
Citation: Zhou, Y.; Wang, Y.; Liang, J.;

Qian, J.; Wu, Z.; Gao, Z.; Qi, J.; Zhu, S.;

Li, N.; Chen, Y.; et al. Generation,

Characterization, and Preclinical

Studies of a Novel NKG2A-Targeted

Antibody BRY805 for Cancer

Immunotherapy. Antibodies 2024, 13,

93. https://doi.org/10.3390/

antib13040093

Academic Editor: Arash Hatefi

Received: 22 August 2024

Revised: 18 October 2024

Accepted: 6 November 2024

Published: 20 November 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Generation, Characterization, and Preclinical Studies of a Novel
NKG2A-Targeted Antibody BRY805 for Cancer Immunotherapy
Yaqiong Zhou 1,2 , Yiru Wang 3, Jinfeng Liang 4, Jing Qian 4, Zhenhua Wu 1,2, Zhangzhao Gao 1,2 , Jian Qi 1,2,
Shanshan Zhu 1,2, Na Li 1,2, Yao Chen 1,2, Gang Chen 5, Lei Nie 1,2 , Tingting Guo 1,2 and Haibin Wang 1,2,*

1 BioRay Pharmaceutical Co., Ltd., Taizhou 318000, China
2 BioRay Pharmaceutical (Hangzhou) Co., Ltd., Hangzhou 311404, China
3 Faculty of Chinese Medicine, Macau University of Science and Technology, Macau, China
4 Zhejiang Center for Drug and Cosmetic Evaluation, Zhejiang Medical Products Administration,

Hangzhou 310012, China
5 BioRay Pharmaceutical Corp., San Diego, CA 92121, USA
* Correspondence: haibin.wang@bioraypharm.com

Abstract: Immuno-oncology has revolutionized cancer treatment, with NKG2A emerging as a novel
target for immunotherapy. The blockade of NKG2A using the immune checkpoint inhibitor (ICI)
monalizumab has been shown to enhance the responses of both NK cells and CD8+ T cells. However,
monalizumab has demonstrated limited efficacy in in vitro cytotoxic assays and clinical trials. In our
study, we discovered and characterized a novel anti-NKG2A antibody, BRY805, which exhibits high
specificity for the human CD94/NKG2A heterodimer complex and does not bind to the activating
NKG2C receptor. In vitro cytotoxicity assays demonstrated that BRY805 effectively activated NK92
cells and primary NK cells, thereby enhancing the cytotoxic activity of effector cells against cancer cells
overexpressing HLA-E, with significantly greater efficacy compared to monalizumab. Furthermore,
BRY805 exhibited synergistic antitumor activity when combined with PD-L1 monoclonal antibodies.
In a mouse xenograft model, BRY805 showed superior tumor control relative to monalizumab and
demonstrated a favorable safety profile in non-human primate studies.

Keywords: cancer immunotherapy; checkpoint inhibitor; NKG2A; NK cells; HLA-E

1. Introduction

The primary mechanisms by which tumors evade immune surveillance encompass
the following: the evasion of tumor cell recognition by the host immune system; the im-
munoregulatory effects exerted by tumor cells on leukocyte functions; the involvement of
myeloid cells in tumor progression; the induction of apoptosis in immunocompetent cells;
the evasion of apoptosis by tumor cells; and the modulation of immune checkpoints [1].
Among these mechanisms, the application of checkpoint inhibitors has constituted a sig-
nificant advancement in cancer therapy over the past decade. Immunoinhibitors function
by obstructing proteins that suppress immune responses. Frequently targeted proteins
include PD-1 (programmed cell death protein 1), PD-L1 (programmed cell death ligand 1),
and CTLA-4 (cytotoxic T-lymphocyte antigen-4). By inhibiting these checkpoints, im-
munoinhibitors enhance T-cell activation and proliferation, thereby enabling the immune
system to more effectively recognize and eliminate cancer cells. Checkpoint inhibitors have
markedly enhanced survival outcomes for patients with metastatic cancer. These include
antibodies targeting the PD-1 /PD-L1 axis and CTLA-4, utilized either as monotherapy or
in combination therapies approved for various cancer indications [2]. These treatments
frequently result in durable benefits, and in the majority of patients, associated toxicities
can be effectively managed. The effectiveness of immunoinhibitors can be influenced by
biomarkers such as tumor mutational burden (TMB) and PD-L1 expression levels, helping
to identify which patients are more likely to benefit from these therapies [3]. However,
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only a subset of patients exhibit a robust response and derive benefit from approved im-
mune checkpoint inhibitors (ICIs) [4]. For the existence of various mechanisms of tumor
escape, including downregulation of classical HLA class I molecules (required to present
peptides derived from tumor-specific antigens to CTL) and the release of inhibitory cy-
tokines [e.g., transforming growth factor (TGF)-b and/or soluble factors (e.g., prostaglandin
E2 and kynurenine)] from tumor cells or cells of the tumor microenvironment (e.g., M2
macrophages, myeloid-derived suppressor cells). Another explanation may be a lack or
low expression of ICI ligands on tumor cells (e.g., PD-L1) [5]. Consequently, numerous
studies are underway to identify novel ICIs and develop combination strategies to enhance
the efficacy of existing ICIs. Furthermore, all currently approved ICIs for cancer treatment
primarily target the activation of T cells. In this context, the antitumor potential of natural
killer (NK) cells remains underexplored. Recent research has identified NKG2A as a signifi-
cant “checkpoint” on NK cells, demonstrating promising clinical outcomes with limited
toxicity in highly aggressive human tumors.

