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Abstract: This article presents a comprehensive overview of the application of nanoparticles drug delivery system in the detec-
tion and treatment of Hepatocellular Carcinoma (HCC). The nanoparticles drug delivery system, endowed with exceptional phys-
ical and chemical features, including remarkable drug-carrying capacity, precise targeting abilities, and visualization capabilities,
offer promising new avenues for addressing HCC. Nanomaterials are important components of nano-drug delivery systems. Their
utilization in HCC therapy, along with the advantages and disadvantages of various nanomaterials, including lipid, polymer, inor-
ganic, biological macromolecular nanomaterials, exosomes and also hybrid nanoparticles, are thoroughly discussed. Our review
identifies lipid nanoparticles as widely utilized bioactive nanocarriers in cancer treatment, with polylactic acid, a pioneering bio-
degradable polyester polymer, showing significant application potential. Additionally, hybrid nanoparticles, which combine the
advantages of individual nanoparticles while mitigating their drawbacks, are poised to play a critical role in the targeted therapy
of HCC. Additionally, the article delves into the targeting and release mechanisms of nanoparticles drug delivery system, encom-
passing passive targeting, active targeting, stimulus-responsive nanocarrier targeting, and specific types of it like pH stimulus-re-
sponsive nanocarriers. Despite their immense potential in HCC treatment, nanoparticles drug delivery system still faces numer-
ous challenges, such as safety concerns, drug stability issues, and inadequate fundamental research for widespread application.
As these challenges are gradually overcome, nanotechnology will open up new horizons for HCC diagnosis and treatment, lead-
ing to  the  development  of  more  precise  diagnostic  tools  and  therapeutic  strategies.  Overall,  the  research  on  targeted   nano-
particles drug delivery system therapy for HCC is entering an exciting new era filled with both opportunities and challenges.
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Introduction

HCC is a major global health concern that ranks third in terms of
cancer-related  fatalities  globally,  approximately  18%  of  people
worldwide  have  it[1]. As  a  result,  innovative  and  effective   treat-
ment  strategies  are  urgently  required.  Among  them,  the  use  of
targeted  therapy  with  nanoparticle  drug  delivery  systems  has
emerged as a promising option. Aristolochic acid, aflatoxins, and
various dietary contaminants constitute a subset of the hazardous
elements  contributing to HCC development,  alongside persistent
hepatitis  B and C infections,  alcoholism,  metabolic  disturbances
in the liver,  notably nonalcoholic fatty liver disease,  and numer-
ous  other  factors[2].  The  Barcelona  Clinic  of  Liver  Cancer
(BCLC)  algorithm  categorizes  HCC  patients  into  five  clinical

stages:  very  early  (BCLC  0),  early  (BCLC  A),  intermediate
(BCLC B), advanced (BCLC C), and terminal (BCLC D), which
is a widely accepted staging system[3]. The selection of treatment
methods varies depending on the stage. Existing treatment meth-
ods include liver transplantation,  surgical  resection,  intra-arterial
therapies, ablation, radiotherapy, systematic therapies, etc.
The primary aggressive treatment for HCC is surgical removal,

yet up to 80 percent of patients face a significant risk of liver tu-
mor  recurrence  after  undergoing  this  procedure[1].  Furthermore,
timely access to suitable organs for transplantation remains chal-
lenging. Intra-arterial therapy is commonly used to treat interme-
diate  stage  HCC by  directly  injecting  particles  (with  or  without
chemotherapeutic  agents)  into  the  tumor's  blood  vessels[1].
However, chemotherapy's effectiveness is hindered by resistance
to  drugs,  absence  of  specificity,  and  significant  adverse
reactions[4].  Additionally,  chemotherapy’s  cytotoxic  can  cause
systemic damage, and radiation may also adversely affect normal
tissues  or  organs.  Hence,  it  is  a  significant  challenge  to  create
novel therapeutic approaches that target the liver and early detec-
tion methods[4]. Nanomedicine combines the benefits  of  conven-
tional chemotherapy, such as its clear effectiveness, with those of
small  molecule  inhibitors  or  monoclonal  antibodies,  which offer
specific therapy[5]. Recently, there has been exploration into util-
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izing  nanoparticle  drug  carriers  in  the  field  of  radiotherapy  for
potential advancements. Tong[6], etc, for example, developed and
synthesized  a  kind  of  multi-functional mesoporous  silica   nano-
particles (MSN) boron agent, specifically for boron neutron cap-
ture therapy  (BNCT)  in  treatment  of  HCC.  Paradigms  in   nano-
particles  drug  delivery  system offer  promising  prospects  for  the
detection and therapy of HCC.
The utilization of nanoparticle drug delivery systems has been

expanded to  encompass  tumor  therapy,  medication   administra-
tion, and disease diagnosis. As an important part of nano-drug de-
livery  system,  nanomaterials  undertake  many  functions.  In  the
field of diagnosis, nanomaterials can be utilized to modify sensor
surfaces, enhancing the detection sensitivity for specific biomark-
ers.  They  also  act  as  imaging  agents  for  diagnostic  imaging.
Therapeutically, nanomaterials can be tailored with targeting lig-
ands  like  antibodies  or  aptamers,  enabling  precise  drug  delivery
to  tumor  sites  and  mitigating  non-specific toxicity  and   chemo-
therapy  resistance[7].  These  carriers  are  typically  composed  of
macromolecules such  as  inorganic  materials,  polymers,  and   lip-
ids[8],  offering  fine-tuned  regulation  of  particle  attributes,  and
flexibility  in  payload  and  surface  modification.  Polymer-based
nanocarriers  facilitate precise manipulation of particle properties
and  simplify  surface  customization.  Inorganic  nanocarriers  have
unique  electrical,  magnetic  and  optical  properties  suitable  for
theranostic applications. Lipid-based carriers excel in bioavailab-
ility and formulation simplicity[9]. Nevertheless, these nanomater-
ials also have limitations, which will  be subsequently elaborated
upon Nanodrugs have the ability to precisely target specific sites
and  deliver  drugs  via  active  targeting.  Surface  modification  of

nanobiomaterials  with  peptides,  proteins,  small  molecules,  and
polymers  enables  targeted  delivery  of  immune  therapeutics  to
specific cell types, including hepatoma and immune cells[9]. Fur-
thermore, stimuli-responsive polymeric nano-delivery systems fa-
cilitate precise drug release, enhancing therapeutic efficacy while
minimizing adverse effects on healthy cells[10]. The review by Xi-
er  Pan  et  al.  emphasized  nanomaterials  have  demonstrated  the
ability to counteract the immunosuppressive microenvironment in
HCC[9].  Roland  Böttger  et  al.  described  the  research  progress  of
liposomes  as  a  kind  of  nanomaterials  for  liver  targeting[8].  Be-
sides, the purpose of this review is to provide a broad and inclus-
ive  summary  of  the  various  nanomaterials  utilized  for  treating
HCC,  examining  their  respective  strengths  and  weaknesses.  It
will also  explore  the  targeting  and release  mechanisms of  nano-
particles drug delivery system, offering predictions on the poten-
tial  challenges  and  application  prospects  of  nanoparticles  drug
delivery system in the identification and management of HCC. 

