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Mini Review
Viral hepatitis such as HBV and HCV remain the leading
cause of chronic liver inflammation/fibrosis which may give rise
to liver cirrhosis and/or ultimately hepatocellular carcinoma
(HCC). A recent comprehensive study reported that the burden
of deaths due to chronic viral infections have almost doubled
between 1990 (~0.89 million) and 2013 (~1.45 million) [1,2].
In fact, viral hepatitis is currently ranked seventh highest in
mortality worldwide. Although the introduction of prophylactic
HBV vaccination in infants and anti-HBV treatments have reduced
the prevalence of HBV dramatically, virus clearance and virologic
control was not sustainable after therapy withdrawal [2].
However, there were encouraging data indicating that boosting
the immune system has proven to be effective in the long-term
control of HBV as shown in the majority of infected adults with
resolved infection. Nevertheless, immune-based therapies
have yielded poor outcomes which led to the importance of
small animal models in understanding the complexity between
virus and host interactions as well as development of antiviral
immunity [3,4]. Indeed, considerable success was achieved
in the generation of humanized mice by engrafting human
hematopoietic stem cells (HSCs) [5,6]. In addition to depleting
γ-chain of the interleukin 2 receptor, non-obese diabetic (NOD)severe combined immunodeficiency (SCID) mice which lacked
mouse T, B and Natural Killer (NK) cells reduced graft rejection
considerably.
We have previously demonstrated that adoptive transfer
of CD34+ cells isolated from human fetal liver into sublethally
irradiated NSG pups gave rise to not only human immune
system reconstitution but also human hepatocyte-like cells
in the liver of the recipient mice [7]. Importantly, we showed
that CD34hiCD133hi population in particular, contains majority
of hematopoietic stem cells which would differentiate into
mature human T cells, B cells, NK cells, Dendritic cells (DCs), and
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monocytes/macrophages. On the other hand, ~4% of human
hepatocyte-like cells which expressed CD29 and albumin but
not CD45 in mouse liver originated from the CD34loCD133lo
population. Despite both HSCs and hepatic progenitors sharing
a similar transcriptome, our findings suggested that these cell
types were committed to separate lineages upon differentiation.
In fact, we had shown that our humanized mouse model could
support HCV infection, liver inflammation/fibrosis, HCV-specific
human immune responses, as well as blockade of HCV-associated
liver pathogenesis by interferon alpha-2a (IFNα-2a) [8]. We
detected a significant increase in liver immune cell infiltration
in HCV-infected humanized mice especially hepatic T cells and
macrophages which was consistent with HCV patients [9].
Likewise, most of human leucocytes residing in spleens of HCVinfected mice were dominated by CD3+CD4+ and CD3+CD8+ T cells
whereas majority of splenocytes in mock-infected mice were
primarily CD19+ B cells suggesting that HCV-specific human
immune responses in humanized mice were similarly observed
in patients. In addition, antibody-based depletion of human
CD4+ and CD8+ T cells in humanized mice prior to HCV infection
dramatically reduced leukocyte infiltration, human interferongamma (IFN-γ), human IL-6, and liver fibrosis [8]. In terms of
therapeutic interventions, we were able to recapitulate antiviral
activity in humanized mice with the clinically proven drug, IFNα2a known to suppress HCV replication and disease progression
in HCV-infected patients successfully [10]. Like the T cells
depletion assays, significantly reduced leukocyte infiltration and
liver fibrosis were detected in the IFNα-2a-treated mice cohorts
[8]. The humanized mouse model not only provides a good
platform for characterization of human liver pathogenesis but
may also be useful in the discovery of novel therapeutics and/or
improved modes of drug delivery. In collaboration with Motoichi
Kurisawa’s group, we have demonstrated that microstructured
dextran hydrogels substantially prolong the circulation half-life
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of PEG (polyethylene glycol)ylated-IFNα-2a (PEG-IFNα-2a) for
the treatment of chronic HCV-infected humanized mice [10,11].
