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The communication between organs participates in the regulation of body homeostasis
under physiological conditions and the progression and adaptation of diseases under
pathological conditions. The communication between the liver and the eyes has been
received more and more attention. In this review, we summarized some molecular
mediators that can reflect the relationship between the liver and the eye, and then
extended the metabolic relationship between the liver and the eye. We also
summarized some typical diseases and phenotypes that have been able to reflect the
liver-eye connection in the clinic, especially non-alcoholic fatty liver disease (NAFLD) and
diabetic retinopathy (DR). The close connection between the liver and the eye is reflected
through multiple pathways such as metabolism, oxidative stress, and inflammation. In
addition, we presented the connection between the liver and the eye in traditional Chinese
medicine, and introduced the fact that artificial intelligence may use the close connection
between the liver and the eye to help us solve some practical clinical problems. Paying
attention to liver-eye communication will help us have a deeper and more comprehensive
understanding of certain communication between liver diseases and eyes, and provide
new ideas for their potential therapeutic strategy.

Keywords: liver-eye communication, metabolism, non-alcoholic fatty liver disease, diabetic retinopathy, traditional
Chinese medicine, communication molecule

INTRODUCTION

In recent years, the communication between organs has received more and more attention. With the
development of modern medical physiology and pathology, it has been discovered that there are
some communication links between the human body’s organs and organs or tissues that are
established with the help of endocrine, immune and other systems, which are considered to be
important for maintaining homeostasis and achieving physiological functions. The connection
between the eyes and the liver has been discovered and valued in many studies (Wang et al.,, 2021),
which is achieved through a variety of pathways including metabolism, inflammation, oxidative
stress, and immunity. In addition, clinically, some possible connections have been revealed in the
occurrence, development and outcome of some liver diseases and ocular diseases, such as Non-
alcoholic fatty liver disease (NAFLD) and Diabetic retinopathy (DR). Therefore, if we have a clearer
understanding of the communication mechanism between the liver and the eyes, it will help us better
understand the development mechanism of liver and eye diseases, and provide some ideas for
targeted therapy.
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FIGURE 1 | Effective communication molecules from the liver to eye under physiological and pathological conditions. DR, diabetic retinopathy; AMD, age related
macular degeneration; FGF21, Fibroblast Growth Factor 21; HGF, hepatocyte growth factor; ANGPTL, Angiopoietin-like proteins; PEDF, pigment epithelium-derived

factor.

COMMUNICATING MOLECULES MEDIATE
THE LIVER-EYE ASSOCIATION

The interaction between the liver and the eye is reflected in the
molecular communication by their secretory factors and their
associated cytokines (Figure 1). “Hepatokines” are certain
signaling proteins that are secreted exclusively or
predominantly by the liver (Wang et al, 2021),which are
mostly delivered to liver or other distant organs through the
human circulation system, and are involved in regulating diseases
such as metabolic, inflammatory disease (Meex and Watt, 2017).
Similarly, some factors secreted by the eyes also remotely affect
the state of the liver. In addition, some non-organ-specific
cytokines also reflect the connection between the liver and
the eyes.

Fibroblast Growth Factor-21

Fibroblast growth factor-21 (FGF-21) is a hormone
predominantly secreted by the liver, which could perform
multiple effects on the regulation of glucose metabolism as
well as insulin activity (Xu et al,, 2009; Markan et al., 2014).
The function of FGF-21 to regulate glucose homeostasis has been
universally proven in animals (Potthoff et al., 2012) and humans
(Gaich et al., 2013). In addition, FGF21 is also defined as highly
predictive biomarker for mitochondrial diseases (Tsygankova
et al., 2019). FGF21 has been found in clinical research to
reflect the liver-eye connection in many aspects. A study has
found that FGF21 is significantly related to ocular myopathy (a

mitochondrial disease), especially chronic progressive external
ophthalmoplegia (Morovat et al., 2017). Moreover, FGF21 can
also affect autophagy, the level of FGF21 increases under fasting
induction, which can dephosphorylate the transcription factor
EB, in addition induce the expression of genes related to
autophagy (Chen et al., 2017a). Autophagy defects, including
lipofuscin accumulation, decreased mitochondrial activity, and
elevated reactive oxygen levels, can affect angiogenesis. Mutations
of autophagy genes and the occurrence of autophagy defects are
considered to be related to the occurrence of age related macular
degeneration (AMD) in animals (Zhang et al., 2017a) and
humans (Golestaneh et al., 2017). FGF21 administration
decreased neovascular lesions in two models of neovascular
age-related macular degeneration has been observed recently
(Fu et al, 2017). Oral peroxisome proliferator-activated
receptors-alpha (PPARa) agonists can be used in insulin-
deficient diabetic mice (Fu et al, 2018), intraperitoneal
injection of streptozotocin to induce diabetes model mice
(Tomita et al, 2020a), oxygen-induced retinopathy model
mice (Tomita et al, 2019), and retinal ischemia model mice
(Lee et al., 2021) to promote the expression of FGF21.

