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Abstract: As a frequent solid tumor of the liver, hepatocellular carcinoma (HCC), has a very poor prognosis. It has
been the second most common cause of death which leaded by cancer all of the world. With more and more risk
factors, such as fatty liver, hepatitis B and C viral infections, alcohol abuse, and metabolic syndrome, HCC represents an increasing incidence and mortality. It is still a challenge for HCC curative treatment. There are no effective
therapeutic strategies to meet the clinical need. Despite increasing research about the novel drugs, most of them
ultimately fail in Phase III clinical trials. In this review, we provide key point summaries and present research agenda
of targeting therapeutic strategies for HCC regarding biomarkers and targeting delivery vehicles. Then, the CAR-Tcell and Bite targeting strategies efficiency are discussed. Finally, this review provides a critical evaluation of the
targets and strategies discussed above for personalized treatment of HCC.
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Introduction
Hepatocellular carcinoma (HCC), in most cases,
occurs as a result of chronic hepatitis, and the
biggest risk factor is cirrhosis [1, 2]. Currently,
some clinical treatments are available for HCC,
surgical approaches, chemotherapeutics, and
radiation percutaneous approaches are the
main therapeutic strategies. Immunotherapeutics are a promising approach for treating cancer [3]. However, only surgical approaches have
proven effective thus far [4, 5]. Surgical
approaches are highly limited by the advanced
stage HCC. Despite tumor cells and tumor
microenvironment are relatively more sensitive
than normal tissues to the exposure of chemotherapeutics, non-specific anticancer drugs
hold non-selective physiological activity, which
contributes to serious systemic cytotoxicity to
normal tissues. Radiation percutaneous approaches have a similar situation [6-8]. Some
existing chemotherapeutic medicines have
been used to treat HCC, such as doxorubicin,
sorafenib, cisplatin, and mitomycin, but none of
them have shown clinical efficacy without overt
toxicity and adverse effects due to their inherent drug resistance and nonspecific bio-distribution. Sorafenib has been approved by the

Food and Drug Administration (FDA) to be used
as the first-line clinic treatment for HCC [9, 10].
Although some research has reported that
Sorafenib can improve HCC patients’ median
survival from 7.9 months to 10.7 months, unordered accumulation and nonspecific distribution in the body lead to much systemic sideeffects and also deficiency dosage targeting
the tumor cells and tumor microenvironment
[11]. Recent discoveries of new cancer biomakers has been providing novel therapeutic
tools for cancer targeting treatments, especially concerning immunotherapeutic approaches
[12]. New promising therapeutic strategies, like
CAR-T-cell and bispecific antibodies (bsAbs),
have paved the ways to anticancer treatments.
In this review, biomarkers and the therapeutic
tools for HCC will be described as the guide line
for clinical treatment [13].
HCC bio-marker
Glypican-3 (GPC3): GPC3 is a heparan sulfate
proteoglycan expressed on the HCC cell surface while not in normal hepatocytes or tissue
[14, 15]. Previous research has reported that
GPC3 can be used as a reliable diagnosis biomarker of HCC. Furthermore, more and more
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tributed in extra-hepatic tissues [24, 25]. As one of the
most studied HCC targets,
ASGPR is expressed on the
early and advanced HCC patient tumor cells. Researchers
have exploited galactose, lactoferrin moieties, lactose, to
produce drug delivery systems
targeting ASGPR. Their studies
reported that drug delivery systems are significant for effective recognition by ASGPR
[26-28].

Figure 1. Therapeutic strategy CAR-T-cells.

studies indicated that GPC3 worked as a coreceptor which play a part in promoting neoplastic transformation [16, 17]. In addition, Li et
al. has reported that GPC3 could upregulate
c-Myc expression which is a typical target of
the classical Wnt signaling pathway [18].
Furthermore, reducing expression GPC3 could
suppress the volume and survival of HCC cells
in vivo and in vitro. Moreover, further studies
indicated that GPC3 is treated as a potential
biomarker for HCC diagnosis and treatment
[19, 20].
Some anti-GPC3 monoclonal antibodies (mAbs)
has been designated according to their structure and bioactivity toward the GPC3 molecule
[21]. The earliest therapeutic mAb against
GPC3, named GC33 which specifically binds to
the C-terminal of GPC3 spatial structure with a
high affinity. GC33 showed cytotoxic activity
target GPC3-positive hepatoma cells and exhibited potential antitumor activity in xenograft
models [22]. Furthermore, antibodies which
arm to GPC3 for HCC treatment have been
reported, such as humanized mouse YP7 antibodies, human antibodies MDX-1414 and HN3.
Further research has been toward preclinical
evaluation [23].
Asialoglycoprotein receptor
The asialoglycoprotein receptor (ASGPR) is
largely expressed on hepatocytes without dis107

