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a b s t r a c t 

Fibrosis is a necessary process in the progression of chronic disease to cirrhosis or even 

cancer, which is a serious disease threatening human health. Recent studies have shown 

that the early treatment of fibrosis is turning point and particularly important. Therefore, 

how to reverse fibrosis has become the focus and research hotspot in recent years. So far, 

the considerable progress has been made in the development of effective anti-fibrosis drugs 

and targeted drug delivery. Moreover, the existing research results will lay the foundation 

for more breakthrough delivery systems to achieve better anti-fibrosis effects. Herein, this 

review summaries anti-fibrosis delivery systems focused on three major organ fibrotic 

diseases such as liver, pulmonary, and renal fibrosis accompanied by the elaboration of 

relevant pathological mechanisms, which will provide inspiration and guidance for the 

design of fibrosis drugs and therapeutic systems in the future. 

© 2020 Shenyang Pharmaceutical University. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 

Fibrosis is similar to many cancers that typically survive only a
few years after diagnosis [1] . Fibrosis is a pathological process
characterized by an excessive accumulation of extracellular
matrix (ECM), such as collagens, fibronectin and hyaluronic
acid, that occurs in chronic inflammation [2] . Fibrosis can
occur anywhere in the body, such as liver, lung, kidney, heart,
blood vessel, eye, pancreas, skin, bone and so on. Further
progress of fibrosis will lead to function decline and even
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failure and death in organs. Apart from organs damage,
fibrosis also occurs on many chronic autoimmune diseases
as a major pathological feature, including scleroderma,
rheumatoid arthritis, Crohn’s disease, ulcerative colitis,
myelofibrosis and systemic lupus erythematosus [3] . The
early-stage of fibrosis can be treated and reversed to avoid
serious health problem. Therefore, how to reverse fibrosis has
become the focus and research hotspot in recent years. 

Among various type of fibrosis, liver, pulmonary and
renal fibrosis have widely studied because of their high
incidence and mortality. Firstly, the end-stage of liver
rsity. 
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Fig. 1 – Schematic illustration of drug delivery systems for 
liver, pulmonary and renal fibrosis therapy. 
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brosis, liver cirrhosis, is a significant cause of global 
ealth burden [4] . At present, epidemiological data show 

hat cirrhosis affects hundreds of millions of people around 

he world and have become the 14th common cause of 
isease death worldwide [5] The mortality rate of liver 
irrhosis is high, therefore it is particularly important to 
mplement effective therapeutic treatment in the stage of 
iver fibrosis and prevent the progression to the stage of 
iver cirrhosis. Current treatment drugs for liver fibrosis 
nclude hepatocyte-protecting drug [6 ,7] , inhibitors of hepatic 
tellate cells (HSCs) activation and proliferation [8-10] , ECM 

egradation agents [11 ,12] and traditional chinese medicine 
TCM) [13 ,14] . Secondly, pulmonary fibrosis (particularly 
diopathic pulmonary fibrosis, IPF) is a chronic progressive 
nterstitial lung disease (ILD) of unknown etiology, of which 

he median survival is only three years [15] . Its mortality 
as significantly higher with increasing age, and males 
ave consistently higher mortality than females. To date,
irfenidone and nintedanib are the only two drugs approved 

y Food and Drug Administration (FDA) for pulmonary fibrosis 
herapy [16] . Finally, renal fibrosis is the main process of 
rogression from chronic kidney disease (CKD) to end- 
tage of renal disease with high morbidity and mortality 
17 ,18] . Renal fibrosis is characterized by glomerular sclerosis 
nd tubulointerstitial fibrosis, and is a dynamic process 
onsisting of four phases: initiation, activation, execution 

nd progression. A number of epidemiological studies have 
hown that the prevalence of CKD worldwide is about 8%–
6%, the prevalence of CKD is increasing year by year [19 ,20] .
reatment drugs for renal fibrosis cover inhibitor of pro- 
brotic factors [21-23] , inhibitor of collagen synthesis [24 ,25] 
nd TCM [26 ,27] . Although there are many anti-fibrosis drugs 
sed clinically and preclinically to treat fibrosis, they can only 
elieve the symptoms of fibrosis. Until now, there still are no 
herapeutic drugs that can completely cure fibrosis due to 
he complex fibrosis mechanism and traditional formulation 

nefficiently delivering drugs to the lesion [28-31] . The nano- 
elivery system is an emerging pharmaceutical preparation 

hat has received widespread attention. Importantly, the nano 
arrier can accurately deliver the drug to the target tissue 
nd the target cell, thereby improving the therapeutic effect 
nd reducing the side effect. Although the application of 
anotechnology provides new methods and ideas for the 

reatment of fibrosis, however, these nano-delivery systems 
till have some defects, such as the industrial production and 

he safety problem of carrier materials. In this review, we 
ocused on the most recent progress in the liver, pulmonary 
nd renal fibrosis as well as related treatment strategies and 

lso discussed the development of anti-fibrotic drug delivery 
ystem ( Fig. 1 ). 

