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Adenovirotherapy delivering
cross-hybrid IgGA Fc engineering
PD-L1 inhibitors for enhanced
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In the current issue of Molecular Therapy –
Oncolytics, Hamdan and colleagues1 de-
signed a PD-L1 Fc fusion peptide consisting
of a cross-hybrid IgGA Fc (Ad-Cab) by add-
ing four somatic mutations (Ad-Cab FT) to
enhance the IgG effector mechanism. The
authors then cloned the construct into an
oncolytic adenovirus genome to achieve
controlled release of the enhanced PD-L1
Fc fusion peptide in tumor sites and circum-
vent PD-L1 toxicity to healthy cells. Notably,
Ad-Cab FT exhibited higher and faster tu-
mor killing at lower concentrations in vitro
than Ad-Cab. It also displayed better tumor
inhibition and higher activation of natural
killer (NK) cells than Ad-Cab in vivo and
downregulated myeloid-derived suppressor
cells (MDSCs). An additional advantage of
Ad-Cab FT is that its release was restricted
to the target, i.e., the tumor, with few leak-
ages to the peripheral blood or main organ,
giving this adenovirotherapy high transla-
tional potential (Figure 1).

Oncolytic virotherapy is a novel class of
cancer immunotherapy that utilizes onco-
lytic viruses (OVs) with natural or engi-
neered tumor-specific replication as anti-
cancer agents.2 OVs can selectively infect
and lyse tumor cells directly while sparing
normal cells, leading to the release of soluble
tumor antigens and activation of a pro-in-
flammatory microenvironment to enhance
antitumor immunity indirectly.3 The first
and most potent virus to be extensively
used in oncolytic virotherapy was the human
adenovirus, which has been approved for
clinical uses or is undergoing clinical trials.4

The safety profiles of OVs make them attrac-
tive combination partners with other sys-
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temic anticancer medicines, especially im-
mune checkpoint inhibitors (ICIs), many of
which have entered phase II/III clinical trials.
Therapy involving rational combinations
of OVs with ICIs, especially with anti-
programmed death 1/programmed death
ligand 1 (anti-PD-1/PD-L1) therapy, based
on mechanisms of tumor immune escape,
may benefit the large population of patients
who respond poorly to immune checkpoint
inhibition in the clinic.5

So far, almost all the approved PD-L1 inhib-
itors are monoantibodies (immunoglobulin
G [IgG] isotype) that target and disrupt the
PD-1/PD-L1 axis. Due to the safety concerns
of PD-L1 inhibitors, most limit or abrogate
the related Fc effector mechanisms,
including antibody-dependent cell cytotox-
icity (ADCC) or complement-dependent
cytotoxicity (CDC). However, such effector
mechanisms are required for complete anti-
body-mediated tumor killing.6 Emerging ev-
idence has shown that adding Fc effector
mechanisms can increase the antitumor
efficacy of PD-L1 antibodies.7 Moreover,
avelumab, the approved IgG1 PD-L1 inhibi-
tor with Fc effector mechanisms, also
demonstrated the antitumor potential of
monoantibodies with Fc effector mecha-
nisms.8 Therefore, equipping or improving
the PD-L1 monoantibody to gain Fc effector
mechanisms may be a promising antitumor
therapeutic strategy.

Hamdan et al.1 previously designed an onco-
lytic adenovirus arming PD-L1 inhibitors
engineered with Fc effector mechanisms of
both an IgA1 and an IgG1 (termed Ad-
Cab). They demonstrated that Ad-Cab could
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potentiate a high PD-L1 tumor-killing ability
in vitro, in vivo, and ex vivo (in patient-
derived tumor organoids).9 The most
common PD-L1 monoantibodies are IgG
isotypes that activate NK cells and the com-
plement system to inhibit tumor growth but
that neglect neutrophils, the most abundant
leukocyte population in the tumor microen-
vironment (TME). To activate such a crucial
population, IgA antibodies have been used
because they bind to and activate the Fc-a re-
ceptor, CD89, which is highly expressed on
neutrophils, consequently eliciting ADCC.
Therefore, the cross-hybrid IgGA Fc peptide
can generate the synergetic antitumor func-
tions of IgG1 and IgA.10 In the current paper,
Hamdan and colleagues1 further improved
Ad-Cab by adding four point mutations in
the IgG1 region (Ad-Cab FT). Meanwhile,
they used an oncolytic adenovirus as a ther-
apy vehicle to achieve controlled release in
the tumor and reduced systemic toxic reac-
tions of the PD-L1 inhibitors. The authors
conducted experiments to demonstrate the
improved efficiency and underlying mecha-
nisms of Ad-Cab FT in vitro and in vivo.
They found that the oncolytic adenoviruses
could express and secrete adequate amounts
of the Fc fusion peptides when infecting
various human or murine tumor cell lines.
Strikingly, Ad-Cab FT could induce higher
levels of tumor killing and more potent NK
cell activation at lower concentrations in
the presence of peripheral blood mononu-
clear cells than when these were not present,
mimicking human physiological conditions.
This could translate into lower required
treatment dosages of Ad-Cab FT and
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Figure 1. An improved oncolytic adenovirus expressing enhanced cross-hybrid IgGA Fc PD-L1 to