Various nanomaterials  for  tor  precise  therapeutic  interven-
tion in HCC
A variety of nanoparticles have been investigated for the therapy
of  HCC,  and  they  can  be  classified  according  to  the  material
composition, including lipid nanoparticles (LNPs), polymer nan-
oparticles (PNPs),  inorganic  nanoparticles,  biological   macro-
molecular nanomaterials,  exosomes,  etc.  This  section  will   intro-
duce these  nanoparticles  as  well  as  their  advantages  and   disad-
vantages,  and  provide  a  brief  statement  of  related  research,  see
Fig. 1. 
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Fig. 1. Classification of nanoparticles used in HCC.
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Lipid Nanoparticle
LNPs are  widely  used  as  bioactive  nanocarriers  for  treating   tu-
mors[11].  Liposomes,  nanostructured  lipid  carriers  (NLCs),  and
solid lipid nanoparticles (SLNs) are widely prevalent, each show
remarkable properties[12].  LNPs,  for  instance,  demonstrate robust
stability and  high  drug  encapsulation  abilities  are  simple  to   for-
mulate, allowing for cost-effective large-scale production[11]. 

Liposomes
LNPs typically range from 50 to 200 nm in size and are mainly
composed  of  phospholipids  and  cholesterol[13].  Liposomes  have
been  extensively  researched  as  delivery  systems  due  to  their
biocompatibility  and  ability  to  degrade  naturally[12].  Phosphol-
ipids  can  form  spherical  lipid  bilayers  with  their  hydrophobic
tails,  allowing  them  to  encapsulate  drugs  within  liposomes,  and
this protective  feature  shields  the  encapsulated  cargo  from   de-
gradation by  the  immune  system,  making  liposomes   advantage-
ous  for  their  biocompatibility  and  improved  targeting
efficiencies[13]. They  possess  the  capability  to  encapsulate  a   di-
verse  range  of  drugs,  including  those  that  are  hydrophobic  and
hydrophilic  in  nature[14].  The  preparation  methods  of  nano-lipo-
somes mainly include film method, emulsification method, ultra-
sonic method, and membrane evaporation method. Zhang Y[15] et
al.  developed  a  targeted  liposome-polycation-DNA (LPD)   com-
plex nanoparticle  system,  demonstrating  its  effectiveness  in   de-
livering RNA to  tumor  sites,  thereby  enhancing  the  immune   re-
sponse  against  HCC  for  antitumor  therapeutic  outcomes.  Nano-
liposome  encapsulation  technology  has  many  advantages.
However,  nanoliposome  encapsulation  technology  also  faces
some challenges, such as the complexity of preparation methods,
stability, toxicity  and  immunogenicity  of  nanoliposome.   There-
fore, the preparation method, application field and safety of nano-
liposome encapsulation technology need to be further studied and
explored in the future. 

Solid Lipid Nanoparticles
SLNs are used for delivering drugs, consisting of solid natural or
synthetic lipids like lecithin and triacylglycerol as carriers. These
particles encapsulate drugs in the lipid core and have a size range
of 10-1000 nm. They possess benefits like regulated drug release,
precise targeting,  enhanced  drug  stability,  substantial  drug   load-
ing capacity,  and minimal  toxicity.  SLNs can transport  both hy-
drophilic and lipophilic drugs. Nonetheless，they also come with
some  limitations， such  as  moderate  drug-loading  capacity  and
the possibility of drug expulsion caused by crystallization during
storage[16].  Rahman  M[17]  et  al.  developed  cationic  SLNs  loaded
with resveratrol (RV-c-SLNs) and demonstrated its favorable an-
titumor activity by in vivo, in vitro, and biochemical studies. 

Nanostructured Lipid Carriers
A novel type of LNPs, known as NLCs, are created by blending
liquid and solid lipids to form a mixed lipid matrix. To overcome
the constraints of SLNs, NLCs were devised. They boast a super-
ior drug-loading capacity and hinder drug expulsion during stor-
age  by  inhibiting  lipid  crystallization,  thanks  to  the  inclusion  of
liquid lipids in their formulation[12]. NLCs can accommodate both
hydrophilic  and  hydrophobic  drugs,  offering  similar  advantages

to  SLNs.  However,  there  are  still  some  drawbacks,  such  as  the
easy excretion of lipids after undergoing polymorphic transform-
ation  within  the  nanocarrier  matrix  and  low  efficiency  in  drug
loading[18].  Eman  M.M.  Shehata[19]  et  al.  created  NLCs  loaded
with positively charged PIP, which were then coated with pectin
to  produce  novel  pectin-coated  NLCs  (PIP-P-NLCs) for   target-
ing  HCC.  The  P-NLCs  under  development  exhibited  enhanced
cytotoxicity  and  cellular  internalization  compared  to  their  non-
targeted counterparts[19].  In addition to the aforementioned three,
microemulsion,  nanoemulsion,  phytosomes,  lipid-coated  nano-
particles, and nanoassemblies are also beneficial in the treatment
of HCC. 

Polymer Nanoparticles
Polymer  nanoparticles  (PNPs)  encompass  various  polymeric
structures  such  as  dendrimers,  polymer  micelles,  nanospheres,
and more.  PNPs  have  many  excellent  properties,  such  as   out-
standing  physical  characteristics,  elevated  specific  surface  area,
and  favorable  compatibility  with  living  organisms.  But  PNPs
have  stability  problems:  such  as  instability,  easy  hydrolysis  and
autooxidation.  There  are  also  risks  of  particle  aggregation  and
toxicity. Chitosan and PLGA are one of the most leading natural
and  synthetic  polymers  used,  respectively[20,21], as  described   be-
low. Moreover,  PLA  NPs  are  also  a  kind  of  common   nano-
particles used in research for the treatment of HCC. 

Chitosan Nanoparticles
Chitosan,  a  polysaccharide  that  is  naturally  abundant,  is  derived
from the partial deacetylation of chitin, which is found in the exo-
skeletons of insects and crustaceans. It possesses a linear amino-
polysaccharide structure (poly-1,4-D-glucosamine)[4,22]. The pres-
ence  of  amino groups  in  weakly  acidic  environments  causes  the
polymer to become a polycation, enabling it to interact with neg-
atively charged surfaces such as cell membranes[23-25].  Therefore,
it  has an affinity for  negatively charged biofilms and selectively
accumulates  in  tumors.  Some  researchers  have  claimed  that
chitosan  itself  has  anticancer  properties  against  HCC  cells,  and
Qi[26] et al. were among the pioneering researchers to show the ef-
fectiveness of chitosan NPs in inhibiting tumor growth. However,
further studies are needed to confirm this.  Chitosan NPs may be
susceptible to protein adsorption in the blood, resulting in particle
agglomeration  and  rapid  clearance,  which  limits  their  long-term
circulation application in  vivo.  This  also  presents  a  challenge in
the realm of tumor-targeted therapy. 