The production of FGF21 is induced by PPAR-a and plays a
role by regulating the activities of PPAR and PGC-1la (Potthoff
et al,, 2009). A research has shown that FGF21 transcription
cannot be induced in the liver of PPAR-a deficient mice
(Lundasen et al., 2007). The increase in FGF21 expression
level boosting liver function, maintain retinal neuron activity,
regulating pathological microglia proliferation, strengthening the
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retinal antioxidant defense system, reducing pro-inflammatory
cytokines and improving retinal function, and mediate and
inhibit retinal neovascularization. Some recent basic medical
studies have proved that FGF21 deficiency can lead to
aggravation of retinal neovascularization. FGF21 may inhibit
retinal neovascularization by inhibit the expression of tumor
necrosis factor (TNF)-a and increasing the secretion of
adiponectin (Lin et al., 2013; Fu et al, 2017), indicating that
FGF21 may have therapeutic significance for DR. But it is worth
noting that it has been reported that serum FGF21 concentration
is positively correlated with the severity of DR (Lin et al., 2014),
this seems to contradict the previous conclusion. The increased
serum FGF21may be related to the compensation caused by
FGF21 resistance, suggesting that FGF21 as a potential
biomarker of DR. What’s more, the analogues of long-acting
FGF21 have recently been found to improve the permeability of
tight junctions by increasing the level of tight junction proteins
for example Claudin-1 in human vascular endothelial growth
factor (VEGF)-induced human retinal microvascular endothelial
cells and C57BL/6] mice, leading to the reduction of vascular
leakage in retinal diseases (Tomita et al., 2020b). All in all, FGF21
has an effect on Pterygia (Yaghoobi et al., 2020), AMD, DR and
many other eye diseases because of its ability to reduce ocular
neovascularization. Therefore, it seems promising to use FGF21
as a treatment direction for ocular vascular diseases.

Hepatocyte Growth Factor

Hepatocyte growth factor (HGF) is a cytokine mainly secreted
by kupffer cells of the liver, but the expression of HGF
receptors has been detected in the cornea, lens and retinal
tissues of the eye, which can maintain the structure and
function of corneal epithelial cells, lens epithelial cells, and
retinal pigment epithelial cells (Grierson et al., 2000). Uveal
melanoma is the most common primary intraocular malignant
tumor, and 50% of patients eventually die of metastatic disease.
The most common site of metastasis is the liver (Shields et al.,
1991). HGF can play a role in promoting cell transfer. The
activation of PI3K/AKT pathway induced by HGF-cMET axis
participates in the down-regulation of cell adhesion molecules
E-cadherin and B-catenin, which weakens cell adhesion and
promotes the induction of tumor cell proliferation, movement,
adhesion and invasion (Ye et al., 2008). Besides, HGF also has
an effect on retinal neovascularization. HGF/NK-4 inhibits
VEGF induced retinal angiogenesis by inhibiting the
phosphorylation of ERK and ETS-1 in endothelial cells
cultured in vitro and rabbits (Nakabayashi et al, 2003).
Moreover, retinal pigment epithelial cells (RPE)-endothelial-
mesenchymal transition is related to a variety of blinding
retinal diseases. In the study of endothelial-mesenchymal
transition induction on the RPE layer derived from human
induced pluripotent stem cells, it was found that the HGF-
MET signal showed the highest overall enrichment. In
addition, they also found that HGF signaling plays a role in
regulating the transcription profile of RPE (Mertz et al,
2021).Thus, it will be intriguing to study whether altered
expression of HGF in liver diseases could exsert distance
influence on ocular condition.

Liver-Eye Communication

Angiopoietin-Like Proteins

Angiopoietin-like proteins 4 (ANGPTL-4) and ANGPTL-8 are a
class of proteins mainly secreted by the liver, and a very small part
is produced by adipose tissue and muscle (Wang et al., 2021).
ANGPTLA4 transcript in adipose tissue accounts for only 10% of
liver in human (Romeo et al., 2009). Therefore, we have reason to
believe that ANGPTL-4 in the human circulation mainly comes
from the liver. The detection of protein levels in HRMEC cultured
in vitro and rat retinal and vascular endothelial cell extracts
showed that high glucose can induce the up-regulation of
ANGPTL-4 expression in both models, and it may increase
the expression of ANGPTL-4 by activating profilin-1 signal to
generate retinal inflaimmation, vascular permeability, and
angiogenesis (Lu et al, 2018). In the test of proliferative
diabetic retinopathy (PDR) patients, it was found that the
levels of ANGPTL-4 in the vitreous and serum of PDR
patients were higher than those in the control group, and the
expression level of VEGF was positively correlated with
ANGPTL-4 (Lu et al,, 2016). In addition, inflammatory factors
such as interleukin (IL)-8 are also positively correlated with
ANGPTL-4 levels (Wu et al, 2021). This suggests that
ANGPTL-4 may promote angiogenesis in humans, and may
increase retinal inflammation, thereby increasing the severity
of PDR. ANGPTL-8 plays an important role in regulating
lipid metabolism inside and outside EC, lipoprotein lipase
activity, and inflammatory pathway NF-«B signal transduction
(Abu-Farha et al,, 2020). Similar to ANGPTL-4, the expression
level of ANGPTL-8 was also detected in PDR patients, and it was
significantly positively correlated with VEGF (Lu et al., 2017).
ANGPTL reflects the tight connection between the liver and the
eye in the inflammation pathway.

