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Abstract: Resistance to HER2-targeted therapy narrows the efficacy of cancer immunotherapy. Although 4-1BB/
CD137 is a promising drug target as a costimulatory molecule of immune cells, no therapeutic drug has been ap-
proved in the clinic because of systemic toxicity or limited efficacy. Previously, we developed a humanized anti-HER2
monoclonal antibody (mAb) HuA21 and anti-4-1BB mAb HuB6 with distinct antigen epitopes for cancer therapy.
Here, we generated an Fc-muted 1gG4 HER2/4-1BB bispecific antibody (BsAb) HKOO6 by the fusion of HUB6 scFv
and HuA21 Fab. HKOOG6 exhibited synergistic antitumor activity by blocking HER2 signal transduction and stimulat-
ing the 4-1BB signaling pathway simultaneously and strictly dependent on HER2 expression in vitro and in vivo.
Strikingly, HKOO6 treatment enhanced antitumor immunity by increasing and activating tumor-infiltrating T cells.
Moreover, HKOO6 did not induce nonspecific production of proinflammatory cytokines and had no obvious toxicity
in mice. Overall, these data demonstrated that HKOO6 should be a promising candidate for HER2-positive cancer

immunotherapy.
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Introduction

Human epidermal growth factor receptor 2
(HER2) is a key member of the epidermal
growth factor receptor (EGFR) family and has a
dimerization priority with the family receptors,
which initiates a variety of signaling pathways
leading to carcinogenesis, cancer metastasis
and chemo/radio-therapy resistance [1]. Am-
plification or overexpression of HER2 occurs in
breast cancer, gastric/gastroesophageal can-
cer and other cancers, such as ovarian, endo-
metrial, bladder, lung and colon cancers, and
serves as a prognostic and predictive biomark-
er [2]. HER2-targeted therapy represented by
trastuzumab has fundamentally revolutionized
the treatment of various cancers. However, a
large proportion of cancer patients do not

respond to trastuzumab, highlighting the need
to find new therapeutic strategies to enhance
antitumor efficacy [3, 4].

4-1BB (CD137) belongs to the tumor necrosis
factor receptor (TNFR) superfamily and is an
important costimulatory molecule expressed
functionally on the surface of T and other types
of leukocytes, and its clustering on the cell
membrane initiates downstream signaling for
cellular proliferation and activation [5-7]. Over
the past decade, the potential of 4-1BB costim-
ulation as an effective strategy for cancer
immunotherapy has been extensively demon-
strated in multiple studies [8-10]. Nevertheless,
several 4-1BB agonistic molecules have suf-
fered setbacks due to notable toxicity or subop-
timal efficacy, such as urelumab (BMS) with
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dose-limiting liver toxicity and utomilumab with
insufficient activity even in combination with
anti-PD-1 treatment [11-14]. Recently, the
4-1BB receptor, as a compelling target to avert
the exhaustion of tumor-infiltrating lympho-
cytes (TILs) and overcome resistance to
immune checkpoint inhibitor (ICl) therapy, has
been supported by new immunological theories
and findings [15, 16]. As expected, the addition
of anti-4-1BB monoclonal antibody (mAb) to
anti-HER2 mAb has been demonstrated to
strengthen the cytotoxic antitumor response
[17]. Moreover, one bispecific antibody (BsAb),
PRS-343, targeting HER2 and 4-1BB has been
reported to exhibit high antitumor effects with
low toxicity in preclinical models, which demon-
strates that it should be a promising treatment
option using an effective BsAb targeting HER2
and 4-1BB [18].

Previously, we developed the humanized anti-
HER2 mAb HuA21 and anti-4-1BB mAb HuB6
with distinct antigen epitopes for cancer thera-
py [10, 19]. By the fusion of HuB6 scFv and
HuA21 Fab with a mutated Fc fragment, we
generated a fully human 1gG4 HER2/4-1BB
BsAb HKOOG to activate 4-1BB signaling strictly
dependent on HER2 expression and simultane-
ously block HER2 signaling within the tumor
microenvironment (TME). Functional studies in
vitro and in humanized mouse models indicat-
ed that HKOO6 had potent antitumor efficacy
by increasing and activating tumor-infiltrated T
cells.