Lactobionic acid (LA) is a specific binding ligand for galactose group [29, 30]. It can be
used as hepatoma-targeted
bio-mark to improve the effective to target hepatocytes. In
these models, the medicines
were released in tumor cells by
receptor-mediated endocytosis between ASGPR and galactose residues on the cells.
Additionally, some studies have reported that
LA-modified target systems could improve the
incept drugs as described in the murine models bearing hepatoma. The galactosylated
nanoparticles incorporated with Docetaxel and
conferred anti-tumor efficacy and enhanced
cytotoxicity with better tolerance for treatment
in vivo [31, 32].
SerpinB3
Recently studies have certified the serpin-protease inhibitor SerpinB3, a novel molecule in
hepatocyte malignant transformation [33, 34].
It is expressed on the hepatocyte as soon as it
turns to malignant transformation. Hence,
SerpinB3 can be exploited for diagnostic and
therapeutic purposes targeting in the primary
liver cancer. SerpinB3 and SerpinB4 are isoform which highly expressed in hepatocellular
tumor and in dysplastic nodules without detectable in normal hepatocytes [35, 36]. They are
suggesting a diagnostic in relatively early phase
of HCC. Novel cellular localization skills have
been used to describe for SerpinB3 and its isoform SerpinB4, while cytosolic localization and
surface localization was both initially reported.
Moreover, nuclear localization mediated by
JNK1 (c-Jun NH2-terminal kinase-1) has been
described, like following exposure to ultraviolet
Int J Clin Exp Med 2019;12(1):106-116
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irradiation [37, 38]. Researchers have reported
that SerpinB3 promotes epithelial-mesenchymal transition and inhibits apoptosis. It acts as
a key process of differentiation and migration
of epithelial cells by reducing intercellular adhesion and increasing motility into motile mesenchymal cells. Recently, studies indicate that
hypoxia can upregulated SerpinB3 by hypoxiainducible factor-2α (HIF-2α). Besides, the ETS
family transcription factor PEA3 and oncogenic
Ras via MAPK is also induced the expression of
SerpinB3 [39-41].
Therapeutic strategies
CAR-T: Adoptive cellular immunotherapy (ACI)
has brought new therapeutic strategies for cancer. Since Mitchison found that lymphocyte
“adoptive transfer” caused rejection of allograft
tumors in the mouse model, adoptive immunotherapy has shown sustainable development.
Whether in vitro preparation, cell proliferation
and prolong cell survival, or the efficacy of cancer patients and side effects, this therapeutic
strategy has advanced considerably [42-44]
and CAR-T-cells have undergone four generations of evolution (Figure 1).
The principle is that a single-chain fragment
variable (scFv) is edited and linked to T-cells in
vitro to form an artificial T-cell receptor TCR,
scFv regulates its targeting function against
specific antigens. Compared with the unmodified TCR, CAR can both recognize the targeted
biomarker through the extracellular antigen
recognition domain scFv and mediate the T-cell
activation through the intracellular TCR signal
transduction domain. This optimized design
allows T-cells recognition to unrestricted from
human leukocyte antigen (HLA) and avoid the
dependence on antigen presentation [45-48].
A classical CAR structure is composed of an
extracellular antigen recognition domain, a
transmembrane domain, and an intracellular
TCR signaling domain. The extracellular antigen
recognition domain is a typical scFv structure.
It usually derived from the heavy and light chain
variable regions of specific antibodies which
target to tumor associated antigen (TAA). In a
general way, the TAA includes proteins which
specifically expressed in tumor cells, glycoproteins of peptide antigens and surface marker
molecules, as well as glycolipids and ganglio-
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sides. The transmembrane region of CAR is
usually derived from type I membrane proteins
such as CD3, CD4, CD8, and CD28. If the transmembrane region is mutated, CAR can reduce
the recognition ability of CAR. The intracellular
TCR signal transduction domain of CAR is
derived from CD3ζ, as well as co-stimulatory
molecules such as CD28 and tumor necrosis
factor (TNF) receptor family members. CD3ζ is
involved in the formation of endogenous TCR
complexes in the CAR as a key molecule in
T-cell active signaling. In contrast to CD3ζ alone
CAR, CAR T-cells with co-stimulatory signal
domain have enhanced viability, proliferation
ability and cytokine production ability after antigen recognition. At present, the four generations of CAR have been designed and the main
differences in the intracellular signal domain
(Figure 2) [49-53].
The first-generation CAR
The first-generation CAR only has the basic CAR
structure consisting of bound scFv epitopes,
transmembrane region, and CD3ζ intracellular
signal transduction region. This structure allows
the first-generation CAR to activate calcium
channels and thus cause transient T-cell activation and proliferation, but does not significantly
stimulate T-cells [54, 55].
The second- and third- generation CAR
Compared with the first-generation, the second-generation CARs added a costimulatory
domain to the intracellular signal domain.
Hence, the second-generation CAR has dual
intracellular signal domains: the first is from the
CD3ζ signal chain and the second is from
costimulatory molecules. Second-generation
CARs are effective at generating repetitive antigenic stimulation, promoting T-cell proliferation
and producing IL-2 [52].
In order to improve the clinical efficacy of CART-cell therapeutic strategies, the third-generation of CAR was improved. OX40 and 4-BB
(CD137), which are members of the TNF receptor family, can provide co-stimulation signals to
activate T-cells to proliferate and produce cytokines. The third-generation CAR utilizes triplex
signal domains, including CD3ζ, co-stimulation
signaling domains and OX40/4-1BB (CD137),
which perform significantly better effective
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Figure 2. Four generations of CAR-T.

