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We developed a strategy to combine conventional targeted therapy with immune checkpoint blockade using a 

tumor-targeting bispecific antibody (BsAb) to treat solid tumors. The BsAb was designed to simultaneously engage 

a tumor-associated antigen, epidermal growth factor receptor (EGFR), and programed cell death protein 1 (PD1). 

In addition to its direct anti-tumor activity via EGFR inhibition, the BsAb mediated efficient antibody-dependent 

cellular cytotoxicity (ADCC) and activated T cell antitumor im munity through blockade of PD1 from interacting 

with its counterpart, programed cell death ligand 1 (PDL1). Further, the BsAb exhibited a potent direct tumor cell 

killing activity in the presence of PBMC, most likely, via activating and, at the same time, physically engaging T 

cells with tumor cells. Taken together, we here illustrate a new strategy in the design and production of novel 

BsAbs with enhanced therapeutic efficacy through both direct tumor growth inhibition and T cell activation via 

tumor-targeted immune checkpoint blockade. 
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Tumor growth and metastasis are strongly influenced by tumor mi-

roenvironment. Within the tumor microenvironment, T cells, B cells,

atural killer (NK) cells, tumor-associated macrophage (TAM), dendritic

ells (DC), myeloid-derived suppressor cells (MDSC) and other cells form

 dynamic immune network [1 , 2] . Cancer cells can dampen, change and

lock the anti-tumor activities of immune cells, a mechanism called im-

une evasion. Programmed cell death protein 1/ programed cell death

igand 1 (PD1/PDL1), an immune checkpoint complex, exploited by

any tumors to evade immune system, has been extensively studied.

inding of PD1 to PDL1 (CD274, B7-H1) suppresses the function of

umor-infiltrating T-lymphocytes, by inducing apoptosis or turning them

nto a state of exhaustion [3] . In addition, studies also showed that liga-

ion of PD1 with PDL1 can affect the activities of NK cells, TAMs and DCs

s well [4–11] . In this regard, monoclonal antibodies (mAb) that block

D1/PDL1 interaction by targeting either PD1 or PDL1 have been shown

o restore immune responses in tumor microenvironment, resulting in

ignificant and sometimes, long-lasting anti-tumor activity in clinics for
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everal cancers, including melanoma, lymphoma, non-small cell lung

ancer, gastric and liver cancers [12] . 

EGFR/HER1 is a member of the epidermal growth factor recep-

or (EGFR) family and plays important roles in development and tu-

origenesis, e.g. lung tumors [13 , 14] . HER receptors are often over-

xpressed or mutated in many tumors and thus are considered as im-

ortant targets for anti-tumor therapy. Activation of HER receptors in-

olves the homo- and hetero-dimerization of the extracellular domain

f HER receptors (EGFR, HER2, HER3 or HER4) following ligand bind-

ng [15 , 16] . This leads to the formation of an asymmetric dimer of the

ntracellular tyrosine kinase domains (TKDs), which results in the al-

osteric activation and trans-phosphorylation of tyrosines in the tail of

he TKDs [17] . EGFR stimulation can activate multiple intracellular sig-

aling pathways, including PLC- 𝛾-PKC, Ras-Raf-MEK, PI3K-Akt-mTOR

nd JAK2-STAT3 and thus play critical roles in tumor growth and metas-

asis [18–21] . To date, a number of anti-EGFR mAbs and receptor tyro-

ine kinase inhibitors have been approved for treatment of multiple can-

ers, including colorectal, head & neck, and non-small cell lung cancers

22–26] . 
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Several approaches have been explored to further enhance the ther-

peutic efficacy of the anti-PD1/PDL1 and the anti-EGFR antibodies.

ovel mAb to other immune checkpoint targets, for example antago-

istic antibodies to LAG3, TIM3 and TIGIT, and agonistic antibodies to

D40, OX40 and 4-1BB, are being identified and developed [27 , 28] .

nti-EGFR antibody-based bispecific antibodies (BsAb) and antibody-

rug conjugates (ADC) are also being studied [29 –31] . Recently, com-

ination therapies of two or more tumor-targeting mAbs, for exam-

le, anti-HER2 mAbs, trastuzumab and pertuzumab, in breast cancer,

r two or more immune checkpoint inhibitor mAbs, for instance, an

nti-PD1 mAb (nivolumab) and an anti-CTLA4 mAb (ipilimumab) in

elanoma and NSCLC, or others, such as an anti-vascular endothelial

rowth factor (VEGF) mAb (bevacizumab) and an anti-PDL1 mAb (ate-

olizumab) in liver cancer, have been shown to be more efficacious than

ingle antibody agents in the clinic [32 , 33] . To this end, combination

f an antibody targeting EGFR with an antibody targeting PD1, or al-

ernatively, a BsAb that simultaneously targets both EGFR and PD1,

ay provide a novel and promising strategy to effectively treat can-

ers. Two antitumor BsAbs have been approved for clinical use up to

ate. Catumaxomab was approved by the European Medicines Agency

EMA) for the treatment of malignant ascites in 2009 and Blinatumomab

pproved for adult patients with relapsed or refractory B cell precur-

or acute lymphoblastic leukemia (ALL) by the United States Food and

rug Administration (FDA) in 2014. Overall, there are more than 110

sAbs in development and over 50 BsAbs have been studied in clinical

rials [34] . 