. Liver fibrosis 

.1. Mechanism of liver fibrosis 

iver fibrosis is the result of chronic liver damage caused 

y a variety of factors, including viral infection, drug 
oxicity, alcohol abuse, autoimmune disease, nonalcoholic 
atty liver disease and dysplasia [32] . The occurrence of liver 
brosis is a dynamic and continuous process, which means 
he continuous necrosis of hepatocytes and progressive 
ccumulation of ECM. It reflects the imbalance of repair 
nd scar formation of the liver when facing damage [33] .
f left uncontrolled, it may develop into the end-stage liver 
isease or cirrhosis. And the loss of liver function, ascites,
ortal hypertension, esophageal varices and increased risk of 
epatic carcinoma are the most serious complications and are 
ften fatal [34] . 

HSCs are resident perisinusoidal cells in the 
ubendothelial space between hepatocytes and sinusoidal 
ndothelial cells, accounting for 5%–8% of hepatocytes [35] .
he HSCs are the primary effector cells in fibrogenesis 
nd also the major ECM producing cells. Once hepatocytes 
re damaged or apoptotic, they release reactive oxygen 

pecies and other fibrotic mediators along with recruiting 
mmune cells, which results in further release of cytokines 
nd chemokines [34 ,35] . It mediates the transformation of 
uiescent HSCs in the normal liver into myofibroblast-like 
henotype and stimulates collagen secretion. The activated 

yofibroblasts produce excess abnormal ECM as well as 
atrix metalloproteinase (MMP) inhibitor, which finally 

ead to liver fibrosis. In addition to HSCs, fibroblasts (portal 
broblasts and other populations), bone marrow stem 

ells and biliary epithelial cells can also be activated into 
yofibroblasts in the context of chronic liver injury [36] .

iver fibrosis not only affects the amount of ECM, but also 
eads to an imbalance between MMP and tissue inhibitor 
f metalloproteinase (TIMP), which bring out changes in 

he composition and distribution of ECM components.
ctivated HSCs remodel the ECM into fibril-rich collagen.

n normal liver, the basement membrane matrix of the 
isse space is composed mainly of collagen IV and VI,
hich is gradually substituted with collagen I and III 

nd cell fibronectin during fibrogenesis, resulting in so- 
alled sinusoidal capillary vascularization [37 ,38] . Classical 
echanisms for activating HSCs involve two phases. In the 

nitial stage, liver damage leads to oxidative stress, apoptotic 
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bodies, lipopolysaccharides, paracrine stimulation, resulting
in loss of lipid droplets and up-regulation of platelet-derived
growth factor receptor (PDGFR) in HSCs. In the continuation
phase, HSCs maintain activation. Cytokines secreted through
immune cells and autocrine provide signals for maintaining
HSCs activation, survival and related ECM deposition [32 ,39] .
Changes occurred in HSCs behaviors include contractility,
proliferation, matrix remodeling and inflammatory signals
[33] . Proliferation of HSCs ultimately leads to ECM synthesis. 

Kupffer cells are resident macrophages in the liver, which
produce cytokines such as platelet-derived growth factor
(PDGF) to affect the activation and proliferation of HSCs.
Activation of Kupffer cells leads to increased activity of the
nuclear transcription factor- κB pathway, followed by secretion
of pro-inflammatory cytokines, including tumor necrosis
factor- α (TNF- α) and monocyte chemoattractant protein-1, so
that HSCs are activated and proliferated [40] . Natural killer
(NK) cells have anti-fibrotic activity and induce apoptosis
of HSCs by producing interferon gamma (IFN- γ ). Quiescent
HSCs are relatively resistant to apoptotic signals; however,
upon activating and downregulating major histocompatibility
complex class I expression, they turn into the sensitive state.
If the level of NK cells in the liver is reduced, the occurrence
of fibrosis will increase [32] . Other cell types that regulate
progression and regression of fibrosis include T cells, dendritic
cells, macrophages, and endothelial cells [32 ,41] . 

In general, the development of liver fibrosis and
subsequent cirrhosis are driven by persistent liver damage
through a variety of mechanisms. It can be considered as an
excessive wound-healing reaction driven by the pathogenic
malignant circulation of hepatocyte necrosis, inflammation
and excessive ECM deposition. 

2.2. Drug delivery system for liver fibrosis 

2.2.1. Passive targeting delivery system 

After systemic administration, overcoming several
physiological barriers is the premise of the successful
delivery and uptake of therapeutic drugs by the liver cells.
Firstly, the drug-loaded particles enter the blood circulation,
and non-specific interactions with serum proteins occur,
which may lead to aggregation of particles. And resident
macrophages of the endothelial network in the liver, spleen
and bone marrow (such as Kupffer cells in the liver) will
specifically remove particles which are larger than 200 nm
and negatively charged. The liver sinusoids are characterized
by 100–200 nm fenestrations along the endothelial wall and
absence of basal lamina, which results in the limitation of the
particle size even after reaching the liver cells [42] . Kupffer
cells and sinusoidal endothelial cells, which are located in
the space of Disse closing to the hepatocytes, are intrinsic
parts of the reticuloendothelial system [43] . In terms of liver
passive targeting delivery systems, polymeric nanoparticle
[44 ,45] , albumin nanoparticle [46 ,47] , liposome [48 ,49] and
solid lipid nanoparticle [50 ,51] have been developed for the
past few years. Consequently, anti-fibrotic drugs can achieve
better passive accumulation effect in liver, and passive liver
targeting ability contributes to the improved treatment
efficacy compared to free drug. 
 