PLGA
Poly  (lactic-co-glycolic  acid)  (PLGA)  consisting  of  lactic  acid
and  glycolic  acid  monomers,  which  is  a  degradable  functional
macromolecular  organic  compound.  PLGA  NPs  offer  excellent
drug solubility and stability[27].  In the process of  biodegradation,
it  decomposes  into  monomers， glycolic  acid,  and  lactic  acid.
These substances are subsequently metabolized by the body, un-
dergoing the Krebs cycle, and ultimately eliminated as carbon di-
oxide and water. So its systemic toxicity to biological systems is
negligible[27]. However,  PLGA NPs  may  undergo  drug  burst   re-
lease, and excessive drug release may cause toxicity. 
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PLA nanoparticles
Polylactic acid  (PLA),  also  referred  to  as  polylactide,  is  a  pion-
eering  biodegradable  polyester  polymer  derived from lactic  acid
polymerization.  PLA  NPs  hold  great  potential  in  drug  delivery
systems, improving drug efficacy by facilitating targeted release.
Additionally, they can be tailored for bioimaging and diagnostics
purposes,  incorporating  fluorescent  or  magnetic  labels.  Ma[28]  et
al.  explored  the  potential  of  SM5-1-conjugated PLA   nano-
particles  loaded  with  5-fluorouracil  (5-FU)  for  targeted  HCC
imaging  and  treatment.  Their  research  showed  that  PLA-5FU-
SM5-1 NPs outperformed PLA-5FU and 5-FU individually in in-
hibiting tumor growth. In summary, these PLA-based NPs offer a
promising avenue  for  HCC  diagnosis  and  therapy  through   tar-
geted drug delivery and imaging. 

Polydopamine nanoparticles
Polydopamine  (PDA)  NPs,  biomimetic  structures  made  from
dopamine  monomers,  demonstrate  outstanding  biocompatibility
and biodegradability. Dopamine oxidation initiates self-polymer-
ization, resulting in PDA formation. Leveraging PDA's pH sensit-
ivity, researchers have enhanced drug stability and controlled re-
lease  for  HCC  treatment.  For  instance,  Wu[29]  et  al.  synthesized
Folic  Acid-modified  PDA-taxol-loaded  Poly(3-hydroxybutyrate-
co-3-hydroxyvalerate)  NPs,  a  pH-responsive  system designed  to
boost targeted HCC therapy. 

Inorganic Nanoparticles
Within biomedicine,  inorganic  NPs,  including  metals,   semicon-
ductors, and metal oxide NPs, have garnered significant attention
as therapeutic candidates due to their tunable size, unique optical &
electrical  attributes,  magnetic  &  catalytic  properties,  and  good
biocompatibility[30].  A  brief  introduction  to  the  commonly  used
types will be given below. 

Metal and Metal Oxide Nanoparticles
Currently, there is a considerable amount of focus and interest on
copper  oxide  nanocomposites  because  of  their  unique  chemical
and  physical  properties.  These  composites  are  recognized  for
their specific  characteristics  like  suitable  redox  potential,   en-
hanced specific surface areas，exceptional electrochemical activ-
ities，and improved stability  in  solution[31]. Currently,  gold,   sil-
ver,  platinum and  other  metal  materials  are  being  studied  in  the
form of  NPs  for  the  therapy of  HCC.  For  example,  silver  nano-
particles  show  the  effective  antibacterial  properties[31].  Platinum
NPs  demonstrate  significantly  higher  cytotoxicity  compared  to
bulk  platinum[32].  Due  to  their  distinct  characteristics,  such  as  a
high  surface  area-to-mass  ratio  and  enhanced  reactivity,  Pt  NPs
have  been  swiftly  acknowledged  as  potential  nanomedicines  for
the  treatment  of  different  cancer  types  using  chemotherapy[33].
But metal and metal oxide NPs may have toxic effects on organ-
isms.  The  size,  shape,  surface  modification  and  other  factors  of
NPs can also affect their toxicity and biocompatibility. 

Silica Nanoparticles
Silica  NPs  (SNPs),  especially  non-crystalline ones,  are   com-
monly utilized  in  the  medical  field  for  transporting   chemother-

apy drugs and multimodal imaging agents[34]. The high drug load-
ing efficiency of SNPs is attributed to their ability to encapsulate
drugs  within  their  pore  channels[11].  Research  by  In-Yong  Kim
MS[34]  and  colleagues  revealed  that  identical  SNP  formulations
elicited  diverse  responses  across  different  cell  lines  of  the  same
type. Notably, HepG2 cells exhibited minimal sensitivity to SNP
toxicity,  whereas  NIH/3T3 cells  were  highly  susceptible[34].  It  is
hypothesized that  cytotoxicity  stemming from SNPs exposure  is
significantly  influenced  by  oxidative  stress  and  ROS-induced
DNA  damage,  which  may  arise  from  nanoparticle  distribution
and accumulation within cellular compartments[35]. 

Other Inorganic Nanoparticles
Inorganic  nanomaterials  possessing  exceptional  photothermal
conversion abilities, like selenium, black phosphorus nanosheets,
and graphene oxide, can potentially facilitate multi-modal syner-
gistic therapy, bolstering HCC treatment efficiency[36]. Addition-
ally, Ji[37] et al. capitalized on this by deploying cancer cell-mac-
rophage hybrid membrane-cloaked copper sulfide NPs for photo-
thermal-chemotherapy  against  HCC.  This  strategy  enhanced  the
synergistic impact of photothermal therapy (PTT)and chemother-
apy on hepatoma cells through homotypic targeting. 

Biological Macromolecular Nanoparticles
Biomacromolecular  nanomaterials  consist  of  proteins,  nucleic
acids, polysaccharides, and other compounds. Albumin NPs mod-
ified by  various  substances  are  the  most  frequently  utilized  bio-
macromolecular nanomaterials for the therapy of HCC. The nat-
ural origin and versatility of albumin make it a perfect choice for
drug delivery applications[11]. Three key technologies for drug de-
livery  have  been  established:  conjugating  low-molecular-weight
drugs with exogenous or endogenous albumin, fusing them with
bioactive  proteins,  and  encapsulating  drugs  within  albumin
NPs[38].  The researchers used Biguanides decorated albumin NPs
loading  nintedanib[39],  arsenite-loaded  albumin  NPs[40],  sorafenib
and  doxorubicin  loaded  microbubble-albumin  Nps  complex[41],
etc., to synergistically enhance the treatment of HCC. 

Exosomes
Exosomes, minute nanovesicles with a phospholipid bilayer, ori-
ginate from the separation of intracellular polyvesicles from cell
membranes  and  are  subsequently  released  into  the  extracellular
milieu[42].  Exosomes  facilitate  the  transfer  of  biologically  active
substances from one cell  to  another,  influencing the microenvir-
onment and immune system through a range of biomolecules in-
cluding proteins,  RNA, and DNA[43-45], and the  cellular  mechan-
isms involving genetics and epigenetics[46]. Recent studies under-
score exosomes' pivotal role in HCC progression and dissemina-
tion, with their cargo also serving as clinical diagnostic and thera-
peutic  tools.  Tumor-derived  exosomes  harbor  cancer-associated
serological markers, notably miRNAs, enabling early HCC detec-
tion[47].  However,  while  several  investigations  have  explored  the
exosome-liver cancer  link,  the  underlying  mechanisms   govern-
ing  liver  cancer  formation  via  exosomes  remain  inadequately
probed[48]. 
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Hybrid nanoparticles
Non-hybrid  nanocarriers  face  challenges  related  to  stability  and
targeting.  To  overcome  these  limitations,  hybrid  NPs  (HNPs)
comprising  two or  more  materials  or  excipients  are  synthesized.
This approach  leverages  the  advantages  of  individual  nanocarri-
ers while addressing their limitations[49]. Different types of HNPs,
like  lipid-polymer,  inorganic,  metal-organic,  and  hybrid  carbon
nanocarriers, have been utilized for cancer diagnosis and therapy.
HNPs exhibit  improved loading capacity,  release  profiles,  cellu-
lar entry, and cytotoxicity in vitro and in vivo compared to non-
hybrid counterparts. For instance, Xu[50] et al. developed a Doxor-
ubicin-embedded  copper  diethyldithiocarbamate-functionalized
layered double hydroxide HNP for HCC-targeted therapy, show-
casing promising applications in cancer treatment. 