In this study, we constructed and produced a BsAb comprising of

n anti-EGFR antibody IgG and a single chain Fv (scFv) from an anti-

D1 antibody. The BsAb retained its binding activity to both targets

nd was able to simultaneously engage EGFR on tumor cell surface and

D1 on T cells. In addition to its direct anti-tumor activity via EGFR

nhibition, the BsAb mediates a strong ADCC activity and activates an-

itumor immunity through blockade of PD1/PDL1 interaction. Further,

he BsAb exhibits a potent direct tumor cell killing activity in the pres-

nce of T cells by activating T cells and, at the same time, physically

oining the T cells with tumor cells. Our anti-PD1 x anti-EGFR BsAb rep-

esents a novel strategy to enhance cancer treatment efficacy through

oth growth factor receptor blockade and tumor-targeted immune

ctivation. 

aterials and methods 

ell culture and proliferation assays 

Cell lines used in this study were obtained from American Type

ulture Collection (ATCC) unless otherwise noted. Cells were cultured

n 37 °C incubator with 5% CO 2 using standard cell culture meth-

ds and reagents, A431 cells (ATCC Cat#CRL-1555, human epider-

oid carcinoma), an EGFR-overexpressing epidermal cell line, were

ultured in RPMI-1640 with 10% FBS, 1% L-glutamine and 1% peni-

illin/streptomycin; MC38 cells (Jennio biotech, mouse colon can-

er cells) were cultured in DMEM with 10% FBS; SW48 cells (ATCC

at#CCL-231, human colorectal adenocarcinoma) were cultured in L-

5 supplemented with 10% FBS; Peripheral blood mononuclear cells

PBMCs) from healthy donors (Saily Bio, Cat#SLB-HP) and T cells

Saily Bio, Cat#SLB-CD3T-10AN) were cultured in RPMI 1640 com-

lete medium. HEK293E was cultured in freestyle 293 medium (Life

echnologies) with 1% Penicillin-Streptomycin. PD1-overexpressing Ju-

kat T cells (Promega, Cat#J1250) were cultured in RPMI-1640 with

0% FBS, 1% Sodium Pyruvate, 1% penicillin/streptomycin, 500 ug/ml

418, 1% MEM Non-Essential Amino Acids, 200 ug/ml Hygromycin B.

ell proliferation assays were conducted in 96-well plates with a start-

ng confluence of 10-20% for 6 days. Cell viability was assessed using

ell Counting Kit-8 (Dojindo, Cat# CK04) according to manufactory’s

nstruction. 
rotein expression and purification 

Constructs expressing the anti-PD1 x EGFR BsAb variants were gen-

rated using pTT5 vector (NRC Biotechnology Research Institute). The

esulting expression vectors were transiently transfected into HEK293E

ells using 1 ug/mL 25-kDa linear PEI (Polysciences, Inc.). 1 day af-

er transfection, valproic acid (Sigma) was added to cell culture at a fi-

al concentration of 3 mM. On day 2 post-transfection, cells fed with

edium comprising 10% GlutaMAX, 10% 400 g/L glucose and 80%

reestyle 293 medium was added to the cell culture at 10% of the to-

al volume. Conditioned medium was collected 5–6 days after transient

ransfection. BsAbs in the culture media were purified by MabSelect

uRe (GE) affinity columns using an Akta Avant 25 FPLC purification

ystem. After equilibrating the column with buffer A (25mM sodium

hosphate, 150 mM sodium chloride, pH = 7.0), the culture media con-

aining BsAbs were applied to the column, which was then eluted with

uffer B (100 mM sodium citrate, pH = 3.5) to collect the desired pro-

eins. The eluted BsAbs were further polished by gel filtration on a Su-

erdexTM 200 column (GE) if necessary. 

ndirect ELISA binding assay 

96-well plates (Costar, Cat#9018) were coated with 1 𝜇g/ml His-

agged EGFR-ECD or PD1 proteins (in-house) or other related proteins at

 °C overnight. The plates were washed with phosphate-buffered saline

PBS) containing 0.05% Tween-20 (PBS-T), blocked for 1 h with PBS

ontaining 2% bovine serum albumin (BSA) and incubated with serial

ilutions of purified antibodies for 1 h at room temperature. The plates

ere washed with PBS-T for three times and incubated with Anti-Human

gG (Fc specific) − peroxidase antibody (Sigma, Cat#A0170) for 1 h at

oom temperature. The plates were washed and the reaction developed

ith TMB substrates. The plates were then read on a SpectraMax 190

eader (Molecular Devices) at 450 nm. 

low cytometry on A431 cells 

To measure anti-PD1 x EGFR BsAb binding affinity for EGFR-

verexpressing cells, A431 cells (3 ×10 5 ) were incubated with 3-fold

erial dilutions of the BsAb ranging from 500 nM to 0.23 nM in 200 𝜇L

erum-free RPMI 1640 at 4 °C for 1 h. Cells were washed three times

ith PBS and the bound antibody was incubated with FITC-conjugated

nti-Human IgG antibody (Sigma, Cat#F9512-2mL) at 4 °C for 30 min.

ells were washed and resuspended in 200 𝜇L PBS and were analyzed

n FACS (BECKMAN, Cytoflex). 