NKG2A represents a novel immune checkpoint target with significant potential in the
field of cancer immunotherapy. This inhibitory receptor is expressed on certain subsets of
cytotoxic lymphocytes, notably natural killer (NK) cells and CD8+ T cells, and interacts
with the non-classical major histocompatibility complex (MHC) class I molecule, HLA-E.
This interaction is pivotal in modulating immune responses. By negatively regulating
the activity of NK cells and T cells, NKG2A plays a critical role in both the evasion of
tumors from immune detection and the surveillance of tumors by the immune system [6].
Cancer cells can evade immune surveillance by expressing ligands for NKG2A, thereby
inhibiting the activation and cytotoxic functions of natural killer (NK) cells and CD8+ T
cells, which permits unchecked tumor growth. Numerous carcinoma types are notably
linked to poorer prognoses and diminished responses to immunotherapy. In particular,
colorectal, breast, and clear cell renal cancers exhibit a negative prognostic association
with HLA-E expression, which appears to facilitate tumor immune evasion. Targeting
NKG2A may mitigate this evasion mechanism, thereby enhancing the antitumor effects
mediated by NK and CD8+ T cells [7–9]. Preliminary clinical trials involving NKG2A
antagonists have demonstrated potential in enhancing antitumor responses, with certain
patients exhibiting sustained responses. These findings indicate that targeting NKG2A may
constitute an effective strategy in cancer therapy. Furthermore, NKG2A blockade can be
integrated with other immunotherapeutic approaches, such as PD-1/PD-L1 inhibitors and
CTLA-4 inhibitors. This combinatorial approach may result in synergistic effects, thereby
augmenting overall treatment efficacy.

A humanized anti-NKG2A IgG antibody, monalizumab, has been developed, and
numerous clinical trials are currently underway across various tumor indications. Monal-
izumab is administered either as a monotherapy or in combination with other therapeutic
antibodies, such as durvalumab, which targets PD-L1, or cetuximab, which targets the
epidermal growth factor receptor (EGFR) expressed by tumor cells [10,11]. The concurrent
administration of anti-NKG2A and anti-PD-L1 blocking antibodies activates NK and CD8
T cells, thereby inhibiting tumor progression in stage II non-small cell lung cancer [12].
Nevertheless, the use of monalizumab is accompanied by several limitations. There is
significant variability in therapeutic responses among patients, as not all tumors express the
necessary ligands or have sufficient immune cell infiltration to benefit from the treatment.
Furthermore, data on the long-term efficacy and safety of monalizumab remain limited,
highlighting the need for more comprehensive clinical trials. Monalizumab exhibited
reduced efficacy in enhancing NK cell-mediated cytotoxicity against target cells presenting
HLA-G peptides on HLA-E compared to cells expressing HLA-E complexed with HLA-A,
HLA-B, and HLA-C peptides. This differential effectiveness may contribute to tumor
resistance mechanisms [13]. Additionally, monalizumab demonstrated limited cytotoxic
effects in mitigating natural killer cell dysfunction in chronic lymphocytic leukemia (CLL),
as supported by our findings [14]. Consequently, clinical trials investigating monalizumab
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for CLL and other malignancies were discontinued, likely due to its insufficient therapeutic
efficacy (NCT02557516, NCT02671435, NCT04590963).

In pursuit of a more potent NKG2A inhibitor, we present the discovery and devel-
opment of a novel anti-NKG2A antibody, BRY805, as a strategy to achieve therapeutic
benefits through NKG2A:HLA-E blockade. BRY805 exhibits specific high-affinity binding
to NKG2A, effectively inhibiting the interaction between NKG2A and HLA-E. In vitro
assays demonstrate that the blockade of NKG2A by BRY805 can activate natural killer
(NK) cells and augment NK cell-mediated antitumor effects in a dose-dependent manner.
Furthermore, BRY805 significantly enhances the cytotoxicity of primary NK cells against
tumor cells compared to monalizumab, both in vitro and in vivo. Additionally, BRY805
acts synergistically with PD-L1 monoclonal antibodies to potentiate antitumor cell activity.
BRY805 is a novel and distinct NKG2A-targeting antibody that demonstrates promising
efficacy and a favorable safety profile in both in vitro and in vivo studies. These findings
support the continued development of NKG2A-based therapeutics for cancer treatment.
BRY805 is currently being evaluated in a Phase 1 clinical study in China.