Material and methods
Cell culture

FcyRllla (158 V) Jurkat-NFAT-Luc effector cells
were purchased from Genomeditech (Shanghai,
China). CHO-K1-hu4-1BB cells expressing full-
length human 4-1BB were generated by lentivi-
ral transduction. All of the engineered cells
were cultured in DMEM/F12 (HyClone) supple-
mented with 10% FBS, 1% P/S and 1 mg/ml
geneticin (Gibco). Human peripheral blood
mononuclear cells (PBMCs) were purchased
from Sailybio Corporation (Shanghai) with
informed consent from all donors and cultured
in RPMI 1640 medium supplemented with 10%
FBS. The human cancer cell lines NCI-N87
(N87), SKOV3 and MCF7 were obtained from
the Cell Bank of Chinese Academy of Sciences
(Shanghai, China). The MCF7 cell line overex-
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pressing human HER2 (MCF7/HER2) was gen-
erated and cultured in RPMI 1640 medium
supplemented with 10% FBS, 1% P/S and 1
mg/ml Geneticin. All the cell lines were cultured
at 37°C in a humidified incubator with 5% CO,,.

Protein expression and purification

The antibodies and antigens used in the study
were generated by cloning DNA-encoding
sequences independently into the multiple
cloning sites of the mammalian expression vec-
tor pcDNA3.4 TOPO (Invitrogen), followed by
expression in the Expi293F expression system
(Gibco). The sequences of the anti-CD3 anti-
body (clone: OKT3) and PRS-343 were obtained
from IMGT/mAb-DB (http://www.imgt.org/mAb-
DB) and the patent US-10865250-B2, respec-
tively. The sequences for 4-1BB and HER2 pro-
teins were obtained from UniProt (human
4-1BB: Q07011, human HER2: P04626).
Proteins were purified by protein A chromatog-
raphy or Ni?* chromatography (Cytiva).

Antibody specificity assays

HER2-expressing cancer cells or CHO-K1-hu4-
1BB cells were used to determine the specifici-
ty of HKOO6. The cells were incubated for 1
hour with a series of dilutions of the antibodies
and then incubated with FITC-conjugated goat
anti-human Fc antibody (H10301, Invitrogen)
for 30 min at 4°C. The stained cells were ana-
lyzed on the CytoFlex system (Beckman, USA),
and median fluorescent intensity (MFI) values
were plotted against the concentration of pri-
mary antibody. Human 1gG used as an isotype
control was purchased from GenScript Biotech
(Nanjing, China).

Next, the binding of HKOO6 to human HER2 or
4-1BB proteins was analyzed by ELISA. The
Nunc Maxisorp plate was coated with 1 yg/mL
of proteins in carbonate buffer at 4°C over-
night. After blocking with 1% BSA (Gibco) at
37°C for 2 hours, serially diluted test antibod-
ies were added to each well and incubated at
room temperature for 2 hours. The wells were
washed and incubated for 1 hour at 37°C with
horseradish peroxidase (HRP)-conjugated goat
anti-human 1gG Fc (146460, Jackson). After
washing with a PBST solution three times, TMB
(Invitrogen) was added as a substrate, and the
absorbance was detected at 450 nm by
VersaMax (Molecular Devices). For the dual-
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antigen capture ELISA, human HER2 antigen
was coated, and HKOO6 binding was detected
using human 4-1BB and HRP-conjugated sec-
ondary antibody (115-035-062, Jackson).

Antibody-dependent cell-mediated cytotoxicity
(ADCC) assay

To test the Fc function of the antibody, ADCC
effector cells (Jurkat-NFAT-Luc, 3 x 10* cells/
well) and target cells (SKOV3, 1 x 10* cells/
well) were mixed with HKOO6 and incubated at
37°C and 5% CO, for 6 hours. Trastuzumab
acted as a positive control. Luminescence was
detected by SpectraMax (Molecular Devices)
following the addition of an equal volume of fire-
fly luciferase reagent.

Cytokine release assay

Human PBMCs from healthy donors in RPMI-
1640 medium with 10% FBS in 96-well flat-bot-
tom plates (2 x 10°% cells/well) were treated
with 10 pg/ml of the tested antibodies for 48
hours. HKOO6 was compared with the isotype
controls IgG4, HuB6 and Urelumab. The levels
of the cytokines IFN-y, TNF-a, IL-10, IL-2, IL-6,
IL-4 and IL-17a in the culture medium were
measured by cytometric bead array assay
(C60021, QuantoBio) according to the manu-
facturer’s instructions. Fluorescence signals
were measured by the CytoFlex system.