Diverse targeting  methods  on  nanocarries  for  precise  thera-
peutic in HCC
There have been at  least  three  categories  of  NPs utilized to  dia-
gnose or treat HCC: passive targeting, active targeting, and stim-
uli-responsive NPs targeting[51]. 

Passive Targeting
Passive targeting  relies  on  the  natural  affinity  of  certain   mo-
lecules or cells for specific targets within the body. Unlike active
targeting, which involves the use of external agents to direct the
delivery system, passive targeting allows for  a  more natural  and
spontaneous  interaction  between  the  therapeutic  agent  and  the
diseased tissue. The fundamental principle behind passive target-
ing is the inherent differences in the vasculature and permeability
of healthy  and  diseased  tissues.  One  instance  involves  the   fre-
quent  occurrence  of  enhanced  permeability  and  retention  (EPR)
effects in tumor blood vessels, resulting in the preferential accu-
mulation of large molecules and NPs within the tumor for a pro-
longed  duration  compared  to  normal  tissues[52].  The  debate  over
the existence and significance of EPR effects has been a topic of
contention  in  recent  years,  with  the  variability  of  EPR  among
various  tumors  raising  doubts  about  its  applicability[53].  Passive
targeting has several advantages, including its simplicity, cost-ef-
fectiveness,  and  lack  of  the  need  for  external  energy  sources  or
specialized  equipment.  However,  it  also  has  limitations,  such  as
the inability to precisely control the distribution of the therapeut-
ic  agent  and  the  potential  for  nonspecific  accumulation  in  other
tissues. By harnessing the natural affinity of certain molecules or

cells for specific targets within the body, passive targeting allows
for the precise delivery of therapeutic agents directly to diseased
tissues, while minimizing off-target effects. While it has its limit-
ations, the simplicity, cost-effectiveness, and potential for clinic-
al translation of passive targeting make it an important and ongo-
ing area of research and development. 

Active Targeting
Active targeting is a strategy that aims to maximize the delivery
of therapeutic agents to specific cells or tissues while minimizing
nonspecific interactions with healthy cells. This approach is par-
ticularly  important  in  diseases  that  require  precise  delivery  of
drugs to  affected  areas,  such  as  cancer.  Active  targeting  is   fre-
quently employed for HCC, where the drug delivery system's sur-
face  markers  or  ligands  bind  to  specific  receptors  on  the  target
cell,  leading  to  conformational  changes[54-56].  By  using  ligand
(such  as  peptides,  proteins,  adaptation  and  antibody)  to  surface
modification of  NP,  these  ligands  selectively  with  over   expres-
sion in tumor specific antigens or receptors interactions, thus en-
hance the NP to the target cells[57]. 

Membrane Receptor and Protein Targeting
The Table 1 provides a brief description of part of molecules that
are  overexpressed  in  HCC  cells  and  can  be  used  in  active-tar-
geted delivery systems. 

Enhanced active targeting ligands HCC
Ligands that  exhibit  the  ability  to  enhance  active  targeting   pos-
sess unique properties that allow them to effectively bind to spe-
cific  receptors  or  biological  markers,  thereby  facilitating  precise
and efficient delivery of therapeutic agents or other bioactive mo-
lecules. The Table 2 shows the classification and a brief introduc-
tion of ligands that can enhance active targeting of NPs and can
be applied to the therapy of HCC. 

Stimuli-responsive nanoparticles for targeted delivery
Stimuli-responsive NPs target cells  by adjusting their  movement
with external  (e.g.,  magnetic  fields,  ultrasound)  or  internal  (e.g.,
pH,  tissue  environment)  stimuli,  ensuring  precise  drug
delivery[54,58].  The  potential  of  stimuli-responsive  NPs  in  HCC
treatment is promising, as they are capable of reacting to stimuli

 

Table 1.  Molecules that are overexpressed in HCC cells and can be used in delivery systems with active targeting[51].

Name Category of Affiliation Sites of Expression

Asialoglycoprotein receptor (ASGP-R) a receptor that relies on calcium for activation The expression of this protein is limited to the
surface of liver cells.

Glypican-3 (GPC3) This proteoglycan belongs to the glypican family
and is categorized as a heparan-sulfate.

It is overexpressed in cell membrane and
cytoplasm of HCC cells.

Glycyrrhetinic acid receptor (GAR) - surface of HCC cells.

Transferrin receptor (TFR) homodimeric transmembrane glycoprotein
The expression of this gene is predominantly

observed in HCC tissue and cell lines
derived from colon cancer.

Receptor for somatostatin (SSTR) receptor coupled with G-protein Broadly present in brain, gut, kidneys,
immune cells, & glands.

Cluster of differentiation CD44 surface glycoprotein
Variant isoforms of CD44 are expressed

by tumor cells.
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within the  tumor  microenvironment  (TME),  leading  to  the   re-
lease  of  their  cargo[59].  Stimuli-responsive  NPs  further  enhance
the  specificity  and  efficacy  of  targeted  delivery  by  allowing  for
precise  control  over  the  release  of  drugs  at  the  site  of  action.  In
the review[59] by Seyedeh Setareh Samaei  et  al.,  the  stimulation-
responsive  liposomes  have  been  used  to  treat  HCC,  including
liposomes that  are  sensitive  to  pH,  redox,  and light.  These   lipo-
somes have the capability to transport drugs into the TME in or-
der to enhance the therapeutic effectiveness. 

The  controlled  release  of  drugs  of  various  nanosystem  for
precise therapeutic intervention in HCC
The  controlled  release  of  drugs  through  nanosystems  allows  for
sustained and localized therapy, ensuring maximum efficacy with
minimal side effects. These systems are created to react to partic-
ular environmental signals present in the TME, like pH levels or
enzyme concentrations,  causing  the  drugs  to  be  released   pre-
cisely  at  the  required  location.  This  targeted  approach  not  only
improves therapeutic outcomes but also enhances patient compli-
ance and quality of life. This section will present information on
stimulus-responsive  nanomedicine  and  its  corresponding  release
mechanisms.  Stimuli-responsive  NPs  can  be  used  to  control  the
release of  drugs,  leading to  improved drug effectiveness  and  re-
duced  harm  to  healthy  cells[10].  They're  classified  as  single  or
multiple  stimulus-responsive,  and  exogenous  or  endogenous

based  on  function  and  action  pathways[10].  The Fig. 2.  illustrates
the detailed categorization of individual Stimuli-responsive NPs.
The multiple-response stimuli approach can incorporate a mix

of  endogenous,  exogenous,  or  both  types  of  stimulus-responsive
NPs[10].  For  example,  scientists  have  investigated  pH-responsive
NPs as a potential treatment for HCC. These NPs are designed to
respond to changes in pH levels, allowing them to target and re-
lease chemotherapy drugs specifically at tumor sites. Tumor and
inflamed tissues tend to have a lower pH compared to healthy tis-
sue and blood, making this targeted drug delivery system effect-
ive[11]. This  observation  led  to  the  creation  of  nanocarriers   cap-
able of responding to natural and abnormal pH levels in the body,
leading  to  targeted  drug  release  in  cancer  cells[60].  The  primary
categories of pH-sensitive NPs include liposomes, polymers, and
SNPs[11]. In addition, redox-, magnet- and light-sensitive NPs also
occupy a place in the therapy of HCC research. 