2. Materials and Methods
2.1. Cell Lines

Human NKG2A/CD94, Cynomolgus NKG2A/CD94 and human NKG2C/CD94 over-
expressing CHO cells (CHOK1-hNKG2A/CD94, CHOK1-cynoNKG2A/CD94, CHOK1-
hNKG2C/CD94), were generated by transducing CHO cells with full-length human
or cynomolgus coding sequences. Human NKG2A overexpressing 293F cells (293F-
hNKG2A/CD94) were generated by the transduction of 293F cells with full-length human
NKG2A/CD94 coding sequences. LCL721.221 and MOLM-13 cells were obtained from
ChemPartner (Shanghai, China). The overexpression of HLA-E in LCL721.221 and MOLM-
13 cells was induced by HLA-A*02 or HLA-B*08 signal peptides. NCI-H1975 cells were
obtained from Gempharmatech (Nanjing, China).

2.2. Antibodies

The amino acid sequences of monalizumab and avelumab (an anti-PD-L1 MAb)
were sourced from the IMGT/mAb-DB database. The genes encoding the heavy and
light chains were subsequently cloned into the mammalian expression vector pcDNA3.4.
Expression was carried out using the ExpiCHO system (Invitrogen, Waltham, MA, USA),
and the resulting proteins were purified via protein A chromatography (GE). These purified
proteins were utilized as positive controls in this study.

2.3. Antibody Development and Humanization

Anti-human NKG2A antibodies were produced using standard hybridoma technology.
Three distinct immunogens were employed to immunize SJL mice: human NKG2A/CD94
DNA (ChemPartner, Shanghai, China); 293F-hNKG2A/CD94; and recombinant human
NKG2A/CD94 extracellular domain protein (hNKG2A/CD94-ECD, ChemPartner). Hy-
bridomas were subsequently selected, and the supernatants from the resulting clones
were screened using NKG2A and NKG2C binding and blocking assays. One hybridoma
clone, designated 349E1E3-1C4, was sequenced. The antibody was humanized through
fusion with an IgG4 containing three single-point mutations in the Fc heavy chain and
CDR-grafting into human germline frameworks. The resulting humanized antibodies were
screened for binding affinity to NKG2A, aiming to achieve an affinity comparable to the
original murine monoclonal antibody. The humanized antibody that met these criteria was
designated BRY805.

2.4. Generation of NKG2A-Specific Antibody

The coding sequences of BRY805 were subcloned into the pcDNA3.4 vector. Subse-
quently, the ExpiCHO expression system was employed to express BRY805 in accordance
with the manufacturer’s protocol. Fourteen days post-transfection, the cell culture was
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harvested and subjected to purification using a Protein A affinity column. The purified
product was then reconstituted in PBS buffer to facilitate long-term storage.

2.5. Binding ELISA

hNKG2A/CD94-ECD, Cynomolgus NKG2A/CD94-ECD (cynoNKG2A/CD94-ECD),
or human NKG2E proteins (hNKG2E, sourced from ChemPartner), were diluted to a
concentration of 1 µg/mL and subsequently coated onto a 96-well ELISA plate, where they
were allowed to incubate overnight at 4 ◦C. Following incubation, the plate was subjected
to a washing process and then blocked for 1 h using a solution of 5% bovine serum albumin
in phosphate-buffered saline (BSA/PBS) at ambient temperature. Antibodies prepared
in serial dilutions were introduced to the plate in duplicate and allowed to incubate for
1 h at room temperature. Subsequent to another washing step, Goat F(ab’)2 anti-human
IgG Fc conjugated with horseradish peroxidase (HRP) (obtained from Abcam, Hangzhou,
China) was added and incubated for an additional hour at room temperature. The plates
were washed, and the substrate TMB solution was subsequently added, followed by an
incubation period of 0.5 h. The reaction was then terminated, and its absorbance was
measured at 450 nm using a Bio-Rad iMARK plate reader (Bio-Rad, Berkeley, CA, USA).

2.6. Cell-Binding Assay

CHOK1-hNKG2A/CD94, CHOK1-cynoNKG2A/CD94, CHOK1-hNKG2C/CD94, or
CHOK1-blank cells were incubated for 30 min with a serial dilution of antibodies. Post-
washing, the cells were further incubated with Goat anti-Human IgG Secondary Antibody,
Alexa Fluor™ 488 (Invitrogen) for 30 min at 4 ◦C. The stained cells were analyzed using a
CytoFlex system (Beckman, Brea, CA, USA). Median fluorescence intensity values were
plotted against the concentration of the primary antibody.

2.7. Cell-Based Receptor Blocking Assay

CHOK1-hNKG2A/CD94 cells were rinsed and resuspended in FACS buffer(PBS
supplemented with 2% FBS). The cells were then distributed into 96-well round-bottom
plates and incubated with a diluted antibody solution at 4 ◦C for 30 min. Subsequently,
HLA-E PE was added to the plates and incubated with the cells at 4 ◦C for an additional
2.5 h. Following incubation, the cells were washed and subjected to fluorescence-activated
cell sorting (FACS) analysis.