than the second-generation. OX40 signaling
not only promotes T-cell production of IL-2 and
TNF-α, while maintaining clonal expansion of
T-cells, but also induces lysis of targeT-cells.
Hombach et al., reported that CD28-CD3ζOX40 signal can reduce IL-10 production, to
prevent its inhibition of T-cell function, the
study from another side to prove that multiple
signal domains on the CAR T-cell function as
promotion role. However, the third generation
of CARs still lacks clinical support. Currently,
the second generation of CARs are still the
most widely used generation in clinical practice
[56-58].
The factors which influence the effect of CAR
T-cells in various clinical stages in vivo can be
divided into the following three categories.
Such as the combination strategies of infusion
products (T-cells and their subtypes), the distribution of tumor as well as its microenvironment
and the patient’s physical situation. In secondgeneration of CAR-T-cell applications, the therapeutic effectiveness on hematologic tumors
are much better than solid tumors. One of the
reasons is that the solid tumor microenvironment is disadvantageous to CAR-T-cell proliferation and tumor targeting. In view of the above
problems in practice, the fourth generation of
CARs, called T-cells redirected for universal
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cytokine killing (TRUCKs), came into being [59,
60].
TRUCKs
The basic design strategy of the fourth-generation of CAR-T-cell is combining with a NFAT
(nuclear factor activated T-cell) to provide cytokine. As soon as scFv identified the targeting
mark and activated CAR-CD3ζ signal, the activated NFAT could release transgenes (such as
IL-12). As a pro-inflammatory cytokine, IL-12
can recruit NK cells, macrophages, and other
non-specific immune responses to kill CAR
T-cell unrecognized tumor cells. Additionally, it
can continue to stimulate CAR T-cell proliferation and activation, release of IL-2, act as a synergistic cytokine of IL-12 [61-63].
The value of IL-12 in TRUCKs is demonstrated
in many pre-clinical model trials. The higher cellular activity, stronger recognition ability, and
more sustained release of interferon-γ (IFN-γ)
in targeting assays to melanoma models and
IL-12 showed by NFAT-driven T-cells are continuously produced. A large number of experiments have shown that: maintaining a certain
concentration of IL-12 in local tissues will
be more conducive to anti-tumor immune
response. Furthermore, IL-2 can be continuous
release by T-cells does to maintain the thera-
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peutic dose without persistent drug supporting
[64-66].
The results of the previous clinical trial showed
that IL-2 has some special advantages in the
treatment of cancer due to its pleiotropic function. IL-12 is enriched in tumor tissue and thus
it can act on tumor stroma and local immune
cells particularly by inducing the Fas pathway to
promote tumor matrix disintegration. In addition, IL-12 recruits and activates naïve immune
cells (such as NK cells, NKT-cells and macrophages), regulates related immunosuppressive
cells, induces tumor vessel injury, and necrosis
during the target tissue immune response. At
the same time, IL-12 is also capable of sustaining T-cell expansion in target tumor tissues and
avoiding T-cell depletion by inhibiting BIM proapoptotic molecules which in combination with
PD-I block the enhancement of T-cell function
Apoptosis [67-69].

tissue which has the same or similar epitope
with the tumor tissue and cause cytotoxicity
which results in normal tissue damage. On the
other hand, normal tissues repeatedly provide
CAR T-cell stimulation, thereby amplifying the
CAR T-cell effect and prolonging its anti-tumor
response, known as cytokine storm. Serum
C-reactive protein can be used as a reliable
indicator of the cytokine storm [73-75].
Bispecific antibody (BsAb)

It is worth mentioning that TRUCK releases of
IL-12 can motivate and activate non-specific
immune cells, such as NK cells, tumor macrophages, and to recruit a variety of other immune
cells. They have the ability to recognize antigentargeted negative tumor cells which common
CAR T-cells cannot. As soon as tumor macrophages are activated, the tumor immune
response is modulated by the release of TNF-α.
Under such a mechanism, mixed-type cancer
cell tumors can be effectively removed. In the
absence of IL-12, CAR-T-cells without IL-12
structure were able to clear only antigen-targeted tumor cells, and antigen-targeted negative
tumor cells would relapse after a reduction in
initial T-cells [70-72].

The essence of tumor immunotherapy is following the immune response mechanism of the
human immune system to treat cancer. Tumor
targeting immunotherapy is a big part of tumor
immunotherapy which depend on the activation between antibody and targeting bio-mark.
Monoclonal antibodies (or other novel functionality peptide and micro-molecule) engage the
innate immune system. In the past thirty years,
antibody-dependent complement-dependent
cytotoxicity and cell-mediated cytotoxicity have
been the chief mechanisms of anti-tumor
drugs. Researchers have tried to exploit the
potential of the immune system. Bispecific antibody (BsAb) drugs have been treated as similar
platforms through preclinical and clinical trials.
Antibodies are extraordinary molecules has
been used over millions of years of evolution.
Each antibody molecule has the similar structure. They are two uniform antigen binding sites
at the N-terminal variable region which are regulation for antigen specificity and the affinity of
these maker molecules, and a steady fragment
crystallizable (Fc) region at the C-terminus
which triggers multiple effector mechanisms
[76-78].

Although TRUCK’s therapeutics potential is
large, it comes with potential risks. A large number of clinical reports have confirmed that the
second generation of CAR-T-cells that have
entered clinical practice have achieved gratifying results in the treatment of hematological
malignancies. However, irreversible side effects
still deserve attention. The same problem
appeared in pre-TRUCK clinical trials as well.
Among them, one of the most serious side
effects is “off-target effects” which produce tissue damage and can lead to the rapid death of
CAR T-cells after infusion therapy for severe
patients. During targeted clearance of tumor
tissue, CAR-T-cells target to recognize normal