2.2.2. Active targeting delivery system 

The liver is the main metabolic organ in the body, therefore,
the uptake of drugs in the liver is usually high, regardless of
whether the drugs are cell-specific. However, drugs ingested
by fibrogenic cells in the fibrotic liver is usually low, and
off-target effects can be high [52] . However, the efficient
therapy may be limited by insufficient concentrations of
drugs accumulating around the target cell and low efficiency
of accurate therapy.Active targeting delivery system can
devote to anti-fibrotic drugs for high delivery efficiency
and allow them showing improved therapeutic efficacy
and desirable safety profiles. The main advantage of such
delivery system is selectively target to active site, which
increases the concentration at the target tissue or cell
while minimizing the adverse effects ( Fig. 2 ) [53] . Moreover,
hepatocyte, HSCs and hepatic macrophages play important
roles in the progression of liver fibrosis. Therefore, these three
types of cells were selected as targets for the treatment of liver
fibrosis. 

Hepatocyte targeting delivery system : Hepatocytes, which
accounted for 60% of the total liver cells and 80% of the liver
volume, is the primary cause of liver fibrosis [54] . Hepatocytes
bear the function of sugar, protein and lipid metabolism, liver
detoxification and other important functions. Liver fibrosis
causes hepatocytes damage and can seriously affect liver
function. It is very important to transport liver-protecting
drugs selectively into hepatocytes to maintain the function of
hepatocytes in treatment of liver fibrosis. 

Asialoglycoprotein receptor (ASGP-R) is the extracellular
glycoprotein receptor located on the surface of hepatocytes,
and the galactose is its specific ligand. Therefore, the
delivery system modified by galactose could selectively target
hepatocytes and improve delivery efficiency, which became
a common hepatocyte-targeting ligand [55 ,56] . Mandal et al.
[57] used galactose-modified liposomes loading quercetin
(QC) to combat arsenic-induced hepatic fibrogenesis. The
results confirmed that galactosylated liposomal QC could
improve drug accumulation in the hepatocytes and protect
liver from fibrosis. This research validated the significant role
of galactose in liver-targeted delivery, which is conducive to
the drug for liver fibrosis therapy. In addition, ASGP-R is also
used to judge the level and stage of liver fibrosis for precise
treatment. Zhang et al. [58] proved that in vivo SPECT/CT
imaging and quantification of ASGP-Rs targeting tracer, which
can be used for predicting fibrosis response to therapy and
selecting more appropriate treatment regimens for patients
with chronic liver disease. Therefore, ASGP-R-based delivery
systems are necessary for liver diseases and these systems
all have the fantastic ability of liver-targeting for liver fibrosis
therapy and diagnosis. 

HSCs targeting delivery system : HSCs are regarded as the
main ECM-producing cells with the injured liver and thus
drives the fibrogenic process, which play a critical role in
the fibrogenesis of liver. Therefore, HSCs are well accepted
to be the target cells of anti-fibrotic therapy. Several kinds
of targeted delivery systems that can target the receptors
expressed on HSCs have been designed, and shown an
attractive targeted and therapeutic potential in vivo [59-61] .
HSCs contain approximately 80% of the body’s vitamin A (VA)
with a gradual distribution in the liver lobules [62] , and there
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Fig. 2 – Drug targeting in the liver. (A) Cell-specific ligands directed at resident hepatic cells that can be used for targeted 

therapies of liver fibrosis/cirrhosis. (B) Binding, uptake, internalization and release of compounds targeted at extracellular 
receptors resulting in target cell-specific actions. Reprinted with permission from [53] . Copyright 2016 Elsevier. 

Fig. 3 – (A) Schematic diagram showing the theoretical fate of RAP administered intravenously. (B) Schematic diagram 

showing the covalent coupling of PEI (1.3 kDa) to retinol via the CDI-activation method. (C) ASO (anti-Col1) was designed to 

inhibit the expression of collagen I, and the control group (anti-NC) was a scrambled noncoding DNA fragment with the 
same length and GC contents as anti-Col1. Naked anti-Col1 was set as another control to verify the efficacy of the delivery 

carriers. Reprinted with permission from [64] . Copyright 2015 American Chemical Society. 
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re amount of retinol binding protein receptor (RBPR), cell REP 
CRBP) and cell retinoic acid binding protein (CRABP) over- 
xpressed on the surface of HSCs. The studies reported that 
hese receptors could selectively transport VA into HSCs [63] .
herefore, VA-based delivery carriers have been utilized for 

argeting system. 
Here are a few examples of HSC-targeting delivery system.

hang et al. [64] conjugated VA with low molecular weight 
olyethylenimine (PEI) to form nanoparticles by further 
ombining with nucleotide (RcP) to allow the antisense 
ligonucleotide (ASO)-laden RcP carrier (RAP) direct into the 
SCs ( Fig. 3 ). This nanoparticle system can actively recruit 
lasma proteins and in particular, RBP4, to form corona on 

he surface. Therefore, VA is a promising ligand for activated 

SCs-targeting delivery in the treatment of liver fibrosis. In 
ddition, Qiao et al. [65 ,66] developed two novel vehicles 
rafting VA as a co-delivery system that synergistically 
uppressed collagen I accumulation in fibrogenesis ( Fig.
 ). The result showed that two co-delivery systems can 

ccumulate in fibrotic livers, have specifically HSCs-targeting,
fficiently decreased collagen I production and ameliorated 

iver fibrosis. In addition, Fan et al. [67] reported ECM- 
enetrating nanodrill micelle as a HSCs-targeting delivery 
ystem for liver fibrosis therapy. These targeted HSC delivery 
ystems provide a pioneering approach to targeted therapies 
or liver fibrosis. 