2.8. NK-92 Cell-Mediated Cytotoxicity Assay of BRY805

HLA-E overexpressing LCL721.221 or MOLM-13 cells were labeled with a fluorescence-
enhancing ligand (DELFIA BATDA Reagent, Revvity, Waltham, MA, USA) in assay buffer
and incubated for 20 min at 37 ◦C in a cell incubator. Subsequently, the cells were washed
with PBS and resuspended in RPMI 1640 supplemented with 10% FBS. Serial dilutions
of BRY805 or control antibodies were introduced into the assay plate and incubated with
NK92 cells at 37 ◦C for 30 min. Following this, LCL721.221 or MOLM-13 cells were added
to the assay plate and incubated at 37 ◦C for a duration of 2 to 4 h. The cell supernatants
were then transferred to a flat-bottom detection plate, to which Europium Solution was
added. The plate was agitated at 250 rpm for 15 min at room temperature, and fluorescence
was measured using a time-resolved fluorometer within 5 h.

2.9. Primary NK Cell-Mediated Cytotoxicity Assay of BRY805

HLA-E overexpressing LCL721.221 cells were labeled in assay buffer using the fluores-
cence-enhancing ligand (DELFIA BATDA Reagent) and incubated at 37 ◦C for 20 min in a
cell incubator. Following this incubation, the cells were washed with PBS and subsequently
resuspended in RPMI 1640 supplemented with 10% FBS. Serial dilutions of BRY805 or
control antibodies were then introduced into the assay plate and incubated with NK92
cells at 37 ◦C for 30 min. After this incubation, LCL721.221 cells were added to the assay
plate and incubated at 37 ◦C for an additional 2 to 4 h. Finally, the cell supernatants were
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transferred to a flat-bottom detection plate. Europium solution was then added to the
detection plate, which was subsequently shaken at 250 rpm for 15 min at room temperature.
Fluorescence measurements were taken using a time-resolved fluorometer within 5 h.

2.10. NK-92 Cell-Mediated Cytotoxicity Assay of BRY805 Combined with PD-L1 MAb

Avelumab was employed as a PD-L1 monoclonal antibody (MAb) in the cytotoxicity
assay. Initially, 50 µL of NK92 cells was introduced into a 96-well microplate at a concen-
tration of 4E5 cells/mL. Subsequently, 250 ng of either BRY805 or control antibodies was
added to the assay plate and incubated with the NK92 cells at 37 ◦C for 30 min. Following
this, 100 µL of LCL721.221 cells, labeled with Calcein-AM (MedChemExpress, Monmouth,
NJ, USA), was added to the assay plate at a concentration of 1E5 cells/mL. Finally, serially
diluted avelumab or control antibodies were introduced into the assay plate and incubated
at 37 ◦C for 70 min. The plate was centrifuged at 500× g for 3 min at room temperature, after
which 100 µL of the culture supernatant was quantified using a Tecan microplate reader.

2.11. In Vivo Efficacy Studies

For the tumor xenograft model, the HLA-E expressing cell line NCI-H1975 was utilized
to inoculate huHSC-NCG-hIL15 mice, which exhibited superior immune reconstitution
levels of hNKG2A+ NK cells compared to other immune reconstitution mouse models. A
total of 26 female huHSC-NCG-hIL15 mice (GemPharmatech Co., Ltd., Nanjing, China),
aged 8–10 weeks and weighing approximately 25 g, were employed in this study. Each
mouse was subcutaneously injected with 2 × 106 NCI-H1975 cells in the right flank. On the
twelfth day post-inoculation, when the mean tumor volume reached 57.57 mm3, a cohort
of 21 mice was randomly assigned into three groups based on tumor volume, body weight,
and the immune reconstitution level of NKG2A+ NK cells, with each group comprising
seven mice (n = 7). The allocation methodology was provided by GemPharmatech Co.,
Ltd., and the remaining mice were euthanized. The day of group allocation was designated
as day 0, with treatment commencing on the same day. Antibodies were administered
intraperitoneally to the mice in the three groups, including the investigational drug BRY805,
a positive control monalizumab analog, and a negative control hIgG4 isotype. The dosing
volume for each group, as well as the sequence of treatments and measurements, remained
consistent throughout this study. Treatments were administered biweekly over a three-week
period, with the possibility of extending observation periods as necessary. The primary
evaluation metrics for this experiment included tumor size and the overall health status of
the test mice. Body weights of all models and tumor volumes were assessed twice weekly.
At the conclusion of this experiment, tumor samples were collected and weighed.

Tumor volume (TV) measurements were obtained using calipers to ascertain the
longest and shortest axes of the tumor, with the following formula employed for volume
calculation: TV (mm3) = 0.5 × Length × Width2. The TTV/CTV value is the ratio of the
average tumor volume in the treatment group (TmTV) to the average tumor volume in
the control group (CmTV), and the tumor growth inhibition value was defined as TGITV%.
TTV/CTV = TmTV/CmTV; TGITV% = (1 − TTV/CTV) × 100%. The TTW/CTW value is the
ratio of the average tumor weight in the treatment group (TmTW) to the average tumor
weight in the control group (CmTW), and the tumor weight change value was defined as
TGITW%. TTW/CTW = TmTW/CmTW, TGITW% = (1 − TTW/CTW) × 100%