Conclusion

This  review  introduces  various  nanomaterials  for  the  therapy  of
HCC  and  their  advantages  and  disadvantages,  including  LNPs,
PNPs,  inorganic  NPs,  biological  macromolecule  NPs,  exosomes
and hybrid NPs. As well as the targeting and release mechanisms
and research status of NPs drug delivery system for the therapy of
HCC in various current studies are introduced. With the continu-

 

Table 2.  Ligands that can enhance the active targeting of NPs and can be applied to the treatment of HCC[51].

Category Name Molecules to Target Pros and Cons

Saccharide-based ligands

Lactobionic acid (LA) ASGP-R Small dimensions, excellent
permeability, and cost-effectiveness;
Comparatively less specificity, simple

to synthesize and modify.

Hyaluronic acid (HA) CD44

Pectin ASGP-R

Vitamin-based ligands

Folate Folate receptor

-
Biotin (vitamin B7) Biotin receptor

Retinoic acid (RA) RA receptor-α (RARα)

Dehydroascorbic acid (DHAA) GLUT1

Antibody-based ligands

anti-EGFR/EGFRv III mAb(9B9mAb) EGFR/EGFRv
High specificity and affinity;

Large size, poor permeability,
potential immune genicity, costly.

anti-VEGF mAb (Sc7269) VEGF

anti-CD44 antibody CD44

……

Peptide-based ligands

Arginine-Glycine-Asparagine (RGD) Integrin-αvβ3
Moderate size, easy synthesis and

manipulation, high affinity and
specificity;

Prone to proteolysis.

Gerbich GE11 EGFR

Fibroblast growth factors (FGFs) FGFRs

heptapeptide sequence (MQLPLAT) FGFR

Aptamer-mediated ligand

CL4:
5′GCCUUAGUAACGU
GCUUUGAUGUCGAU
UCGACAGGAGGC-3′

EGFR Good solubility and non-
immunogenic permeability;

Rapid clearance and degradation.A15:
5′-CCCUCCUACAUA

GGG-3′
CD133

Transferrin-based ligands Transferrin (TF)
TFR1

-
TFR2
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ous  development  of  nanotechnology,  the  potential  of  NPs  drug
delivery system  in  the  diagnosis  and  treatment  of  HCC  has   re-
ceived increasing attention. The advantages of NPs drug delivery
system include high drug delivery ability,  precise  targeting abil-
ity and visualization ability, etc., which provide a new means for
HCC therapy.
However,  in  the  clinical  application  process,  nanomedicines

for  HCC  treatment  still  encounter  numerous  challenges.  Firstly,
the tumor  microenvironment  restricts  the  penetration  and   accu-
mulation of nanomedicine at the tumor site, leading to inefficient
drug  delivery.  Secondly,  the  long-term  accumulation  of
nanomedicines  in  vivo may result  in  drug tolerance and toxicity
issues. Thirdly, achieving sustained and stable drug release at the
tumor  site  to  improve  therapeutic  effects  is  a  crucial  issue  in
nanomedicine research and development. Finally, identifying bio-
markers related to the occurrence and progression of HCC is es-
sential for  better  predicting  the  therapeutic  effect  of   nanomedi-
cines  in  order  to  enhance  their  efficacy.  In  conclusion,  while
nanomedicine  holds  great  potential  for  treating  HCC,  there  are
still numerous challenges that need to be overcome.
Therefore, it is necessary to further study the biocompatibility

of NPs  drug  delivery  system  to  reduce  their  side  effects  on   hu-
man body,  develop  new  drug  encapsulation  technologies  to   im-
prove the stability of drugs, and strengthen basic research to un-
derstand the behavior and mechanism of NPs drug delivery sys-
tem in vivo. As these problems are gradually solved, nanotechno-
logy will bring new opportunities to treat HCC. Beyond existing
treatments, nanotechnology is poised to transform emerging ther-
apies like surgical nanorobots, immunotherapy, gene, cell, and re-

generative  medicine[61].  Furthermore,  it  promises  to  personalize
treatments  and  enable  real-time  therapy  monitoring.  Hence,
nanomedicine  is  expected  to  become a  cornerstone  in  the  future
diagnosis  and treatment  of  HCC. In general,  the research on the
targeted therapy of HCC with NPs drug delivery system is enter-
ing a new stage full of opportunities and challenges. 

Abbreviations

5-FU,  5-fluorouracil;  ASGP-R,  asialoglycoprotein  receptor;
BCLC, Barcelona Clinic of Liver Cancer; BNCT, boron neutron
capture  therapy;  DHAA,  dehydroascorbic  acid;  FGFs,  fibroblast
growth factors; GAR, glycyrrhetinic acid receptor; GPC3, glypic-
an-3; HA, hyaluronic acid; HCC, hepatocellular carcinoma; HN-
Ps, hybrid nanoparticles; LA, lactobionic acid; LNPs, lipid nano-
particles; MSN,  mesoporous  silica  nanoparticles;  NLCs,   nano-
structured lipid carriers; NPs, hybrid nanoparticles; PDA, Polydo-
pamine;  PLA,  Polylactic  acid;  PLGA,  Poly  (lactic-co-glycolic
acid);  P-NLCs,  pectin-coated NLCs;  PNPs,  Polymer   nano-
particles; PTT, photothermal therapy; RARα, RA receptor-α; RV-
c-SLNs, cationic SLNs loaded with resveratrol; SLNs, solid lipid
nanoparticles; SNPs, Silica nanoparticles; SSTR, receptor for so-
matostatin; TF,  transferrin;  TFR,  transferrin  receptor;  TME,   tu-
mor microenvironment. 

Funding

This work was supported by the National Key R&D Program of

 

Single Stimulus-
Responsive 

Nanoparticles

Endogenous 

Stimulus-Responsive
Nanoparticles

pH Stimulus-
Responsive 

Nanoparticles

Redox Stimulus-
Responsive 

Nanoparticles

Enzyme Stimulus-
Responsive 

Nanoparticles

Hypoxia Stimulus-
Responsive 

Nanoparticles

Exogenous Stimulus-

Responsive 

Nanoparticles

Other Stimulus-
Responsive 

Nanoparticles

Light Stimulus-
Responsive 

Nanoparticles

Temperature 

Stimulus-Responsive

Nanoparticles

Fig. 2. Classification of single stimulus-responsive NPs.

 

REVIEW HEPATOLOGY
 

16 Diseases & Research, 2025, vol. 5: 10–18



China  (2022YFA1207300)  and  the  Science  and  technology
Inovation Project of IHEP (2023-4). 