DCC assays 

A431 tumor cells were grown in 96-well flat bottom plates at a den-

ity of 1 ×10 4 cells/50 uL/well in RPMI 1640 supplemented with 5%

BS. NK cells (ATCC, Cat#pta-8837) were grown in MEM with 0.2 mM

nositol, 2 mM L-glutamine, 12.5% FBS, 12.5% HS, 0.02mM folic acid,

.1mM 𝛽-Mercaptoethanol and supplemented with 200 U/ml IL-2 at a

ensity between 2 ×10 5 cells/ml – 5 ×10 5 cells/ml. Serial dilutions of

nti-PD1xEGFR BsAbs and control antibodies were added to each well

n the presence of 5 ×10 4 NK cells/well for a final reaction volume of

50uL, and the plates were incubated for 3 h at 37°C and 5% CO 2 . 3 h

ater, 50 𝜇L LDH substrate was added into each well and incubated at

oom temperature for 15 min. The plates were then read at 490 nm

n a SpectraMax 190 reader (Molecular Devices). The lysis % was con-

erted from OD values according to the following formula: (OD sample -

D T -OD nk ) / OD lysis 
∗ 100%. The EC 50 was calculated using GraphPad

rism 6 software (GraphPad Software). In the case of T cells, anti-CD28

ntibody pre-activated T cells were used instead of tumor cells. 
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l  
umor cell killing and cytokine release assays 

Prior to use, SW48 cells were harvested in logarithmic phase and

iluted to 1 ×10 5 cells/ml in RPMI 1640 supplemented with 5% FBS.

00uL SW48 cells were then added into the wells of 96-well flat bottom

lates and incubated overnight at 37° C and 5% CO 2 . Next day, 100 nM

f various antibodies and controls were added to each well in the pres-

nce of 1 ×10 5 PBMC/50 uL/well for a final reaction volume of 150 uL,

nd the plates were incubated for 7 days at 37°C and 5% CO 2 . 7 days

ater, 50 uL Cell-Titer Glo reagent (Promega, Cat#G7570) was added to

ach well and the plates incubated at room temperature for 5–10 min.

he plates were then read on a MD SpectraMax i3 for luminescence at

00 ms. For cytokine release assays, 150uL supernatants were collected

rom each sample well 3 days after incubation at 37 °C and 5% CO 2. Cy-

okines in the supernatants were detected using Cytometric Bead Array

CBA) Human Th1/Th2 Cytokine kit II (BD, Cat#551809). 

ACS to determine the bridging of T cells with tumor cells by the BsAb 

Prior to use, PD1-overexpressing Jurkat T cells were stimulated by

 𝜇g/ml anti-CD3 mAb for 48h for enhanced PD1 expression. The pre-

ctivated T cells were then labeled with Alexa Fluor 647-conjugated

nti-PD1 mAb (Sinobiological, #MM18, with different epitopes from

09A) in the presence of anti-PD1 x EGFR BsAb (namely, T1), 609A

T2) and the BsAb plus 609A (T3) for 1h at room temperature respec-

ively. In parallel, A431 tumor cells were harvested in logarithmic phase

nd labelled with Alexa-fluor 546-conjugated anti-EGFR mAb, HuML66

patent no. #US9238690B2) produced in-house, with epitopes different

rom cetuximab) in the absence (namely, A1) or presence (A2) of ce-

uximab for 1h at room temperature. After 1h, the 647-Labeled T cells

nd 546-labeled A431 tumor cells were separately washed by PBS 3

imes to remove antibodies, and then co-cultured together for 30min at

oom temperature at a ratio of 2:1 (T cells vs Tumor cells) as the follow-

ng format T1 + A1, T2 + A2 and T3 + A1, respectively. Samples were then

ubject to FACS (BECKMAN, Cytoflex) at a cell flow rate of 500–10,000

ells/sec. to analyze the ratio of conjugates of T cells with tumor cells. 

mmunofluorescence microscopy 

Prior to use, PD1-overexpressing Jurkat T cells (Promega) were stim-

lated by 1 𝜇g/ml anti-CD3 mAb for 48 h for enhanced PD1 expression.

he activated T cells were labeled with 200nM Alexa Fluor 488 (488)-

onjugated anti-PD1 x EGFR BsAb (namely T1) or 488-conjugated anti-

D1 mAb (609A) (T2) for 1h at room temperature respectively. A431

umor cells were labeled with 100 nM Alexa Fluor 546 (546)-conjugated

nti-EGFR mAb (HuML66) in the presence (namely A1) or absence (A2)

f cetuximab for 1h at room temperature respectively. 488-Labeled T

ells were then co-cultured with 546-labeled A431 cells as the follow-

ng formats T1 + A2 or T2 + A1 in PBS for 30min at room temperature

ollowed by transferring into 6-well plates pre-coated with poly-lysine

rior to fixation by 4% paraformaldehyde. Images of conjugated T and

umor cells by the BsAb were visualized with an LCAch N 40x/0.55 PhP

bjective (IX53, Olympus). 