The experimental design, outcome assessment, and data analysis were assigned to
a single individual, while the execution of this experiment was conducted by a different
person. Experimental data, including tumor volume, body weight, and tumor weight of
mice, are presented as mean ± SEM unless specified otherwise. Statistical analyses were
conducted using GraphPad Prism 10 software, employing an unpaired two-sided Student’s
t-test for evaluation.
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2.12. Toxicity Study in Non-Human Primates

The non-human primate toxicity study was conducted using cynomolgus monkeys at
Suzhou Xishan Zhongke Pharmaceutical Research and Development Co., Ltd. (Suzhou,
China). In this study, groups of animals, consisting of five males and five females each,
received a weekly intravenous infusion of BRY805 at a dosage of 50 mg/kg or a vehicle
control composed of 10 mM L-Histidine at pH 6.0 over a period of five weeks, totaling
five doses. After the dosing phase, two animals of each sex per group were retained
for a subsequent 6-week recovery period. The in-life assessments encompassed clinical
observations, measurements of body weight, food consumption analysis, cardiovascular
safety pharmacology evaluations, ophthalmologic examinations, and clinical pathology,
which included serum chemistry, hematology, coagulation, and urinalysis. Additionally,
gross pathology, relative organ weight assessments, and histopathological examinations
were conducted.

3. Results
3.1. Generation and Characterization of an NKG2A-Specific Antibody

Antibodies targeting human NKG2A were developed through the immunization of
mice using recombinant NKG2A extracellular domain (ECD) proteins, cells, and DNA.
Following screening via NKG2A and NKG2C binding and blocking assays, a positive
clone, designated as mAb043, was identified. This monoclonal antibody (mAb) was sub-
sequently humanized by grafting its complementarity-determining regions (CDRs) into
human germline frameworks and engineered with a human IgG4 backbone. To enhance
antibody stability, prevent the formation of half-antibodies, and eliminate Fc-FcγR in-
teractions, specific amino acid substitutions—S228P, L235E, D265A, and R409K—were
introduced. The humanized variant of mAb043, designated as BRY805, was engineered to
address the challenge of developing antibodies with selective binding and blocking capa-
bilities for NKG2A, given the 95% sequence identity between human NKG2C and NKG2A,
which differ by only a few amino acids in their extracellular domains. Unlike the majority
of antibodies screened, BRY805 demonstrates specificity for human NKG2A. It binds to
cells expressing human NKG2A and the human NKG2A protein (Figure 1A,C) without
interacting with cells expressing human NKG2C or the NKG2E protein (Figure 1E,F). Addi-
tionally, BRY805 exhibits binding affinity for cynomolgus NKG2A (Figure 1B,D). BRY805
exhibited a strong affinity for the human NKG2A/CD94 receptor, characterized by an
affinity constant (KD) of 0.6 nM (Figure 1G). Subsequently, we evaluated the ability of
BRY805 to inhibit the binding of human HLA-E to cells overexpressing human NKG2A. The
results demonstrated that BRY805 effectively obstructed the interaction between HLA-E
and NKG2A in a dose-dependent manner (Figure 2).

3.2. BRY805 Enhances NK92 Cell-Mediated Cytotoxicity

This study assessed the potential of BRY805 to enhance the cytotoxicity of NK92 cells
against cancer cells. Both LCL721.221 B-lymphoblastoid cells and MOLM-13 myeloid
leukemia cells are capable of expressing HLA-E, while NK92 cells exhibit high expression
levels of NKG2A/CD94. Upon incubation with these cancer cells, NK92 cells demonstrated
minimal cytotoxic activity, attributed to the interaction between HLA-E and NKG2A/CD94,
which subsequently inhibited NK92 cell cytotoxicity. However, the introduction of BRY805
disrupted the binding between HLA-E and NKG2A/CD94, thereby enabling NK92 cells
to effectively target and kill the cancer cells. Notably, BRY805 demonstrated superior
potential in enhancing NK92 cell-mediated cytotoxicity compared to a monalizumab analog,
exhibiting a tenfold lower EC50 (Figure 3).
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the binding of BRY805 to CHOK1 cells overexpressing human NKG2A/CD94. (D) The binding of 
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cytometry. (E) ELISA was employed to determine the binding affinity of BRY805 to human NKG2E. 
(F) Flow cytometry analysis further revealed the binding of BRY805 to CHOK1 cells overexpressing 
human NKG2C/CD94. (G) Analysis of the binding kinetics of BRY805 to the extracellular domain of 
hNKG2A/CD94 was conducted using Bio-Layer Interferometry. 

