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ABSTRACT

CD4* T cells are considered to be vital in chronic liver diseases, but their exact roles in hepatic
capillarization, the typical characteristic of liver fibrosis, are poorly understood. This study aimed to assess
the roles of typical subtype of CD4* T cells, named T helper 1 (Th1) and Th2 cells in liver fibrosis. Taking
advantage of well established fibrotic rat model, we conducted in vitro and in vivo experiments to explore
the interactions between liver sinusoidal endothelial cells (LSECs) and Th1/2 cells; meanwhile we evaluated
the degree of hepatic capillarization when inhibiting these interactions with inhibitory antibodies. Our
results showed that prohibiting interactions between Th2 cells and LSECs caused the restoration of
fenestrae, increased cytokine level of Thl cells and reduction of hepatic capillarization; inhibiting the
interaction between Thl cells and LSECs produced the opposite effects. Moreover, increased Rho and
myosin light chain phosphorylation were observed when Thl cells were inhibited with the corresponding
inhibitory antibody; Th2 cell inhibition yielded the opposite results. This study indicated that Th1/2 cells
steer the capillarization process in different directions and this effect is probably mediated by the Rho-Rho
kinase (ROCK)-myosin signaling pathway.

INTRODUCTION

Liver fibrosis results from a variety of chronic damages,
such as viral hepatitis, metabolic diseases, and
nonalcoholic fatty liver disease [1-3], and hepatic
capillarization is the characteristic manifestation during
this process. Numerous factors influence the occurrence
and development of hepatic capillarization, and among
them, immune regulation is a core one [4]. Infiltration
of T cells, particularly the CD4* T cell subpopulation,
was reported to be vital during fibrosis in humans [5]. It
was reported that homeostasis of CD4* T cells is pivotal
in liver fibrosis [6, 7]. T helper (Th) cells, particularly
classical Thl and Th2 cells, can profoundly influence
the fibrotic response and dominate the development of
liver fibrosis [8, 9]. However, the ways in which Th1/2
cells affect hepatic capillarization and the mechanism

underlying these effects remain largely unknown. In
addition, the contribution of adaptive immunity in liver
fibrosis is poorly understood.

Liver sinusoidal endothelial cells (LSECs) are
microvascular endothelial cells in the liver which
possess unique immunological characteristics. Many
studies have confirmed that LSECs could be potent
antigen-presenting cells priming naive CD4* T cells and
affecting cytokine secretion of Th cells [10, 11]. The
mechanism that mediated the recruitment of Th1/2 cells
to LSECs was controversial until Bonder C et al.
verified in 2005 that Thl and Th2 cells adhered to
LSECs via integrin a4 and vascular adhesion protein
(VAP)-1, respectively [12], which was totally different
from the proven selectin-dependent recruitment
paradigm [13, 14].

WWWw.aging-us.com 5069

AGING


mailto:zhyues@mail.sysu.edu.cn
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/

Sinusoidal  endothelial ~ fenestrae  (SEF), which
commonly arranged in sieve plate-like pores under
normal conditions was the unique morphological
structure of LSECs. These pores commonly lack
diaphragm and basal lamina, therefore, they are viewed
as open channels between sinusoidal lumen and the
space of Disse, mediating the exchange in hepatic
sinusoids [15, 16]. However, when chronic liver
damage cannot be eliminated, the LSECs will undergo
defenestration, which was characterized by the
formation of basement membrane and decrease in the
number of SEF [17, 18]. SEF is a type of dynamic
structure, its diameter and number may vary in response
to different substances and circumstances [19]. Changes
of cytoskeleton and Rho signaling pathway exerted
critical influence in modulating SEF in liver fibrosis
[20-22].

In this study, we reported that Th1/2 cells can actively
interact with LSECs in fibrotic rats. We found that
inhibiting the interactions can alter the process of
hepatic capillarization, and this effect probably relied on
cytoskeletal change of LSECs through the Rho-ROCK-
myosin signaling pathway.

RESULTS
Establishment of fibrotic rat model

We established fibrotic rat model by the intraperitoneal
injection of 50% CCl, dissolved in oil. Six weeks later,
the edge of the liver was blunt, and the hepatic surface
was grainy (Figure 1A). Histochemical staining showed
numerous inflammatory cells accumulating in the
hepatic sinusoids, and collagen fibers were deposited in
the space of Disse (Figure 1B, 1C). Scanning electron
microscopy (SEM) and transmission  electron
microscopy (TEM) revealed typical characteristics of
liver capillarization, namely defenestration and
basement membrane formation (Figure 1D, 1E). The
levels of both alanine aminotransferase (ALT) and
aspartate transaminase (AST) were significantly higher
in fibrotic rats than in normal control (NC) group
(Figure 1F). The content of hydroxyproline was
approximately 346.5+7.086 ng/mg liver tissue in
fibrotic rats, which was much higher than that in NC
group (Figure 1G). Moreover, the liver fibrosis score
was higher in fibrotic rats than that in normal rats
(Figure 1H). Taken together, these results indicated the
successful establishment of the liver fibrosis model.

Th cells regulate liver fibrosis by interacting with
LSECs in in vivo experiments

In in vivo experiments, we detected levels of cytokines
after the injection of inhibitory antibodies. Through

observation for 7 consecutive weeks, we found that
secretion of IFN-y, the signature cytokine of Thl cells,
showed an increasing trend in the anti-VAP-1 group and
on the 3 week after injection, it increased to a
significant high level; however, a decreasing trend was
observed in the anti-integrin o4 group and the level
decreased to a significant low value at the 3" week after
injection. In the co-injection group and the two control
groups (irrelevant isotype-matched control antibody
group (NS1) and NC), no significant changes were
detected over the observation period (Figure 2A).
Similarly, the expression of IL-4, IL-5 and IL-13, the
signature Th2 cytokines showed decreasing trend in the
anti-VAP-1 group but an increasing trend in the anti-
integrin a4 group (Figure 2B-2D). Compared with
initial level, the transaminase (ALT and AST) dropped
to a significantly lower level on the 3 week in the anti-
VAP-1 group, however it showed a much less
decreasing extent in the anti-integrin a4 group (Figure
2E, 2F). The hydroxyproline content was initially high
in each experimental group; however, on the 3" week
after anti-VAP-1 injection, the content began to
decrease significantly. And similarly, the decreasing
extent was much less in the anti-integrin o4 group
(Figure 2G). To further demonstrate the specificities of
anti-VAP-1 monoclonal antibody (mAb) and anti-
integrin a4 mAb, we compared each experimental group
to the NS1 group according the cytokine level of Th
cells at the 3 week after injection, and the results
showed a good specificity (Supplementary Figure 1).