Based on the specific antigen/antibody combine, binding alone just physically block the
antigen (targeting marker) or initiate/inhibit signaling via the antigen (targeting marker) result
in apoptosis of target cells. As the majority of
cancer therapeutic, like IgG antibodies, they
work for their immune functions via recruiting
natural killer cells and myeloid cells/macrophages by the Fc region. Moreover, as soon as
the Fc region initiate the classical complement
cascade, they can deposit membrane attack
on the surface membrane of tumor cells.
Researchers have studied and exploited these
Fc dependent targeting lysis mechanisms in
human medicine (Figure 3) [79-82].
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have evaluated lumbar injection administration of catumaxomab in patients with
malignant ascites caused by
various EpCAM+ tumors. In
a clinical phase II/III study,
researchers increased the
dose of heavily pre-treated
patients with symptomatic
malignant ascites. Compared
with both non-treated control
patients and baseline levels,
analyses of ascites indicated
the reduced level of vascular
endothelial growth factor (VEFigure 3. Bispecific antibodies recruit effector cells to the proximity target
GF), and raising levels of acticells.
vated CD8+ and CD4+ T-cells
together with the distortion
Since 1960s, when Nisonoff predicted the
level of CD133+/EpCAM+ cancer stem cells
potential value of combining one of the two uni(CSC). Particularly, compared with control
form antigen binding arms with a different antipatients, patients treated by catumaxomab
gen binding specificity, the concept of bispecific
have had significantly prolonged survival. With
antibodies has captured attention. Researchers
data described above, European Medicine
have developed this concept further in the
Agency (EMA) approved catumaxomab for
1980s for a second specificity against T-cell
patients with EpCAM-positive carcinomas who
determinants. Over the past three decades,
cannot be treated with standard therapy.
bispecific antibodies have been widely develAnother classical anti-Her2-anti-CD3 Triomab
oped. The molecular details differ considerably,
named Ertumaxomab has been demonstrated
while they are all similar as the basic design of
to initiate effective immune cytotoxicity against
targeting tumor antigen binding specificity and
tumor cell lines which expressed Her2 in vitro.
effective cell binding specificity within one molFurthermore, it can efficiently lyse low Her2
ecule. Currently, only two BsAbs, catumaxomab
expressing tumor cells which cannot be treated
and blinatumomab, have been authorized for
by trastuzumab (a mAb targeting Her2) [77, 79,
clinical use in humans. They are used as the
86-88].
cooperation to the other IgG based antibody
Conclusion
drugs. The delay is great attributed to the difficulties in antibody engineering. Little is known
Up to now, much hard work has been paid for
about potential clinical toxicities with these
the development of novel therapeutic approachnew constructs. Furthermore, in the past 30
es to treat HCC [89]. However, only a few prodyears, union molecular constructs have been
ucts have been put into clinical trials much less
invented. Some of them have entered clinical
the market. Nonetheless, the progress in the
stages even in preclinical testing [83-85].
HCC targeting treatment research which supported by the advancements in the nanotechThe classical anti-EpCAM-anti-CD3 Triomab
nology. Notably, the discovery of novel cell surnamed Catumaxomab has been the first
face bio-marks may lead the way to the sucTriomab drug in clinical. In the phase-I trial, the
cessful design of HCC targeting treatment.
dose of catumaxomab single intravenous in
Difficulties in designing biomarkers and genetic
patients who have non-small cell lung cancer
targets treatment therapies result from insuffi(NSCLC) has established a maximum tolerated
cient understanding of the special biology chardose as a stand. Additionally, this trial has
acters of HCC. Successful treatment cases
reported favorable survival in several patients
need strong biological targets and well design
who are in advanced-stage disease surviving
past 26 months. More and more researchers
of the mode of action of targeting skills. Fur-
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thermore, the field needs careful trial design
and more robust [90, 91].
As the main therapeutic strategy for the HCC
targeting treatment, CAR-T and bispecific antibody limited by the discovery of novel bio-mark.
Effective therapeutic strategy will pay back to
the research of novel biomarker. Furthermore,
requirements of nanoparticle match with the
development of bio-nanotechnology and deeper pathological understanding is required. The
novel targeting of markers on HCC cells, as well
as the correlation of advanced surface ligand
chemistry and targeted treatment research will
continue to enhance HCC treatment efficiency
in the future.

[4]

[5]

[6]

Acknowledgements
The study was supported by the University
research project of Guangxi (YB2014170),
National Natural Science Foundation of China
(NSFC-81603575) and Guangxi Natural Science Foundation (Nos. 2014jjAA0334), Youth
project of Guangxi University of Chinese
Medicine (2016QN015).

[7]

[8]

Disclosure of conflict of interest
None.
Address correspondence to: Yinghui Lin, Department of Clinical Laboratory of First Affiliated Hospital of Guangxi University of Chinese Medicine,
Nanning 530023, Guangxi, People’s Republic of
China. E-mail: 313323960@qq.com

[9]

[10]

References
[1]

[2]

[3]

112

Renzulli M, Biselli M, Brocchi S, Granito A,
Vasuri F, Tovoli F, Sessagesimi E, Piscaglia F,
D’Errico A, Bolondi L and Golfieri R. New hallmark of hepatocellular carcinoma, early hepatocellular carcinoma and high-grade dysplastic
nodules on Gd-EOB-DTPA MRI in patients with
cirrhosis: a new diagnostic algorithm. Gut
2018; 67: 1674-1682.
He C, Zhang Y and Lin X. Increased overall survival and decreased cancer-specific mortality
in patients with hepatocellular carcinoma
treated by transarterial chemoembolization
and human adenovirus type-5 combination
therapy: a competing risk analysis. J Gastrointest Surg 2018; 22: 989-997.
Angelova AL, Barf M, Geletneky K, Unterberg
A and Rommelaere J. Immunotherapeutic po-

[11]

[12]
[13]

[14]

tential of oncolytic H-1 parvovirus: hints of glioblastoma microenvironment conversion towards immunogenicity. Viruses 2017; 9.
Flierl U, Nero TL, Lim B, Andrews RK, Parker
MW, Gardiner EE and Peter K. Targeting of
C-type lectin-like receptor 2 or P2Y12 for
the prevention of platelet activation by immunotherapeutic CpG oligodeoxynucleotides:
comment. J Thromb Haemost 2018; 16: 181185.
Jaravine V, Mosch A, Raffegerst S, Schendel DJ
and Frishman D. Expitope 2.0: a tool to assess
immunotherapeutic antigens for their potential cross-reactivity against naturally expressed
proteins in human tissues. BMC Cancer 2017;
17: 892.
Chen YP, Zhang Y, Lv JW, Li YQ, Wang YQ, He
QM, Yang XJ, Sun Y, Mao YP, Yun JP, Liu N and
Ma J. Genomic analysis of tumor microenvironment immune types across 14 solid cancer
types: immunotherapeutic implications. Theranostics 2017; 7: 3585-3594.
Dai XM, Yang SL, Zheng XM, Chen GG, Chen J
and Zhang T. CD133 expression and alpha-fetoprotein levels define novel prognostic subtypes of HBV-associated hepatocellular carcinoma: a long-term follow-up analysis. Oncol
Lett 2018; 15: 2985-2991.
Evans W. NK cell recruitment and exercise:
Potential immunotherapeutic role of shear
stress and endothelial health. Med Hypotheses
2017; 109: 170-173.
US food and drug administration approves first
cancer treatment for any solid tumors with
specific biomarker. Cancer 2017; 123: 36523653.
Rogers T, Alraies MC, Torguson R and Waksman
R. Overview of the 2017 US food and drug administration circulatory system devices panel
meeting on the sentinel cerebral protection
system. Am Heart J 2017; 192: 113-119.
Gupta AK, Carviel J, Gupta MA and Shear NH.
Assessing dutasteride-associated sexual dysfunction using the U.S. food and drug administration adverse event reporting system. J Eur
Acad Dermatol Venereol 2017; [Epub ahead of
print].
Xie H, Chen Z and Wang G. Research progress
of biomakers proteomics-based in lung cancer.
Zhongguo Fei Ai Za Zhi 2015; 18: 391-396.
Liu P, Jiang W, Ren H, Zhang H and Hao J.
Exploring the molecular mechanism and biomakers of liver cancer based on gene expression microarray. Pathol Oncol Res 2015; 21:
1077-1083.
Al-Sharaky DR and Younes SF. Sensitivity and
specificity of galectin-3 and glypican-3 in follicular-patterned and other thyroid neoplasms. J
Clin Diagn Res 2016; 10: EC06-10.