Figure 1. Binding activity of BRY805 to proteins and cells was assessed through various method-
ologies. (A) The interaction of BRY805 with human NKG2A/CD94 extracellular domain (ECD)
was quantified using enzyme-linked immunosorbent assay (ELISA). (B) The binding of BRY805 to
cynomolgus NKG2A/CD94 ECD was evaluated via ELISA. (C) Flow cytometry analysis demon-
strated the binding of BRY805 to CHOK1 cells overexpressing human NKG2A/CD94. (D) The
binding of BRY805 to CHOK1 cells overexpressing cynomolgus NKG2A/CD94 was also analyzed
using flow cytometry. (E) ELISA was employed to determine the binding affinity of BRY805 to
human NKG2E. (F) Flow cytometry analysis further revealed the binding of BRY805 to CHOK1
cells overexpressing human NKG2C/CD94. (G) Analysis of the binding kinetics of BRY805 to the
extracellular domain of hNKG2A/CD94 was conducted using Bio-Layer Interferometry.
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incubated with NK92 cells in the presence of serial dilutions of BRY805. The resulting cytotoxic effects
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3.3. BRY805 Enhances Primary NK Cell-Mediated Cytotoxicity

We then assessed the potential of BRY805 to augment the effector functions of pri-
mary natural killer (NK) cells. Primary NK cells were isolated from human peripheral
blood mononuclear cells (PBMCs) and screened to obtain NK cells with optimal effector
capabilities. LCL721.221 cells were employed as target cells and co-cultured with NK cells
at an effector-to-target (E:T) ratio of 2.5:1 in the presence of increasing concentrations of
BRY805. Notably, BRY805 induced a concentration-dependent enhancement of NK cell
effector functions, as evidenced by increased cytotoxicity against cancer cells. BRY805
demonstrated superior cytotoxic activity compared to a monalizumab analog, with an
EC50 of 1.875 nM, which is approximately five times more effective than the monalizumab
analog (Figure 4).

3.4. BRY805 Synergizes with PD-L1 MAb to Enhance NK Cell-Mediated Cytotoxicity

To assess the antitumor efficacy of BRY805 in conjunction with a PD-L1 inhibitor,
LCL721.221 cells were utilized as target cells and co-cultured with NK92 cells at an effector-
to-target (E:T) ratio of 2:1. This was conducted in the presence of BRY805 and varying
concentrations of avelumab, alongside control antibodies. The viability of LCL721.221
cells was subsequently determined using Calcein fluorescence signaling. The combination
of BRY805 and avelumab demonstrated a statistically significant enhancement in NK
cell-mediated cytotoxicity compared to the control antibody (hIgG4) (see Figure 5). The
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combination of PD-L1 MAb and BRY805 may exert a synergistic effect on the immune
response against cancer cells.
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Figure 5. The combination of BRY805 and PD-L1 monoclonal antibody (MAb) significantly enhances
the cytotoxic activity of NK92 cells against tumor cells. LCL721.221 cells were co-cultured with
NK92 cells in the presence of BRY805 and serially diluted avelumab. Cytotoxicity was quantified
by measuring fluorescence using a Tecan microplate reader. BRY805 effectively suppresses tumor
growth in a Xenograft tumor model.

To evaluate the in vivo efficacy of BRY805, NCI-H1975 cells expressing HLA-E were
subcutaneously injected into the flanks of huHSC-NCG-hIL15 mice. These mice are capable
of supporting the reconstitution of human natural killer (NK) and T cells through the
implantation of human hematopoietic stem cells (HSCs), resulting in a higher NK cell
level compared to peripheral blood mononuclear cells (PBMCs) and providing a closer
approximation to human biology. However, a limitation of this model is that more than one
human HSC is required to reconstitute a sufficient number of mice in a single experiment,
which may lead to variability in immune levels. Mice were administered treatments with
either a human IgG4 isotype control, a monalizumab analog, or BRY805. As indicated
in Table S1, on day 37, the mean tumor volume (mTV) for the isotype control group was
891.56 mm3. In comparison, the mTVs for the BRY805 and monalizumab analog groups
were 550.38 mm3 and 845.04 mm3, respectively, with tumor growth inhibitions (TGIs)
of 36.04% (p < 0.05) and 4.2% (p = 0.777). The administration of BRY805 resulted in a
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statistically significant reduction in tumor growth compared to both the human IgG4
isotype control and the monalizumab analog (Figure 6). Based on the tumor weight
measurements on day 37 (refer to Table S2 and Figure S1), BRY805 administered at a dosage
of 30 mg/kg demonstrated a statistically significant inhibitory effect on tumor weight
increase, with a tumor growth inhibition rate of 36.64% (p = 0.014), in comparison to the
negative control hIgG4 isotype. In contrast, the monalizumab analog at the same dosage did
not exhibit a significant effect, with a tumor growth inhibition rate of −3.84%. Additionally,
flow cytometry analysis of human immune cells from the peripheral blood of the mice
revealed that the frequency of human CD16+ and CD8+ cells was elevated in mice treated
with BRY805 compared to those receiving the hIgG4 isotype control (see Figure S3). These
findings indicate that BRY805 demonstrates superior antitumor efficacy in vivo relative to
the monalizumab analog. During the course of this experiment, no mortality was observed
among the mice, and the rate of change in body weight did not differ significantly across
the various treatment groups at the conclusion of this study (refer to Table S3 and Figure S2).
This indicates that the administered drugs did not induce a significant reduction in body
weight, suggesting that they were well tolerated by the mice.
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Figure 6. In vivo efficacy of BRY805 evaluated in huHSC-NCG-hIL-5 mice bearing NCI-H1975 tumor
xenografts. HuHSC-NCG-hIL-5 mice were subcutaneously injected with 2 × 106 NCI-H1975 tumor
cells. Subsequently, molar equivalent doses of the specified antibodies were administered biweekly,
and tumor size was measured biweekly.