enografted and syngeneic tumor models 

Animal care and in vivo experiments were approved (The approval

ode for SW48 xenograft model: AS-2018-052; for MC38 syngeneic

odel: AS-2018-038) by institutional IACUC of Sunshine Guojian Phar-

aceutical (Shanghai) Co. Ltd and performed under protocols. SW48

ell line-derived xenograft models were established in 6-week female

alb/c nude mice (purchased from Charles River Laboratories) by sub-

utaneous injection of 3 ×10 6 SW48 mixed with 50% matrigel. When

umors had reached a size of about 150 mm 

3 , the animals were divided

nto groups with comparable tumor sizes and treated as described in

he text and figures, i.p. twice a week. Human PDL1-transfected MC38
ell line-derived syngeneic models were established in 18–20 female

57BJ/6J-PDCD1em1(Hpdcd1)/Smoc mice (purchased from Shanghai

odel Organisms) by subcutaneous injection of 1 ×10 6 cells. C57BJ/6J-

DCD1em1 (Hpdcd1)/Smoc mice are transduced with human PDCD1

ene and express human PD-1 protein. When tumors had reached a size

f about 150 mm 

3 , the animals were divided into groups with compara-

le tumor sizes and treated as described in the text and figures, i.p. twice

 week. Human IgG was used as the negative control. Tumor growth

as measured per 3–4 days and calculated using the formula V = LW 

2 /2

where V = volume, L = length and W = width). 

tatistical analysis 

All numerical data were presented as mean ± standard deviation

SD) except for mouse xenograft data which were presented as mean ±
tandard error (SE). Numerical data processing and statistical analysis

ere performed with Microsoft Excel and GraphPad Prism 6 software.

 values were calculated using unpaired two-tailed Student-t test. In

ll tests, differences with P values < 0.05 ( ∗ ) were considered to be

tatistically significant. 

esults 

onstruction and production of the anti-PD1 x EGFR BsAb 

To construct the BsAb, we fused the scFv of an anti-PD1 mAb (SSGJ-

09A or 609A) to the IgG scaffold of the anti-EGFR antibody, cetux-

mab (Erbitux), a FDA-approved antibody for the treatment of colorec-

al cancer and head and neck cancer [33] . We first examined the effect

f the scFv/IgG orientation in the BsAb molecule on its target binding

ctivity by fusing the scFv to either the N-terminus or the C-terminus

f the IgG heavy chain. Results showed that the anti-PD1 (609A) scFv

used to the N-terminus exhibited 10-fold better binding affinity for PD1-

verexpressing CHO cells than that fused to the C-terminus (Fig. S1).

hus, the BsAb with anti-PD1 scFv attached to the N-terminus of cetux-

mab, namely anti-PD1 x EGFR BsAb, was selected for further charac-

erization ( Fig. 1 A). The BsAb was expressed in mammalian cell culture

nd purified by a single-step Protein A chromatography ( Fig. 1 B). The

sAb also showed a good thermostability with a Tm1/Tm2/Tm3 of over

1 °C, 71°C and 83 °C respectively ( Fig. 1 C). 

he anti-PD1 x EGFR BsAb retained full binding activities of the parental 

Ab 

The anti-PD1 x EGFR BsAb dose-dependently bound to PD1 and

GFR in ELISA assays. The EC 50 (the antibody concentration required

or 50% of maximum binding) of the BsAb for EGFR is 1.27 nM, which

s comparable to that of cetuximab (1.09 nM) ( Fig. 2 A). The EC 50 of the

sAb for human PD1 is 0.19 nM, compared to that of 0.15 nM of the

arental anti-PD1 mAb, 609A ( Fig. 2 B). 

Next we tested the ability of the BsAb to bind to the receptors on cell

urface using FACS. The EC 50 of the BsAb binding to A431 cells, a human

pidermoid cancer cell line that overexpresses EGFR, is 4.38nM, which

s comparable to that of cetuximab, whose EC 50 is 4.98 nM ( Fig. 2 C).

he EC 50 of the BsAb for PD1-overexpressing CHO cells is 1.53 nM,

ompared to that of 1.62 nM of 609A ( Fig. 2 D). 

A bridging ELISA was utilized to confirm that the BsAb is capable

f simultaneously binding to its two targets. As shown in Fig. 2 E, the

sAb was able to cross-link the two targets, EGFR and PD1, whereas the

ono-specific antibodies, 609A and cetuximab, failed to do so ( Fig. 2 E).

he anti-PD1 x EGFR BsAb retained full biological activities of the parental 

ntibody in cell-based assays 

In an in-vitro tumor cell growth assay, the BsAb inhibited the pro-

iferation of EGFR-overexpressing A431 cells at an IC 50 (the antibody
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Fig. 1. The structure and properties of the anti-PD1 x EGFR 

BsAb. A) Schematics of the anti-PD1 x EGFR BsAb structure. 