Cytotoxicity assay for cancer cells

To test the cytotoxicity mediated by HKOO06,
HER2-positive cancer cell lines N87, SKOV3,
MCF7/HER2 or HER2-negative cell line MCF7
were cultured at 1.0 x 105 cells/mL in a 96-well
microplate coated with 0.5 pug/mL OKT3 over-
night and then cocultured with 5 x 10°% human
PBMCs for 48 hours in a CO, incubator at 37°C.
After incubation, the cytotoxicity for cancer
cells was observed using a microscope (IX71,
Olympus) and determined according to the
release quantity of lactate dehydrogenase
(LDH) by the kit (CK12, Dojindo). Similarly, 1.0 x
10° cells/mL cancer cells were cultured in a
96-well microplate coated with 0.5 pg/mL
OKT3 overnight, treated with 20 pg/mL mito-
mycin C (Sigma Aldrich) for 2 hours, and then
incubated with 5 x 10° cells/mL primary CD8 T
cells from PBMCs using an isolation kit
(557766, BD) and HKOOG6 or other control anti-
bodies at the indicated concentration for 3
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days. The IFN-y level in the cell supernatant
was measured by ELISA.

Mouse models

Eight-week-old NOD. CB17-Prkdcscidll2rgtm1/
Bcgen (B-NDG) mice, in which human PBMCs
were transplanted to reconstitute human
immune cells, were purchased from Biocytogen
Corporation (Beijing, China) and used accord-
ing to the approved experimental protocol.
Briefly, 2 x 10% N87 or SKOV3 cells mixed with
the same volume of Corning Matrigel were inoc-
ulated subcutaneously into the right flanks of
huPBMC-B-NDG mice. After the tumor size
reached ~50 mm3, the tumor-bearing animals
were randomized on the basis of tumor volume
and body weight. Subsequently, antibodies
were injected intraperitoneally into mice at a
dose of 2.5 mg/kg twice a week for up to 3
weeks (n=6). Tumor growth was monitored
twice a week by measuring tumor length and
width. Tumor volume was calculated according
to the following equation: 0.5 x length x width
x width. Mice were monitored for body weight
and blood parameters.

Histopathology analysis

Immunohistochemistry (IHC) and hematoxylin
and eosin (HE) assays were performed by stain-
ing 4-um-thick formalin-fixed, paraffin-.embed-
ded whole tissue sections. For the IHC method,
briefly, deparaffinized slides received one night
of incubation using primary antibody (CD4 or
CD8, Abcam) at 4°C. Next, the biotinylated sec-
ondary antibody and subsequent streptavidin-
horseradish peroxidase complex were em-
ployed for treating tissue sections. Slides were
photographed by an Aperio Versa 8 tissue
imaging system (Leica). Images were analyzed
using Indica Halo software.

Statistical analysis

Statistical analysis was performed by one-way
ANOVA and Dunnett’s T3 test using GraphPad
Prism 8.0 (GraphPad Software). A p value of <
0.05 was considered statistically significant.

Results
Construction and characterization of HKO06

HKOO6 was generated as a novel Fc-mutated
IgG4 HER2x4-1BB BsAb by fusing a single-
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Figure 1. HKOO6 binds 4-1BB and HER2 simultaneously. A. Schematic diagram of the bispecific single chain anti-
body HKOOG6. B. Electrophoresis pattern of HKOO6 with or without DTT. The bands indicated by black arrows repre-
sent HKOOG or its fragments. C. HKOO6 binds both human 4-1BB-expressing CHO-K1 cells and HER2-positive N87
cells, as measured by flow cytometry. D. HKOO6 binds to both 4-1BB and HER2 proteins, as determined by ELISA.
The curves are presented as one representative of three independent experiments.

chain variable fragment (scFv) targeting 4-1BB
at the C-terminus of the heavy chain of a propri-
etary anti-HER2 1gG4 monoclonal antibody
(mAb, patent CN104225594A) with three
amino acid mutations (S228P, F234A, L235A)
in the Fc region to mute its function (Figure 1A).
The anti-4-1BB scFv was modified from the pre-
viously generated anti-4-1BB antibody HuB6
[10] (patents CN112794906B, CN1127949-
05A, and W02021093753A1). The structure of
HKO06 was confirmed by its electrophoretic
pattern with or without the reducing agent
dithiothreitol (DTT, Figure 1B). The cell binding
assays demonstrated that HKOO6 bound
human 4-1BB to an equivalent level as the
parental mAb HuB®6, and the affinity with HER2
was reduced compared to trastuzumab using
the FACS method (Figure 1C), which was also
confirmed by ELISA (Figure 1D). Moreover,
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HKO06 could simultaneously bind to both
4-1BB and HER2, as shown by a dual-antigen
capture ELISA (Figure 1D).