From these results, we concluded that external
intervention  with inhibitory antibodies exerted
substantial effects beginning on about the 3 week after
administration. Therefore, we investigated the changes
of morphological structure in each group on the 3
week after injection and found that, as shown in Figure
3A, 3E, the fibrosis score in the anti-VAP-1 group was
much lower than that in the other experimental groups;
however, in the anti-integrin a4 group, the score was
still at a high level. CD34 is an endothelial adhesion
molecule, which is not expressed on normal LSECs but
is usually viewed as a capillarization marker in liver
fibrosis [12, 23, 24]. By immunohistochemical staining,
we showed that CD34 expression in the anti-VAP-1
group was significantly lower than that in the other
experimental groups, indicating that inhibiting the
adhesion of Th2 cells to LSECs with the inhibitory anti-
VAP-1 antibody could dramatically prevent the
progression of hepatic capillarization or even fibrosis to
some extent, but inhibiting the adhesion of Th1 cells to
LSECs with the inhibitory anti-integrin a4 antibody
exerted the opposite effects (Figure 3B, 3F). Similarly,
we investigated defenestration and basement membrane
formation in each group and observed that compared
with other treatments, injection with the anti-VAP-1
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Figure 1. Establishment of the rat model of liver fibrosis. (A) General appearance of liver in the model group and the normal control
group. (B, C) HE and Masson staining of liver tissues from the model group and normal control group: inflammatory cells accumulated in the
hepatic sinusoids and collagen fibers deposited in the space of Disse (the black head of arrow indicates infiltrating lymphocytes). (D) SEM:
defenestration changes in the model group compared with those in the normal control group (the yellow head of arrow indicates fenestrae).
(E) TEM: formation of a basement membrane in the model group compared with that in the normal control group (the red irregular area in
the normal control group indicated LSECs; and in the model group, the red arrow showed the discontinuous basement membrane). (F)
Transaminase levels in the model group and the normal control group. (G) Hydroxyproline content in the model group and the normal
control group. (H) Liver fibrosis score in the model group and the normal control group. **p < 0.01, ***p < 0.001.
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Figure 2. Changes of cytokines, transaminase and hydroxyproline content in each group in in vivo experiments. (A—F) Analysis
of cytokines (IFN-y, IL-4, IL-5 and IL-13) and serum ALT, AST in each experimental group and each control group. (G) Analysis of

hydroxyproline content in each group. At least 3 rats could be used to repeat the experiment at each week point. *p < 0.05, **p < 0.01, ***p
<0.001.
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antibody had the greatest effect on reversing the process
of defenestration and reducing basement membrane
deposition (Figure 3C, 3D, 3G).

Taken together, these results suggested that preventing
the adhesion of Th cells to LSECs affects the
progression of hepatic capillarization. Moreover,
inhibiting Th2 lymphocyte adhesion to LSECs can
reduce or even reverse the extent of liver fibrosis to
some extent.

Th cells regulate fenestrae by interacting with
LSECs in in vitro experiments

Next we cocultured isolated Th cells and LSECs from
fibrotic rats in a culture plate, and collected the
supernatant from each well at the 1 h, 2 h-, 3 h-, 4h- and

Co-injection
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i
;.
i

5 h time points. As shown in Figure 4A, the results
showed that cytokine secretion by Thl or Th2 cells
began to show significant changes at approximately 2 h
or 3 h after the initiation of coculture in the anti-VAP-1
group and the anti-integrin a4 group, indicating that
inhibitory antibodies exerted substantial effects
beginning at about the 3 hour after coculturing.
Thereafter, we further investigated the ultrastructural
morphological changes of LSECs in each group at the
3 hour after coculturing. SEM results showed that the
addition of the anti-VAP-1 antibody can promote the
reversion of LSECs from defenestration; more and
larger fenestrae were found at the 3" hour after the
initiation of coculture. And this structural change
reflects, to some extent, the reduction of hepatic
capillarization (Figure 4B, 4C). However, inhibition by
the addition of the anti-integrin a4 antibody delayed the
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Figure 3. Morphological change in each group in the in vivo experiments. (A) Collagen fiber distribution in each group. (B) CD34
expression in each group (the black head of arrow indicates CD34). (C) Changes of fenestrae in each group (the yellow head of arrow
indicates fenestrae on the LSECs). (D) Changes in the basement membrane between the experimental groups and the control groups (the red
circle in the NC group indicated the fenestrae on LSECs, and red arrow in other groups showed the basement membrane). (E) Liver fibrosis
score of each group in (A). (F) Quantification of CD34 expression of each group in (B). (G) Quantification of fenestrae number of each group in

(€). *p < 0.05, **p < 0.01, ***p < 0.001.
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reversal of defenestration (Figure 4B, 4C). Similarly,
we conducted a cellular immunofluorescence assay to
evaluate the expression of CD34 on isolated LSECs in
each group and found that anti-VAP-1 antibody
treatment markedly reduced CD34 expression relative
to that in the other experimental groups (Figure 5).

Th cells influence LSECs most likely through
cytoskeletal alterations mediated by the Rho-ROCK-
myosin pathway

Previous studies have shown that SEF size was
regulated by actomyosin [22, 25, 26]; besides, Rho
signaling pathway was critical in modulating
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cytoskeleton [20-22]. Combining the results in this
study that blocking interactions between Th
lymphocytes and LSECs led to changes of SEF size
(Figure 4B, 4C), we hypothesized that Th1/2 cells likely
influenced hepatic capillarization through cytoskeletal
alterations mediated by the canonical Rho-ROCK-
myosin signaling pathway. To prove this reasonable
hypothesis, we performed an immunofluorescence
confocal microscopy assay by staining F-actin stress
fibers and phosphorylated myosin light chain (p-MLC)
to elucidate the mechanism underlying the morpho-
logical change of fenestrae in in vitro experiments.
Isolated LSECs treated with the anti-VAP-1 antibody

had lower p-MLC content than that in other
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Figure 4. Changes of cytokine levels and changes of LSEC structure in the in vitro coculture experiments. (A) Analysis of
cytokines (IFN-y and IL-4) levels at different coculture time points. (B) Distribution and size variance of fenestrae in each group after coculture
for 3 h (the yellow head of arrow indicates fenestrae on the LSECs). (C) Quantification of fenestrae number and porosity of each group in (B).

*p < 0.05, **p < 0.01, ***p < 0.001.

WWWw.aging-us.com

5074

AGING



experimental groups. In addition, a loss of stress fibers
was observed in anti-VAP-1 group compared with that
in other experimental groups. However, in the anti-
integrin a4 group, p-MLC and F-actin stress fiber
content showed the highest levels compared with other
groups (Figure 6). To further confirm the light and
electron microscopy results and to investigate the role
of the Rho-ROCK-myosin pathway in the alteration of
SEF, we performed western blot for Rho and p-MLC,
the two key proteins of this signaling pathway, and
found that expressions of Rho and p-MLC were lower
in anti-VAP-1 antibody LSECs but relatively higher in
anti-integrin a4 antibody LSECs than other groups
(Figure 7).