Complement Factor H

Complement factor H (CFH) is an essential component for the
synthesis of alternative pathways of complement. It is generally
believed that CFH is mainly produced in the liver in the human
body (Mandal and Ayyagari, 2006), and is still controversial that
whether it is expressed in the retina and RPE and choroid
(Hughes et al, 2016). Importantly, the correlation between
AMD and CFH has been widely concerned (Klein et al,
2005). Based on blood analysis of patients with AMD, it is
found that the expression level of CFHR-4 gene, which is
specifically expressed in the liver, is increased in the blood and
retina. The activation of this gene will activate the complement
system and exacerbate the course of the disease (Cipriani et al.,
2020), implicating that the liver plays an important role in
regulating the immune homeostasis of the retina. In addition,
Y402H variant of CFH gene proved to be associated with
increased risk of AMD (Hughes et al,, 2016). CFH regulates
alternative pathways of complement activation and protects host
cells from inappropriate complement activation (Mandal and
Ayyagari, 2006). In the C57BL/6 mouse model, the expression of
CFH in RPE and choroid helps to regulate the alternative pathway
of complement cascade and membrane attack complex
formation, thereby preventing the occurrence of choroidal
neovascularization (CNV). In addition, local inhibition of CFH
also weakened the regulation of membrane attack complex
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deposition, causing the disorder of membrane attack complex
deposition, and aggravated the laser-induced CNV in mice
(Lyzogubov et al., 2010). Further research is needed to explain
how CFH mediates liver-eye contact through the immune system.

Retinal Pigment Epithelium-Derived Factor
Secretory factors produced in eyes can also act on the liver.
Retinal pigment epithelium-derived factor (PEDF) was initially
discovered to be secreted by retinal pigment epithelial cells
(Tombran-Tink and Johnson, 1989). It is a neurotrophic
factor with anti-oxidation, anti-inflammatory and anti-
angiogenic effects (Elahy et al., 2014). PEDF also inhibits Wnt
coreceptors and low-density lipoprotein receptor-related protein
6 (LRP6) in the eyes and liver (Protiva et al., 2015), suggesting
that it may play a role in liver-eye communication. It has been
widely demonstrated that PEDF and VEGF together maintain the
balance of controlling angiogenesis in the eye. For example,
mTORCI1 signal in DR can change the proliferation and
migration of endothelial cells by regulating the expression of
VEGF and PEDF protein (Liu et al, 2020). Its possible
mechanism of action is related to inflammation-related
pathways. A study has found that PEDF can inhibit
angiogenesis from endothelial cells and tumor cells by down-
regulating HIF-1a in breast cancer (Mao et al., 2020). Notably,
PEDF is up-regulated in the liver of cirrhotic humans and bile
duct-ligated rats, and the adenovirus-mediated gene transfer in
bile duct-ligated rats exogenously overexpresses PEDF, which
inhibits liver angiogenesis, fibrogenesis and reduces portal
pressure (Mejias et al, 2015). Interestingly, the inhibitory
effect of PEDF on angiogenesis is only for pathological
angiogenesis, and does not affect physiological angiogenesis,
which suggests the potential of PEDF for possible therapeutic
applications. In hepatocellular carcinoma (HCC), PEDF can play
an anti-angiogenic effect in this typical tumor (Matsumoto et al.,
2004). It can also regulate epithelial mesenchymal transition by
up-regulating the expression of E-cadherin and down-regulating
the expression of Slug and Vimentin, thereby reducing the
migration and invasion ability of HCC cells (Chen et al,
2017b). However, it is still unveiled that if the upregulated
PEDF is derived from remote delivery or from local
production. There have been some researches related to
knockout PEDF, but no study has specific knockout PEDF in
the eye. Recent research has found that the PEDF signal of the eye
in the RAD6B-deficient group changes, which leads to the
occurrence of retinal degeneration (Ye et al.,, 2022). This may
provide ideas for ocular knockout PEDF and further study the
source of up-regulated PEDF expression.