HKOOG6 selectively kills cancer cells in a HER2-
dependent manner

HER2-positive/negative cancer cell lines were
cocultured with human PBMCs and treated
with HKOO6 or trastuzumab to evaluate their
cytotoxicity. As expected, both trastuzumab
and HKOO6 induced no significant change in
HER2-negative MCF7 cells and remarkable
cytotoxicity in HER2-positive cells, including
N87, SKOV3 and the constructed MCF7/HER2,
at a concentration of 5 pg/mL. Obviously,
HKOO6 induced more cytotoxicity in HER2-
positive tumor cells than trastuzumab (Figure
2A, 2B). To further confirm that HKOO6 acti-
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Figure 2. HKOOG6 selectively kills cancer cells in a HER2-dependent manner. A. The cytotoxicity of HKOO6 in HER2-
positive cancer cells was observed under a microscope. Scale, 100 um. B. The cytotoxicity of HKO06 in HER2-posi-
tive cancer cells was determined using the LDH release assay. C. HKOO06 induces IFN-y secretion by human primary
CD8+ T cells cocultured with HER2-positive cancer cells, as determined by ELISA. A human I1gG4 protein was used
as an isotype control. The values are presented as the mean + SD from one representative of three independent

experiments. **P < 0.01, ***P < 0.001.

vates 4-1BB-expressing immune cells in a
strictly HER2-dependent manner, HER2-po-
sitive/negative cancer cells were cocultured
with human primary CD8 T cells and treated
with HKOO6 or PRS-343 at 5-fold dilutions from
5 nM. Notably, HKO0O6 or PRS-343 increased
IFN-y secretion of CD8 T cells cocultured with
HER2-positive cancer cells compared with
HulgG when the concentration was more than
0.2 nM, but there was no significant effect for
HER2-negative cancer cells (Figure 2C). These
results demonstrated that HKOO6 should have
selective cytotoxicity for HER2-positive cancer
cells. In particular, HKOO6 induced more IFN-y
secretion than PRS-343 in the SKOV3 cell line
(P <0.001, Figure 2C).

HKOO6 shows potent antitumor efficacy in vivo

To investigate the antitumor effect of HKOOG6 in
vivo, a human PBMC-reconstituted mouse
model engrafted with HER2-positive SKOV3 or
N87 tumor cells was given mAb treatment
according to the schematic diagram (Figure
3A). HKOO06 treatment resulted in a significant
reduction of tumor volume and weight in the
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mouse model bearing SKOV3 transplant, as
well as PRS-343 and Trastuzumab plus HuB6,
compared with the HulgG control. Moreover,
HKOO06 showed more tumor growth inhibition of
SKOV3 cells than either PRS-343 or trastuzum-
ab plus HuB6 (Figure 3B, 3C, P < 0.05).
Similarly, HKOO6 also induced an obvious
decrease in tumor volume and weight in the
mouse model bearing N87 cell transplants
(Figure 3D, 3E, P < 0.001). Taken together,
these data indicated that HKOO6 had notable
antitumor activity in vivo and showed some
superiority to the combination of anti-HER2
mAb and 4-1BB agonist.

HKOO6 increases the abundance of tumor-
infiltrated T cells

The in vivo capacity of HKOO6 to target T cells
to HER2-positive tumor cells was assessed by
histopathology of SKOV3 tumors. HE staining
results indicated that HKO06 could induce lym-
phocytes to infiltrate into tumor tissue and
resulted in tumor apoptosis and necrosis
(Figure 4A). Moreover, IHC results confirmed
that HKO06, PRS-343 and trastuzumab plus
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Figure 3. HKOO6 shows strong antitumor activity in vivo. A. Schematic
diagram of antibody treatment of humanized mice bearing HER2-positive
cancer transplants. When the mean tumor size reached approximately 50
mm?3, mice were randomized into groups of 6 animals per group. Treatment
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Days after inoculation

o243 been shown to have no sys-
temic toxicity in preclinical
studies and even maintained
similar cytokine levels to the
PBS control in an in vitro eva-
luation assay for antigen-in-
dependent cytokine release
(Figure 5B). Moreover, no
drug-related abnormalities in
body weight or serum ALT/AST
were observed in the treated
mice (Figure 5C-E). These
results suggest that HKOO06
should have a safe profile as
a potential immunotherapy
drug.

with HKOOG6 or control antibody six times (indicated by vertical arrows). B, C.