DISCUSSION
Previous studies have reported that CD4* T cells

participate in immune regulation in the liver [27, 28]. In
this study, we found the importance of the balance

A

between Thl and Th2 cells in maintaining the process
of hepatic capillarization, consistent with previous
studies [11, 14, 29]. We provided evidence that
inhibiting the interaction of Th1/2 cells with LSECs can
affect hepatic capillarization or even liver fibrosis in
different directions. Specifically, after the interaction of
Th2 cells with fibrotic LSECs was inhibited, the
structure of SEF could be altered, thus leading to a
reduction of defenestration and even recovery of hepatic
capillarization; inhibiting Thl cells with LSECs with
specific inhibitory anti-integrin o4 antibody delayed
these effects. Moreover, we showed that the structural
alteration of SEF was mediated by the Rho-ROCK-
myosin pathway. These findings were consistent with
previous observations that splenic Th2 cells promoted
liver fibrosis and that actin dilatation caused the
restoration of fenestrae [7, 22, 26].

The mechanism that mediated the recruitment of Thl
and Th2 cells was largely unclear for many years. The
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Figure 5. Expression of CD34 on LSECs in each group after in vitro coculture for 3 h. (A) Immunofluorescence staining for CD34
expression on LSECs (original magnification 100x). Anti-CD34 antibodies were labeled with Alexa Fluor 488 (green), and cell nuclei were
labeled with DAPI (blue). (B) Quantification of CD34 expression of each group in (A). ***p < 0.001.
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classic paradigm for leukocyte recruitment was based
on a selectin-dependent mechanism until Bonder C et
al. verified in 2005 that Th1 and Th2 cells interact with
LSECs via integrin a4 and VAP-1, respectively [12].
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After that, roles of integrin o4 and VAP-1 in
lymphocyte recruitment in liver sinusoids were
gradually established (Figure 8A). As shown in our
study, blocking interactions between Th1/2 cells and
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Figure 6. Changes of F-actin and p-MLC in each group in in vitro experimental groups. (A) Anti-VAP-1 antibody treatment induces a
loss of stress fibers and p-MLC in isolated LSECs after coculture for 3 h, however anti-integrin a4 antibody treatment produces the opposite
effect. F-actin (red) staining with Alexa Fluor 555 and p-MLC (green) staining with Alexa Fluor 488 were examined by confocal
immunofluorescence microscopy. Nuclei (blue) were counterstained with DAPI. The scale bar denotes 20 um. (B) Quantification of F-actin

and p-MLC expression of each group in (A). ***p < 0.001.
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LSECs with inhibitory antibodies induced different effects,
which were consistent with previous studies [12, 30].
Additionally, under physiological conditions, Thl and Th2
cells have been proven to be in dynamic balance,
maintaining immune system activity. However, after the
liver is affected by some chronic liver diseases, the balance
is disrupted and predominantly shifts towards one direction,
a process called "polarization™ [7, 31]. As previously shown
[7, 32], Th2 cells are crucial in fibrotic disorders by shifting
the cytokine balance towards Th2 dominance; this finding
was consistent with our results that inhibiting Th2 cell
recruitment using the anti-VAP-1 antibody alleviated the
progression of hepatic capillarization or even liver fibrosis
by altering the Th2 dominance.

Fenestration, which is characterized by scattered
fenestrae on the surface of LSECs, constitutes the
unique phenotype of LSECs. Commonly, under long-
term exposure to hepatotoxic substances, differentiated
LSECs will lose their normal phenotype and transition
into another state preceding fibrosis, a process called
"capillarization” [33]. Then, lymphocytes recruited into
sinusoids, where they interacted with different cells
such as LSECs, hepatic stellate cells (HSCs) and
hepatocytes to regulate progression from capillarization
to liver fibrosis [34-37]. Our study revealed a similar
defenestration phenomenon in the fibrotic rat model.
However, the stimulus initiating these changes—in
other words, the trigger of defenestration—is not yet
fully known, although numerous factors, such as
aflatoxin  [38-40], the c-terminal fragment of
thrombospondin-1 (P4N1) [41] and iron overload [42]
have been reported as possible causes. Because
cytoskeletal changes can alter the size of fenestrae and
because the cytoskeleton is regulated by actomyosin

0.37 0.16

0.15

0.18

RhOAﬁ S e e—

0.17

(Figure 8B) [22, 25, 26], we explored changes in
cytoskeletal signaling after preventing the interaction of
Th2 cells with LSECs and found decreased Rho
activation and MLC phosphorylation, which caused the
subsequent dilatation of cytoskeletal actin around
LSECs and alleviated hepatic capillarization (Figure
8B).

Our research still has some limitations. Firstly, changes
of the Rho-ROCK-myosin pathway may not be the
direct results caused by Th1/2 lymphocytes, the specific
mechanism and possible intermediate medium still need
to be further explored. Secondly, additional studies are
still needed in the future to reveal the relevance between
the Rho-ROCK-myosin pathway and another classical
nitric oxide (NO)-mediated pathway [18] and to
develop new drugs.

This research creatively studied the effect of blocking
the recruitment and interaction of Th1/2 lymphocytes to
LSECs in the fibrotic liver and explored the possible
mechanism at the cytoskeletal level. We elucidated the
correlation between circulating Th1/2 cells and liver
sinusoids, and provided new insights into the alleviation
or even regression of liver fibrosis.

CONCLUSIONS

Taken together, our data provided evidence that Th1/2
lymphocytes interacted with LSECs through different
adhesion molecules and that inhibiting these
interactions influenced the progression of hepatic
capillarization or even liver fibrosis to some extent,
which was likely mediated by the Rho-ROCK-myosin
pathway.

0.27 0.06

22KD

0.21 0.09

pMLC“ R PR e g 18KD

B-actin- & & é &42}@

N\

Mg

\ ¢

b,(QAAb

seC R\
i e \
L SE

Figure 7. Western blot analysis of RhoA and p-MLC levels of isolated LSECs in each group in the co-cultivation systems. The
level was higher in Lane 1 (anti-integrin a4 antibody group) than in lane 4 (pure isolated LSECs from fibrotic rats). And the level was lowest in

lane 5 (anti-VAP-1 antibody group).
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Figure 8. Schematic of the interaction between Th1/Th2 cells and LSECs and the mechanism underlying this interaction. (A)
Interaction between Th1/Th2 cells and LSECs. (B) Pattern of cytoskeletal alteration mediated by the Rho-ROCK-myosin pathway. Interactions
between Th1/2 cells and LSECs exerted different effects. Specifically, interactions between Th2 cells and LSECs activated the signal pathway
to promote phosphorylation of myosin light chain (MLC), hence causing the contraction of cytoskeletal actin around LSECs and subsequent
defenestration, however interactions between Th1l cells and LSECs exerted an opposite effect. MLCP, myosin light chain phosphatase.
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MATERIALS AND METHODS
Animals

One-month-old male wistar rats weighing 80-100 grams
were used to establish the model of liver fibrosis
according to a previous method [43]. Briefly, repeated
intraperitoneal injection of 50% carbon tetrachloride
(CCly) dissolved in corn oil (0.3 ml/100 g, twice a week
for 6 weeks) were administered. The animals were
housed two per cage and were fed standard laboratory
chow. The study was approved by the Sun Yat-sen
University Animal Ethics Committee. The rats either
received access to rat chow and water ad libitum until
the time of surgery or received only water for 24 h prior
to surgery. Anesthesia was induced by the
intraperitoneal injection of 3% sodium pentobarbital
solution (30 mg/kg).