Other Molecules

In addition to the oxidative stress and inflammation links
between the liver and the eyes, some non-organ-specific
molecules also act as mediators. Lutein is one of the
carotenoids, occurs in a large green vegetables and plasma, eye
of body. It has specific biological functions, especially in several
ocular diseases like age-related macular degeneration
(Heesterbeek et al, 2020). Mechanically, lutein can reduce
light-induced oxidative damage and prevents inflammation (Li

Liver-Eye Communication

et al, 2020). Indeed, lutein supplementation improves the
oxidative stress in the liver and eyes of guinea pigs on a high-
cholesterol diet by reducing the binding activity of NF-xkB DNA
and the level of inflammatory factor TNF-a (Kim et al., 2012).
Except lutein, a study showed that thioacetamide can attack the
liver to secrete the pro-inflammatory cytokines IL-6 and TNF-q,
which ultimately leads to brain and eye damage. More
interestingly, the improvement of liver damage can improve
the eyesight and cognitive ability of mice (Sun et al., 2020). It
can be seen that the liver and eyes are inextricably linked with
oxidative stress and inflammation.

LIVER METABOLISM AFFECTS OCULAR
DISEASES

The liver is regarded as the center of metabolism in the human
body, and it metabolizes carbohydrate, lipids, proteins, and many
other substances. Thus, disorders of liver metabolism often
influence a variety of physiological processes, and may lead to
corresponding eye diseases (Figure 2).

Glycometabolism

The liver is an important place for the body to synthesize and
store glycogen, and it plays an important role in blood sugar
regulation. Abnormal liver function, such as the accumulation of
fat in the liver caused by NAFLD, can induce insulin resistance
and increased liver gluconeogenesis and other blood glucose
regulation disorders, which induce or aggravate diabetes
(Roden and Shulman, 2019; Watt et al., 2019). Diabetes can
cause abnormal metabolism of vascular endothelial cells in the
eye and induce DR (Li et al., 2019). It is generally recognized that
there is a link between NAFLD and diabetes. For example, in an
11-year follow-up study, NAFLD was found to be a risk factor for
diabetes and metabolic syndrome (Adams et al., 2009). However,
the connection between NAFLD and DR is still controversial, and
we will discuss it later. Regulating sugar metabolism seems to be a
good target for retinal neovascular diseases. PFKFB3 is a key
regulatory enzyme in the glycolysis pathway (Zhou et al., 2021).
PFKFB3 inhibits endothelial cells in vitro and damages the
sprouting of EC, and affects the growth and branching of
blood vessels in the mouse retina in vivo (Xu et al., 2014).

Lipid Metabolism

Secondly, the liver participates in the lipid cycle by participating
in the synthesis of fatty acids and lipoproteins, and plays a pivotal
role in lipid metabolism (Nguyen et al., 2008). Lipid metabolism
plays an important role in the pathogenesis of eye diseases,
especially ocular neovascular disease. Using etomoxir to inhibit
the oxidation of fatty acids in retinopathy of prematurity model
mice can reduce retinal neovascularization (Schoors et al., 2015).
AMD has been found to be related to a variety of lipids and
lipoprotein genes, including liver lipase, cholesterol ester
transferase, and apolipoprotein E, which are mainly expressed
in the liver in the human body (Jun et al., 2019). Disturbance of
lipid metabolism is an important pathological mechanism leading
to AMD. Under oxidative stress, a type of lipid deposit called
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drusen is formed in the retina, and it activates the complement
system to trigger chronic inflammation (Xu et al., 2018). Studies
have shown that lipid imbalance can promote the development of
lesions in a variety of different animal models of AMD (Malek
et al, 2005; Fujihara et al, 2009; Toomey et al, 2015).
Epidemiological investigations suggest that high-fat diet is a
risk factor for AMD (Clemons et al., 2005). These evidences
suggest that lipid metabolism is closely related to AMD, and is
related to the liver function.

Amino Acid Metabolism

Another important biological function of the liver is to deaminate
and transaminate amino acids and use the ammonia produced by
amino acid metabolism to synthesize urea to prevent excessive
levels of ammonia in the blood (Walker, 2014). When liver
disease occurs, it will affect the normal clearance of ammonia
in the blood, which will have a toxic effect on the optic nerve and
cause hepatic cortical blindness (Ammar et al., 2003).

Bilirubin Metabolism

The liver also plays an important role in the metabolism of
bilirubin. Liver dysfunction caused by liver disease can cause liver
cells to fail to normally take in unbound bilirubin in the blood,
causing bilirubin metabolism disorders in the body. Elevated

bilirubin can cause yellowing of the skin and conjunctiva,
especially the conjunctiva. Because the conjunctiva contains
more elastin, it has a higher affinity with bilirubin (Carroll
et al, 2017). Yellowing of the conjunctiva in patients with
jaundice is an extremely intuitive manifestation of the liver-
eye connection. What's more, primary biliary cirrhosis caused
by bilirubin deposition can lead to the occurrence of pigmented
corneal rings (Fleming et al., 1977).

