developed a method
of cutting the liver into thin slices, followed by se-

quential imaging and reconstruction. For example,

ek»cre"‘Ai47
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Takashima et al. achieved 3D reconstruction of
800 um x 800 um x 500 um hepatic portal vein and
hepatic bile duct by layer-by-layer cutting and
confocal imaging (resolution: 0.62 ym x 0.62 pmx
10 pm), enabling the study the periportal bile duct
development.** In addition, the fluorescence micro-
optical sectioning tomography (fMOST) system
that based on continuous cutting imaging and data
reconstruction, has been reported as an effective
method for large-volume imaging of the intact mu-
rine liver lobe (9786 ym x 8640 pmx 10,312 pm).
This system achieved subcellular resolution
(0.32 um x 0.32 pum x 1 pym) imaging of embedded
biological samples for 3D data reconstruction
(Fig. 5).%

It should be noted that two-photon or confocal
imaging of liver microcirculation dynamics is mainly
used in anesthetized animals or in explanted, non-
perfused livers. These data provide limited infor-
mation about hemodynamics or immunocyte
behavior in a living individual, especially in the
human liver. Therefore, it remains a significant
challenge to monitor liver microcirculation dynam-
ics and/or immune cell migration in humans via
noninvasive imaging approaches. Recently, side-
stream dark field (SDF) has been used to measure
post-reperfusion hepatic microcirculation and sinu-
soid density in clinical liver transplantation. This
imaging method provides real-time information on
microcirculatory dysfunction during early allograft
dysfunction.*® One disadvantage is that the SDF
approach necessarily requires invasiveness at this
stage, but it has utility intra-operatively for select-
ing donor’s liver.

Fig. 5. The intact liver lobe imaging by high-definition fluorescent micro-optical sectioning tomography (HD-fMOST).** Cyan:
PV, yellow: HV, purple: BD, red: hepatic artery (HA). Scale bar: 1 mm.
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Table 2.

Summary table of 3D optical microscope imaging of liver at single-cell resolution.

Imaging method

Imaging characteristic

Confocal microscopic imaging
of 2D data.

Frozen section combined with
confocal microscopic imaging

The tissue imaging depth is less than 100 pm, which is more suitable for the acquisition

The imaging depth can exceed 100 ym, which requires continuous accurate cutting to
ensure the integrity of imaging data, and requires high-quality of sample cutting and

data reconstruction level.

Optical clearing technology
combined with confocal/light-
sheet imaging

The imaging depth is generally above 1 mm, and the specific imaging depth is affected
by the effect of tissue transparency and the imaging range of imaging equipment.

3. Distribution and Function of Immune
Cells in the Liver

The liver comprises various cell types, including
hepatic stellate cells (HSCs), Kupffer cells (KCs),
lymphocytes, and dendritic cells (DCs), which play
an important role in the maintenance of liver ho-
meostasis.*”* The tissular location of these hepatic
immune cells is related to their function during
homeostasis or disease.”’ Extracting the fine struc-
ture of the liver is critical for mapping the spatial
arrangement of immune cells in the liver, and the
analysis of the distribution of the hepatic immune
cells is meaningful for understanding their function.

3.1.

Taking the blood vessels of the liver as the coordi-
nates, various types of hepatic cells are arranged
inside and outside of the liver vascular net-
work.??179% Among these cells, hepatocytes are the
main component of the liver, accounting for ~ 80%
of total liver cells. Hepatocytes are widely distrib-
uted outside of hepatic vessels and are critical for
liver regeneration, detoxification, and metabolic
homeostasis.”»"*%% The Disse space of the liver lies
between the hepatocytes and the hepatic sinusoids.
HSCs are located in the perisinusoidal space of Disse
with long protuberances and contact with sur-
rounding hepatocytes and hepatic sinusoids.*”
HSCs are involved in the repair response of liver
injury and are the main cell types leading to liver
fibrosis.”%°" Additionally, DC cells are distributed
in the liver capsular or around large vessels, which
plays a role in capturing and processing antigens.”®

LSECs are the largest population of non-
parenchymal cells in the liver, which arranged as
monolayer cells in the liver with a sieve-like struc-
ture.”*°! They act as a barrier between the liver

Spatial distribution of liver cells

and blood, continuously sensing and capturing cir-
culating antigens. Recent studies have also found
that LSECs play a role in liver regeneration and
fibrosis.””"%Y KCs, the largest subsets of resident
macrophages in the liver, are distributed in the si-
nusoidal vascular space and play a vital role in
phagocytosis and immune surveillance in the
liver.?°! They slowly migrate along the hepatic si-
nusoid, phagocytizing hepatocyte fragments
through the fenestrae of the hepatic sinusoid and
the space of Disse in a steady-state environment.
The latest research results show that KCs are pri-
marily located near the periportal regions of
the liver, preventing pathogen transmission in the
liver.6!