enhance the tumor cell killing

The improved cross-hybrid IgGA Fc is made up of the CH chains 2 and 3 of an IgA (purple) and IgG1 (orange) with

four point mutations attached to a PD-1 ectodomain (green) by a linker (Cab FT). The IgGA Fc employs improved

effector mechanism of both an IgG1 and IgA2, especially in NK cell activation. Then, cross-hybrid IgGA Fc PD-L1

is integrated into genome of oncolytic adenovirus (Ad-Cab FT) to circumvent the toxic issues of PD-L1 inhibitors.

In TME, ① IgGA Fc peptide could block the PD1/PD-L1 axis directly; the IgG region of IgGA Fc peptide could

employ②NK cell for ADCC and③ complement system for CDC; the IgA region of IgGA Fc peptide could employ

④ PMN for additional ADCC, which ultimately leads to the enhanced tumor cell killing. Abbreviations are as

follows: ADCC, antibody-dependent cell cytotoxicity; CDC, complement-dependent cytotoxicity; NK cell, natural

killer cell; PMN, polymorphonuclear leukocytes.
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circumvent potential adenovirus purification
and production issues. Subsequently, the au-
thors assessed the efficacy of Ad-Cab FT
in vivo with B16K1 and 4T1 tumor models.
During the in vivo experiments, each mouse
was administered a one-tenth lower concen-
tration dose (1 x 108 viral particles) because
Ad-Cab FT worked effectively at lower dos-
ages. Nevertheless, Ad-Cab FT could still
control tumor growth effectively, and a
TME analysis revealed a significant increase
in NK cell infiltration in Ad-Cab FT-treated
groups. This could be attributed to the point
mutations of IgGA Fc. Similar dosage groups
and schedules were used in the highly malig-
nant and immunosuppressive 4T1 tumor
model. As expected, Ad-Cab FT groups ex-
hibited better tumor inhibition than the
other treatment groups. Subsequent analyses
also indicated that Ad-Cab FT groups had
increased NK cells and decreased MDSC
granulocytic/monocytic cells, a crucial cell
population in the TME. In addition, the
126 Molecular Therapy: Oncolytics Vol. 29 Ju
authors evaluated the antitumor ability of
Ad-Cab FT in the A549 tumor xenograft
model in vivo. The results are similar to those
from the B16K1 and 4T1 tumor models, and
the Ad-Cab FT group showed the best tumor
control compared with other groups. For
PD-L1 inhibitors, systemic toxicity issues
are still the main concern for clinical use
because the expression of PD-L1 is extensive,
and non-targeted inhibition can lead to
death of healthy cells. In this study, the au-
thors innovatively chose the oncolytic ade-
noviruses as the gene therapy vector to
circumvent the toxicity issues. Results
revealed that Ad-Cab FT exhibits an accept-
able safety profile with humanized mouse
models. The targeted release of the Fc fusion
peptide was limited to the TME, with almost
no leakage to the peripheral blood and liver.

Throughout this study, the combination of
oncolytic adenoviruses and PD-L1 Fc fusion
peptides demonstrated the translational
ne 2023
potential of oncolytic viral vector-based
gene therapy. The findings of this study
have laid a foundation for further research
on engineered oncolytic virus-combined
checkpoint inhibitors in tumors. This study
will also contribute to developing and
improving therapeutic strategies based on
OVs for cancer patients.
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