Metal lon Metabolism

Moreover, liver also regulates the metabolism of some metal
ions. The liver secretes hepcidin into the blood to reduce blood
iron levels. The blood and retinal pigment epithelium iron
levels of liver-specific hepcidin knock-out mice increase, and
the free iron levels in the retina increase and cause RPE
hypertrophy, the photoreceptors also undergo focal
degeneration (Baumann et al., 2019). The pathogenic
variants of the disease-causing genes of hepatolenticular
degeneration led to the functional defect or loss of ATPase,
which causes the biliary tract copper excretion disorder and
leads to abnormal copper metabolism. This leads to copper
deposits in the Descemet membrane area of the cornea,
triggering a characteristic lesion called the Kayser—Fleischer
ring (Richard and Friendly, 1983). In addition, copper deposits
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in the eye can also cause ocular lesions called sunflower
cataracts (Fahnehjelm et al,, 2011).

ASSOCIATION OF NON-ALCOHOLIC
FATTY LIVER DISEASE AND RETINOPATHY
IMPLIES THE LIVER-EYE
COMMUNICATION

NAFLD is the umbrella term for non-alcoholic simple fatty liver,
non-alcoholic steatohepatitis, and hepatic cirrhosis (Farrell and
Larter, 2006) and have become the leading cause of chronic liver
disease in Western countries (Lazo and Clark, 2008). It has a
diverse histopathological spectrum ranging from simple steatosis
with mild inflammation to various stages of fibrosis, and
ultimately to hepatic cirrhosis, HCC. Previous studies have
found insulin resistance is a critical factor in the
pathophysiology of NAFLD and can promote the
accumulation of triglycerides in the liver (Zelber-Sagi et al.,
2018; Abdelmoemen et al.,, 2019). NAFLD can cause disorders
of glucose and lipid metabolism in the body, coupled with its
characteristic of insulin resistance, naturally remind people of
diabetes. DR is the most common chronic complication of
diabetes mellitus and one of the main causes of acquired
blindness in the world (Campos et al., 2017). Recognized main
pathogenic mechanism of diabetic retinopathy is hyperglycemia-
induced microvascular damage caused by impaired insulin action
due to insulin resistance (type 2 diabetes mellitus) or insulin
deficiency (type 1 diabetes mellitus) (Gardner et al., 2011), while
the deep pathogenesis of DR has not yet been fully understood
(Zhang et al., 2017b).

Recently, multiple clinical investigations designed to explore
the effects of non-alcoholic fatty liver disease on the incidence of
DR in patients with diabetes mellitus (Song et al., 2021). There
also have been more and more studies have indicated that
NAFLD can influence the morbidity of complications in
patients of diabetes mellitus, especially microvascular
complications (Hazlehurst et al., 2016; Perumpail et al., 2017),
which involve chronic kidney disease and DR (Mima, 2016).
Although NAFLD and DR have some similar pathogenic and
molecular mechanisms (Potthoff et al., 2009; Tomita et al., 2019;
Lee et al., 2021), studies on different ethnic groups have shown
different results. For type 1 diabetics, a previous study showed
that the prevalence of DR increased in Indian patients with
nonalcoholic fatty liver disease (Vendhan et al, 2014). Our
recent meta-analysis including Indian and Japanese patients
with type 1 diabetes mellitus also suggested the same
conclusion (unpublished). However, for type 2 diabetics,
several evidence-based medicine studies from different
countries reflected that NAFLD may not be a risk factor for
DR and may even be beneficial. A study that mainly includes
American type 2 diabetics indicated that NAFLD is not associated
with retinopathy (Lin et al., 2016). Whereas several observational
studies in China, Korea and Iran showed that the NAFLD group
had lower retinopathy (mainly NPDR) morbidity than the non-
NAFLD group in patients with type 2 diabetes mellitus (Lv et al.,