Additionally, hepatic lymphocytes have been
reported to patrol the hepatic sinusoid*%? and
maintain the balance of the immune response in the
liver.’* Different subsets of CD4* T cells exhibit
distinct functions in different regions of the liver.%?
For example, Thl cells accumulate in the portal
tracts of biliary atresia or other liver diseases and
produce pro-inflammatory cytokines,’* while Tregs
are mainly located in the liver sinusoids and sup-
press immune responses. Similarity studies have
shown that effector CD8* T cells predominantly
distribute in the liver sinusoids and eliminate virus-
infected cells,’ while memory CD8* T cells patrol
the vasculature and rapidly respond to secondary
infections.®%%7 Liver-resident 0T cells, NK cells,
and NKT cells are primarily distributed in the he-
patic sinusoid, where they contact antigens in the
liver stroma through endothelial fenestrae, search
for dangerous signals, and secrete cytokines to deal
with liver infection and injury.%% "2

The function and distribution of immune cells in
the liver are closely related. For example, DCs and
macrophages are strategically located in the liver
and constitute a cohesive defense network against
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pathogen invasion or clearance of apoptotic hepa-
tocytes. Thus, the physical location of DCs and
macrophages as well as their surrounding environ-
ment significantly affect their function. Recent
studies have highlighted the importance of
CX3CR1* DC subsets that are distributed in the
interstitial region for antigen processing and deliv-
ery in the liver.”? CX3CR1TCD207+ macrophages,
located in the hepatic capsule region, can prevent
the hepatic dissemination of peritoneal pathogens.
Gpnmb*Sppl ™ macrophages are found distributed
around the bile duct, but their function in liver
disease remains further exploration.” KCs distrib-
uted inside hepatic sinusoids were able to eliminate
circulating pathogens.”® Therefore, revealing the
arrangement of immune cells in the intact hepatic
lobe at single-cell resolution will contribute to un-
derstanding the function and heterogeneity of im-
mune cells in the liver in the physiological and
pathophysiological condition.

3.2.

Large-volume imaging of the liver by CT or MRI is
hard to achieve the hepatic immune cells at single-
cell resolution. The current findings about the dis-
tribution of immune cells in the liver are mainly
obtained through electron microscope imaging and
optical microscopic imaging.’” Especially, the opti-
cal clearing, combined with optical microscopic
imaging, not only offers an effective solution for

Imaging of liver cells

Vascualr structure and immnocyte distribution in liver

achieving single-cell resolution imaging of hepatic
vasculature but also provides an optional way of
obtaining 3D spatial distribution data of liver im-
mune cells. For example, uDISCO transparency
technology achieves the distribution of transplanted
bone marrow stem cells throughout the entire liver
lobe at single-cell resolution by light-sheet micros-
copy,”” and CUBIC transparency technology
achieves the whole-liver imaging of the SUIT-2 cells
metastasis model in BALB/c-nu/nu mice utilizing
light-sheet microscopy imaging.”® Apart from that,
the liver-CUBIC transparency method enables the
simultaneous visualization of immune cells, fine
vasculature, and tumor micrometastases in the in-
tact liver lobe by confocal imaging. This approach
has facilitated quantitative analyses of the distri-
bution of DC/macrophages in normal, liver fibrosis,
nonalcoholic steatohepatitis, and liver metastases
models in mice, utilizing liver vessels as
coordinates.”

4. Summary and Prospect

The noninvasive imaging of intact hepatic vessels
via CT and MRI has extremely promoted the clin-
ical diagnosis of human liver disease. The imaging of
the liver vasculature and immune cells in intact
liver at single-cell resolution has improved our un-
derstanding of metabolic homeostasis, immuno-
surveillance, and the hemodynamics of the liver. It
should be noted that the optical clear imaging

Table 3. Summary table of spatial distribution and immune function of cells in the liver.
Cell type Distribution Main function
Hepatocyte Widely distributed in the liver, arranged in plates Metabolism, protein production, liver toxin
that are distributed among hepatic sinusoids. neutralization, bile secretion, and liver
regeneration.
HSC Distributed in the space of Disse between Store fat and vitamin A, and participate in liver
hepatocytes and hepatic sinusoids. damage repair and liver fibrosis.
DC Mainly distributed in the liver capsular or around Capturing and processing of liver antigens

large vessels. A small amount is distributed in

the hepatic lobule.

Hepatic endothelial cell Arranged into monolayer cells and formed a sieve- Phagocytosis of antigens in the blood, associated

like hepatic sinusoid structure.

with tumor metastasis, is a prerequisite for liver
fibrosis and promotes liver regeneration.

KC Located inside the sinusoidal vascular space. The main macrophage population of the liver plays
the functions of phagocytosis, immune
surveillance, and immune regulation in the liver.

Lymphocyte A large number of liver lymphocytes are Plays an immunomodulatory role in liver

distributed in the hepatic sinusoid.

inflammation, antivirus, tumor immunity, and so
on.
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approach is an invasive imaging technology that has
not been applied to clinical diagnosis without sur-
gery. At present, this approach is mainly used for
basic science research in animals and we believed
that constantly improved imaging techniques and
transparency methods will eventually be used in
clinical for assisting pathological diagnostic appli-
cations. Meanwhile, obtaining higher-resolution in-
formation of vascular and immunocytes in the
intact liver through advanced MOST technology
will further contribute to the analysis of the hepatic
anatomical structure and the uncovering of im-
mune-pathogen crosstalk in the liver.

In the future, continuous exploration of the
spatial distribution of hepatic immune cells and the
hepatic neuron network in intact liver lobe under
physiological and pathophysiological conditions,
developing more efficient data processing schemes,
and creating more fast and more high-resolution
imaging platform will profoundly advance the study
of the intrinsic biological mechanism behind liver
disease and broaden the avenues for studying the
liver anatomy. Moreover, the 3D imaging of the liver
combined with the measurement of multi-omics will
enable spatial multi-omics with high accuracy and
high spatial resolution, which will advance the un-
derstanding of the immunocytes’ function in situ.
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