B) SDS-PAGE showed non-reduced and reduced anti-PD1 x 

EGFR BsAb. Lane1: Non-reduced BsAb; Lane2: reduced BsAb; 

Lane3: Non-reduced cetuximab; Lane4: reduced cetuximab; M: 

Molecular weight marker. C) Differential scanning calorime- 

try (DSC) of anti-PD1xEGFR BsAb shows T onset = 54.8 °C and 

T m 1/2/3 = 61.8 °C/ 71.5°C/ 83.3 °C. 

Fig. 2. Anti-PD1 x EGFR BsAb simultaneously bound to PD-1 and EGFR. A) The binding affinity of the BsAb for EGFR was measured by ELISA. Cetuximab was used 

as the positive control. B) The binding affinity of the BsAb for PD1 was measured by ELISA and compared to that of the parental anti-PD1 mAb, 609A. C) The ability 

of the BsAb to bind to A431, an EGFR-overexpressing cancer cell line, was measured by FACS and compared to that of cetuximab. D) The ability of the BsAb to bind 

to PD1-overexpressing CHO cells was measured by FACS and compared to that of the parental anti-PD1 mAb, 609A. E) A bridging ELISA was setup in a way that 

EGFR proteins were coated on the plates followed by addition of indicated antibodies and biotin-labelled PD1 proteins sequentially. Strepavidin-HRP was added to 

visualize the positive binders. Result confirms that the BsAb is capable of simultaneously cross-linking its two targets, EGFR and PD1. 
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oncentration that inhibits 50% of cell proliferation) of 0.81 nM, which

s similar to that of cetuximab at 0.93 nM ( Fig. 3 A). In a PD1/PDL1

lockade cell-based assay (Promega, Cat#J1250), the BsAb blocked

D1/PDL1 cell signaling with an IC 50 of 1.43nM, compared to that of

.89 nM for the parental anti-PD1 antibody, 609A ( Fig. 3 B). These re-

ults confirmed that the BsAb retained its dual-functionality to directly

nhibit tumor cell growth and to block PD1-mediated negative cellular

ignaling in T cells. 
he anti-PD1 x EGFR BsAb showed potent ADCC towards 

GFR-overexpressing tumor cells but not T cells 

It is known that antibody dependent cellular cytotoxicity (ADCC) is

ne of the mechanisms of action for cetuximab. Here we examined the

DCC of the BsAb towards cancer cells as well as T cells. As expected,

he BsAb exhibited strong ADCC towards A431 cancer cells with po-

ency comparable to that of cetuximab ( Fig. 4 A). Intriguingly, the BsAb
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Fig. 3. Anti-PD1 x EGFR BsAb inhibited proliferation of EGFR-overexpressing tumor cells and blocked PD1/PDL1 interaction in cell-based bioassays. A) The BsAb 

inhibited proliferation of EGFR-overexpressing A431 cancer cells in a dose-dependent manner similar to cetuximab. B) The ability of the BsAb to block the PD1/PDL1 

signaling was measured and compared to that of the parental anti-PD1 mAb, 609A, using a PD1/PDL1 blockade cell-based assay (Promega) according to the 

manufacture’s instruction. A non-specific IgG1 was used as the negative control. 

Fig. 4. Anti-PD1 x EGFR BsAb retained ADCC towards tumor cells but not T cells. A) The BsAb exhibited similar potency in lysing tumor cells to that of cetuximab 

in the ADCC assay. B) The BsAb failed to mediate significant ADCC towards T cells, whereas an anti-MHC1 IgG1 antibody showed strong potency in lysing T cells in 

a dose-dependent manner. 
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id not show measurable ADCC towards T cells, whereas a positive con-

rol antibody targeting the MHC-I molecule of T cells exhibited a strong

ytotoxicity effect ( Fig. 4 B). Taken together, these results suggest that

he 609A scFv in the BsAb format is not efficient at triggering a mean-

ngful ADCC activity towards T cells when fused to the N-terminus of

n IgG heavy chain, perhaps due to an undesirable tertiary relationship

or spacing) between the binding of PD1 on T cell (the target) surface

nd the Fc 𝛾R engagement on the effector cells. 

he anti-PD1 x EGFR BsAb is capable of engaging cytotoxic T cells for 

irect tumor cell killing 

Next we tested whether the BsAb is capable of inducing direct tumor

ell killing by engaging tumor cells and T cells simultaneously. In this

xperiment, we cultured SW-48, a colorectal cancer cell line that ex-

resses both EGFR and PD-L1 (data not shown), with human PBMCs in

he presence of various antibodies. Cetuximab significantly reduced the

umber of live tumor cells whereas the anti-PD1 mAb, 609A, only exhib-

ted a moderate inhibitory activity. Combination of cetuximab and 609A

id not further enhance the antitumor effect of cetuximab. Intriguingly,

nti-PD1 x EGFR BsAb demonstrated a significant more potent tumor
nhibition compared to that of cetuximab alone or in combination with

09A ( Fig. 5 A). 