Liver-Eye Communication

2013; Kim et al., 2014; Afarideh et al., 2019; Zhang et al., 2019;
Wen et al., 2021). Additionally, in an Italian research, the NAFLD
was positive related with retinopathy (NPDR or PDR) (Targher
et al., 2008). Some Western studies on NAFLD patients have also
shown that the more severe the liver fibrosis, the higher the risk of
retinopathy (Leite et al., 2021; Mikolasevic et al., 2021). These
controversial opinions can be caused by different diabetic
pathological characteristics of different races (Song et al,
2021). For example, the serum insulin level of Asians was
lower than Caucasian (Yoon et al., 2006; Unnikrishnan et al.,
2017). Regarding the connection between NAFLD and DR, the
conclusions drawn by basic medical research are also
controversial. As mentioned above, FGF21 plays a role in
inhibiting retinal neovascularization As a regulatory secretion
mainly produced by the liver (Geng et al., 2020; Keuper et al.,
2020), oxidative damage and chronic inflammation of NAFLD
suppressed (-klotho and FGFR expression, leading to a
compensatory increase in FGF21 synthesis and secretion
(Tucker et al., 2019). It has also been proved that the level of
serum FGF21 in the NAFLD group is higher than control group
(He et al,, 2017; Keuper et al., 2020). This seems to support the
conclusion that NAFLD is negatively correlated with DR, as the
increased level of FGF21 may be the reason of the lower
morbidity of retinopathy in patients with NAFLD after
compromising with FGF21 resistance. But for retinal artery
damage, in the study by Wen et al., patients with NAFLD had
higher incidences of coronary artery disease and retinal artery
lesion (Yang et al., 2015), the opposite conclusion was reached.
However, whether FGF21 resistance also occurs in the eyes still
needs to be measure. If FGF21 resistance also occurs in the eyes,
then the increase in serum FGF21 does not prove that NAFLD
and DR are negatively correlated. What’s more, we should note
that the current research on FGF21 inhibiting retinal
neovascularization is through the administration of exogenous
FGF21 or FGF21 receptor agonists (Tomita et al., 2019; Tomita
et al,, 2020a; Lee et al., 2021). At present, there is no research on
whether the compensatory increase of FGF21 in serum in
NAFLD is sufficient to cause the therapeutic effect of ocular
neovascularization. Therefore, the compensatory elevated FGF21
level in NAFLD patients is not enough to indicate that NAFLD is
negatively correlated with DR. What’s more it is worth noting
that in a study, the use of exogenous FGF21 inhibited the
occurrence of choroidal neovascularization in mice unrelated
to the occurrence of diabetes (Fu et al., 2017), which suggested
that there may be more communication pathways between our
liver and eyes, not just only insulin resistance.

In addition, the occurrence of retinopathy might also affect the
physiological process and pathological progress of the liver.
Oxidative stress in the retina induced by retinitis pigmentosa
might affect soluble macromolecules in retina or damage the
melanopsin ~ system. It led to chronic circadian
desynchronization, weakened the antioxidant defense of the
system, and eventually led to oxidative stress in the liver
(Perdices et al., 2018), which may promote NAFLD. Diabetic
retinopathy was also considered as a risk factor for HCC in
NAFLD patients (Azuma et al, 2019). However, the exact
mechanism is still to be elucidated. Therefore, patients with
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TABLE 1 | The actions and possible mechanism of TCM drugs revealing liver-eye connection.

Drug name Pharmaceutical ingredients

Qi-Ju-Di- Lycium barbarum, Chrysanthemum, Rehmannia, Cornus, Peony bark,
Huang-Van Chinese yam, Tuckahoe, Alisma

Long-Dan-Xie- Gentian, Gardenia, Scutellaria baicalensis, Mutong, Alisma, Plantain seed,
Gan-Tang Bupleurum, Liquorice, Angelica, Radix Rehmanniae recen

Xiao-Yao-San Licorice, Angelica, Poria cocos, Paeonia alba, Atractylodes macrocephala,

Bupleurum

NAFLD complicated with diabetic retinopathy may should be
regularly screened for HCC.

In all, molecular mediators linking NAFLD with diabetic
retinopathy might include an increased release of some
pathogenic mediators from the liver, such as FGF21 (Fu et al,
2017), HGF (Nakabayashi et al., 2003), C-reaction protein,
reactive oxygen species, IL-6 and TNF-a (Targher et al., 2008),
which in turn determine the disease progression, forming eye-
liver communication. However, the evidence for an association
between NAFLD and diabetic retinopathy is still unclear because
of the tangled association between NAFLD and hyperglycemia,
insulin resistance, obesity and other traditional risk factors for
diabetic retinopathy and the small study population in the
published literature. More researchers are needed to elucidate
the correlation and underlying molecular mechanism between
NAFLD and diabetic retinopathy in diabetes.

CURRENT APPLICATION OF LIVER-EYE
COMMUNICATION IN CLINICAL PRACTICE

Traditional Chinese Medicine

A long time ago, the traditional viscera theory of traditional
Chinese medicine (TCM) put forward the saying that “liver
resuscitation in the eyes.” With the development of modern
medicine, more and more evidences show that the two major
organs of the liver and the eyes are complex and intimate in terms
of physiology and pathology. The biological connection further
supports the theory of “liver resuscitation in the eyes.”

Starting from the liver to treat eye diseases, it has been widely
clinical practice in TCM. According to TCM differentiation, a
study have analyzed the types of patients with dry eye disease, and
concluded that the liver and kidney be feeble occurs most
frequently among different types, which is much higher than
other types (XZ et al., 2015). Therefore, in clinical practice, some
scholars treat dry eye by nourishing the liver and kidney. They
choose Qi-Ju-Di-Huang-Van in treatment, which promotes the
secretion of tears, prolongs the tear film rupture time, reduces
dryness and recurrence rate (D and WP, 2021). Pestle therapy,
which is beneficial to the liver and kidney, also promotes tear
secretion, prolongs tear film rupture time, and relieves the
patient’s anxiety and depression (YX et al,, 2020). In addition,
TCM believes that the liver is the key to the treatment of
inflammatory diseases. Based on this theory, people use Long-
Dan-Xie-Gan-Tang, which hepatoprotective and anti-
inflammatory effects, to treat uveitis (HS et al, 2015). In

The effects of drug

Nourishes the kidney and liver. Treatment liver and kidney yin deficiency,
dizziness, tinnitus, photophobia, tears in the wind, dim vision.
Reduce liver and gallbladder fire, clear scorching damp heat.