Administration of inhibitory antibodies to model
rats

After the model was established, the rats were treated
with corresponding inhibitory antibodies. The binding
specificities of anti-VAP-1 monoclonal antibody (mAb)
(174-5, mouse 1gG1l, Abcam, MA, USA) and anti-
integrin a4 mAb (TA-2, mouse 1gG1, ThermoFisher,
USA) were fully demonstrated in published studies [44,
45]. A dose of 2 mg/kg anti-VAP-1 antibody was
conducted for each rat every second day after the initial
injection (anti-VAP-1 group); some fibrotic rats
received daily injections of anti-integrin a4 antibody (5
mg/kg) (anti-integrin o4 group) or both two (co-
injection group); irrelevant isotype-matched control
antibody (NS1) 2mg/kg every other day was
administrated to some rats as the control group (NS1).
We divided the fibrotic rats into 4 experimental groups,
named the anti-VAP-1 group, the anti-integrin o4
group, the combined injection (coinjection) group with
anti-VAP-1 and anti-integrin o4 and the control group
(NS1), and normal rats from the same batch were
selected as the normal control (NC) group. Each group
had at least 21 rats, and antibody diluted with sterilized
physiological saline to a volume of 500 pul was injected
i.v. via a tail vein. Then, we detected the changes of
cytokine  secretion, transaminase level, CD34
expression, fenestrae number, and cytoskeletal
morphology in each group.

Isolation and purification of rat LSECs

According to a previous method [46], collagenase
perfusion and percoll layers of different density gradients
(25% and 50%) (GE Healthcare, MA, USA) were used to
isolate LSECs. After harvested, they were seeded on 12
mm coverslips (Electron Microscopy Sciences, PA,

USA) coated with type | collagen (ThermoFisher
Scientific, MA, USA) at a density of 2.5x10° cells/cm?.
The purity of the cultured LSECs was > 90%, as
determined by immunofluorescence assays with anti-von
Willebrand factor (vVWF) (11778-1-AP, Proteintech) and
anti-endothelial cell antigen-1 (RECA-1) antibodies
(ab9774, Abcam, UK) (Supplementary Figure 2).

Purification of CD4* T cells and differentiation of
Thl and Th2 cells

We used superparamagnetic polystyrene beads
(Miltenyi Biotec GmbH, Germany) coated with a mouse
anti-rat CD4 mAb (isotype: mouse IgG2a, «; clone:
0X-38) to harvest CD4* T cells from spleen-derived
lymphocytes, which were extracted using rat tissue
lymphocyte isolation kit according to the protocol. The
purity of CD4* T cells was > 90%, as determined by a
flow cytometry assay (Supplementary Figure 3). Then
CD4* T cells were stimulated to differentiate Th1 or
Th2 with stimulating factors for 6 days, followed by
published studies previously [12, 47-49]. Briefly, for
Thl polarization, 10 ng/ml recombinant interleukin-2
(rIL-2), 5 ng/ml rIL-12 and 30 pg/ml anti-1L-4 were
used; for Th2 polarization, 10 ng/ml riL-2, 40 ng/ml
riL-4, 30 pg/ml anti-IL-12 and 30 pg/ml anti-IFN-y
were used (all cytokines and antibodies against
cytokines were purchased from PeproTech Inc., NJ,
USA). After the differentiation into Thl and Th2 cells,
we detected the levels of IFN-y and IL-4, IL-5 and IL-
13, which could be viewed as the signature cytokines of
Thl and Th2 respectively [50] to identify the purity of
Th1 and Th2 cells (Supplementary Figure 4).

Coculture of LSECs with Th cells

Isolated LSECs from fibrotic rats were seeded at a
density of 1x10°cells/ml in culture plates, and Thl and
Th2 lymphocytes (at an adjusted concentration of 9x10*
cells/ml per type) were then added into the culture
system. After adding antibodies, we assessed cytokine
level, fenestrae structure and protein level of the Rho-
ROCK-myosin pathway in each group. Each assay was
conducted at least 3 times, and 20 pg of each inhibitory
antibody was added to each well.

Enzyme-linked immunosorbent assay (ELISA)

The concentrations of IFN-y, IL-4, IL-5, IL-13, ALT
and AST were measured by ELISA (R&D Systems,
MN, USA) [51].

Hematoxylin-eosin (HE)/masson staining

HE and Masson staining (all reagents were purchased
from Beyotime Institute of Biotechnology, Shanghai,
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China) were conducted as a published study [52]. The
liver fibrosis score was evaluated according to the
method described in a previous study [53].

Immunohistochemical staining

Paraffin-embedded and formalin-fixed samples were cut
into 4-pum-thick sections, which were then processed for
immunohistochemical staining [54].

Hydroxyproline content measurement

Liver tissues were homogenized in ice-cold distilled
water (1 ml). The subsequent steps were conducted
according to a previous protocol [7]. The results are
shown as nanograms of hydroxyproline per milligram
of liver tissue.

Scanning electron microscopy (SEM)

The structure of SEF was observed by SEM [55].
Briefly, samples were fixed with 2.5% glutaraldehyde
and postfixed with 1% osmium tetroxide. Then, samples
were critical point dried, sputter coated with gold, and
finally examined with a JSM-T200 SEM (JEOL, Tokyo,
Japan).

Image analysis

Measurements of the fenestrae number and porosity
(total fenestration area) were performed using Image J
software [56]. The index fenestrae/um? was calculated
according to the total fenestrae number normalized to
the cell area per image. To calculate the porosity/um?,
the fenestrated area in each image was summed to yield
the total area, which was then normalized to the total
area of the cell. For each experiment, at least five
images were analyzed per sample.

Transmission electron microscopy (TEM)

We used TEM to examine the changes of SEF and the
basement membrane [25].

Confocal immunofluorescence microscopy

Specimens were fixed, stained with an anti-
phosphorylated myosin light chain (p-MLC) rabbit mAb
(#3671, CST, MA, USA) and an anti-F-actin mouse
mAb (ab205, Abcam), and then incubated with the
corresponding secondary antibodies (Alexa Fluor 488
and Alexa Fluor Plus 555 (ThermoFisher), respectively)
at room temperature for 1 h. Samples were visualized
using a laser scanning confocal microscope (LSM780,
Zeiss).

Western blot analysis

Total protein of cultured LSECs was separated on 12%
SDS-PAGE gels and transferred to nitrocellulose
membranes (0.45 pm or 0.2 um). The levels of RhoA
and p-MLC were detected with an enhanced
chemiluminescence (ECL) kit (#6883S, CST, MA,
USA) according to the instructions. The antibodies used
were as follows: an anti-RhoA primary antibody
(ab54835, Abcam, MA, USA) and an anti-p-MLC
primary antibody (#3671, CST, MA, USA). An anti-f-
actin antibody (Abcam, MA, USA) was used as a
control.

Statistical analysis

The data are shown as the means + standard deviation
(SD). Differences between groups were analyzed using
Student’s t-test if only two groups were compared or
using one-way analysis of variance (ANOVA) if more
than two groups were compared. All statistical tests
were two-tailed. All experiments were performed at
least three independent times. P < 0.05 was considered
statistically significant.

