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Knowledge Gaps in the hepatitis B virus (HBV) Life 
Cycle: Barriers to Functional Cure
In the early 1960s, the discovery of hepatitis B surface 
antigen (HBsAg), initially termed the Australia antigen, by 
Baruch S. Blumberg marked a milestone that enabled the 
diagnosis of acute and chronic hepatitis B (CHB) and the 
development of vaccines against HBV infection. Due to his 
great contribution, he received the Nobel Prize in Physiology 
or Medicine in 1976.1 To date, HBV infection remains a ma-
jor global public health challenge, affecting approximately 
257.5 million people worldwide2 and leading to chronic liver 
diseases such as cirrhosis and hepatocellular carcinoma. The 
HBV genome encodes three structurally related envelope 
proteins—the large, middle, and small surface proteins—
through the preS1, preS2, and S regions. Clinically, func-
tional cure of CHB is generally defined by sustained loss of 
serum HBsAg, with or without the development of antibodies 
to HBsAg, following antiviral treatment. Chronic hepatitis C 
virus infection can now be cured with direct-acting antivi-
ral agents.3 However, achieving a functional cure remains 
difficult for patients with CHB. Currently available antiviral 
agents and immunomodulatory drugs can suppress viral 
replication but rarely induce HBsAg clearance,4 with only a 
minority of patients achieving functional cure. During HBV 
infection, following viral attachment and internalization into 
hepatocytes, HBV delivers its relaxed circular DNA (rcDNA) 
into the nucleus, where it is converted into covalently closed 
circular DNA (cccDNA). As the transcriptional template for 
viral replication and antigen synthesis, cccDNA and integrat-
ed HBV DNA represent major obstacles to achieving a func-
tional cure of CHB.4,5 Despite extensive investigation over 
the past several decades, many critical steps of the HBV life 
cycle remain incompletely understood, particularly the mo-
lecular mechanisms regulating viral entry into hepatocytes 

and the subsequent intracellular events that support produc-
tive infection and viral persistence.

The identification of sodium taurocholate cotransporting 
polypeptide (NTCP) as a functional receptor for HBV entry in 
2012 represented a major breakthrough in HBV research,6 
greatly advancing understanding of HBV entry into hepato-
cytes. HBV entry is a highly coordinated multistep process 
involving viral attachment, internalization and intracellular 
trafficking, and nuclear delivery. Initially, HBV virions bind to 
host heparan sulfate proteoglycans (HSPGs) on the hepato-
cyte surface through the S domain in a low-affinity, nonspe-
cific manner.7 Subsequently, the preS1 domain of the large 
HBV surface protein specifically binds NTCP, triggering viral 
internalization into hepatocytes.6,8,9 Notably, naturally oc-
curring genetic variants of NTCP may alter its interaction with 
the preS1 domain and consequently influence host suscep-
tibility to HBV infection. After binding to NTCP, HBV is inter-
nalized through endocytosis, a process reported to depend 
on NTCP ubiquitination,10 and to be triggered by epidermal 
growth factor receptor (EGFR) signaling.11 The internalized 
virions are subsequently transported toward the nuclear en-
velope and ultimately delivered to the nucleus. However, the 
molecular mechanisms governing post-entry events, includ-
ing intracellular trafficking, nucleocapsid uncoating, and nu-
clear import, remain incompletely understood.12