FACS analysis revealed that, in the presence of the BsAb, but not

he simple combination of the two parent mAb, there is formation of

onjugates of tumor cells and T cells ( Fig. 5 B, upper right corner in the

eft and middle panels). The conjugation could be blocked by the mono-

pecific anti-PD1 antibody, 609A ( Fig. 5 B, right panel), suggesting that

he BsAb is capable of directly cross-linking the two cell populations

ia simultaneous binding to its targets on both tumor and T cells. This

s further confirmed by immunofluorescence microscopy. Incubation of

he tumor cells with T cells in the presence of the BsAb led to the for-

ation of “rosettes ” where the tumor cells were surrounded by one or

ore T cells, in some cases, a single T cell was seen in contact with sev-

ral tumor cells ( Fig. 5 C). No significant tumor-T cells interaction was

bserved when the two cell population was incubated with a mixture of

etuximab and 609A ( Fig. 5 C). 

IFN- 𝛾 has long been implicated as a hallmark of Th1-polarized an-

itumor immunity [36] . Next, we analyzed IFN- 𝛾 production over the

ourse of incubation of SW-48 cancer cells with the BsAb in the pres-

nce of human PBMC. The BsAb induced a much more significant IFN- 𝛾

roduction, which was peaked on day 3 post antibody treatment, and
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Fig. 5. Anti-PD1 x EGFR BsAb is capable of engaging cytotoxic T cells for direct tumor cell killing. A) Human PBMCs were mixed with SW48 tumor cells in the 

presence of 100 nM indicated antibodies. The number of live cells was measured as Relative Luminescence Units (RLU). PBMC only: tumor cells mixed with PBMC in 

the absence of antibodies. Cetuximab + 609A: combination of cetuximab with the anti-PD1 mAb, 609A. B) PD1-overexpressing Jurkat T cells (Promega) pre-labeled 

with Alexa Fluor 647-conjugated anti-PD1 mAb (Sinobiological, #MM18) were mixed with A431 cells pre-labelled with Alexa fluor 546-conjugated anti-EGFR mAb 

(HuML66) in the presence of a) the BsAb, b) the mixture of cetuximab and 609A, c) the BsAb plus 609A, respectively. The group in red (pseudo-color) (upper 

right corner) are cells that have dual emission signals (MFI > 1 ×10 5 for FITC-A and MFI > 3 ×10 3 for APC-A), meaning that both cells were associated together; 

The group in green (pseudo-color) (upper left corner) are T cells labeled with Alexa Fluor 647-conjugated anti-PD1 mAb (MFI > 3 ×10 3 for APC-A); The group in 

purple (pseudo-color) (lower right corner) are A431 cells labeled with Alexa fluor 546-conjugated anti-EGFR mAb (MFI > 1 ×10 5 for FITC-A). C) Immunofluorescence 

microscopy showing co-staining of PD1 (green) on T cells and EGFR (red) on A431 tumor cells for samples treated with the BsAb or a mixture of the anti-PD1 mAb 

(609A) plus cetuximab. Note the formation of “rosettes ” where tumor cells are surrounded by multiple T cells, and in other cases, a single T cell is in contact with 

several tumor cells (the inset), in the presence of the BsAb. The mixture of 609A and cetuximab failed to induce the formation of “rosettes ”. Red arrows denote T 

cells (DIC channel) which were barely seen for PD1 staining (green channel) owing to the rearrangement of PD1. White arrowheads denote the synapses formed by 

PD1 rearrangement. D) Human PBMCs were mixed with SW48 tumor cells in the presence of 100nM indicated antibodies. The concentrations of IFN 𝛾 secreted into 

the medium were measured and plotted against the days of treatment. No Ab: tumor cells mixed with PBMCs in the absence of any antibodies. 
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Fig. 6. Anti-PD1 x EGFR BsAb exhibited potent antitumor effects in vivo. A) A vehicle control (diamond), the BsAb (square & cross) and cetuximab (triangle) were 

i.p. injected into mice bearing SW48 tumor at the indicated doses. Tumor volumes (mm 

3 ) were measured at the indicated time points. B) A vehicle control (diamond), 

the BsAb (square) and anti-PD1 mAb (solid circle) were i.p. injected into mice bearing human PDL1-transfected MC38 tumor at the indicated doses. Tumor volumes 

(mm 

3 ) were measured at the indicated time points. 
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aintained at the high level through the end of the experiment on day 7,

ompared to cetuximab, 609A or the combination of the two ( Fig. 5 D).

he increase of IFN- 𝛾 mediated by the BsAb could not be attributed to

roliferation of PBMC, as the number of CD8 + T cells remained mostly

nchanged throughout the course of experiments for all groups (data

ot shown). 

he anti-PD1 x EGFR BsAb is potent in inhibition of tumor growth in both 

enografted and syngeneic tumor models 

We next evaluated the antitumor effects of each of the two arms of

he BsAb in vivo. We used an SW48 xenograft model to measure the

fficacy of the BsAb for EGFR blockade. In this study, cetuximab sup-

ressed 70% of SW48 tumor growth at the dose of 25 mg/kg on day

2 post treatment. The BsAb was equally potent in suppressing the tu-

or growth, in a dose dependent manner, with inhibition rates of 60%

nd 70% at 6.8 mg/kg and 34 mg/kg (which is the equal molar dose of

5 mg/kg cetuximab) respectively ( Fig. 6 A). 