Int J Clin Exp Med 2019;12(1):106-116

Targeted therapy against HCC
[15] Zhu D, Qin Y, Wang J, Zhang L, Zou S, Zhu X
and Zhu L. Novel glypican-3-binding peptide for
in vivo hepatocellular carcinoma fluorescent
imaging. Bioconjug Chem 2016; 27: 831-839.
[16] Fleming BD and Ho M. Glypican-3 targeting immunotoxins for the treatment of liver cancer.
Toxins (Basel) 2016; 8.
[17] Han S, Ma X, Zhao Y, Zhao H, Batista A, Zhou S,
Zhou X, Yang Y, Wang T, Bi J, Xia Z, Bai Z,
Garkavtsev I and Zhang Z. Identification of
Glypican-3 as a potential metastasis suppressor gene in gastric cancer. Oncotarget 2016; 7:
44406-44416.
[18] Liu H, Yang C, Lu W and Zeng Y. Prognostic significance of glypican-3 expression in hepatocellular carcinoma: a meta-analysis. Medicine
(Baltimore) 2018; 97: e9702.
[19] Iwama T, Uchida T, Sawada Y, Tsuchiya N,
Sugai S, Fujinami N, Shimomura M, Yoshikawa
T, Zhang R, Uemura Y and Nakatsura T.
Vaccination with liposome-coupled glypican3-derived epitope peptide stimulates cytotoxic
T lymphocytes and inhibits GPC3-expressing
tumor growth in mice. Biochem Biophys Res
Commun 2016; 469: 138-143.
[20] Jeon Y, Kim H, Jang ES, Hong S, Kim JW, Yoon
YS, Cho JY, Han HS and Jeong SH. Expression
profile and prognostic value of glypican-3 in
post-operative south korean hepatocellular
carcinoma patients. APMIS 2016; 124: 208215.
[21] Geramizadeh B and Seirfar N. Diagnostic value of arginase-1 and glypican-3 in differential
diagnosis of hepatocellular carcinoma, cholangiocarcinoma and metastatic carcinoma of liver. Hepat Mon 2015; 15: e30336.
[22] Montalbano M, Rastellini C, McGuire JT,
Prajapati J, Shirafkan A, Vento R and Cicalese L. Role of Glypican-3 in the growth, migration and invasion of primary hepatocytes
isolated from patients with hepatocellular carcinoma. Cell Oncol (Dordr) 2018r; 41: 169184.
[23] Xue R, Feng J, Meng Q, Lv F, Zhu Y, Yu H, Zhang
S, Song C, Sun L, Yue Z, Feng S, Che R, Xiang Q
and Jing X. The significance of glypican-3 expression profiling in the tumor cellular origin
theoretical system for hepatocellular carcinoma progression. J Gastroenterol Hepatol 2017;
32: 1503-1511.
[24] Witzigmann D, Quagliata L, Schenk SH, Quintavalle C, Terracciano LM and Huwyler J.
Variable asialoglycoprotein receptor 1 expression in liver disease: implications for therapeutic intervention. Hepatol Res 2016; 46: 686696.
[25] McVicker BL, Thiele GM, Casey CA, Osna NA
and Tuma DJ. Susceptibility to T-cell-mediated
liver injury is enhanced in asialoglycoprotein