Abbreviations

LSECs: liver sinusoidal endothelial cells; Thl: T helper 1;
IFN-y: interferon-y; IL-4: interleukin-4; ELISA: enzyme-
linked immunosorbent assay; SEM: scanning electron
microscopy; TEM: transmission electron microscope; p-
MLC: phosphorylated myosin light chain; ROCK: Rho
associated coiledcoil forming protein kinase; NAFLD:
nonalcoholic  fatty liver disease; ASH: alcoholic
steatohepatitis; NASH: nonalcoholic  steatohepatitis;
CCl4: carbon tetrachloride; VAP-1: vascular adhesion
protein-1; Co-injection: combined injection; NS: normal
saline; NC: normal control; vWF: von Willebrand factor;
RECA-1: endothelial cell antigen-1; ALT: alanine
aminotransferase; AST: aspartate transaminase; HE:
haematoxylin-eosin; HSC: hepatic stellate cell; NO: nitric
oxide.

AUTHOR CONTRIBUTIONS

Y.S.Z. and M.X.X. made substantial contribution to the
conceptual design, data analysis and manuscript writing
and editing. J.X.H., X.H., N.L. and M.H.D. collected
the data, conducted the experiments, analyzed the
results, and revised the figures. All authors have read
and approved the final version of the manuscript.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of
interest.

WWWw.aging-us.com 5080

AGING



FUNDING 8.

This work was supported by the National Natural Science

Fund of China (81470860), the National Natural Science
Foundation Regional Science Fund of China (81760112), 9.
the Science and Technology Planning Project of
Guangdong Province (2017b020247057) and National

Natural Science Foundation Special Support Project of the

Third Affiliated Hospital of Sun Yat-sen University
(2020GZRPYQNO09).

REFERENCES

10.

1. Friedman SL. Molecular regulation of hepatic fibrosis,
an integrated cellular response to tissue injury. J Biol
Chem. 2000; 275:2247-50.
https://doi.org/10.1074/jbc.275.4.2247
PMID:10644669

2. Poynard T, Mathurin P, Lai CL, Guyader D, Poupon R,
Tainturier MH, Myers RP, Muntenau M, Ratziu V,

Manns M, Vogel A, Capron F, Chedid A, Bedossa P, and 11.

PANFIBROSIS Group. A comparison of fibrosis
progression in chronic liver diseases. J Hepatol. 2003;
38:257-65.
https://doi.org/10.1016/s0168-8278(02)00413-0
PMID:12586290

3. Bataller R, Brenner DA. Liver fibrosis. J Clin Invest. 12.

2005; 115:209-18.
https://doi.org/10.1172/JCI24282 PMID:15690074

4. Albano E. Role of adaptive immunity in alcoholic liver
disease. Int J Hepatol. 2012; 2012:893026.
https://doi.org/10.1155/2012/893026
PMID:22229098

5. Inzaugarat ME, Ferreyra Solari NE, Billordo LA, Abecasis
R, Gadano AC, Cheriiavsky AC. Altered phenotype and
functionality of circulating immune cells characterize
adult patients with nonalcoholic steatohepatitis. J Clin
Immunol. 2011; 31:1120-30.
https://doi.org/10.1007/s10875-011-9571-1
PMID:21845516

6. Cheng LS, Liu Y, Jiang W. Restoring homeostasis of

CD4* T cells in hepatitis-B-virus-related liver fibrosis. 14.

World J Gastroenterol. 2015; 21:10721-31.
https://doi.org/10.3748/wjg.v21.i38.10721
PMID:26478664

7. Tanabe K, Taura K, Koyama Y, Yamamoto G, Nishio T,

Okuda Y, Nakamura K, Toriguchi K, Takemoto K, 15.

Yamanaka K, lwaisako K, Seo S, Asagiri M, et al.

Migration of splenic lymphocytes promotes liver

fibrosis through modification of T helper cytokine

balance in mice. J Gastroenterol. 2015; 50:1054—68. 16
https://doi.org/10.1007/s00535-015-1054-3

PMID:25724556

13.

Wynn TA. Fibrotic disease and the T(H)1/T(H)2
paradigm. Nat Rev Immunol. 2004; 4:583-94.
https://doi.org/10.1038/nri1412

PMID:15286725

Chiaramonte MG, Donaldson DD, Cheever AW,
Wynn TA. An IL-13 inhibitor blocks the development
of hepatic fibrosis during a T-helper type 2-
dominated inflammatory response. J Clin Invest.
1999; 104:777-85.

https://doi.org/10.1172/JCI7325

PMID:10491413

Knolle PA, Schmitt E, Jin S, Germann T, Duchmann R,
Hegenbarth S, Gerken G, Lohse AW. Induction of
cytokine production in naive CD4(+) T cells by antigen-
presenting murine liver sinusoidal endothelial cells but
failure to induce differentiation toward Thl cells.
Gastroenterology. 1999; 116:1428-40.
https://doi.org/10.1016/s0016-5085(99)70508-1
PMID:10348827

Neumann K, Rudolph C, Neumann C, Janke M, Amsen
D, Scheffold A. Liver sinusoidal endothelial cells induce
immunosuppressive IL-10-producing Th1 cells via the
notch pathway. Eur J Immunol. 2015; 45:2008-16.
https://doi.org/10.1002/eji.201445346
PMID:25884798

Bonder CS, Norman MU, Swain MG, Zbytnuik LD,
Yamanouchi J, Santamaria P, Ajuebor M, Salmi M,
Jalkanen S, Kubes P. Rules of recruitment for Th1 and
Th2 lymphocytes in inflamed liver: a role for alpha-4
integrin and vascular adhesion protein-1. Immunity.
2005; 23:153-63.
https://doi.org/10.1016/j.immuni.2005.06.007
PMID:16111634

Macconi D, Foppolo M, Paris S, Noris M, Aiello S,
Remuzzi G, Remuzzi A. PAF mediates neutrophil
adhesion to thrombin or TNF-stimulated endothelial
cells under shear stress. Am J Physiol. 1995;
269:C42-47.
https://doi.org/10.1152/ajpcell.1995.269.1.C42
PMID:7631759

Lalor PF, Shields P, Grant A, Adams DH. Recruitment of
lymphocytes to the human liver. Immunol Cell Biol.
2002; 80:52-64.
https://doi.org/10.1046/].1440-1711.2002.01062.x
PMID:11869363

Oda M, Yokomori H, Han JY. Regulatory mechanisms of
hepatic microcirculation. Clin Hemorheol Microcirc.
2003; 29:167-82.

PMID:14724338

. Wisse E. An electron microscopic study of the

fenestrated endothelial lining of rat liver sinusoids. J
Ultrastruct Res. 1970; 31:125-50.