We reported that a one-time subcutaneous implantation of PEGIFNα-2a-loaded Dex-Tyr/PEG hydrogels displayed comparable
anti-HCV effects with 8 weekly injections of PEG-IFNα-2a
formulation [11]. Although both delivery vehicles significantly
reduced alanine aminotransferase (ALT) and IFN-γ in vivo, DexTyr/PEG hydrogels enabled long-term sustained release of the
incorporated PEG-IFNα-2a resulting in effective treatment of
HCV with less frequency of drug administration. This approach
paves ways for improved sustained protein delivery systems
which will be advantageous in biomedical and pharmaceutical
applications.
Chronic viral infection such as HBV is not considered
cytopathic as activation of antigen-specific T cells are usually
responsible in recognition and clearance of infected and/or
dead hepatocytes [12]. Unlike in an acute infection scenario,
virus-specific T cells are generally low in number and may not
even be detectable at late-stage liver disease presumably due to
majority of them being functionally exhausted [13]. Although
the mechanism by which chronic liver inflammation is sustained
remains to be fully understood, sub-population of myeloid cells
particularly monocytes and macrophages have been gaining wide
interest of late. In fact, elevation of both CD14+16+ monocytes
and CD68+ macrophages were reported in livers of patients with
chronic liver diseases according to severity [14,15]. Multiple
liver-injury animal models have portrayed the role of liverinfiltrating monocytes in angiogenesis, liver fibrosis and HCC
development [12]. On the other hand, liver cirrhosis is caused
by translocation of bacteria and bacterial products from the gut
microbiota to the liver which ultimately led to liver inflammation
and hepatocarcinogenesis [16,17]. Our HBV-infected humanized
mice exhibited a large accumulation of pro-inflammatory
CD14+HLA-DRhiCD206+ cells which were highly liver-specific and
that treatment with oral antibiotics abrogated these myeloid
residents suggesting that both CD14+HLA-DRhiCD206+ cells
and intestine-derived bacterial products may contribute to the
pathogenic sustainability of liver inflammation [12]. The increase
of serum lipopolysaccharide (LPS) (measurement of serum
sCD14) was a clear reflection of circulating bacterial products
in HBV-infected humanized mice [18]. Antibiotic treatment
not only abolished intestinal microbiota expectedly but more
intriguingly, intrahepatic accumulation of pro-inflammatory
CD14+CD206+ myeloid cells and subsequent liver inflammation
were diminished almost completely [12].
Indeed, human chimeric mouse models offer a solid in vivo
platform to study a wide range of human diseases. Although
the current development of humanized mice may provide us a
better understanding of human liver pathogenesis and human
immune system responses to liver-associated injuries, the low
reconstitution of human hepatocytes proved to be a limitation. In
the last decade, two models have been established to overcome
such drawback. The first model involved urokinase plasminogen
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activator (uPA) transgenic mouse whereby constitutive
expression of uPA in liver causes hepatic injury to allow expansion
of mouse/human hepatocytes upon transplantation [5,19]. The
second mouse model was built on fumarylacetoacetate hydrolase
(Fah) gene knockout background [20]. Since Fah is an enzyme
required for normal liver metabolism, a defect in this pathway
resulted in accumulation of toxic metabolites and ultimately
hepatocellular injury to similarly permit human hepatocytes
repopulation. However, Fah KO mice are advantageous as liver
injury can be controlled by administration of 2-(2-nitro-4trifluoro-methylbenzoyl)-1,3-cyclohexanedione (NTBC) which
is a small molecule that blocks tyrosine catabolism [5,20]. In
addition to depletion of Fah, combination of immunodeficient
alleles such as Rag2 and Il2rγ could lead to extensive liver
humanization [20]. Although multiple research groups have
already demonstrated the success of such mice models in
supporting HBV and HCV, the lack of human immune responses
could not mirror the microenvironment of patients infected
with viral hepatitis [21-25]. Therefore, it is vital to address the
importance of incorporating high levels of human liver chimeras
and HLA-matched humanization of the immune system to further
characterize immune cells responses to hepatotropic infections
in vivo.
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