Conflict of interest

The authors declare no conflict of interest here. 

Authors' contributions

XYK:  Data  curation,  Investigation  and  Writing  –  original  draft.
ZRZ:  Data  analysis.  HYT:  Formal  analysis.  YHC:  Resources,
Formal Analysis. JL: Conceptualization, Funding acquisition, Su-
pervision, and Writing − review & editing.

References

 Vogel  A,  Meyer  T,  Sapisochin  G,  et  al. Hepatocellular  carcinoma.
Lancet, 2022, 400(10360): 1345-1362.

[1]

 Yang  JD,  Hainaut  P,  Gores  GJ,  et  al.  A  global  view  of
hepatocellular carcinoma: trends, risk, prevention and management.
Nat Rev Gastroenterol Hepatol, 2019, 16(10): 589-604.

[2]

 Reig  M,  Forner  A,  Rimola  J,  et  al.  BCLC  strategy  for  prognosis
prediction  and  treatment  recommendation:  The  2022  update.  J
Hepatol, 2022, 76(3): 681-693.

[3]

 Bonferoni MC, Gavini E, Rassu G, et al. Chitosan Nanoparticles for
Therapy and Theranostics  of  Hepatocellular  Carcinoma (HCC) and
Liver-Targeting. Nanomaterials, 2020, 10(5): 870.

[4]

 Chen  Y,  Yu  J,  Wang  Z,  et  al.  Emergence,  Mechanism  of  Action,
Clinical  Applications  and  Challenges  of  Nanomedicine  for  Tumor
Therapy. Dis Res, 2022, 2(2): 48-52.

[5]

 Tang  H,  Wang  Z,  Hao  H,  et  al.  Boron-Containing  Mesoporous
Silica Nanoparticles with Effective Delivery and Targeting of Liver
Cancer Cells for Boron Neutron Capture Therapy. ACS Appl Mater
Interfaces, 2024, 16(18): 22934-22945.

[6]

 Graur F,  Puia A,  Mois EI,  et  al. Nanotechnology in the Diagnostic
and Therapy of Hepatocellular Carcinoma. Materials, 2022, 15(11):
3893.

[7]

 Böttger  R,  Pauli  G,  Chao  PH,  et  al.  Lipid-based  nanoparticle
technologies for liver targeting. Adv Drug Deliver Rev, 2020, 154:
79-101.

[8]

 Pan  X,  Ni  S,  Hu  K.  Nanomedicines  for  reversing
immunosuppressive microenvironment of hepatocellular carcinoma.
Biomaterials, 2024, 306: 122481.

[9]

 Luo  S,  Lv  Z,  Yang  Q,  et  al.  Research  Progress  on  Stimulus-
Responsive  Polymer  Nanocarriers  for  Cancer  Treatment.
Pharmaceutics, 2023, 15(7): 1928.

[10]

 Kong  FH,  Ye  QF,  Miao  XY,  et  al.  Current  status  of  sorafenib
nanoparticle  delivery  systems  in  the  treatment  of  hepatocellular
carcinoma. Theranostics, 2021, 11(11): 5464-5490.

[11]

 García-Pinel  B,  Porras-Alcalá  C,  Ortega-Rodríguez A,  et  al. Lipid-
Based  Nanoparticles:  Application  and  Recent  Advances  in  Cancer
Treatment. Nanomaterials, 2019, 9(4): 638.

[12]

 Li  Y,  Zhang  R,  Xu  Z,  et  al.  Advances  in  Nanoliposomes  for  the
Diagnosis and Treatment of Liver Cancer. Int J Nanomed, 2022, 17:
909-925.

[13]

 Yingchoncharoen  P,  Kalinowski  DS,  Richardson  DR.  Lipid-Based
Drug  Delivery  Systems  in  Cancer  Therapy:  What  Is  Available  and
What Is Yet to Come. Pharmacol Rev, 2016, 68(3): 701-787.

[14]

 Zhang  Y,  Xie  F,  Yin  Y,  et  al.  Immunotherapy  of  Tumor  RNA-
Loaded Lipid  Nanoparticles  Against  Hepatocellular  Carcinoma.  Int
J Nanomed, 2021, 16: 1553-1564.

[15]

 Rajabi  M, Mousa SA. Lipid Nanoparticles and their  Application in
Nanomedicine. Curr Pharm Biotechno, 2016, 17(8): 662-672.

[16]

 Rahman  M,  Almalki  WH,  Afzal  O,  et  al.  Cationic  Solid  Lipid
Nanoparticles  of  Resveratrol  for  Hepatocellular  Carcinoma
Treatment:  Systematic  Optimization,  in  vitro  Characterization  and
Preclinical Investigation. Int J Nanomed, 2020, 15: 9283-9299.

[17]

 Ansari  MT,  Ramlan  TA,  Jamaluddin  NN,  et  al.  Lipid-based
Nanocarriers for Cancer and Tumor Treatment. Curr Pharm Design,
2020, 26(34): 4272-4276.

[18]

 Shehata  EMM, Gowayed MA, El-Ganainy SO, et  al. Pectin  coated
nanostructured  lipid  carriers  for  targeted  piperine  delivery  to
hepatocellular carcinoma. Int J Pharmaceut, 2022, 619: 121712.

[19]

 Lim  TY,  Poh  CK,  Wang  W.  Poly  (lactic-co-glycolic  acid)  as  a
controlled  release  delivery  device.  J  Mater  Sci- Mater  Med,  2009,
20(8): 1669-1675.

[20]

 Nafee  N,  Schneider  M,  Schaefer  UF,  et  al.  Relevance  of  the
colloidal  stability  of  chitosan/PLGA  nanoparticles  on  their
cytotoxicity profile. Int J Pharmaceut, 2009, 381(2): 130-139.

[21]

 Rostami  E.  Progresses  in  targeted  drug  delivery  systems  using
chitosan  nanoparticles  in  cancer  therapy:  A  mini-review.  J  Drug
Deliv Sci Tec, 2020, 58: 101813.

[22]

 Gan Q,  Wang T,  Cochrane  C,  et  al. Modulation  of  surface  charge,
particle  size  and  morphological  properties  of  chitosan-TPP
nanoparticles  intended  for  gene  delivery.  Colloids  Surf  B
Biointerfaces, 2005, 44(2-3): 65-73.

[23]

 Szymańska  E,  Winnicka  K.  Stability  of  chitosan-a  challenge  for
pharmaceutical  and  biomedical  applications.  Mar  Drugs,  2015,
13(4): 1819-46.

[24]

 Younes I, Rinaudo M. Chitin and chitosan preparation from marine
sources.  Structure,  properties  and  applications.  Mar  Drugs,  2015,
13(3): 1133-74.

[25]

 Qi  L,  Xu  Z,  Chen  M.  In  vitro  and  in  vivo  suppression  of
hepatocellular  carcinoma  growth  by  chitosan  nanoparticles.  Eur  J
Cancer, 2007, 43(1): 184-193.

[26]

 Pandey  P,  Rahman  M,  Bhatt  PC,  et  al.  Implication  of  nano-
antioxidant therapy for treatment of hepatocellular carcinoma using
PLGA nanoparticles of rutin. Nanomedicine, 2018, 13(8): 849-870.