HKOO6 induced a significant reduction in SKOV3 tumor volume and weight

Discussion

in a mouse model. D, E. HKOO6 induced a significant reduction in N87 tu-

mor volume and weight in a mouse model. The values are presented as the
mean + SD from one representative of three independent experiments. *P

<0.05, **P < 0.01, ***P < 0.001.

HuB6 all increased the number and percentage
of tumor-infiltrated lymphocytes (TILs), includ-
ing CD4 and CD8 T cells, in the tumor tissue
compared with the HulgG control (P < 0.001),
thereby rescuing the exhausted TILs and exert-
ing potent antitumor immunity in vivo (Figure
4A, 4B). According to immunohistochemistry
results, compared with PRS-343 or trastuzum-
ab plus HuB6, HKOO6 exhibited obviously
upregulated CD4 and CDS8 expression (P <
0.05, Figure 4B).

Taken together, HKOO6 could simultaneously
bind to the HER2 receptor of tumor cells and
4-1BB on the surface of T cells, resulting in the
blockade of HER2 signal transduction and acti-
vation of 4-1BB signaling, which induced the
activation and cytotoxic cytokine release of T
effector cells within the TME and thus effec-
tively and specifically killed HER2-positive
tumor cells (Figure 4C).

HKOOG6 has no obvious toxicity

HKOO6 was confirmed not to mediate ADCC,
whereas trastuzumab induced strong ADCC
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Low objective response limi-
ts the clinical use of trastu-
zumab even in combination
with chemotherapy and anti-
PD-1/PD-L1 mAb, although it has obtained
great success [20-22]. A 4-1BB agonist has
been shown to activate downstream signaling
cascades that enhance T-cell function and is
undoubtedly a promising candidate for cancer
immunotherapy [23-25]. However, therapeutic
attempts to target 4-1BB have been hampered
due to systemic toxicity or suboptimal agonistic
potency [12, 26, 27]. In our study, an Fc-muted
HER2/4-1BB BsAb, HKOO06, was generated and
shown to inhibit HER2 signal transduction in
tumor cells and stimulate 4-1BB signaling in T
cells simultaneously in the TME without sys-
temic toxicity.

HKOO6 should have unique antigen epitopes
for HER2 and 4-1BB according to its parental
mAbs HuB6 and HuA21 with distinct epitopes
[10, 19, 28] and was further confirmed to bind
to both antigens simultaneously using in vitro
assays. Functionally, HKOO6 showed increased
cytotoxicity for HER2-positive cancer cells com-
pared with trastuzumab by activating immune
cells from PBMCs. Moreover, HKOOG6-triggered
cytokine release of CD8 T cells was strictly
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Figure 4. HKOOG increases the abundance of tumor-infiltrating T cells. A. HE and IHC staining for CD4 and CD8 T
cells in SKOV3 tumor tissue. Black and blue arrows mark tumor cell apoptosis and immune cells, respectively. B.
HKOOG6 increases the percentages of tumor-infiltrating CD8 T and CD4 T cells among total cells. The values are
presented as the mean + SD from the analysis results using Indica Halo software. *P < 0.05, **P < 0.01, ***P <
0.001. C. Schematic illustration of HKOO6 action. HKOO6 simultaneously binds to HER2 expressed on tumor cells
and 4-1BB expressed on T cells and results in the blockage of HER2 signal transduction and clustering of 4-1BB
receptors on the surface of T cells, which induces the activation and cytokine release of T effector cells and thus

effectively and specifically kills tumor cells.

dependent on HER2 expression in cancer cells,
thereby ensuring a preferential distribution of
HKOO06 to HER2-expressing cells in the TME to
locally stimulate antigen-specific T cells.