WWWw.aging-us.com 5081

AGING


https://doi.org/10.1074/jbc.275.4.2247
https://pubmed.ncbi.nlm.nih.gov/10644669
https://doi.org/10.1016/s0168-8278(02)00413-0
https://pubmed.ncbi.nlm.nih.gov/12586290
https://doi.org/10.1172/JCI24282
https://pubmed.ncbi.nlm.nih.gov/15690074
https://doi.org/10.1155/2012/893026
https://pubmed.ncbi.nlm.nih.gov/22229098
https://doi.org/10.1007/s10875-011-9571-1
https://pubmed.ncbi.nlm.nih.gov/21845516
https://doi.org/10.3748/wjg.v21.i38.10721
https://pubmed.ncbi.nlm.nih.gov/26478664
https://doi.org/10.1007/s00535-015-1054-3
https://pubmed.ncbi.nlm.nih.gov/25724556
https://doi.org/10.1038/nri1412
https://pubmed.ncbi.nlm.nih.gov/15286725
https://doi.org/10.1172/JCI7325
https://pubmed.ncbi.nlm.nih.gov/10491413
https://doi.org/10.1016/s0016-5085(99)70508-1
https://pubmed.ncbi.nlm.nih.gov/10348827
https://doi.org/10.1002/eji.201445346
https://pubmed.ncbi.nlm.nih.gov/25884798
https://doi.org/10.1016/j.immuni.2005.06.007
https://pubmed.ncbi.nlm.nih.gov/16111634
https://doi.org/10.1152/ajpcell.1995.269.1.C42
https://pubmed.ncbi.nlm.nih.gov/7631759
https://doi.org/10.1046/j.1440-1711.2002.01062.x
https://pubmed.ncbi.nlm.nih.gov/11869363
https://pubmed.ncbi.nlm.nih.gov/14724338

17.

18.

19.

20.

21.

22.

23.

24,

25.

https://doi.org/10.1016/s0022-5320(70)90150-4
PMID:5442603

Wang BY, Ju XH, Fu BY, Zhang J, Cao YX. Effects
of ethanol on liver sinusoidal endothelial cells-
fenestrae of rats. Hepatobiliary Pancreat Dis Int.
2005; 4:422-26.
PMID:16109529

Xie G, Wang X, Wang L, Wang L, Atkinson RD, Kanel GC,
Gaarde WA, Deleve LD. Role of differentiation of liver
sinusoidal endothelial cells in progression and
regression of hepatic fibrosis in rats. Gastroenterology.
2012; 142:918-27.e6.
https://doi.org/10.1053/j.gastro.2011.12.017
PMID:22178212

Braet F, Wisse E. Structural and functional aspects of
liver sinusoidal endothelial cell fenestrae: a review.
Comp Hepatol. 2002; 1:1.
https://doi.org/10.1186/1476-5926-1-1
PMID:12437787

Venkatraman L, Tucker-Kellogg L. The CD47-binding
peptide of thrombospondin-1 induces defenestration
of liver sinusoidal endothelial cells. Liver Int. 2013;
33:1386-97.

https://doi.org/10.1111/liv.12231 PMID:23799952

Monkeméller V, @ie C, Hibner W, Huser T, McCourt P.
Multimodal  super-resolution optical microscopy
visualizes the close connection between membrane
and the cytoskeleton in liver sinusoidal endothelial cell
fenestrations. Sci Rep. 2015; 5:16279.
https://doi.org/10.1038/srep16279 PMID:26549018

Yokomori H, Yoshimura K, Funakoshi S, Nagai T,
Fujimaki K, Nomura M, Ishii H, Oda M. Rho modulates
hepatic sinusoidal endothelial fenestrae via regulation
of the actin cytoskeleton in rat endothelial cells. Lab
Invest. 2004; 84:857-64.
https://doi.org/10.1038/labinvest.3700114
PMID:15107805

Miyao M, Kotani H, Ishida T, Kawai C, Manabe S, Abiru
H, Tamaki K. Pivotal role of liver sinusoidal endothelial
cells in NAFLD/NASH progression. Lab Invest. 2015;
95:1130-44.
https://doi.org/10.1038/labinvest.2015.95
PMID:26214582

Scoazec JY, Feldmann G. The cell adhesion molecules
of hepatic sinusoidal endothelial cells. J Hepatol. 1994;
20:296-300.
https://doi.org/10.1016/s0168-8278(05)80072-8
PMID:8006410

Braet F, De Zanger R, Baekeland M, Crabbé E, Van Der
Smissen P, Wisse E. Structure and dynamics of the
fenestrae-associated cytoskeleton of rat liver
sinusoidal endothelial cells. Hepatology. 1995;

26.

27.

28.

29.

30.

31

32.

33.

34.

21:180-9.
PMID:7806153

Yokomori H, Yoshimura K, Nagai T, Fujimaki K, Nomura
M, Hibi T, Ishii H, Oda M. Sinusoidal endothelial
fenestrae organization regulated by myosin light chain
kinase and Rho-kinase in cultured rat sinusoidal
endothelial cells. Hepatol Res. 2004; 30:169-74.
https://doi.org/10.1016/j.hepres.2004.08.002
PMID:15588783

Khandoga A, Hanschen M, Kessler JS, Krombach F.
CD4+ T cells contribute to postischemic liver injury in
mice by interacting with sinusoidal endothelium and
platelets. Hepatology. 2006; 43:306—15.
https://doi.org/10.1002/hep.21017 PMID:16440342

Kang TW, Yevsa T, Woller N, Hoenicke L, Wuestefeld T,
Dauch D, Hohmeyer A, Gereke M, Rudalska R,
Potapova A, lken M, Vucur M, Weiss S, et al.
Senescence surveillance of pre-malignant hepatocytes
limits liver cancer development. Nature. 2011;
479:547-51.

https://doi.org/10.1038/nature10599 PMID:22080947

Carambia A, Frenzel C, Bruns OT, Schwinge D, Reimer
R, Hohenberg H, Huber S, Tiegs G, Schramm C, Lohse
AW, Herkel J. Inhibition of inflammatory CD4 T cell
activity by murine liver sinusoidal endothelial cells. J
Hepatol. 2013; 58:112-18.
https://doi.org/10.1016/j.jhep.2012.09.008
PMID:22989568

Navarro-Partida J, Martinez-Rizo AB, Gonzalez-Cuevas
J, Arrevillaga-Boni G, Ortiz-Navarrete V, Armendariz-
Borunda J. Pirfenidone restricts Th2 differentiation in
vitro and limits Th2 response in experimental liver
fibrosis. Eur J Pharmacol. 2012; 678:71-77.
https://doi.org/10.1016/j.ejphar.2011.12.025
PMID:22222821

Rehermann B, Chang KM, McHutchison JG, Kokka R,
Houghton M, Chisari FV. Quantitative analysis of the
peripheral blood cytotoxic T lymphocyte response in
patients with chronic hepatitis C virus infection. J Clin
Invest. 1996; 98:1432-40.
https://doi.org/10.1172/)C1118931 PMID:8823309

mechanisms and
Immunol. 2015;

Wynn TA. Type 2
therapeutic strategies.
15:271-82.

https://doi.org/10.1038/nri3831 PMID:25882242

cytokines:
Nat Rev

Deleve LD. Liver sinusoidal endothelial cells in hepatic
fibrosis. Hepatology. 2015; 61:1740-46.
https://doi.org/10.1002/hep.27376