Using a human PDL1-transfected MC38 tumor cell line in a human

D1 transgenic syngeneic mouse model, we analyzed the antitumor ac-

ivities of the anti-PD1 arm of the BsAb. In line with our previous stud-

es, anti-PD1 mAb, 609A, effectively inhibited around 90% of tumor

rowth at a dose of 10 mg/kg on day 21. Similarly, the BsAb also inhib-

ted around 90% of tumor growth at an equal molar dose of 13mg/kg

 Fig. 6 B). Taken together, these results indicated that each arm of anti-

D1 x EGFR BsAb retained the antitumor efficacy to the level compa-

able to their parental mAb in vivo. Due to the fact that both the func-

ional domains (anti-PD1 and anti-EGFR) of the BsAb do not have cross-

eactivity with their mouse counterparts, we were unable to simultane-

usly assess the dual antitumor efficacy of the BsAb in one single animal

odel, thus addressing the potential synergistic antitumor effect of the

sAb in these mouse models. 

iscussion 

Both tumor-targeted therapies via specific mAb directed against

umor-associated antigens, e.g., EGFR and HER2 and tumor immune

herapies via checkpoint inhibitor blockade, e.g., anti-PD1/PDL1 mAb,

ave demonstrated significant and meaningful clinical benefits in multi-

le cancers [26 , 32 , 33 , 35 , 37] . The effectiveness of these therapies, how-

ver, remains modest and many patients are either refractory or be-

ome resistant to the treatment over times. Many efforts are being at-

empted to develop more efficacious approaches, for example, by iden-

ifying new targets and/or exploring various combination therapies of
ifferent classes of antitumor agents. It is well known that tumors are

ighly heterogeneous, comprising of not only the tumor cells but mul-

iple other tissues and cells including neo-vasculature (proliferating en-

othelial cells), fibroblasts, and various immune cells such as T cells,

acrophages and other mononuclear cells. Co-targeting different com-

onents in a tumor thus represents a rational and promising approach

o enhance the overall therapeutic efficacy and to address the issue of

umor resistance to the existing therapies. 

In this study, we devised a strategy to combine conventional tar-

eted therapy with immune checkpoint blockade (anti-PD1/PDL1) by a

sAb approach to treat solid tumors. In the BsAb embodiment, the anti-

D1 antibody is directed to the tumor microenvironment by a second

ntibody targeting a tumor associated antigens expressed in the tumors

29] . The BsAb, anti-PD1 x EGFR BsAb, was constructed by fusion of two

nti-PD1 scFv symmetrically to the N-terminus of the heavy chains of ce-

uximab. The orientation of the anti-EGFR IgG and the anti-PD1 scFvs is

mportant, as swapping the anti-PD1 scFvs from the N to the C-terminus

f cetuximab IgG heavy chains significantly (by 10-fold) reduced the

inding of the BsAb to PD1-overexpressed CHO cell surface. This obser-

ation suggests that the position of 609A scFv in the BsAb molecule may

ffect its overall folding/structure (thus reducing its binding activity),

nd/or influence its access to the binding epitopes on PD1 on the cell

urface. 

There are in theory several rationales for co-targeting EGFR on tu-

or cells and PD1 on T cells via a BsAb: 1) accumulating evidence

emonstrated that stimulation of EGFR signaling can suppress immune

esponses and enhance the tumor cell evasion of immune surveillance,

ncluding induction of PDL-1 overexpression on the surface of tumor

ells, stimulation of VEGF, IL6, IL10 secretion, activation of regulatory

 cells (Tregs) and downregulation of T cell chemokines [38–45] . Inhibi-

ion of EGFR signaling in tumor cells, therefore, not only can exert direct

ntitumor activity but also may create a more favorable anti-tumor im-

une microenvironment [40 , 46] ; 2) By targeting EGFR-overexpressing

umor cells, anti-PD1 x EGFR BsAb may enhance the antibody localiza-

ion to specifically target and activate T cells and other immune cells

ithin the tumor microenvironment [29] ; 3) the BsAb simultaneously

argeting EGFR on tumor cell surface and PD1 on T cells may likely

e able to create direct cell-cell interaction/engagement of the tumor

ells and the immune cells, and leads to the formation of immunolog-

cal synapse, resulting in CD8 + T cell activation and potent tumor cell

illing [30 , 47] . 