Recently, it was reported that the cyclic Arg-Gly-Asp (RGD) 
eptide can specifically bind to the collagen VI receptors 
f HSCs [68] . Yang et al. [69] reported the nanosystem of 
oly (ethylene glycol)- b -poly (epsilon-caprolactone) (PEG- b - 
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Fig. 4 – (A) The reaction scheme for synthesis of PLGA-PSPE-PEG-VA and illustration on formation of CGPVM. (B) 
Representative images of H&E (100 ×) and (C) Sirius Red (100 ×) staining of liver tissue sections. (D) Specific delivery of 
CGPVM to activated HSCs in fibrotic mice. Representative scanning images of liver uptake and cellular distribution of 
different formulations in fibrotic liver by Pannoramic MIDI Slide scanner. The CGPVM or CGPM was labeled with Cy5 (red), 
the nuclei were labeled with DAPI (blue) and α-smooth muscle actin ( α-SMA) in HSCs was labeled by DyLigh 488 (green). (E) 
Blood compatibility of CGPVM. Visual observation of hemolysis caused by CGPVM and PEI 25 K in PBS at pH 7.4. Reprinted 

with permission from [65] . Copyright 2018 Elsevier. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PCL) modified with cyclic RGD peptides to target HSCs. The
results demonstrated that the nanosystem could accumulate
highly and inhibit the proliferation of HSCs. In addition, HSCs
express mannose 6-phosphate/insulin-like growth factor II
(M6P/IGFII) receptors, which will be up-regulated when
HSCs are activated. Therefore, this is also a potential
targeting receptor. Beljaars et al. [70] modified M6P on
albumin at different proportions. The results showed that the
accumulation of albumin in liver tissue and HSCs increased
with the increase of M6P modification. In addition, given
CD44 receptors specifically overexpressed on activated HSCs,
Gong et al. [71] reported chondroitin sulfate nanomicelles
(CS micelles) as a delivery system targeting HSCs for the
treatment of liver fibrosis. The results indicated that CS
micelles were efficiently delivered to HSCs mediated via CD44
receptors and demonstrated antifibrotic effect. Until now,
there are many studies on HSC targeting delivery system. This
is because that the activation and proliferation of HSCs are the
central event of liver fibrosis. Therefore, HSCs should be the
key target cells for the ideal treatment strategy of liver fibrosis.

Hepatic macrophage targeting delivery system : Hepatic
macrophages, also known as Kuffer cells, hold a central
position in the pathogenesis of chronic liver injury and
are the master regulator of dynamic fibrogenesis-fibrosis
resolution paradigm. Specifically, macrophages are closely
associated with the hepatic scar, directly apposed to the
activated HSCs, which can act on the HSCs to induce a
pro-fibrotic phenotype because of a rich source of soluble
mediators. Macrophages can produce and activate several
regulatory factors, such as PDGF, which is a potent stimulator
of myofibroblast proliferation; TGF- β, which acts to increase
the production of ECM and TIMP-1 by myofibroblast; IL-1 β and
TNF- α, which are pro-inflammatory cytokines; and a number
of chemokines, which can induce further inflammatory cell
recruitment to perpetuate the pro-inflammatory pro-fibrotic
stimulus [72] . Therefore, hepatic macrophages have been
proposed as potential targets in combatting fibrosis. 

As researches demonstrated, nanoparticles are easily
identified and swallowed by macrophages as a foreign object.
Generally speaking, nanoparticles that surface exhibit highly
positive to absorb plasma protein are easily recognized
and swallowed by macrophages after intravenous injection.
However, nanoparticles modified by PEG on the surface will
weaken this ability. Besides, macrophages can specifically
identify the signal exposed from apoptotic cells, such as
phospholipid serine (PS). Therefore, particles modified by
PS can be identified as apoptotic cells by macrophages
and enhance the macrophages-targeting ability. Wang
et al. [73] demonstrated that PS-coated nanoparticles have
the ability of efficient macrophages-targeting. Recently,
they further designed PS-modified nanostructured lipid
carriers prolonged the retention time of drug, enhanced its
bioavailability and delivery efficiency to the liver, resulting
in reduced liver fibrosis in vivo ( Fig. 5 ) [74] . In addition, Kim
et al. [75] also developed a glucan-based siRNA carrier system
BG34–10-Re-I/siRNA for macrophage-targeted siRNA delivery.
Therefore, macrophage targeting delivery systems may have
a promising future for the treatment of liver fibrosis. 

3. Pulmonary fibrosis 

3.1. Mechanism of pulmonary fibrosis 

Pulmonary fibrosis (particularly IPF), is a progressive ILD
and its incidence showed a rising upward trend [76] , which
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Fig. 5 – (A) A schematic diagram of preparation procedures of PS-based nanoparticles and of endocytotic uptake by RAW 

264.7 macrophages. (B) Flow cytometry analysis and mean fluorescence density analysis. (C) CLSM images: (a) negative 
control group (blank culture medium without NLCs); (b) 0% PS containing C6-mNLCs; (c) 4% PS containing C6-mNLCs; (e) 8% 