In humanized mouse models bearing human
HER2-expressing tumors, HKOO6 displayed a
similar antitumor efficacy against N87 cell
transplantation and even a more potent inhibi-
tory effect on tumor growth against SKOV3 cell
transplantation than the positive control BsAb
PRS-343 or trastuzumab combined with HuB6.
The data were in accordance with the in vitro
results for CD8 T cells cocultured with SKOV3
cells treated with HKO06 and PRS-343, which
implied that HKOO6 might be superior for ovar-
ian cancer immunotherapy.

Mechanistically, PRS-343 has been proven to
increase the number of TILs by targeting 4-1BB
and HER2 simultaneously. Similarly, our data
demonstrated that HKOO6 could increase
tumor-infiltrated CD8 T and CD4 T cells, even
better than PRS-343 and trastuzumab com-
bined with HuB6, in SKOV3 tumors and result-
ed in the apoptosis and necrosis of tumor cells.
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Previously, we generated a PD-L1x4-1BB bispe-
cific antibody (BsAb) HKO10 to simultaneously
block PD-1/PD-L1 signaling and stimulate
4-1BB signaling strictly dependent on the
PD-L1 receptor and found that HKO10 treat-
ment recruited more CD8 T cells into tumor tis-
sue, reduced TAMs and resulted in more tumor
apoptosis and necrosis than the anti-PD-L1
mAb [29]. Moreover, it has been reported that
anti-4-1BB mAb treatment results in the expan-
sion of CD8 T cells in lymphoid organs and
tumors [30]. Therefore, we speculated that the
function of HKOOG in increasing and activating
TILs in HER2-positive tumor tissue should be
through stimulating the 4-1BB signaling path-
way. It has been reported that T-cell dysfunc-
tion resulting from the immune-suppressive
milieu and T-cell exhaustion in the TME leads
to resistance to anti-PD-1/PD-L1 immunother-
apy in malignancies [31, 32]. Therefore, it is
possible that HKOO6 may be used in the thera-
peutic regimen of resistant cancer for current
immunotherapy.

Previously, an anti-4-1BB mAb was reported to
mediate 4-1BB clustering by binding the Fc
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Figure 5. HKOO6 has no systemic toxicity. A. HKOO6 does not induce ADCC in Jurkat/NFAT-luc cells, as determined
by the luciferase reporter assay. Trastuzumab was used as the positive control. B. HKOO6 does not induce antigen-
independent cytokine release, as determined by a cytokine bead array (CBA) across a gradient of mAb concentra-
tions (n=5). PBS was used as the negative control. The values are presented as the mean + SD from one represen-
tative of three independent experiments. C. Body weight comparison of mice. D, E. Comparison of serum ALT/AST

levels in mice.

domain to FcyR-expressing cells, especially to
the inhibitory FcyRIllb [33, 34]. However, this
approach was limited due to undesirable toxic-
ity associated with FcyR interactions in the liver
and suboptimal efficacy by differential FcyR
expression [35]. In addition, FcyRIlb has been
described to mediate internalization [36, 37],
which may reduce the efficacy of molecules.
Meanwhile, the full Fc fragment has ADCC
activity, which can induce severe adverse
effects such as thrombocytopenia, and Fc engi-
neering has proven to be a good strategy to
ameliorate safety liabilities [10, 38]. Therefore,
HKOO6 was generated using an Fc-muted
human IgG4 backbone to further minimize the
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interactions with FcyRs and functional activity,
which was confirmed by our data. It has been
reported that PRS-343 can stimulate 4-1BB-
expressing T cells only in the presence of
HER2-expressing cancer cells, which provides
a more localized activation of the immune
system with higher efficacy and reduced peri-
pheral toxicity compared with current mono-
specific approaches [18]. Similarly, HKO06
was also found not to induce nonspecific
production of proinfammatory cytokines and
overt toxicity in the treated mice. These results
suggested that HKOO6 has a safety profile
to support further development in clinical
studies.

Am J Cancer Res 2023;13(7):3246-3256
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Taken together, we generated a novel anti-
HER2 x 4-1BB BsAb, HKOOG, by fusing an anti-
4-1BB scFv and anti-HER2 Fab with a muted
IgG4 Fc fragment. HKOO6 exhibited synergistic
antitumor activity by blocking HER2 signal
transduction and enhancing antitumor immu-
nity simultaneously and strictly dependent on
HER2 expression without systemic toxicity.
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