113

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

receptor-deficient mice. Int Immunopharmacol
2013; 16: 17-26.
Sanhueza CA, Baksh MM, Thuma B, Roy MD,
Dutta S, Preville C, Chrunyk BA, Beaumont K,
Dullea R, Ammirati M, Liu S, Gebhard D, Finley
JE, Salatto CT, King-Ahmad A, Stock I, Atkinson
K, Reidich B, Lin W, Kumar R, Tu M, MenhajiKlotz E, Price DA, Liras S, Finn MG and Mascitti
V. Efficient liver targeting by polyvalent display
of a compact ligand for the asialoglycoprotein
receptor. J Am Chem Soc 2017; 139: 35283536.
Veselkin E, Kondratyev M, Lurie Y, Ron E, Santo
M, Reif S, Elashvili I, Bar L and Lederkremer
GZ. A secreted form of the asialoglycoprotein
receptor, sH2a, as a novel potential noninvasive marker for liver fibrosis. PLoS One 2011;
6: e27210.
Yang SH, Heo D, Lee E, Kim E, Lim EK, Lee YH,
Haam S, Suh JS, Huh YM, Yang J and Park SW.
Galactosylated manganese ferrite nanoparticles for targeted MR imaging of asialoglycoprotein receptor. Nanotechnology 2013; 24:
475103.
Chen H and Zhong Q. Lactobionic acid enhances the synergistic effect of nisin and thymol
against listeria monocytogenes Scott A in tryptic soy broth and milk. Int J Food Microbiol
2017; 260: 36-41.
Iacobazzi RM, Porcelli L, Lopedota AA, Laquintana V, Lopalco A, Cutrignelli A, Altamura
E, Di Fonte R, Azzariti A, Franco M and Denora
N. Targeting human liver cancer cells with lactobionic acid-G(4)-PAMAM-FITC sorafenib loaded dendrimers. Int J Pharm 2017; 528: 485497.
Kiryu T, Kiso T, Nakano H and Murakami H.
Lactobionic and cellobionic acid production
profiles of the resting cells of acetic acid bacteria. Biosci Biotechnol Biochem 2015; 79:
1712-1718.
Misugi CT, Savi LK, Iwankiw PK, Masson ML,
de Oliveira MAS, Igarashi-Mafra L and Mafra
MR. Effects of freezing and the cryoprotectant
lactobionic acid in the structure of GlnK protein evaluated by circular dichroism (CD) and
isothermal titration calorimetry (ITC). J Food
Sci Technol 2017; 54: 236-243.
Gomes S, Marques PI, Matthiesen R and
Seixas S. Adaptive evolution and divergence of
SERPINB3: a young duplicate in great Apes.
PLoS One 2014; 9: e104935.
Sivaprasad U, Kinker KG, Ericksen MB, Lindsey
M, Gibson AM, Bass SA, Hershey NS, Deng J,
Medvedovic M and Khurana Hershey GK.
SERPINB3/B4 contributes to early inflammation and barrier dysfunction in an experimental
murine model of atopic dermatitis. J Invest
Dermatol 2015; 135: 160-169.

Int J Clin Exp Med 2019;12(1):106-116

Targeted therapy against HCC
[35] Turato C, Calabrese F, Biasiolo A, Quarta S,
Ruvoletto M, Tono N, Paccagnella D, Fassina
G, Merkel C, Harrison TJ, Gatta A and Pontisso
P. SERPINB3 modulates TGF-beta expression
in chronic liver disease. Lab Invest 2010; 90:
1016-1023.
[36] Turato C, Vitale A, Fasolato S, Ruvoletto M,
Terrin L, Quarta S, Ramirez Morales R, Biasiolo
A, Zanus G, Zali N, Tan PS, Hoshida Y, Gatta A,
Cillo U and Pontisso P. SERPINB3 is associated
with TGF-beta1 and cytoplasmic beta-catenin
expression in hepatocellular carcinomas with
poor prognosis. Br J Cancer 2014; 110: 27082715.
[37] Villano G, Lunardi F, Turato C, Schiff S, Tono N,
Campagna F, Gatta A, Amodio P, Calabrese F
and Pontisso P. Increased Th1 immune response in SERPINB3 transgenic mice during
acute liver failure. Exp Biol Med (Maywood)
2012; 237: 1474-1482.
[38] Villano G, Ruvoletto M, Ceolotto G, Quarta S,
Calabrese F, Turato C, Tono N, Crescenzi M,
Biasiolo A, Cattelan A, Merkel C, Avogaro A,
Gatta A and Pontisso P. SERPINB3 is associated with longer survival in transgenic mice. Sci
Rep 2013; 3: 3056.
[39] Villano G, Turato C, Quarta S, Ruvoletto M,
Ciscato F, Terrin L, Semeraro R, Paternostro C,
Parola M, Alvaro D, Bernardi P, Gatta A and
Pontisso P. Hepatic progenitor cells express
SerpinB3. BMC Cell Biol 2014; 15: 5.
[40] Turato C, Simonato D, Quarta S, Gatta A and
Pontisso P. MicroRNAs and SerpinB3 in hepatocellular carcinoma. Life Sci 2014; 100: 9-17.
[41] Fadini GP, Albiero M, Millioni R, Poncina N,
Rigato M, Scotton R, Boscari F, Brocco E,
Arrigoni G, Villano G, Turato C, Biasiolo A,
Pontisso P and Avogaro A. The molecular signature of impaired diabetic wound healing
identifies serpinB3 as a healing biomarker.
Diabetologia 2014; 57: 1947-1956.
[42] Boeckh M and Corey L. Adoptive immunotherapy of viral infections: should infectious disease
embrace cellular immunotherapy? J Infect Dis
2017; 216: 926-928.
[43] Ayello J, Hochberg J, Flower A, Chu Y, Baxi
LV, Quish W, van de Ven C and Cairo MS.
Genetically re-engineered K562 cells significantly expand and functionally activate cord
blood natural killer cells: potential for adoptive
cellular immunotherapy. Exp Hematol 2017;
46: 38-47.
[44] Figueroa JA, Reidy A, Mirandola L, Trotter K,
Suvorava N, Figueroa A, Konala V, Aulakh A,
Littlefield L, Grizzi F, Rahman RL, Jenkins MR,
Musgrove B, Radhi S, D’Cunha N, D’Cunha LN,
Hermonat PL, Cobos E and Chiriva-Internati M.
Chimeric antigen receptor engineering: a right
step in the evolution of adoptive cellular immu-

114

[45]

[46]

[47]
[48]

[49]

[50]

[51]
[52]

[53]

[54]

[55]

[56]