Soothing liver and relieving depression, nourishing blood and
strengthening spleen.

addition, based on the cognition of liver-eye connection, use
Xiao-Yao-San, which has many benefits for the liver, to treat
supraorbital neuralgia, eyeball pain, dry eye, open-angle
glaucoma and achieved certain effects (J et al., 2017). We have
summarized the main ingredients and effects of Chinese
medicines mentioned above (Table 1). In addition, some of
the ingredients of these Chinese medicines have been reported
to have liver toxicity, including Alisma, licorice, and bupleurum
(Frenzel and Teschke, 2016). These Chinese medicines are also
not recommended for long-term use in clinical practice, so the
safety of their long-term use should be paid attention to when
using this type of medicine for treatment.

The therapeutic mechanism of TCM for eye diseases through
the liver has also been extensively explained under the
development of modern medicine. TCM believes that eating
animal liver has the effect of improving eyesight. From the
perspective of modern medicine, it is because the liver stores
and transports vitamin A, and eating liver of animal supplements
vitamin A. Lack of vitamin A is related to the occurrence of
blindness. The photosensitive function of rod cells depends on
the visual pigment composed of a molecule of 11-cis retinal and a
molecule of opsin and meanwhile vitamin A is the starting
material for the synthesis of 11-cis-retinal (Harrison, 2019).
Because of the importance of the liver for the transportation
and storage of vitamin A, damage to liver function can also lead to
vitamin A deficiency in the body. For example, patients
undergoing liver transplantation have a high probability of
developing vitamin A deficiency (Venu et al., 2013). Therefore,
night blindness and other visual disorders are more common in
patients with liver disease.

More importantly, it is mostly believed that inflammatory liver
disease can easily lead to some eye diseases, and Chinese medicine
prescriptions for treating eye diseases have been proven to
improve liver and ocular inflammation at the same time, such
as lycium barbarum and chrysanthemum. Lycium barbarum
polysaccharide(LBP) is the main active ingredient of lycium
barbarum (Amagase et al., 2009). Studies have found that LBP
is a promising neuron protective agent, which can effectively
improve oxidative stress, inflammation, apoptosis and cell death
(Xing et al., 2016; Zhong et al., 2020), consequently it can directly
and indirectly protect the optic nerve. In addition, LBP also
protect the liver. LBP significantly improve the damage induced
by non-alcoholic steatohepatitis, including the increase in serum
ALT and AST levels, liver oxidative stress, fibrosis, inflammation,
and apoptosis (Xiao et al, 2014; Xiao et al, 2018).
Chrysanthemum contains luteolin. Studies have found that
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luteolin has the effect of anti-inflammatory and blocking the
production of reactive oxygen species, and has anti-uveitis (Kanai
et al., 2016) and anti-retinal neovascularization (Park et al., 2012)
effect. In the liver, luteolin and luteolin-7-O-glucoside prevent
GalN/LPS-induced hepatotoxicity in mice by regulating
inflammatory mediators and antioxidant enzyme activities
(Park and Song, 2019), thus play a role in protecting liver. In
all, the practice of traditional Chinese medicine provides an
integrative view and a novel insight into the underlying
correlation between liver and eye. As liver performs a number
of essential functions related to detoxication, nutrient storage,
metabolism and etc. for the whole system including eye,
understanding the liver-eye communicating mechanism,
especially the molecular mediators are of great significance.

Artificial Intelligence Application of

Liver-Eye Relationship

With the emergence of graphics processing unit, the progress of
mathematical models, the availability of big data and the advent
of low-cost sensors, Al has been used in many industries,
including the Web of things, social media and medical fields
(LeCun et al., 2015). In the medical field, especially in the image-
centered departments such as radiology, dermatology, pathology
and ophthalmology, AI's deep learning (DL) techniques have
been widely used and made great progress due to their strong
graphics processing ability (Schmidt-Erfurth et al.,, 2018; Ting
et al, 2019a). DL approaches used complete images, and
associated the entire image with a diagnostic output, thereby
eliminating the use of “hand-engineered” image features (Ting
et al., 2019b). In ophthalmology, DL system was mainly used in
two fields. First, the DL system has been shown to accurately
detect DR (Abramoft et al., 2016; Gargeya and Leng, 2017; Ting
etal., 2017), glaucoma (Ting et al., 2017), AMD (Ting et al., 2017;
Burlina et al., 2018a; Burlina et al., 2018b), ROP (Brown et al.,
2018) and ametropia (Poplin et al., 2018) using fundus image.
Secondly, new studies have shown that several retinal conditions,
such as CNV, early AMD and diabetic macular edema, can also be
accurately detected by the DL algorithm used in optical coherence
tomography images (Lee et al., 2017; Ting et al., 2019b). Thereby,
AT’s graphics processing ability and DL system make the eye a
window for observing systemic diseases as well, and have the
advantages of non-invasive examination and diagnosis. For
example, using  eye  manifestations to  predict
neurodegenerative diseases, diabetes, etc.