[27]

 Ma X, Cheng Z, Jin Y, et al. SM5-1-conjugated PLA nanoparticles
loaded  with  5-fluorouracil  for  targeted  hepatocellular  carcinoma
imaging and therapy. Biomaterials, 2014, 35(9): 2878-2889.

[28]

 Wu  M,  Wang  Q,  Peng  Y,  et  al.  Enhancing  Targeted  Therapy  in
Hepatocellular  Carcinoma  through  a  pH-Responsive  Delivery
System:  Folic  Acid-Modified  Polydopamine-Paclitaxel-Loaded
Poly(3-hydroxybutyrate-co-3-hydroxyvalerate)  Nanoparticles.  Mol
Pharmaceut, 2024, 21(2): 581-595.

[29]

 Anselmo  AC,  Mitragotri  S.  A  Review  of  Clinical  Translation  of
Inorganic Nanoparticles. AAPS J, 2015, 17(5): 1041-1054.

[30]

 Younas  M,  Rizwan  M,  Zubair  M,  et  al.  Biological  synthesis,
characterization  of  three  metal-based  nanoparticles  and  their
anticancer  activities  against  hepatocellular  carcinoma  HepG2  cells.
Ecotox Environ Safe, 2021, 223: 112575.

[31]

 Oun R, Moussa YE, Wheate NJ. The side effects of platinum-based
chemotherapy  drugs:  a  review  for  chemists.  Dalton  Trans,  2018,
47(19): 6645-6653.

[32]

 Wawrowicz  K,  Majkowska-Pilip  A,  Szwed  M,  et  al.  Oxidative
Status as an Attribute for Selective Antitumor Activity of Platinum-
Containing  Nanoparticles  against  Hepatocellular  Carcinoma.  Int  J
Mol Sci, 2022, 23(23): 14773.

[33]

 Kim IY,  Joachim E,  Choi  H,  et  al. Toxicity  of  silica  nanoparticles
depends on size,  dose,  and cell  type. Nanomed-Nanotechnol, 2015,
11(6): 1407-1416.

[34]

 Napierska D, Thomassen LC, Lison D, et al. The nanosilica hazard:
another variable entity. Part Fibre Toxicol, 2010, 7(1): 39.

[35]

 Yang  SL,  Xiang  Y,  Yang  YJ. Advances  in  Nanotechnology-Based[36]

 

Diseases & Research
 

Diseases & Research, 2025, vol. 5: 10–18 17

https://doi.org/10.1016/S0140-6736(22)01200-4
https://doi.org/10.1038/s41575-019-0186-y
https://doi.org/10.1016/j.jhep.2021.11.018
https://doi.org/10.1016/j.jhep.2021.11.018
https://doi.org/10.3390/nano10050870
https://doi.org/10.54457/DR.202202005
https://doi.org/10.1021/acsami.4c02897
https://doi.org/10.1021/acsami.4c02897
https://doi.org/10.3390/ma15113893
https://doi.org/10.1016/j.addr.2020.06.017
https://doi.org/10.1016/j.biomaterials.2024.122481
https://doi.org/10.3390/pharmaceutics15071928
https://doi.org/10.7150/thno.54822
https://doi.org/10.3390/nano9040638
https://doi.org/10.2147/IJN.S349426
https://doi.org/10.1124/pr.115.012070
https://doi.org/10.2147/IJN.S291421
https://doi.org/10.2147/IJN.S291421
https://doi.org/10.2174/1389201017666160415155457
https://doi.org/10.2147/IJN.S277545
https://doi.org/10.2174/1381612826666200720235752
https://doi.org/10.1016/j.ijpharm.2022.121712
https://doi.org/10.1007/s10856-009-3727-z
https://doi.org/10.1007/s10856-009-3727-z
https://doi.org/10.1007/s10856-009-3727-z
https://doi.org/10.1007/s10856-009-3727-z
https://doi.org/10.1016/j.ijpharm.2009.04.049
https://doi.org/10.1016/j.jddst.2020.101813
https://doi.org/10.1016/j.jddst.2020.101813
https://doi.org/10.1016/j.colsurfb.2005.06.001
https://doi.org/10.1016/j.colsurfb.2005.06.001
https://doi.org/10.3390/md13041819
https://doi.org/10.3390/md13031133
https://doi.org/10.1016/j.ejca.2006.08.029
https://doi.org/10.1016/j.ejca.2006.08.029
https://doi.org/10.2217/nnm-2017-0306
https://doi.org/10.1016/j.biomaterials.2013.12.045
https://doi.org/10.1021/acs.molpharmaceut.3c00710
https://doi.org/10.1021/acs.molpharmaceut.3c00710
https://doi.org/10.1208/s12248-015-9780-2
https://doi.org/10.1016/j.ecoenv.2021.112575
https://doi.org/10.1039/C8DT00838H
https://doi.org/10.3390/ijms232314773
https://doi.org/10.3390/ijms232314773
https://doi.org/10.1016/j.nano.2015.03.004
https://doi.org/10.1016/j.nano.2015.03.004
https://doi.org/10.1016/j.nano.2015.03.004
https://doi.org/10.1186/1743-8977-7-39


Drug  Delivery  Systems  in  the  Treatment  of  Hepatocellular
Carcinoma. Zhongguo Yi Xue Ke Xue Yuan Xue Bao, 2024, 46(3):
384-392.
 Ji  B,  Cai  H,  Yang Y,  et  al. Hybrid  membrane camouflaged copper
sulfide  nanoparticles  for  photothermal-chemotherapy  of
hepatocellular carcinoma. Acta Biomater, 2020, 111: 363-372.

[37]

 Kratz  F.  Albumin  as  a  drug  carrier:  Design  of  prodrugs,  drug
conjugates and nanoparticles. J Control Release, 2008, 132(3): 171-
183.

[38]

 Xu  Y,  Liu  Y,  He  T,  et  al.  Biguanides  decorated  albumin
nanoparticles  loading  nintedanib  for  synergic  enhanced
hepatocellular  carcinoma  therapy.  Colloid  Surface  B,  2021,  207:
112020.

[39]

 Zhang  K,  Li  D,  Zhou  B,  et  al.  Arsenite-loaded  albumin
nanoparticles  for  targeted  synergistic  chemo-photothermal  therapy
of HCC. Biomater Sci, 2021, 10(1): 243-257.

[40]

 Lee S, Kim JH, Moon H, et al. Combined treatment of sorafenib and
doxorubicin-loaded  microbubble-albumin  nanoparticle  complex  for
hepatocellular  carcinoma:  A  feasibility  study.  Plos  One,  2020,
15(12): e0243815.

[41]

 Raab-Traub N, Dittmer DP. Viral effects on the content and function
of extracellular vesicles. Nat Rev Microbiol, 2017, 15(9): 559-572.

[42]

 Chen G, Huang AC, Zhang W, et al. Exosomal PD-L1 contributes to
immunosuppression  and  is  associated  with  anti-PD-1  response.
Nature, 2018, 560(7718): 382-386.

[43]

 Chen R, Xu X, Tao Y, et al. Exosomes in hepatocellular carcinoma:
a new horizon. Cell Commun Signal, 2019, 17(1): 1.