[57]

notherapy. Int Rev Immunol 2015; 34: 154187.
Locatelli F and Quintarelli C. The EURE-CART
project as a prototype model for CAR T-cell immunotherapy in Europe. Eur J Immunol 2018;
48: 216-219.
Hay KA and Turtle CJ. CD19-specific chimeric
antigen receptor-modified (CAR)-T-cell therapy
for the treatment of chronic lymphocytic leukemia in the ibrutinib era. Immunotherapy 2018;
10: 251-254.
Romero D. Immunotherapy: no effect of CAR-Tcell infusion on infection risk. Nat Rev Clin
Oncol 2018; 15: 7.
Chabannon C, Kuball J, McGrath E, Bader P,
Dufour C, Lankester A, Basak GW, Montoto S,
Nagler A, Snowden JA, Styczynski J, Duarte RF,
Kroger N and Mohty M. CAR-T-cells: the narrow
path between hope and bankruptcy? Bone
Marrow Transplant 2017; 52: 1588-1589.
Thayaparan T, Petrovic RM, Achkova DY,
Zabinski T, Davies DM, Klampatsa A, ParentePereira AC, Whilding LM, van der Stegen SJ,
Woodman N, Sheaff M, Cochran JR, Spicer JF
and Maher J. CAR T-cell immunotherapy of
MET-expressing malignant mesothelioma. Oncoimmunology 2017; 6: e1363137.
Calmels B, Mfarrej B and Chabannon C. From
clinical proof-of-concept to commercialization
of CAR T-cells. Drug Discov Today 2018; 23:
758-762.
Doan A and Pulsipher MA. Hypogammaglobulinemia due to CAR T-cell therapy. Pediatr
Blood Cancer 2017; 65.
Yoon DH, Osborn MJ, Tolar J and Kim CJ.
Incorporation of immune checkpoint blockade
into chimeric antigen receptor T-cells (CAR-Ts):
combination or built-in CAR-T. Int J Mol Sci
2018; 19.
Weiss T, Weller M, Guckenberger M, Sentman
CL and Roth P. NKG2D-based CAR T-cells and
radiotherapy exert synergistic efficacy in glioblastoma. Cancer Res 2018; 78: 1031-1043.
Martyniszyn A, Krahl AC, Andre MC, Hombach
AA and Abken H. CD20-CD19 bispecific CAR
T-cells for the treatment of B-cell malignancies.
Hum Gene Ther 2017; 28: 1147-1157.
Xia AL, Wang XC, Lu YJ, Lu XJ and Sun B.
Chimeric-antigen receptor T (CAR-T) cell therapy for solid tumors: challenges and opportunities. Oncotarget 2017; 8: 90521-90531.
Owens GL, Sheard VE, Kalaitsidou M, Blount D,
Lad Y, Cheadle EJ, Edmondson RJ, Kooner G,
Gilham DE and Harrop R. Preclinical Assessment of CAR T-cell therapy targeting the tumor
antigen 5T4 in ovarian cancer. J Immunother
2018; 41: 130-140.
Yakoub-Agha I, Ferrand C, Chalandon Y, Ballot
C, Castilla Llorente C, Deschamps M, Gauthier

Int J Clin Exp Med 2019;12(1):106-116

Targeted therapy against HCC

[58]
[59]

[60]

[61]

[62]

[63]

[64]
[65]

[66]

[67]

[68]

[69]

115

J, Labalette M, Larghero J, Maheux C, Moreau
AS, Varlet P, Petillon MO, Pinturaud M, Rubio
MT and Chabannon C. Prerequisite for hematopoietic cellular therapy programs to set up
chimeric antigen receptor T-cell therapy (CAR
T-cells): guidelines from the francophone society of bone marrow transplantation and cellular therapy (SFGM-TC). Bull Cancer 2017; 104:
S43-S58.
Thoma C. Prostate cancer: developing CAR
T-cell therapy. Nat Rev Urol 2018; 15: 138.
Yang Y, Kohler ME, Chien CD, Sauter CT, Jacoby
E, Yan C, Hu Y, Wanhainen K, Qin H and Fry TJ.
TCR engagement negatively affects CD8 but
not CD4 CAR T-cell expansion and leukemic
clearance. Sci Transl Med 2017; 9.
French JD and Haugen BR. Thyroid cancer:
CAR T-cell therapy-potential in advanced thyroid cancer? Nat Rev Endocrinol 2018; 14: 1011.
Faw BV and Tuttle JL. Mobile food trucks: california EHS-Net study on risk factors and inspection challenges. J Environ Health 2014;
76: 36-37.
Dallmann TR, Kirchstetter TW, DeMartini SJ
and Harley RA. Quantifying on-road emissions from gasoline-powered motor vehicles: accounting for the presence of medium- and
heavy-duty diesel trucks. Environ Sci Technol
2013; 47: 13873-13881.
White AJ, Teitelbaum SL, Wolff MS, Stellman
SD, Neugut AI and Gammon MD. Exposure to
fogger trucks and breast cancer incidence in
the long island breast cancer study project:
a case-control study. Environ Health 2013; 12:
24.
Karaca-Mandic P and Lee J. Hospitalizations
and fatalities in crashes with light trucks.
Traffic Inj Prev 2014; 15: 165-171.
Sandhu GS, Frey HC, Bartelt-Hunt S and Jones
E. In-use activity, fuel use, and emissions of
heavy-duty diesel roll-off refuse trucks. J Air
Waste Manag Assoc 2015; 65: 306-323.
Chu HC. An investigation of the risk factors
causing severe injuries in crashes involving
gravel trucks. Traffic Inj Prev 2012; 13: 355363.
Cheung I and Braver ER. Undercounting of
large trucks in federal and state crash databases: extent of problem and how to improve
accuracy of truck classifications. Traffic Inj
Prev 2016; 17: 202-208.
Kozawa KH, Park SS, Mara SL and Herner JD.
Verifying emission reductions from heavy-duty
diesel trucks operating on Southern California
freeways. Environ Sci Technol 2014; 48: 14751483.
Kocab A, Lam H and Snedeker J. When cars hit
trucks and girls hug boys: the effect of animacy

[70]

[71]

[72]

[73]
[74]

[75]

[76]

[77]
[78]

[79]
[80]

[81]