Identification of Scavenger receptor class F member 
2 (SCARF2) Expands Understanding of the HBV Life 
Cycle
SCARF2 is a member of the scavenger receptor family. Ho-
mozygous mutations in SCARF2 were previously found to 
be responsible for Van den Ende–Gupta syndrome.13,14 Li 
et al. recently identified SCARF2 as an intracellular receptor 
that facilitates the transport of HBV-containing endosomes 
to nuclear pore complexes (NPCs) and promotes HBV nu-
cleocapsid release from endosomes (Fig. 1).15 These find-
ings provide important mechanistic insights into the poorly 
understood post-entry stages of the HBV life cycle. Using 
a targeted functional screen of membrane proteins specifi-
cally expressed in hepatocytes, the investigators demon-
strated that SCARF2 is required for efficient post-entry traf-
ficking following NTCP-mediated internalization. Depletion 
of SCARF2 markedly reduced HBV infection in HepG2-NTCP 
and HepaRG cells, whereas overexpression of SCARF2 in-
creased susceptibility to HBV infection. Notably, SCARF2 
appeared to function specifically during the early stages of 
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infection, as modulation of SCARF2 expression had mini-
mal impact once infection was established. Mechanistically, 
SCARF2 directly interacts with HBV particles during intra-
cellular trafficking. Biochemical and mutagenesis analyses 
revealed that the extracellular epidermal growth factor-like 
domains 4–6 of SCARF2 bind the preS1 region of the HBV 
large envelope protein, with amino acids 69–108 constitut-
ing the major binding region. Residue 90 was particularly 
important for SCARF2 recognition, as its mutation substan-
tially impaired SCARF2 binding and reduced viral infectivity, 
indicating that the SCARF2–preS1 interaction is important 
for productive HBV infection. Advanced imaging and traf-
ficking analyses revealed that internalized HBV particles are 
incorporated into SCARF2-containing endosomal vesicles 
shortly after entry. These SCARF2-positive vesicles subse-
quently move toward the perinuclear region and accumulate 
near NPCs. Electron microscopy and colocalization analyses 
demonstrated that viral particles are enriched on the cyto-
plasmic side of NPCs, suggesting that SCARF2-containing 
endosomes may function as specialized carriers that trans-
port internalized HBV to NPCs. Loss of SCARF2 significantly 
impaired the accumulation of viral particles near NPCs, indi-
cating that SCARF2 is required for efficient intracellular tar-
geting of incoming virions. Importantly, SCARF2 promotes 
the release of HBV nucleocapsids from endosomal compart-
ments. Knockdown of SCARF2 resulted in a marked reduc-

tion in HBV nucleocapsid release efficiency, thereby limit-
ing the delivery of rcDNA to the nucleus and subsequent 
formation of cccDNA. Collectively, these findings support 
a model in which SCARF2 acts as an intracellular receptor 
downstream of NTCP, coupling endosomal trafficking with 
nucleocapsid release and thereby facilitating productive in-
fection.

These findings provide important insights into how HBV 
particles are transported to NPCs and how HBV nucleocap-
sids escape from endosomal compartments after entry into 
hepatocytes. Together with previous findings identifying 
NTCP as a key mediator of viral attachment and internaliza-
tion, the discovery of SCARF2 supports a sequential model 
of HBV entry: HBV initially attaches to HSPGs, followed by 
high-affinity engagement of NTCP through the viral preS1 
domain; activation of EGFR-dependent endocytosis facilitates 
viral internalization; and SCARF2 functions downstream of 
NTCP to direct intracellular trafficking and facilitate nucle-
ocapsid release from endosomal compartments. This step-
wise mechanism further refines the current framework of 
HBV entry biology.

SCARF2 as a Potential Therapeutic Target for HBV 
Infection
SCARF2 may therefore represent a potential host target for 
preventing de novo HBV infection. First, the identification of 
SCARF2 as an intracellular receptor for HBV has important im-
plications for antiviral drug development. Current therapeu-
tic strategies for CHB remain unable to efficiently eliminate 
cccDNA. The study demonstrated that SCARF2 contributes 
indirectly to cccDNA formation in newly infected hepatocytes 
by promoting viral trafficking and nucleocapsid release, sug-
gesting that targeting SCARF2 might inhibit HBV infection at 
a stage downstream of NTCP-mediated internalization and 
thereby limit the establishment of persistent infection. Nota-
bly, the therapeutic benefit of SCARF2-targeted interventions 
may be greatest for preventing de novo infection, limiting 
viral spread to uninfected hepatocytes, and reducing reinfec-
tion after cccDNA clearance.

Second, genetic variation in SCARF2 may influence HBV 
infection. A well-characterized single-nucleotide polymor-
phism in the NTCP gene (SLC10A1), resulting in the S267F 
substitution, has been associated with resistance to HBV in-
fection in a large Han Chinese cohort. Mechanistically, this 
protective effect may result from impaired ligand binding to 
NTCP, reducing its function as a receptor for HBV entry into 
hepatocytes.16 Accordingly, because SCARF2 directly inter-
acts with the preS1 region of the HBV large surface protein 
and plays an important role in cccDNA establishment, natu-
rally occurring genetic variants within the SCARF2 locus may 
theoretically influence individual susceptibility to HBV infec-
tion, viral persistence, and treatment outcomes. Systematic 
genetic and epidemiological studies will therefore be impor-
tant for defining the clinical significance of SCARF2 polymor-
phisms in diverse populations.