[44]

 Roma-Rodrigues  C,  Raposo  LR,  Cabral  R,  et  al.  Tumor
Microenvironment  Modulation  via  Gold  Nanoparticles  Targeting
Malicious  Exosomes:  Implications  for  Cancer  Diagnostics  and
Therapy. Int J Mol Sci, 2017, 18(1): 162.

[45]

 Gougelet  A.  Exosomal  microRNAs  as  a  potential  therapeutic
strategy in hepatocellular carcinoma. World J Hepatol, 2018, 10(11):
785.

[46]

 Melo  SA,  Sugimoto  H,  O'Connell  JT,  et  al.  Cancer  Exosomes
Perform  Cell-Independent  MicroRNA  Biogenesis  and  Promote
Tumorigenesis. Cancer Cell, 2014, 26(5): 707-721.

[47]

 Li  X,  Li  C,  Zhang  L,  et  al.  The  significance  of  exosomes  in  the
development  and  treatment  of  hepatocellular  carcinoma.  Mol
Cancer, 2020, 19(1): 1.

[48]

 Rajana  N,  Mounika  A,  Chary  PS,  et  al.  Multifunctional  hybrid[49]

nanoparticles  in  diagnosis  and  therapy  of  breast  cancer.  J  Control
Release, 2022, 352: 1024-1047.
 Xu  Y,  Kong  Y,  Xu  J,  et  al.  Doxorubicin  intercalated  copper
diethyldithiocarbamate  functionalized  layered  double  hydroxide
hybrid  nanoparticles  for  targeted  therapy  of  hepatocellular
carcinoma. Biomater Sci, 2020, 8(3): 897-911.

[50]

 Elnaggar MH, Abushouk AI, Hassan AHE, et al. Nanomedicine as a
putative  approach  for  active  targeting  of  hepatocellular  carcinoma.
Semin Cancer Biol, 2021, 69: 91-99.

[51]

 Maeda H, Wu J, Sawa T, et al. Tumor vascular permeability and the
EPR  effect  in  macromolecular  therapeutics:  a  review.  J  Control
Release, 2000, 65(1): 271-284.

[52]

 Fang  J,  Islam  W,  Maeda  H.  Exploiting  the  dynamics  of  the  EPR
effect  and  strategies  to  improve  the  therapeutic  effects  of
nanomedicines  by  using  EPR  effect  enhancers.  Adv  Drug  Deliver
Rev, 2020, 157: 142-160.

[53]

 Li  M,  Zhang  W,  Wang  B,  et  al.  Ligand-based  targeted  therapy:  a
novel  strategy  for  hepatocellular  carcinoma.  Int  J  Nanomed,  2016,
11: 5645-5669.

[54]

 Varshosaz  J,  Farzan  M.  Nanoparticles  for  targeted  delivery  of
therapeutics  and  small  interfering  RNAs  in  hepatocellular
carcinoma. World J Gastroenterol, 2015, 21(42): 12022.

[55]

 Zhong  Y,  Meng  F,  Deng  C,  et  al. Ligand-Directed  Active  Tumor-
Targeting  Polymeric  Nanoparticles  for  Cancer  Chemotherapy.
Biomacromolecules, 2014, 15(6): 1955-1969.

[56]

 Kiaie SH, Mojarad-Jabali S, Khaleseh F, et al. Axial pharmaceutical
properties  of  liposome  in  cancer  therapy:  Recent  advances  and
perspectives. Int J Pharmaceut, 2020, 581: 119269.

[57]

 Rostami  E.  Recent  achievements  in  sodium  alginate-based
nanoparticles  for  targeted  drug  delivery.  Polym  Bull,  2022,  79(9):
6885-6904.

[58]

 Samaei SS, Daryab M, Gholami S, et al. Multifunctional and stimuli-
responsive  liposomes  in  hepatocellular  carcinoma  diagnosis  and
therapy. Transl Oncol, 2024, 45: 101975.

[59]

 Wang S, Zhang L, Dong C, et al. Smart pH-responsive upconversion
nanoparticles  for  enhanced  tumor  cellular  internalization  and  near-
infrared  light-triggered  photodynamic  therapy.  Chem  Commun,
2015, 51(2): 406-408.

[60]

 Liu  T,  Liu  L,  Li  L,  et  al.  Exploiting  targeted  nanomedicine  for
surveillance,  diagnosis,  and  treatment  of  hepatocellular  carcinoma.
Materials Today Bio, 2023, 22: 100766.

[61]

 

REVIEW HEPATOLOGY
 

18 Diseases & Research, 2025, vol. 5: 10–18

https://pubmed.ncbi.nlm.nih.gov/38953262/
https://doi.org/10.1016/j.actbio.2020.04.046
https://doi.org/10.1016/j.jconrel.2008.05.010
https://doi.org/10.1016/j.colsurfb.2021.112020
https://doi.org/10.1039/D1BM01374B
https://doi.org/10.1371/journal.pone.0243815
https://doi.org/10.1038/nrmicro.2017.60
https://doi.org/10.1038/s41586-018-0392-8
https://doi.org/10.1186/s12964-018-0315-1
https://doi.org/10.3390/ijms18010162
https://doi.org/10.4254/wjh.v10.i11.785
https://doi.org/10.1016/j.ccell.2014.09.005
https://doi.org/10.1186/s12943-019-1085-0
https://doi.org/10.1186/s12943-019-1085-0
https://doi.org/10.1016/j.jconrel.2022.11.009
https://doi.org/10.1016/j.jconrel.2022.11.009
https://doi.org/10.1039/C9BM01394F
https://doi.org/10.1016/j.semcancer.2019.08.016
https://doi.org/10.1016/S0168-3659(99)00248-5
https://doi.org/10.1016/S0168-3659(99)00248-5
https://doi.org/10.1016/j.addr.2020.06.005
https://doi.org/10.1016/j.addr.2020.06.005
https://doi.org/10.2147/IJN.S115727
https://doi.org/10.3748/wjg.v21.i42.12022
https://doi.org/10.1021/bm5003009
https://doi.org/10.1016/j.ijpharm.2020.119269
https://doi.org/10.1007/s00289-021-03781-z
https://doi.org/10.1016/j.tranon.2024.101975
https://doi.org/10.1039/C4CC08178A
https://doi.org/10.1016/j.mtbio.2023.100766

	Introduction
	Various nanomaterials for tor precise therapeutic intervention in HCC
	Lipid Nanoparticle
	Liposomes
	Solid Lipid Nanoparticles
	Nanostructured Lipid Carriers
	Polymer Nanoparticles
	Chitosan Nanoparticles
	PLGA
	PLA nanoparticles
	Polydopamine nanoparticles
	Inorganic Nanoparticles
	Metal and Metal Oxide Nanoparticles
	Silica Nanoparticles
	Other Inorganic Nanoparticles
	Biological Macromolecular Nanoparticles
	Exosomes
	Hybrid nanoparticles
	Diverse targeting methods on nanocarries for precise therapeutic in HCC
	Passive Targeting
	Active Targeting
	Membrane Receptor and Protein Targeting
	Enhanced active targeting ligands HCC
	Stimuli-responsive nanoparticles for targeted delivery
	The controlled release of drugs of various nanosystem for precise therapeutic intervention in HCC

	Conclusion
	Abbreviations
	Funding
	Conflict of interest
	Authors' contributions
	References