Due to its non-invasiveness and convenience, analyzing ocular
images via Al has a preliminary advantage in identifying liver
diseases, which can also confirm the link between liver and eye
from clinical perspective. In the process of liver metabolism, the
direct toxicity of abnormal metabolites, excessive normal
metabolites and insufficient liver energy metabolism can lead
to abnormal ocular performance (Poll-The et al., 2003). Many
hepatobiliary diseases, including hepatitis, cirrhosis, HCC and
cholelithiasis, are often accompanied by non-specific ocular
abnormalities, such as scleral jaundice caused by the
accumulation of bilirubin in sclera. In addition, there are also
ocular abnormalities in some rare liver diseases, including corneal

Liver-Eye Communication

Kayser-Fleischer ring in Wilson disease, cherry-red macular spots
in Niemann-Pick disease, and posterior embryotoxon or optic
disc drusen in Alagille syndrome. Therefore, ophthalmological
examination is helpful to screen some specific hepatobiliary
diseases. In view of this, the AI algorithm for screening liver
diseases using ocular models has also been applied and reported
for the first time (Xiao et al., 2021). In this AI algorithm, the DL
system utilized patient information, including slit-lamp anterior
segment photos, fundus photos and diagnostic data of hepatic
diseases, to train and adjust to form a reliable DL model. By
analyzing the ocular images (anterior segment photos and fundus
photos), this model successfully predicted the category of
hepatobiliary diseases, including HCC, hepatic cirrhosis,
chronic viral hepatitis, NAFLD and cholelithiasis. Additionally,
when analyzing the effect-region of the eye images, it is found that
the analysis area of the DL model was mainly concentrated in the
sclera, iris and the distribution area of the optic disc and inferior
vascular arch (Xiao et al., 2021). This indicated that the influences
of hepatic diseases on the eyes may be concentrated in these areas
as well. However, at current stage, the DL model cannot describe
the pathological characteristics of these areas in detail, which is
need to be further investigated.

FUTURE PROSPECTIVE

In terms of communication between the liver and the eyes, there
are still many worthwhile problems that still need to be resolved.

Regarding the molecular aspect, most of the current researches
only describe some phenotypic links between the liver and the
eye, but do not go into the specific molecular mechanisms for
research. For example, how these molecules that embody liver-
eye communication are produced, and the induction mechanisms
of transcriptional reprogramming, protein translation,
modification, and secretion of these molecules are still not well
understood. We have found that Notch signaling regulates HGF
and angiopoietin secreted by hepatic sinusoidal endothelium, and
promotes liver regeneration and fibrosis, suggesting that Notch
signaling may further affect ocular diseases by regulating hepatic
sinusoidal endothelial cells (Duan et al., 2018). In addition, how
these molecules are transported between organs for
communication, and the transport mechanism remains to be
studied. What’s more, how these molecules are regulated in time
and space in the pathological process, and their influence on the
occurrence, development and outcome of the disease is still
relatively shallow.

At present, the metabolic relationship between liver and eye is
mainly reflected in the metabolism of glucose and lipids. They
mainly regulate vascular endothelial cells and affect angiogenesis
to reflect the liver-eye connection. In particular, the relationship
between NAFLD and DR reflects the liver-eye connection.
However, the current research on the deep pathogenesis of
NAFLD and DR is not clear. There are also some
controversies about the correlation between NAFLD and DR.
Therefore, more researchers are needed to clarify the correlation
between NAFLD and diabetic retinopathy. And underlying
molecular mechanisms. In addition, many complications of
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liver disease in the eye reflect the liver-eye connection. For
example, abnormal liver copper metabolism leads to the
deposition of copper ions in the eye. However, why is there
such a phenomenon that abnormal metabolism of liver disease
tends to deposit in the eyes?

Finally, there are some evidences of liver-eye connection in
TCM, but in the past, there was no way to explain the mechanism
well due to the limitation of medical level. With the development
of modern medicine, some of the previously unexplainable
problems have also been explained. Therefore, paying
attention to the liver-eye connection embodied in TCM may
provide researchers with new ideas. Moreover, artificial
intelligence is now rapidly developing. Therefore, the use of
artificial intelligence to examine the eyes may also provide a
new idea for our non-invasive and rapid screening of liver
diseases through the connection between the liver and the eye.

In the future, more research on the relationship between liver
and eye will help us understand the communication mechanism
between liver and eye more clearly, which will help us better
understand the pathogenesis and progression of these liver
diseases or eye diseases, and more contribute to clinical
treatment and the development of new therapeutic targets.
Moreover, the research on the communication between the
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