3.5. BRY805 Demonstrates a Favorable Safety Profile

The toxicological profile of BRY805 was evaluated in cynomolgus monkeys. BRY805
exhibited binding affinity to cynomolgus monkey NKG2A with an EC50 of 0.64 nM, which
is comparable to its binding affinity to human NKG2A (Figure 1C,D). A Good Labora-
tory Practice (GLP)-compliant toxicology study was conducted over a 5-week period with
repeated dosing, followed by a 6-week recovery phase, in cynomolgus monkeys. The
administration of BRY805 was well tolerated across five doses, with no observed abnormal
clinical signs or BRY805-related alterations in body weight or food consumption throughout
this study. The ophthalmologic examinations and cardiovascular safety pharmacology eval-
uations revealed no alterations attributable to BRY805. Similarly, hematology and clinical
chemistry parameters remained unaffected by BRY805. Furthermore, no BRY805-related
effects were observed in gross pathology, relative organ weights, or histopathological
assessments. These findings suggest that BRY805 may possess a favorable safety profile.

4. Discussion

Immunotherapies have significantly advanced the treatment of cancer patients; how-
ever, their effectiveness varies according to tumor indications [14]. The therapeutic strategy
of blocking PD-1/PD-L1 results in objective responses in only 15–30% of patients, indicat-
ing the presence of additional resistance mechanisms [15]. While the majority of current
immunomodulatory strategies have concentrated on augmenting T-cell responses, the
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distinct ability of NK cells to identify and eliminate tumor cells highlights their substan-
tial potential in cancer treatment. NK cells in cancer are engineered to trigger a complex
immune response that ultimately results in protective and enduring immunity against
tumors involving various cell types, including T cells [9,16,17]. The HLA-E/NKG2A im-
mune checkpoint axis holds potential as a next-generation immunotherapeutic strategy for
cancer [18,19]. The expression of HLA-E, along with the increased levels of CD94/NKG2A
observed in tumor-infiltrating lymphocytes (TILs), has been associated with tumor progres-
sion, metastasis, and decreased patient survival rates in certain cancers [20–22].

Strategies for NKG2A blockade have been developed and validated, particularly in
conjunction with anti-PD-L1 antibodies, to improve clinical outcomes in patients with un-
resectable non-small cell lung cancer [12]. The blockade of NKG2A enhances the antitumor
activities of both T cells and NK cells. Additionally, it inhibits the NKG2A ligand, HLA-E,
which is overexpressed in the human tumor microenvironment (TME) and contributes
to the reduction in lymphocyte expression within the TME [1]. Monalizumab is the first
and most extensively studied anti-NKG2A antibody, owing to its demonstrated anticancer
activity in early clinical trials. Monalizumab has been shown to enhance the effectiveness
of anti-PD-1/PD-L1 inhibition in combination therapy [20]. Research has indicated that
monalizumab targets various crucial elements of the immune response [23]. However, the
published data [14] suggest that the effectiveness of monalizumab was limited, highlighting
the need for the development of a more potent antibody.

In this study, we introduce a novel humanized anti-NKG2A antibody, BRY805. This
antibody exhibits high-affinity binding to human NKG2A and effectively disrupts the
interaction between NKG2A and HLA-E. Experimental results demonstrate that BRY805
significantly enhances the cytotoxic activity of NK92 or primary NK cells and inhibits
tumor growth in vivo, surpassing the efficacy of monalizumab. Additionally, BRY805 has
the potential to synergize with anti-PD-1/PD-L1 inhibitors, cetuximab, or trastuzumab in
combination therapy.

NKG2C, specific for HLA-E, is an activating receptor of NK cells. HLA-E plays a
distinct and pivotal role in modulating the immune response by interacting with either the
activating CD94/NKG2C receptor or the inhibitory CD94/NKG2A receptor [24]. Although
human inhibitory NKG2A and activating NKG2C receptors share over 95% sequence iden-
tity [25], the inhibitory CD94/NKG2A receptor binds to HLA-E with approximately six
times greater affinity than CD94/NKG2C. The NKG2A inhibitory receptor plays a pivotal
role in immune suppression, suggesting that blocking NKG2A may be a more effective strat-
egy for enhancing immune responses compared to using NKG2C agonists [25,26]. Through
an exclusive panning strategy employing recombinant NKG2A and NKG2C proteins, we
successfully isolated and characterized human NKG2A inhibitors. Notably, BRY805 specif-
ically binds to NKG2A without interacting with NKG2C. Furthermore, the NKG2C and
NKG2E genes exhibit a high degree of genomic similarity (92.1%) [25]; yet, BRY805 does
not recognize NKG2E. Given that both NKG2C and NKG2A can form heterodimers with
CD94, it is significant that BRY805 does not bind to CD94.