[82]

on word order in gestural language creation.
Cogn Sci 2018; 42: 918-938.
Langman VA, Ellifrit N, Sime D, Rowe M and
Hogue A. Testing refrigeration trucks for the
emergency evacuation of companion animals.
J Appl Anim Welf Sci 2015; 18: 398-403.
Telford R, Cook LJ and Olson LM. Ticketing aggressive cars and trucks (TACT): how does it
work on city streets? Traffic Inj Prev 2018; 19:
147-152.
Pahukula J, Hernandez S and Unnikrishnan A.
A time of day analysis of crashes involving
large trucks in urban areas. Accid Anal Prev
2015; 75: 155-163.
Lawrence R. Solar support: in Richmond, sunpowered trucks save big bucks. EMS World
2012; 41: 56.
Field FR 3rd, Wallington TJ, Everson M and
Kirchain RE. Strategic materials in the automobile: a comprehensive assessment of strategic
and minor metals use in passenger cars and
light trucks. Environ Sci Technol 2017; 51:
14436-14444.
Valero N, de Simon M, Galles P, Izquierdo N,
Arimon J, Gonzalez R, Manzanares-Laya S,
Avellanes I and Gomez A. Street cleaning
trucks as potential sources of legionella pneumophila. Emerg Infect Dis 2017; 23: 18801882.
Shima M, Hanabusa H, Taki M, Matsushita T,
Sato T, Fukutake K, Fukazawa N, Yoneyama K,
Yoshida H and Nogami K. Factor VIII-mimetic
function of humanized bispecific antibody in
hemophilia A. N Engl J Med 2016; 374: 20442053.
Nogami K. Bispecific antibody mimicking factor VIII. Thromb Res 2016; 141 Suppl 2: S3435.
Peterson NC, Wilson GG, Huang Q, Dimasi N
and Sachsenmeier KF. Biodistribution analyses of a near-infrared, fluorescently labeled,
bispecific monoclonal antibody using optical
imaging. Comp Med 2016; 66: 90-99.
Mullard A. Bispecific antibody pipeline moves
beyond oncology. Nat Rev Drug Discov 2017;
16: 666-668.
Herrera C, Klokk TI, Cole R, Sandvig K and
Mantis NJ. A Bispecific antibody promotes aggregation of ricin toxin on cell surfaces and alters dynamics of toxin internalization and trafficking. PLoS One 2016; 11: e0156893.
Gvozdenovic A, Boro A, Born W, Muff R and
Fuchs B. A bispecific antibody targeting IGF-IR
and EGFR has tumor and metastasis suppressive activity in an orthotopic xenograft osteosarcoma mouse model. Am J Cancer Res
2017; 7: 1435-1449.
Lillicrap D. Bispecific antibody therapy in hemophilia. N Engl J Med 2017; 377: 884-885.

Int J Clin Exp Med 2019;12(1):106-116

Targeted therapy against HCC
[83] Wang F, Wang H, Shen Y, Li Y, Dong JX, Xu Z,
Yang J, Sun Y and Xiao Z. Bispecific monoclonal antibody-based multi-analyte elisa for furaltadone metabolite, malachite green and
leucomalachite green in aquatic products. J
Agric Food Chem 2016; [Epub ahead of print].
[84] Pendzialek J, Roose K, Smet A, Schepens B,
Kufer P, Raum T, Baeuerle PA, Muenz M,
Saelens X and Fiers W. Bispecific T-cell engaging antibody constructs targeting a universally
conserved part of the viral M2 ectodomain
cure and prevent influenza A virus infection.
Antiviral Res 2017; 141: 155-164.
[85] Dolgin E. Blood feud erupts over Roche’s
bispecific antibody for hemophilia. Nat Biotechnol 2017; 35: 803-804.
[86] Wu Q, Wang Y, Wang Q, Yu D, Wang Y, Song L,
Liu Z, Ye X, Xu P, Cao H, Li D and Ren G. The
bispecific antibody aimed at the vicious circle
of IL-1beta and IL-17A, is beneficial for the
collagen-induced rheumatoid arthritis of mice
through NF-kappaB signaling pathway. Immunol Lett 2016; 179: 68-79.
[87] Yu GH, Li AM, Li X, Yang Z and Peng H. Bispecific
antibody suppresses osteosarcoma aggressiveness through regulation of NF-kappaB
signaling pathway. Tumour Biol 2017; 39:
1010428317705572.

116

[88] Florio M, Gunasekaran K, Stolina M, Li X, Liu L,
Tipton B, Salimi-Moosavi H, Asuncion FJ, Li C,
Sun B, Tan HL, Zhang L, Han CY, Case R,
Duguay AN, Grisanti M, Stevens J, Pretorius JK,
Pacheco E, Jones H, Chen Q, Soriano BD, Wen
J, Heron B, Jacobsen FW, Brisan E, Richards
WG, Ke HZ and Ominsky MS. A bispecific antibody targeting sclerostin and DKK-1 promotes
bone mass accrual and fracture repair. Nat
Commun 2016; 7: 11505.
[89] Stigliano R, Marelli L, Yu D, Davies N, Patch D
and Burroughs AK. Seeding following percutaneous diagnostic and therapeutic approaches
for hepatocellular carcinoma. What is the risk
and the outcome? Seeding risk for percutaneous approach of HCC. Cancer Treat Rev 2007;
33: 437-447.
[90] Leake I. Hepatocellular carcinoma. Treatment
potential of targeting Toll-like receptors in HCC.
Nat Rev Gastroenterol Hepatol 2014; 11: 518.
[91] Wei C, Tang ZY and Liu KD. Targeting treatment
of human HCC xenografts implanted in nude
mice using bifunctional antibody HC-1 combined with mitomycin C. Zhonghua Yi Xue Za
Zhi 1994; 74: 676-679, 709-610.

Int J Clin Exp Med 2019;12(1):106-116