Finally, the clinical development of the NTCP-targeting 
entry inhibitor bulevirtide provides proof of concept for 
host-targeted antiviral strategies.17 The study demon-
strated that disruption of SCARF2 function markedly im-
pairs HBV trafficking to NPCs, nucleocapsid release, and 
cccDNA formation, highlighting multiple potentially vulner-
able steps in the viral life cycle. Analogous to NTCP in-
hibition, therapeutic approaches targeting SCARF2—such 
as small-molecule inhibitors or agents that disrupt the 
SCARF2–preS1 interaction—may offer a novel strategy to 
prevent de novo HBV infection, block cccDNA establish-

Fig. 1. Proposed roles of SCARF2 in HBV infection and therapeutic impli-
cations. Top: HBV enters hepatocytes through a highly coordinated multistep 
process. Step 1: HBV binds to cellular HSPGs on hepatocytes, followed by spe-
cific binding to NTCP, thereby mediating HBV attachment to hepatocytes. Step 
2: HBV virions are internalized through endocytosis. Step 3: SCARF2-containing 
endosomes transport internalized HBV along microtubules to the cytoplasmic 
side of NPCs through interactions between EGF-like domains 4–6 of SCARF2 and 
residues 69–108 of the HBV preS1 region. Step 4: SCARF2 facilitates the endo-
somal release of HBV nucleocapsids. Bottom: Therapeutic implications and future 
perspectives of SCARF2 in HBV infection. SCARF2 inhibitors could be explored as 
a strategy to prevent de novo HBV infection (left). Hypothetical genetic altera-
tions in SCARF2 may potentially alter the interaction between SCARF2 and preS1 
(middle). Species-specific differences in SCARF2 may inform the development of 
HBV-susceptible mouse models (right). cccDNA, covalently closed circular DNA; 
EGF, epidermal growth factor; HBV, hepatitis B virus; HSPGs, heparan sulfate pro-
teoglycans; NPCs, nuclear pore complexes; NTCP, sodium taurocholate cotrans-
porting polypeptide; SCARF2, scavenger receptor class F member 2.
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ment, and support prophylactic or early-intervention strat-
egies against HBV infection.

Despite its therapeutic potential, the physiological func-
tions of SCARF2 should be carefully considered during drug 
development. Given the essential role of SCARF2 in normal 
human development and the fact that homozygous muta-
tions cause Van den Ende–Gupta syndrome, future thera-
peutic strategies may raise safety concerns and should pref-
erentially focus on liver-targeted delivery, transient inhibition 
during the early stages of HBV infection, or selective disrup-
tion of the SCARF2–HBV interaction. Systematic assessment 
of safety and therapeutic feasibility will be needed to mini-
mize interference with the physiological functions of SCARF2 
while maintaining antiviral efficacy.

Beyond its therapeutic implications, SCARF2 may also be 
relevant to the development of HBV animal models. A recent 
study showed that the dominant restriction to HBV infection 
in murine hepatocytes expressing human NTCP occurs at a 
late entry step preceding nucleocapsid uncoating.18 Because 
SCARF2 mediates intracellular trafficking and nucleocapsid 
release, species-specific differences in SCARF2 expression 
or function may contribute to this restriction. Comparative 
studies of human and murine SCARF2 may therefore pro-
vide insights to facilitate the development of HBV-susceptible 
mouse models.

Conclusions
In conclusion, the study by Li et al. identifies SCARF2 as an 
important host factor involved in HBV intracellular traffick-
ing and nucleocapsid release in hepatocytes. By revealing 
a molecular mechanism through which SCARF2 mediates 
transport of HBV-containing endosomes to NPCs, the study 
advances understanding of post-entry events in the HBV 
life cycle and refines existing models of viral infection. The 
SCARF2–HBV interaction may represent a potential target for 
future therapeutic development against HBV infection.
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