PS containing C6-mNLCs;(e) 12% PS containing C6-mNLCs. (D) Effects of different drug formulations on the histological 
changes in the liver of CCl4-treated rats as shown by H&E staining: (a) Naive group, (b) Vehicle group (positive control), (c) 
Free-Cur group, (d) Cur-NLCs group, (e) Cur-mNLCs group, (f) B-mNLCs group, (g) Colchicine group. Data were presented as a 
typical microscopic view of each group. Reprinted with permission from [73] [74] . Copyright 2016, MDPI AG. and Copyright 
2017, Informa UK Limited, trading as Taylor & Francis Group. 
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s an irreversible stage of pathologic development in a 
ariety of lung diseases. According to clinical researches,
nternal or external factors that may induce or aggravate 
PF are as followed: (1) smoke: it induces a self-sustaining 
ung injury and lower IPF patient survival compared to 
on-smokers; (2) microorganism: it is a potential risk of 
athogenesis. For example, viral infection, such as Epstein- 
ar-virus, cytomegalovirus, hepatitis C virus and human 

erpesvirus-8 were frequently found in the lungs of IPF 
atients; (3) genetic factor: familial interstitial pneumonia is 

dentified when two or more member of the same biological 
amily are affected. A combination of gene variants and 

ranscriptional changes may induce susceptibility to fibrosis; 
4) aging: researches showed that lung fibroblasts of old mice 
xpressed a fibrogenic phenotype which led to resistance 
o apoptosis and increased susceptibility to the fibrotic 
esponse after injury. However, IPF itself is not the main 

ause of death. A significant proportion of IPF patients will 
ie from another cause: particularly cardiovascular disease 
r lung cancer [77] . Until now, mortality was significantly 
igher with increasing age, and males have consistently 
igher mortality than females. With the progress of disease,
he patient mainly presents with long-term, uninterrupted 

ough with viscous sputum, a scar-like change in the lung 
arenchyma, a loss of gas exchange in the alveoli and 

ventually death from respiratory failure. With a progressive 
ourse, IPF patients will go through the following stages: the 
amage to alveolar epithelial cells promotes the proliferation 

f bone marrow-derived monocytes and their differentiation 

nto macrophages in turn. Myofibroblasts and epithelial 
nd/or endothelial cells can produce MMPs [78] , which disrupt 
he basement membrane and vasodilation recruit a large 
umber of local inflammatory cells, including neutrophils,
ative macrophages and acidic granulocytes to produce a 
ariety of cytokines (TNF- β, IL-4, IL-13, and IL-1 β). These 
ytokines and CXC chemokines promote the injury and repair 
rocess. The release of inflammatory cytokines will promote 
he differentiation of resident fibroblasts and circulating 
brocytes into myofibroblasts, while myofibroblasts produce 
xcessive collagen at the injury sites [79] . In fibrotic diseases,
pithelial cell damage plays an important role in the 
evelopment of lung disease [80] . Recent studies have shown 
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Fig. 6 – The different types of biodegradable nanosized drug delivery systems used in pulmonary nanomedicines (A) 
Liposomes with hydrophilic drugs in core surrounded by hydrophobic lipid bilayer (B) Solid lipid nanoparticle containing 
lipophilic drug in solid lipid matrix stabilized by hydrophilic surfactant (C) Nanostructured lipid carrier containing lipophilic 
drug dispersed in matrix of solid lipid and liquid lipid and stabilized by surfactant (D) Lipid nanocapsule containing 
lipophilic molecule dissolved in an oily core and stabilized by lecithin and PEGylated surfactant (E) Polymeric nanoparticle 
containing hydrophilic drug dispersed in matrix and stabilized by surfactant (F) Polymer-lipid hybrid nanoparticle 
containing hydrophilic and hydrophobic drug dispersed distinctly in polymer and lipid matrix (G) Polymeric micelle 
containing hydrophobic drug dispersed in hydrophobic core (H) Dendrimer structure. Reprinted with permission from [85] . 
Copyright 2016 Elsevier. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

that damage to the alveolar type II epithelial cells was caused
by pulmonary microenvironment disorders and the case of
abnormal tissue repair. In the case of normal regulation
of the lung tissue, apoptosis of epithelial cells will have a
programmed cell or support structure instead [81] . While in
an abnormal situation, myofibroblasts continue to secrete
excessive proteins called ECM, the overexpressed ECM fills to
the alveoli and reduces alveolar space, causing the patient to
breathe difficulties and finally even death [82] . 

3.2. Inhalation targeting by polymeric carrier 

For the treatment of diseases like IPF in the respiratory tract,
drugs need to enter the deep airways. Since the special
structure of the lung can communicate with the outside air,
the development of non-invasive therapeutic drug has gained
increasing interests. The pulmonary administration has the
following advantages: the enzyme activity in the lung is lower
than that in the intestine, which can avoid the first-pass
metabolism. And the large specific surface area of the lung
and blood flow of the alveolar membrane, which can promote
the rapid systemic absorption of the drug after inhalation
administration [83] . 