As expected, the BsAb retained the biological activities of each of its

arent mAb. The BsAb efficiently bound to EGFR and PD1, both inde-

endently and simultaneously ( Fig. 2 ). Further, the BsAb was as effec-
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Fig. 7. Schematic of the mechanisms of Anti-PD1 x EGFR 

BsAb mediated tumor cell killing. Multiple ways might be em- 

ployed by the BsAb to kill tumor cells, including PD1 synapse 

formation which leads to super activation of T cells, result- 

ing in increased IFN 𝛾 secretion, T cell activation induced by 

PD1/PDL1 blockade, EGFR mediated growth signaling block- 

ade, and ADCC induced by the BsAb binding to EGFR. 
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ive as the parental mAb in inhibiting proliferation of EGFR-expressing

umor cells and in activating T cells via blocking PD1/PDL1 interaction

 Fig. 3 ). In animal studies, the BsAb demonstrated equal potency to ce-

uximab in a nude mouse xenografted tumor model (a system without

uman T cell presence), and to the anti-PD1 mAb (SSGJ-609A) in the

uman PD1-transgenic mouse syngeneic tumor model (where the tu-

or cells does not express human EGFR) ( Fig. 6 ). It is unfortunate that

here are no appropriate animal models available to date where the an-

itumor activity of the anti-EGFR and the anti-PD1 mAb, or the BsAb,

ould be examined simultaneously within a single system, as both the

arental mAb only specifically recognize human targets but not their

ouse counterparts. 

In this study, we showed that the BsAb, with an IgG1 scaffold, is po-

ent in mediating ADCC towards the EGFR-expressing tumor cells but

ot to PD1-expressing T cells. It is generally acknowledged that ADCC

ediated by mononuclear cells (in particular NK cells) is one of the

echanisms of action for cetuximab, an IgG1 subtype, to kill tumors

48] . On the other hand, IgG4, which is much less potent in Fc 𝛾RIII

inding and mediating ADCC, has been the universal choice when con-

tructing anti-PD1 antibodies, to alleviate the concerns over innocent

or bystander) T cell killing by the ADCC activity. Here, we constructed

he BsAb using cetuximab IgG1 as the scaffold. As expected, the BsAb

etained strong ADCC when compared to cetuximab. Interestingly, the

sAb did not show significant ADCC activity towards T cells. Since the

nti-PD1 scFv was fused to the N-terminus of the heavy chain of an IgG1

caffold, this observation suggests that in this case, perhaps, the physi-

al distance (or spacing) between the target antigen binding (at the far

nd of the N-terminus) and the Fc 𝛾R interaction by the BsAb may not be

deal in mediating an efficient ADCC towards the target cells. This re-

ult indicates that it is feasible to construct an IgG1-like (Fc-containing)

sAb that retains ADCC towards one target cell while sparing the other,

ia rational molecular design. 

The BsAb was much more efficacious at inhibiting tumor cell growth

n the presence of PBMC, compared to cetuximab, alone or in combina-

ion with the anti-PD1 antibody. This enhanced antitumor activity by

he BsAb could not be entirely attributed to PD1/PDL1 blockade as ad-

ition of the anti-PD1 mAb to cetuximab failed to show any synergy.

taining of T cells and tumor cells (A431) confirmed the association of

 cells with tumor cells by the bispecific antibody, whereas combining

f monoclonal antibodies failed to do so ( Fig. 5 B and C). These data im-

lied that physical ligation of tumor cells with T cells by the PD1-based

ispecific antibodies might increase T cell-mediated immune responses

hich could not be achieved by simply mixing the two monoclonal an-

ibodies together. It was shown that engagement of target cells with T

ells could facilitate formation of immunological synapses which play

mportant roles in T cell-mediated cytotoxicity [47] . It is plausible that
he BsAb also induced synapse formation. Li and colleagues showed that

he distance between the tumor cell membrane and the binding epitopes

f bispecific antibodies was critical for the formation of synapses – a

horter distance would facilitate more efficient T cell synapse formation

47] . Intriguingly, Cetuximab binds to the domain III proximal to the

omain IV of EGFR ECD [49] , suggesting that the proximity of binding

pitopes of the bispecific antibody to the cell membrane might facilitate

he formation of synapses when ligating the tumor cells and T cells. Yet,

e cannot rule out the other possibilities that the BsAb could enhance

 cell-mediated cell killing via other mechanisms. Indeed, we showed

hat the BsAb induced a much higher level IFN- 𝛾 production when co-

ncubated with tumor cells and PBMC, compared to cetuximab, the anti-

D1 mAb or the combination of the two ( Fig. 5 D). Thus, the BsAb may

ot only serve as a cell engager, like those anti-TAA x anti-CD3 BsAbs,

o cross-link T cells with tumor cells, but at the same time to activate T

ells to be more efficient at killing tumor cells in its proximity ( Fig. 7 )

50] . 

In summary, here we engineered and produced a novel anti-PD1 x

nti-EGFR BsAb and demonstrated the BsAb was more potent than the

ndividual mAb and their combination at inhibiting tumor growth. Our

ata suggest that the BsAb may exert its potent antitumor activity via

ultiple mechanisms of action, including direct tumor growth inhibi-

ion, ADCC, T cell activation, T cell/tumor cell engagement and potent

irect tumor cell killing. Taken together, our anti-PD1 x anti-EGFR BsAb

epresents a novel and potent antitumor agent that warrants further de-

elopment in the treatment of multiple cancers. 
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