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INTRODUCTION
Monoclonal antibodies (mAbs) that target the inhibitory immune checkpoint axis consisting of
PD-1 and its ligand, PD-L1, have changed the immune-oncology field.

We developed K2, a single domain antibody fragment (sdAb, also known as nanobody) with
nanomolar affinity for human PD-L1. sdAbs are small-sized antibody-derivatives with high potential in
immune imaging and therapy (Lecocq et al, Theranostics, 2019). We showed that K2, which can be
used to map PD-L1 in the tumor microenvironment, competes with the mAb avelumab for binding to
PD-L1, allowing head-to-head comparison of the ability of K2 and avelumab to enhance tumor cell
killing by T cells. Both K2 and avelumab efficiently bound to PD-L1 on the surface of tumor cells and
promoted tumor cell killing by activated T cells, albeit that repeated dosing of K2 was required to
reach similar levels of tumor cell killing as observed with avelumab (Broos et al, Cancers
[Basel], 2019).

Left: Schematic representation of a heavy chain only antibody (HcAb) and its single variable domain
(VHH), also designated sdAb. Right: The function of CD8  and PD-1  tumor-specific T-cells is inhibited
upon interaction with PD-L1  tumor cells. Addition of sdAbs can rescue the function of these T cells.
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AIM OF THE STUDY
In this study, we explored whether a gene-based delivery method and/or formatting of K2 could
circumvent the need for repeated dosing. We addressed the importance of valency, method of sdAb
linkage and the inclusion of an IgG1 Fc-fragment.

Schematic representation of the K2 formats that were studied in their protein format or encoded by
lentiviral vectors (LVs) for enhanced blockade of the PD-1:PD-L1 interaction.



RESULTS
We showed that 2K2 and 3K2, a bivalent and trivalent K2 format generated using a 12GS linker, were
313- and 135-fold more potent in enhancing T-cell receptor (TCR) signaling in PD-1 positive cells than
monovalent K2 (Figure 1). We further showed that bivalent constructs generated using a 30GS linker
or disulfide bond were 169- and 35-fold less potent in enhancing TCR signaling than 2K2 (Figure 2).
2K2 enhanced tumor cell killing in a 3D melanoma model, albeit to a lesser extent than avelumab
(Figure 3). Therefore, an IgG1 antibody-like fusion protein was generated, referred to as K2-Fc. K2-
Fc was significantly better than avelumab in enhancing tumor cell killing in the 3D
melanoma model (Figure 3). 

Figure 1: Increasing the valency of K2 reduces the necessity for high doses of LVs. (A) Western blot
was performed on supernatant derived from 293T cells transfected with lentiviral transfer plasmids
encoding His-tagged K2, 2K2 or 3K2. One representative experiment is shown (n=3). (B) PD-L1  624-
MEL cells were transduced with different amounts of LVs encoding K2, 2K2 or 3K2. sdAbs on the
surface of the transduced cells were stained using anti-His-tag antibodies. The graph shown is
representative for 3 independent experiments (n=3). (C) Modified PD-L1  624-MEL cells were co-
cultured with PD-1  TCR  or PD-1  TCR  2D3 cells, a GFP reporter T-cell line. The activation of 2D3
cells was calculated on the basis of GFP expression. The graph summarizes the activation in TCR
signaling as mean ± standard deviation (SD, n=3).

Figure 2: Changing the link in bivalent K2 negatively impacts on the efficiency of PD-1:PD-L1
blockade. (A) Western blot was performed on supernatant derived from 293T cells transfected with
lentiviral transfer plasmids encoding His-tagged 2K2, 2K2-DS, 2K2-30GS or corresponding controls
2R3, 2R3-DS, 2R3-30GS. One representative experiment is shown (n=3). (B) PD-L1  624-MEL cells
were transduced with different amounts of LVs encoding 2K2, 2K2-DS, 2K2-30GS. sdAbs on the
surface of the transduced cells were stained using anti-His-tag antibodies. One representative graph is
shown (n=3). (C) Modified PD-L1  624-MEL cells were co-cultured with PD-1  TCR  or PD-1  TCR
2D3 cells. The activation of 2D3 cells was calculated on the basis of GFP expression. The graph
summarizes the activation in TCR signaling as mean ± SD (n=3).