At present, there are several treatment strategies, including
single drug delivery, dual-drug synergistic treatment and
drug-gene synergistic treatment. When different types of
biodegradable nanoformulation are delivered by inhalation
( Fig. 6 ) [84 ,85] , the delivery efficiency of nanoparticles to
the alveoli is related to the composition, volume and fluid
dynamics of the mucus layer [86] , which is also related to the
active secretion on the alveolar surface. The airway mucus
barrier is considered to be the first barrier of lung sections, and
the mucus layer is maintaining the hydration and epithelial
barrier function of the respiratory tract and regulating
immunity. The mucus substances are mainly secreted by
goblet cells [87 ,88] , which is composed of glycosylated proteins
with the molecular weight of 200 kDa or more. Glycosylated
mucin is highly resistant to microbial proteases, and it is
beneficial for the clearance of a broad spectrum of bacteria.
Mucin having negative charges is interlaced into a porous
network with spacing between a few hundred nanometers
and micrometers [89] . The mucus network is interacting
with foreign substances and generates static electricity or
hydrogen bonds, and it can effectively prevent the invasion
of foreign substances into alveolar sections [90] . Ivanova et al.
reported that the liposomal form of prostaglandin E2 was an
attractive drug for the effective inhalation treatment of IPF
[91] . 

3.3. Myofibroblast targeting by polymeric delivery system 

In the process of alveolar damage, fibroblast and myofibroblast
play a crucial role in the repair of damaged tissue by
fibrosis. Myofibroblasts are a major source of ECM secretion
at the site of injury. They use ECM as a scaffold for repair
and reconstruction of damaged tissue, which can promote
tissue regeneration and repair. In the pathology of IPF, a
large number of inflammatory factors, including IL-1 β, TNF- α,
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Fig. 7 – Schematic illustration of the mechanism of action of PEI-C22/siPAI-1 polyplexes in the treatment of IPF. Reprinted 

with permission from [93] . Copyright 2018 Elsevier. 
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L-10, and IL-13 and PDGF as a growth factor, can be secreted 

y mesenchymal stem cell-like resident fibroblasts. PDGF 
cts as a chemical inducer of interstitial cells which can 

ttract interstitial cells (myofibroblasts) to the damaged sites 
f alveolar. Once the dysfunction of macrophages occurs,
ll balances will be destroyed. The massive secretion of 
nflammatory factors can cause repair-damage of alveolar 
pithelial cells. And the peripheral fibrocytes expressing 
hemokine receptor CXCR4 migrate to the injured lung 
n response to the high levels of its chemokine ligand 

stromal cell-derived factor-1) [92] , and further activate the 
onversion of fibroblasts to myofibroblasts. And then the 
yofibroblasts can secrete large amounts of ECMs again,

ncluding collagen, elastin, fibrillin, fibronectin, lamin and 

roteoglycans. A recent study has focused on the targeted 

elivery of genes to myofibroblasts by using CXCR4 antagonist.
ing et al. [93] reported the development of polyplexes based 

n CXCR4-inhibiting PEI derivative (PEI-C) for pulmonary 
argeted delivery of siRNA to silence plasminogen activator 
nhibitor-1 (siPAI-1) as a new combination treatment of 
ulmonary fibrosis ( Fig. 7 ). 

. Renal fibrosis 

enal fibrosis, particularly tubulointerstitial fibrosis, is 
he common outcome of many CKD independent of the 
nderlying etiology and is characterized by the accumulation 

f myofibroblasts and excessive ECM deposition [94] . In the 
ast few decades, the number of renal fibrosis patient has 
ignificantly increased [95] . Failure to treat renal fibrosis can 

ead to end-stage renal failure, a devastating disorder which 
ltimately necessitates dialysis or kidney transplantation.
nfortunately, there is no effective and available strategy 

o directly treat or reverse renal fibrosis. One of the major 
bstacles of translating novel anti-fibrotic drug from bench to 
edside is due to the intricacies of the drug delivery process. 

.1. Mechanism of renal fibrosis 

t is now well-accepted that renal fibrosis should not be viewed 

s a static and uniform ‘scar’, but rather as a dynamic process 
nvolving a complexity of cellular events which stimulate 
he development of fibrotic stages [96] . Many epidemiological 
tudies have shown that the prevalence of patients with 

nd-stage renal disease is increasing all over the world,
hich has become a major public health problem worldwide 

97 ,98] . However, current therapeutic options for CKD in the 
linical setting are scarce and often ineffective. So it’s primary 
nd essential to well understand the cellular and molecular 
echanisms of renal fibrosis, not only for obtaining novel 

nsights into the pathogenesis of the process but also for 
eveloping rational strategies to treat CKD patients. 

.1.1. Extracellular matrix 
he production and excessive deposition of a large amount of 
CM components are major cellular events in the occurrence 
nd development of renal fibrosis [99] . On one hand, excess 
CM which becomes dominated by fibrillar collagen (mainly 
ype I and type III) generates scar tissue that merely maintains 
rgan integrity, in response to sustained inflammation after 

njury [100 ,101] . On the other hand, it releases diverse 
ignaling molecules as a consequence of its degradation to 
ope with physical dysfunction [102 ,103] . Renal scar formation 
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involves an excess accumulation of ECM (primarily composed
of collagen, fibronectin and proteoglycans) and usually results
in loss of function when normal tissue is replaced with
scar tissue [104] . With the ongoing deposition of ECM, there
is loss of tubules and peritubular capillaries, which can
ultimately lead to organ malfunction [105 ,106] . The main
source of ECM deposition in renal fibrosis is the myofibroblast
[107 ,108] . When exposed to pro-fibrotic factors, such as TGF-
β1, resident fibroblasts can transform into myofibroblast [109] .
Key fibrogenic factors include TGF- β1, PDGF, fibroblast growth
factor-2 (FGF-2), connective tissue growth factor (CTGF) and
angiotensin II [110 ,111] , whereas hepatocyte growth factor
(HGF) and bone morphogenetic protein-7 (BMP-7) inhibit
matrix production by antagonizing TGF- β1 action [112 ,113] .
Likewise, signal transduction cascades (between fibrogenic
cytokines and specific downstream cells) and expression
of matrix genes are also regulated by a variety of micro
RNAs [114 ,115] . ECM is now considered to be a biologically
active system that tends to perpetuate inflammation and
fibrosis, rather than a passive consequence of chronic kidney
injury. 