PMID:25131509

Shields PL, Morland CM, Salmon M, Qin S, Hubscher
SG, Adams DH. Chemokine and chemokine receptor
interactions provide a mechanism for selective

WWWw.aging-us.com

5082

AGING


https://doi.org/10.1016/s0022-5320(70)90150-4
https://pubmed.ncbi.nlm.nih.gov/5442603
https://pubmed.ncbi.nlm.nih.gov/16109529
https://doi.org/10.1053/j.gastro.2011.12.017
https://pubmed.ncbi.nlm.nih.gov/22178212
https://doi.org/10.1186/1476-5926-1-1
https://pubmed.ncbi.nlm.nih.gov/12437787
https://doi.org/10.1111/liv.12231
https://pubmed.ncbi.nlm.nih.gov/23799952
https://doi.org/10.1038/srep16279
https://pubmed.ncbi.nlm.nih.gov/26549018
https://doi.org/10.1038/labinvest.3700114
https://pubmed.ncbi.nlm.nih.gov/15107805
https://doi.org/10.1038/labinvest.2015.95
https://pubmed.ncbi.nlm.nih.gov/26214582
https://doi.org/10.1016/s0168-8278(05)80072-8
https://pubmed.ncbi.nlm.nih.gov/8006410
https://pubmed.ncbi.nlm.nih.gov/7806153
https://doi.org/10.1016/j.hepres.2004.08.002
https://pubmed.ncbi.nlm.nih.gov/15588783
https://doi.org/10.1002/hep.21017
https://pubmed.ncbi.nlm.nih.gov/16440342
https://doi.org/10.1038/nature10599
https://pubmed.ncbi.nlm.nih.gov/22080947
https://doi.org/10.1016/j.jhep.2012.09.008
https://pubmed.ncbi.nlm.nih.gov/22989568
https://doi.org/10.1016/j.ejphar.2011.12.025
https://pubmed.ncbi.nlm.nih.gov/22222821
https://doi.org/10.1172/JCI118931
https://pubmed.ncbi.nlm.nih.gov/8823309
https://doi.org/10.1038/nri3831
https://pubmed.ncbi.nlm.nih.gov/25882242
https://doi.org/10.1002/hep.27376
https://pubmed.ncbi.nlm.nih.gov/25131509

35.

36.

37.

38.

39.

40.

41.

T cell recruitment to specific liver compartments
within hepatitis C-infected liver. J Immunol. 1999;
163:6236-43.

PMID:10570316

Narumi S, Yoneyama H, Inadera H, Nishioji K, Itoh Y,
Okanoue T, Matsushima K. TNF-alpha is a potent
inducer for IFN-inducible protein-10 in hepatocytes
and unaffected by GM-CSF in vivo, in contrast to IL-
1beta and IFN-gamma. Cytokine. 2000; 12:1007-16.
https://doi.org/10.1006/cyt0.1999.0672
PMID:10880246

Doherty DG, O’Farrelly C. Innate and adaptive
lymphoid cells in the human liver. Immunol Rev. 2000;
174:5-20.
https://doi.org/10.1034/j.1600-0528.2002.017416.x
PMID:10807503

Doherty DG, Norris S, Madrigal-Estebas L, McEntee G,
Traynor O, Hegarty JE, O’Farrelly C. The human liver
contains multiple populations of NK cells, T cells, and
CD3+CD56+ natural T cells with distinct cytotoxic
activities and Th1, Th2, and ThO cytokine secretion
patterns. J Immunol. 1999; 163:2314-21.
PMID:10438977

Afum C, Cudjoe L, Hills J, Hunt R, Padilla LA, ElImore S,
Afriyie A, Opare-Sem O, Phillips T, Jolly PE. Association
between aflatoxin M, and liver disease in HBV/HCV
infected persons in Ghana. Int J Environ Res Public
Health. 2016; 13:377.
https://doi.org/10.3390/ijerph13040377
PMID:27043586

Aydin M, Aydin S, Bacanli M, Basaran N. Aflatoxin
levels in chronic hepatitis B patients with cirrhosis or
hepatocellular carcinoma in Balikesir, Turkey. J Viral
Hepat. 2015; 22:926-35.
https://doi.org/10.1111/jvh.12410 PMID:25894298

Luzardo OP, Bernal-Sudarez Mdel M, Camacho M,
Henriquez-Herndndez LA, Boada LD, Rial-Berriel C,
Almeida-Gonzdlez M, Zumbado M, Diaz-Diaz R.
Estimated exposure to EU regulated mycotoxins and
risk characterization of aflatoxin-induced hepatic
toxicity through the consumption of the toasted cereal
flour called “gofio”, a traditional food of the Canary
Islands (Spain). Food Chem Toxicol. 2016; 93:73-81.
https://doi.org/10.1016/j.fct.2016.04.022
PMID:27132021

Isenberg JS, Annis DS, Pendrak ML, Ptaszynska M,
Frazier WA, Mosher DF, Roberts DD. Differential
interactions of thrombospondin-1, -2, and -4 with
CD47 and effects on cGMP signaling and ischemic
injury responses. J Biol Chem. 2009; 284:1116-25.
https://doi.org/10.1074/jbc.M804860200

PMID:19004835

42.

43.

44,

45.

46.

47.

48.

49.

50.

Addo L, Tanaka H, Yamamoto M, Toki Y, Ito S, lkuta K,
Sasaki K, Ohtake T, Torimoto Y, Fujiya M, Kohgo Y.
Hepatic nerve growth factor induced by iron overload
triggers defenestration in liver sinusoidal endothelial
cells. Biochim Biophys Acta. 2015; 1852:175-83.
https://doi.org/10.1016/j.bbadis.2014.11.014
PMID:25460199

Taura K, Miura K, Iwaisako K, Osterreicher CH, Kodama
Y, Penz-Osterreicher M, Brenner DA. Hepatocytes do
not undergo epithelial-mesenchymal transition in liver
fibrosis in mice. Hepatology. 2010; 51:1027-36.
https://doi.org/10.1002/hep.23368 PMID:20052656

Davies D, Larbi K, Allen A, Sanz M, Weg VB, Haskard
DO, Lobb RR, Nourshargh S. VCAM-1 contributes to
rapid eosinophil accumulation induced by the
chemoattractants PAF and LTB4: evidence for basal
expression of functional VCAM-1 in rat skin.
Immunology. 1999; 97:150-58.
https://doi.org/10.1046/j.1365-2567.1999.00766.x
PMID:10447726

Martelius T, Salaspuro V, Salmi M, Krogerus L,
Hockerstedt K, Jalkanen S, Lautenschlager I. Blockade
of vascular adhesion protein-1 inhibits lymphocyte
infiltration in rat liver allograft rejection. Am J Pathol.
2004; 165:1993-2001.
https://doi.org/10.1016/S0002-9440(10)63250-6
PMID:15579442

Braet F, De Zanger R, Sasaoki T, Baekeland M,
Janssens P, Smedsrgd B, Wisse E. Assessment of a
method of isolation, purification, and cultivation of
rat liver sinusoidal endothelial cells. Lab Invest. 1994;
70:944-52.