BRY805 demonstrated superior bioactivity in augmenting NK cell-mediated cyto-
toxicity compared to monalizumab. Notably, for primary NK cells, BRY805 exhibited
significantly higher maximum cytotoxicity and a more favorable EC50 than monalizumab.
One potential explanation for this observation is that over 90% of NK92 cells express the
NKG2A receptor, in contrast to less than 50% of primary NK cells, which not only exhibit
lower expression levels of this receptor but are also frequently characterized by dysfunc-
tion [27]. Additionally, epitope binning analysis indicates that BRY805 interacts with a
distinct epitope compared to monalizumab (Table S4). The in vitro functional assay data
for monalizumab were consistent with previously published findings. BRY805 demon-
strates significantly superior antitumor efficacy compared to monalizumab, indicating its
potential for enhanced clinical application. Conducting in vivo studies targeting NKG2A
necessitates a substantial reconstruction of NK cells; otherwise, the quantity of NKG2A+
NK cells will be insufficient for experimental purposes. Although huHSC-NCG-hIL15
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mice can achieve a higher level of NK cell reconstitution compared to PBMC mice, this
level remains lower than that observed in human peripheral blood. Given the limited
in vitro efficacy of monalizumab, it fails to produce a notable effect in vivo. Attempts to
utilize an NKG2A humanized mouse model were unsuccessful, as NKG2A+ NK cells were
barely detectable, and no efficacy was observed. Furthermore, it has been documented that
peptides presented by HLA-E modulated its interaction with the NKG2A/CD94 receptor
complex. Monalizumab exhibited diminished effectiveness in augmenting natural killer
(NK) cell-mediated cytotoxicity against target cells presenting HLA-G peptides on HLA-E,
in contrast to cells expressing HLA-E in association with peptides from HLA-A, HLA-B,
and HLA-C [13]. This finding implies that BRY805 may offer a therapeutic advantage for pa-
tients who exhibit resistance to immune checkpoint inhibitor (ICI) therapies by specifically
targeting NKG2A. Further investigations are underway to elucidate the impact of BRY805
on CD8+ T cell cytotoxic function. In peripheral blood mononuclear cells (PBMCs) from
healthy donors, the NKG2A+ population constituted less than 2% of CD3 + CD8+ T cells.
In contrast, the expression level of NKG2A was significantly elevated in T cells isolated
from peripheral blood mononuclear cell (PBMC) samples of cancer patients, reaching levels
as high as 16%.

Toxicological studies suggest that BRY805 possesses a favorable safety profile; however,
it may also present risks associated with immune-related adverse events (irAEs), such as
hyperactivation of immune cells, off-target effects, increased susceptibility to infections,
and hematologic effects akin to other immune checkpoint inhibitors. Therefore, vigilant
monitoring and timely management of these potential side effects are essential during
NKG2A-targeted therapies. Collectively, the data presented here demonstrate that BRY805
can activate natural killer (NK) cells, thereby enhancing NK cell-mediated cytotoxicity
against HLA-E+ tumor cells, synergizing with PD-L1 inhibitors, cetuximab or trastuzumab,
and inhibiting tumor growth in vivo. Additionally, toxicological assessments in non-
human primates (NHP) indicate that BRY805 possesses a favorable safety profile. These
findings provide a rationale for the continued development of BRY805 in clinical antitumor
therapy. By preventing NKG2A-mediated inhibition, patients could experience a more
robust immune response against tumors, particularly those that express HLA-E to evade
immune detection. Currently, BRY805 is being evaluated in a Phase 1 clinical trial in China.

5. Conclusions

BRY805 is a novel anti-NKG2A antibody that specifically targets the NKG2A/CD94
receptor, effectively blocking the interaction between HLA-E and NKG2A/CD94. This
antibody has the capacity to activate natural killer (NK) cells and works synergistically with
PD-L1 inhibitors, cetuximab or trastuzumab, to augment NK cell-mediated cytotoxicity
against tumor cells. In both in vitro and in vivo studies, BRY805 demonstrates superior
efficacy in cancer immunotherapy compared to monalizumab. BRY805 demonstrates
substantial potential for cancer patients, especially when used in conjunction with other
therapies, such as checkpoint inhibitors and EGFR-targeting agents, to address resistance to
existing treatments. Its potential applications span a variety of cancers, including lung, head
and neck, colorectal, and hematological malignancies. Furthermore, its favorable safety
profile positions BRY805 as a promising novel strategy in the field of cancer immunotherapy.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/antib13040093/s1, Figure S1: Tumor weights of NCI-H1975
xenograft models in huHSC-NCG-IL15 mice treated with BRY805 or a monalizumab analog were
assessed on day 37; Figure S2: Body weight change in NCI-H1975 xenograft huHSC-NCG-ILl5 mice
treated with BRY805 or monalizumab analog; Figure S3: Human hematopoiesis was investigated in
NCI-H1975 xenograft huHSC-NCG-IL15 mice. The development of human leukocytes was assessed
through peripheral blood analysis via flow cytometry at the conclusion of this experiment; Table S1:
The efficacy results of tumor volume at day 37; Table S2: The efficacy results of tumor weight at day
37; Table S3: The tolerance of mice at day 37; Table S4: Epitope binning of BRY805; Table S5: Research
data for Figure 4; Table S6: Research data for Figure 5; Table S7: Research data for Figure 6.
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