When exposed to internal or external danger stimuli,
the body orchestrates an inflammatory response, which
is triggered by the damage-associated molecular patterns
(DAMPs) [116] . DAMPs consist of a group of heterogenous
molecules, such as hyaluronan (HA), biglycan and fibronectin.
Recent evidence showed that DAMPs drive not only immune
injury but also kidney regeneration and renal scarring [102] .
ECM is an important source of DAMPs, whose generation
comes from two different processes: either enzymatic
degradation of ECM or de novo synthesis from macrophages
and renal resident cells in response of various stimuli,
such as TGF- β and proinflammatory cytokines [117-119] .
DAMPs are involved in fibrogenesis encompass proteoglycans
(PGs), HA, heparan sulfate (HS), versican, and so on. For
example, two chondroitin/dermatan sulfate with small
leucine-rich proteoglycans, biglycan and decorin, are the
most characterized ECM-derived DAMP that triggers renal
inflammation and fibrogenesis, which act as endogenous
ligands of TLR2/4, the adaptor molecules and cluster of
differentiation 14 (CD14) and trigger sterile inflammation
[120 ,121] . Furthermore, active HS fragments generated by
heparanase-1 serve as TLR4-interacting DAMPs [122] . Thus,
it might be a promising approach to reduce ECM-derived
DAMPs-driven inflammation to restore impaired kidney
function. 

4.1.2. Main signaling targets in renal fibrosis 
TGF- β plays a vital role among the multiple signaling
pathways being activated in renal fibrosis, such as ECM
production, the proliferation of myofibroblasts and fibroblasts.
TGF -β1 is initially secreted in a latent form consisting of a
TGF -β1 dimer bound to a latency -associated peptide (laP)
[123 ,124] . There are two mechanisms, mothers against
decapentaplegic homologue (SMAD) 3-dependent and SMAD-
independent in the dysregulated expression and activation of
TGF- β1, which stimulate ECM production and finally lead to
the development of glomerulosclerosis and tubulointerstitial
fibrosis. Furthermore, TGF- β1 can directly suppress MMPs
and induce TIMPs, resulting in a net accumulation of ECM
[125] . At the same time, TGF- β1 can also induce the tubular
epithelial-to-mesenchymal transition and myofibroblasts-
generated interstitial matrix [126] . Thus, the complex
regulation of TGF -β might provide specific anti-fibrotic targets,
although direct inhibition of TGF -β might have undesired side
effects. 

On the other hand, BMP-7, a 35-kDa homodimeric protein,
is a natural antagonist of TGF -β, which have reversed renal
fibrosis in various models. Just like other members of the TGF-
β superfamily, BMP-7 signals via heteromeric interactions
of BMP receptors type I and type II activate its R-SMADs
and SMAD1/5/8, further form complexes with SMAD4, which
translocate into the nucleus to regulate transcription of their
target genes [127 ,128] . SMAD6 is an inhibitory SMAD that is
induced by BMPs and inhibits both TGF- β and BMP signaling
[129] . Numerous researches indicate that BMP-7 antagonizes
TGF- β-dependent fibrosis. Thus, BMP-7 signaling agonists
such as THR-123 [130] may be an effective therapy for kidney
disease. 

CTGF is an important modulator of pro-fibrotic TGF- β and
anti-fibrotic BMP-7 activities. CTGF is a direct downstream
as an early response gene of TGF- β. When binds to TGF- β1
through its CR domain, it leads to myofibroblast activation,
de novo expression of α-SMA and extracellular accumulation
of fibronectin, which promote tissue fibrosis [131] . CTGF also
disrupt the negative feedback loop of the TGF- β signaling
pathway via suppression of inhibitory SMAD7 [132] . By
contrast, CTGF interacts with BMP-7 to inhibit BMP-7 signaling
and ultimately enhances TGF- β signaling [133 ,134] . Given that
CTGF plays a significant role in the pathogenesis of kidney
fibrosis, anti-CTGF therapy is a promising strategy to reverse
renal fibrosis. 

4.2. Proximal tubule epithelial cell targeting delivery 
system 

Proximal tubular cells play an important role in the etiology of
many renal diseases, such as the formation and development
of interstitial inflammation and fibrosis [135] . It is an effective
strategy to deliver drugs to the proximal tubules for the
treatment of kidney disease. First, Yuan et al. found the
low molecular weight chitosan (LMWC) as a potential carrier
for the site-specific delivery of prednisolone to kidney. This
is mainly because aminoglycoside, a well-known ligand
of megalin receptor, shares a similar glucosamine unit
level with LMWC [136] . Based on this inspiring results,
Qiao et al. [137] designed kidney-specific nanocomplexes
from catechol-derived LMWC (HCA-Chi), metal ions and
active drug molecules ( Fig. 8 ). The nanocomplexes showed
special renal targeting capacity and obvious attenuation of
fibrotic progression. Besides, Vimentin is an intermediate
filament expressed mainly in cells of mesenchymal origin,
which expresses in developing renal tubular epithelial cells
and regenerating renal epithelial cells [138] . Kers et al.
indicated that vimentin involved in renal fibrosis, which could
work as surrogate markers for late interstitial fibrosis and
tubular atrophy and renal function [139] . Targeting vimentin
receptors can be a vital strategy for efficient and specific
delivery of genes to kidney. Kim et al. [140] report that N -
acetylglucosamine (GlcNAc) with PEI specifically interacted
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Fig. 8 – pH-response nanodevice based on coordination-driven assembly of HCA-Chi for sequential and kidney-specific drug 
delivery. Reprinted with permission from [137] . Copyright 2014 Elsevier. 
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ith vimentin-expressing cells such as 293FT and HeLa cells 
o deliver genes. Conceivably, this gene delivery system could 