PMID:8015298

Szabo SJ, Jacobson NG, Dighe AS, Gubler U, Murphy
KM. Developmental commitment to the Th2 lineage
by extinction of IL-12 signaling. Immunity. 1995;
2:665-75.
https://doi.org/10.1016/1074-7613(95)90011-x
PMID:7796298

Wysocka M, Kubin M, Vieira LQ, Ozmen L, Garotta G,
Scott P, Trinchieri G. Interleukin-12 is required for
interferon-gamma  production and lethality in
lipopolysaccharide-induced shock in mice. Eur J
Immunol. 1995; 25:672-76.
https://doi.org/10.1002/eji. 1830250307
PMID:7705395

Ohara J, Paul WE. Production of a monoclonal antibody
to and molecular characterization of B-cell stimulatory
factor-1. Nature. 1985; 315:333-36.
https://doi.org/10.1038/315333a0 PMID:2582266

Zhu J, Yamane H, Paul WE. Differentiation of effector
CD4 T cell populations (*). Annu Rev Immunol. 2010;

WWWw.aging-us.com

5083

AGING


https://pubmed.ncbi.nlm.nih.gov/10570316
https://doi.org/10.1006/cyto.1999.0672
https://pubmed.ncbi.nlm.nih.gov/10880246
https://doi.org/10.1034/j.1600-0528.2002.017416.x
https://pubmed.ncbi.nlm.nih.gov/10807503
https://pubmed.ncbi.nlm.nih.gov/10438977
https://doi.org/10.3390/ijerph13040377
https://pubmed.ncbi.nlm.nih.gov/27043586
https://doi.org/10.1111/jvh.12410
https://pubmed.ncbi.nlm.nih.gov/25894298
https://doi.org/10.1016/j.fct.2016.04.022
https://pubmed.ncbi.nlm.nih.gov/27132021
https://doi.org/10.1074/jbc.M804860200
https://pubmed.ncbi.nlm.nih.gov/19004835
https://doi.org/10.1016/j.bbadis.2014.11.014
https://pubmed.ncbi.nlm.nih.gov/25460199
https://doi.org/10.1002/hep.23368
https://pubmed.ncbi.nlm.nih.gov/20052656
https://doi.org/10.1046/j.1365-2567.1999.00766.x
https://pubmed.ncbi.nlm.nih.gov/10447726
https://doi.org/10.1016/S0002-9440(10)63250-6
https://pubmed.ncbi.nlm.nih.gov/15579442
https://pubmed.ncbi.nlm.nih.gov/8015298
https://doi.org/10.1016/1074-7613(95)90011-x
https://pubmed.ncbi.nlm.nih.gov/7796298
https://doi.org/10.1002/eji.1830250307
https://pubmed.ncbi.nlm.nih.gov/7705395
https://doi.org/10.1038/315333a0
https://pubmed.ncbi.nlm.nih.gov/2582266

51.

52.

53.

54,

28:445-89.
https://doi.org/10.1146/annurev-immunol-030409-
101212 PMID:20192806

Zhang M, Ye Y, Wang F, Zhu J, Zhao Q, Zheng Y, Gu Y,
Xie C, Huang Z, Tai Q, Chong Y, Gao Z. Liver
myofibroblasts  up-regulate  monocyte = CD163
expression via PGE2 during hepatitis B induced liver
failure. J Transl Med. 2014; 12:60.
https://doi.org/10.1186/1479-5876-12-60
PMID:24597777

Zhuang YS, Liao YY, Liu BY, Fang ZC, Chen L, Min L,
Chen W. MicroRNA-27a mediates the Wnt/B-catenin
pathway to affect the myocardial fibrosis in rats with
chronic heart failure. Cardiovasc Ther. 2018. [Epub
ahead of print].
https://doi.org/10.1111/1755-5922.12468
PMID:30238685

Scheuer PJ. Classification of chronic viral hepatitis: a
need for reassessment. J Hepatol. 1991; 13:372-74.
https://doi.org/10.1016/0168-8278(91)90084-0
PMID:1808228

Stoeck A, Lejnine S, Truong A, Pan L, Wang H, Zang C,
Yuan J, Ware C, MacLean J, Garrett-Engele PW, Kluk M,

55.

56.

Laskey J, Haines BB, et al. Discovery of biomarkers
predictive of GSI response in triple-negative breast
cancer and adenoid cystic carcinoma. Cancer Discov.
2014; 4:1154-67.
https://doi.org/10.1158/2159-8290.CD-13-0830

PMID:25104330

Wisse E, Braet F, Duimel H, Vreuls C, Koek G, Olde
Damink SW, van den Broek MA, De Geest B, Dejong
CH, Tateno C, Frederik P. Fixation methods for electron
microscopy of human and other liver. World J
Gastroenterol. 2010; 16:2851-66.
https://doi.org/10.3748/wjg.v16.i23.2851

PMID:20556830

Cheluvappa R, Shimmon R, Dawson M, Hilmer SN, Le
Couteur DG. Reactions of Pseudomonas aeruginosa
pyocyanin with reduced glutathione. Acta Biochim Pol.
2008; 55:571-80.

PMID:18797520

WWWw.aging-us.com

5084

AGING


https://doi.org/10.1146/annurev-immunol-030409-101212
https://doi.org/10.1146/annurev-immunol-030409-101212
https://pubmed.ncbi.nlm.nih.gov/20192806
https://doi.org/10.1186/1479-5876-12-60
https://pubmed.ncbi.nlm.nih.gov/24597777
https://doi.org/10.1111/1755-5922.12468
https://pubmed.ncbi.nlm.nih.gov/30238685
https://doi.org/10.1016/0168-8278(91)90084-o
https://pubmed.ncbi.nlm.nih.gov/1808228
https://doi.org/10.1158/2159-8290.CD-13-0830
https://pubmed.ncbi.nlm.nih.gov/25104330
https://doi.org/10.3748/wjg.v16.i23.2851
https://pubmed.ncbi.nlm.nih.gov/20556830
https://pubmed.ncbi.nlm.nih.gov/18797520

SUPPLEMENTARY MATERIALS

Supplementary Figures
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Supplementary Figure 1. Comparison of cytokines in each experimental group to the NS1 group at the 3rd week after
injection. Analysis of cytokine IFN-y (A), IL-4 (B), IL-5 (C) and IL-13 (D) in each group. *p< 0.05, **p< 0.01, ***p< 0.001.

DAPI Merged

DAPI RECA-1 Merged

Supplementary Figure 2. Purity identification of isolated LSECs. Immunofluorescent staining for von Willebrand factor (vWF) and
endothelial cell antigen-1 (RECA-1) in LSECs (original magnification 100x). vVWF was labeled with Alexa Fluor 488 (green) and RECA-1 was
labeled with Alexa Fluor 555 (red) and cell nucleus was labeled DAPI (blue).
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Supplementary Figure 3. Purity of isolated CD4* T cells by flow cytometry was 97.8%.
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Supplementary Figure 4. After differentiation, Thl and Th2 began to produce a large number of their own signature
cytokines, despite little cross secretion.
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