Figure 3: Lentiviral delivery of 2K2 or K2-Fc to 3D tumors in vitro has therapeutic efficacy. (A-B, E)
Activated peripheral blood mononuclear cells (PBMCs) were added to 624-MEL GFP  cells that were
grown in 3D tumors. 3D tumors were transduced with LVs encoding 2K2, 2R3, K2-Fc or R3-Fc, or
were treated with avelumab. 3D tumors that were not treated served as a control. The green object
confluence, representing viable tumor cells, was measured every hour for five consecutive days using
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the IncuCyte Zoom live cell imaging system. The area under the curve (AUC) of treated 3D tumors
was normalized to the AUC of non-treated 3D tumors after which treatment modalities were
compared. (A) Representative decline in green fluorescent confluence in a non-treated (grey tinted)
and avelumab treated (black) condition. (B, E) Relative reduced tumor volume calculated as 1 –
AUC  / AUC  (n=6). The number of asterisks in the figure indicates the statistical
significance as follows: * p < 0.05; ** p < 0,01; **** p < 0.0001. (C) SDS-PAGE was performed on
supernatants derived from 293T cells transfected with lentiviral transfer plasmids encoding K2-Fc and
R3-Fc (n=1). (D) PD-L1  624-MEL cells were transduced with varying amounts K2, 2K2 or K2-Fc
encoding LVs and subsequently co-cultured with PD-1  TCR  or PD-1  TCR  2D3 cells. The activation
of 2D3 cells was calculated on the basis of GFP expression. The graph summarizes the activation in
TCR signaling as mean ± SD (n=3).
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CONCLUSION
A challenge in the implementation of immune checkpoint blockade for cancer therapy is to limit the
activation of the immune system to the site of interest, the tumor, as systemic immune activation
withholds the risk of severe adverse effects, such as autoimmunity and nonspecific inflammation.
Therefore, local delivery of antibodies targeting regulatory immune checkpoints, including PD-1:PD-
L1, has been studied with delivery strategies ranging from peritumoral injection of mAbs to their
gene-based delivery using viral and nonviral vectors. The genetic delivery of therapeutic antibodies
might offer a number of advantages as compared to their intra/peritumoral administration, of which
omitting the need for repeated injection and as such reducing the therapy cost is one. Several viral
delivery systems have been studied in the context of immune checkpoint inhibition a.o. adeno-
associated viral vectors and retroviral vectors. In this study, we chose LVs as a delivery system for
human PD-L1 targeting sdAbs, as LVs were previously shown to efficiently deliver their cargo to
mainly tumor cells upon intratumoral delivery (Emeagi et al, Cancer Resaerch, 2012) and as LVs have
been used in a clinical setting for therapy for primary immunodeficiencies and cancers (Milone &
O’Doherty, Leukemia, 2018). The ability of the different K2 formats to activate T cells was studied
using a reporter T-cell ine, referred to as 2D3 (Versteven et al, Oncotarget, 2017). To mimic
delivery of LVs to tumors, we used 3D tumors and activated PBMCs to which LVs are delivered. This
in vitro model allows evaluation of the therapeutic efficacy of the delivered cargo, enabling us to
demonstrate efficient PD-1:PD-L1 blockade after the administration of LVs encoding 2K2 or K2-Fc to
these 3D tumors.

 

In summary, this study describes a new immune checkpoint medicine, and highlights the
benefit of an IgG1 Fc-fusion to K2 that gains bivalency, effector functions and efficacy.



DISCLOSURES
This research was performed with the financial support of the Melanoma Research Alliance and
Kom op tegen Kanker (Stand up to Cancer): the Flemish cancer society. R.M.A., Q.L., K.Z., T.E.,
Y.D.V. and L.D.B are PhD fellows of the Research Foundation Flanders (FWO-V) under the grant
scheme FWO-SB. K.B. (K. Broos) was funded as a PhD fellow of the Agency for Innovation by
Science and Technology (IWT). M.K. is a senior clinical investigator funded by FWO-V. This study
received a free supply of avelumab from Pfizer a part of the alliance between Merck KGaA and
Pfizer, Inc, New York, NY, USA. K.B. (K. Broos), Q.L., G.R., N.D.,M.K., and K.B. (K. Breckpot) have
a patent on the use of K2 for imaging and therapy purposes (WO2019166622A1; Human pd-l1-
binding immunoglobulins). M.K., G.R. and N.D. hold ownership interest in Abscint NV/SA. G.R. and
N.D. are consultants for and hold ownership interest in Precirix .®



AUTHOR INFORMATION
Robin Maximilian Awad , Quentin Lecocq , Katty Zeven , Thomas Ertveldt , Lien De Beck ,
Hannelore Ceuppens , Katrijn Broos , Yannick De Vlaeminck , Cleo Goyvaerts , Magali Verdonck ,
Geert Raes , Alexander Van Parys , Anje Cauwels , Marleen Keyaerts , Nick Devoogdt  and
Karine Breckpot

 

Laboratory for Molecular and Cellular Therapy, Department of Biomedical Sciences, Vrije
Universiteit Brussel, Belgium

 In Vivo Cellular and Molecular Imaging Laboratory, Vrije Universiteit Brussel, Belgium

 Laboratory of Cellular and Molecular Immunology, Department of Bioengineering Sciences, Vrije
Universiteit Brussel

 Myeloid Cell Immunology Lab, VIB Center for Inflammation Research, Brussels, Belgium

 Cytokine Receptor Laboratory, VIB Medical Biotechnology Center, Ghent University, Ghent,
Belgium

 Nuclear Medicine Department, UZ Brussel, Belgium

1 1 1,2 1 1

1 1 1 1 1

3,4 5 5 2,6 2

1

1 

2

3

4

5

6



ABSTRACT
Monoclonal antibodies that target the inhibitory immune checkpoint axis consisting of PD-1 and its
ligand, PD-L1, have changed the immune-oncology field. We identified K2, an anti-human PD-L1
single domain antibody fragment, that can enhance T-cell activation and tumor cell killing. In this
study, the potential of different K2 formats as immune checkpoint blocking medicines was
evaluated using a gene-based delivery approach. We showed that 2K2 and 3K2, a bivalent and
trivalent K2 format generated using a 12GS linker, were 313- and 135-fold more potent in
enhancing T-cell receptor (TCR) signaling in PD-1 positive cells than monovalent K2. We further
showed that bivalent constructs generated using a 30GS linker or disulfide bond were 169- and 35-
fold less potent in enhancing TCR signaling than 2K2. 2K2 enhanced tumor cell killing in a 3D
melanoma model, albeit to a lesser extent than avelumab. Therefore, an IgG1 antibody-like fusion
protein was generated, referred to as K2-Fc. K2-Fc was significantly better than avelumab in
enhancing tumor cell killing in the 3D melanoma model. Overall, this study describes a new
immune checkpoint medicine, and highlights the benefit of an IgG1 Fc-fusion to K2 that gains
bivalency, effector functions and efficacy.
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