e used to target other vimentin-expressed cell such as renal 
ubular epithelial cells. Then, based on previous findings,
ingh et al. [141] developed other polymeric gene delivery 
ectors to elucidate the efficiency of GlcNAc ligand for gene 
elivery. The results showed that high transfection efficiency 
f PADPG was attributed to the GlcNAc in the polymeric 
ector, which opens up a new opportunity to combine 
lcNAc with another polymer for special vimentin targeting 
apacity to cure CDK. All of these results make it possible 
o deliver drugs to proximal tubule epithelial cells for curing 
DK. 

.3. Myofibroblast targeting delivery system 

idney fibroblast plays an important role in the fibrotic 
rocess, which maintains the homeostasis of interstitial 
atrix and adjacent tissue. When activated by cytokines,

tress and other factors, it tends to myofibroblast phenotype 
nd contributes to matrix deposition [142 ,143] . Consequently,
argeted delivery of drugs to myofibroblasts is effective in 

uppressing the progress of interstitial renal failure. Poosti 
t al. [144] conjugated PEGylated IFN-g to PDGFR β recognizing 
yclic peptide C 

∗SRNLIDC 

∗ (PPB) [PPB-PEG-IFN-g] to test anti- 
brotic properties in vitro and in vivo compared with free IFN- 
. The results showed special renal myofibroblast targeting 
apacity and obvious attenuation of fibrotic progression,
hich could further be studied to reverse fibrosis. 

. Conclusions and perspectives 

ibrosis is a serious disease that threatens human health. The 
echanisms underlying the progression of fibrosis are fairly 

omplex ( Fig. 9 ). With the study of molecular mechanisms 
n fibrosis in recent years, many anti-fibrotic drugs have 
een continuously discovered and showed strong anti-fibrotic 
ctivity in vitro . However, most of the therapeutic strategies 
re still in preclinical phase, and their clinical effects have 
ot been confirmed. And most drugs have low solubility, no 
pecificity and poor accumulation in the action sites, which 

reatly limits the anti-fibrotic effect in vivo . Therefore, it is 
ecessary to develop a safe and effective delivery system for 
nti-fibrosis drugs. Although much progress in the targeted 

rug delivery system for fibrosis therapy has been made 
 Table 1 ), several challenges still exist, such as delivering 
ingle therapeutic agent, low targeting and permeability,
nd limited therapeutic effect. Given the current research 

tatus, the following outlook is proposed: (1) collagenase I can 

e decorated on nanoparticles to effectively permeate and 

eliver drugs to action site, which overcomes the difficulty in 

rug delivery caused by ECM transitional secretion in fibrotic 
issue; (2) it is difficult to achieve the desired effect by a single



Asian Journal of Pharmaceutical Sciences 16 (2021) 47–61 57 

Table 1 – Summary of representative targeting groups used for drug targeting delivery therapy for liver, lung and renal 
fibrosis. 

Type Specific cells Receptors Targeting groups Ref. 

liver fibrosis hepatocyte ASGP-R galactose [55-58] 
HSC RBPR, CRBP andCRABP vitamin A [63-65] 
HSC collagen VI receptor cyclic RGD [66 ,67] 
HSC M6P/IGFII M6P [68] 
HSC CD44 receptor chondroitin sulfate [69] 

pulmonary fibrosis myofibroblast chemokine receptor CXCR4 AMD3100 [92 ,93] 
renal fibrosis proximal tubule 

epithelial cell 
glomerular filtration and 

megalin receptor 
LMWC [136 , 137] 

myofibroblast PDGFR β cyclic peptide C 

∗SRNLIDC 

∗ [144] 

Fig. 9 – The mechanism and outcomes of fibrosis. PMN: polymorphonuclear leukocyte; EOS: eosinophil; Baso: basophil; 
Mast: mast cell. 

 

 

 

 

 

 

 

 

 

target treatment owing to complex mechanisms of fibrosis.
Co-delivery strategy can be used to inhibit collagen secretion
through multiple pathways; and (3) it is possible to efficiently
deliver anti-fibrotic drugs with the help of “cell combination
drug delivery” technology based on the pathological features
of fibrosis owing to low targeting efficiency of the traditional
delivery system. 

In addition, through the elaboration of the new
pathological mechanisms of fibrosis, more anti-fibrosis
drugs and delivery systems will be gradually developed.
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nd more effective treatment strategies can be adopted 

or the pathological features of fibrosis. Besides, further 
evelopment of safe and efficient drug delivery systems will 
acilitate more precise and more convenient fibrosis therapy 
trategy compared to the conventional delivery system. 
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