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strategies using inhibitors of PD-1 or PD-L1 to disrupt their interaction have shown potential for 

improving cancer immunotherapy (Brahmer et al., N Eng J Med, 366(26), 2012; Powles et al., Nature, 

515(7528), 2014; Topalian et al., N Eng J Med, 366(26), 2012; Ansell, Curr Opin Hematol, 22(4), 2015). 

Particularly, blockade of the interactions between PD-1 and its ligands enhances tumor-specific CD8 T-

cell immunity that is capable of eliminating tumor cells (Topalian S. et al. Curr Opin Immunol. 2012, 5 

24(2):207-12). The inhibitory effect of PD-1 is also accomplished through a dual mechanism of 

promoting apoptosis in antigen specific T-cells in lymph nodes while simultaneously reducing apoptosis 

in regulatory T cells.  

-1/PD-L1 blockade are known in the art to 

counteract the immunosuppressive effect of PD-1/PD-L1 signaling pathway. However, significant 10 

practical problems have stood in the way of their widespread in vivo use in humans. A major concern 

is that monoclonal antibodies of non-human origin often are immunogenic, thereby limiting their 

effectiveness and, in some cases, causing dangerous allergic reactions. The immune response to such 

foreign mAbs includes the production of specific, high affinity antibodies which bind to and effect 

elimination of the mAbs, thereby substantially reducing the mAb's effectiveness by promoting its 15 

clearance from the body and inhibiting its ability to bind to the targeted antigen. To overcome this 

problem, it is possible to humanize non-human antibody of interest to reduce immunogenicity to 

humans, while retaining the specificity and affinity of the parental non-human antibody (classically a 

murine antibody). Such humanized antibody typically comprises one or more variable domains in 

which the antigen binding domains are derived from the non-human antibody, and framework regions 20 

derived from human or humanized antibody sequences.  

Thus, there is a need to develop humanized antibodies to provide improved agents for safe 

immunotherapy, notably against cancer, targeting human PD-1. 

SUMMARY  

The present disclosure is based on the development of a humanized antibody specifically targeting 25 

human PD-1, which show high binding affinity to PD-1 and a strong competition with its ligand PDL-1 

and/or PDL-2. This humanized antibody has been engineered to present a high manufacturability and 

production yield in mammalian cell-based production systems. This humanized antibody is in particular 

called herein HKLD . 

Further, the applicant has observed a substantial and unexpected effect of the antibody leading to a 30 

phagocytosis action of macrophages towards tumoral cells which do not express PD-L1, with promising 

efficiency of this antibody notably for treating PD-L1 negative tumors and/or patients suffering of a 

deficiency of their T cell immune response. 

Strong benefic and unexpected effects are shown and explained notably at the beginning of the 

detailed description and in the examples.  35 
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In one aspect, the present disclosure provides a humanized monoclonal anti-human-PD-1 antibody or 

an antigen-binding fragment thereof comprising: (a) a VH comprising or consisting of an amino acid 

sequence of SEQ ID NO: 21; and (b) a VL comprising or consisting of an amino acid sequence of SEQ ID 

NO: 24, wherein the antibody or antigen binding fragment thereof is an antagonist of the binding of 

human PD-L1 and/or PD-L2 to human PD-1. 5 

In a first example, the humanized monoclonal anti-human-PD-1 antibody or an antigen-binding 

fragment thereof comprising: 

(i) a heavy chain variable domain comprising HCDR1 comprising or consisting of an amino acid 

sequence of SEQ ID NO: 1, HCDR2 comprising or consisting of an amino acid sequence of SEQ ID NO: 2 

and HCDR3 comprising or consisting of an amino acid sequence of SEQ ID NO: 9, and 10 

(ii) a light chain variable domain comprising LCDR1 comprising or consisting of an amino acid 

sequence of SEQ ID NO: 12, LCDR2 comprising or consisting of an amino acid sequence of SEQ ID NO: 

13 and LCDR3 comprising or consisting of an amino acid sequence of SEQ ID NO: 14, 

wherein the antibody or antigen binding fragment thereof is an antagonist of the binding of human 

PD-L1 and/or PD-L2 to human PD-1. 15 

In a second example, the humanized monoclonal anti-human-PD-1 antibody or an antigen-binding 

fragment thereof comprises (a) a VH comprising or consisting of an amino acid sequence selected from 

the group consisting of SEQ ID NO: 21; and (b) a VL comprising or consisting of an amino acid sequence 

of SEQ ID NO: 24. 

Preferably, the antibody or antigen binding fragment thereof is an antagonist of the binding of human 20 

PD-L1 and/or PD-L2 to human PD-1. 

In a particular example, the antibody or antigen-binding fragment thereof comprises - (a) a heavy chain 

comprising or consisting of an amino acid sequence selected from the group consisting of SEQ ID NO: 

31, optionally with one, two or three modification(s) selected from substitution(s), addition(s), 

deletion(s) and any combination thereof at any position but positions 7, 16, 17, 20, 33, 38, 43, 46, 62, 25 

63, 65, 69, 73, 76, 78, 80, 84, 85, 88, 93, 95, 96, 97, 98, 100, 101, 105, 106 and 112 of SEQ ID NO: 31, 

and (b) a light chain comprising or consisting of an amino acid sequence of SEQ ID NO: 34, optionally 

with one, two or three modification(s) selected from substitution(s), addition(s), deletion(s) and any 

combination thereof at any position but positions 3, 4, 7, 14, 17, 18, 28, 29, 33, 34, 39, 42, 44, 50, 81, 

88, 94, 97, 99 and 105 of SEQ ID NO: 34. 30 

In a particular example, the antibody or antigen-binding fragment thereof comprises a light chain 

constant domain derived from a human kappa light chain constant domain and a heavy chain constant 

domain derived from a human IgG1, IgG2, IgG3 or IgG4 heavy chain constant domain. 

In a more specific example, the antibody or antigen-binding fragment thereof comprises a light chain 

constant domain derived from a human kappa light chain constant domain and a heavy chain constant 35 
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domain derived from a human IgG1 heavy chain constant domain, optionally with a substitution or a 

combination of substitutions selected from the group consisting of T250Q/M428L; 

M252Y/S254T/T256E + H433K/N434F; E233P/L234V/L235A/G236A + A327G/A330S/P331S; E333A; 

S239D/A330L/I332E; P257I/Q311; K326W/E333S; S239D/I332E/G236A; N297A; L234A/L235A; N297A 

+ M252Y/S254T/T256E; K322A and K444A, preferably selected from the group consisting of N297A 5 

optionally in combination with M252Y/S254T/T256E, and L234A/L235A. 

In another more specific example, the antibody or antigen-binding fragment thereof comprises a light 

chain constant domain derived from a human kappa light chain constant domain and a heavy chain 

constant domain derived from a human IgG4 heavy chain constant domain, optionally with a 

substitution or a combination of substitutions selected from the group consisting of S228P; 10 

L234A/L235A, S228P + M252Y/S254T/T256E and K444A. 

Preferably, the antibody or antigen-binding fragment thereof specifically binds to human PD-1 with a 

binding affinity constant (KD) for a human PD-1 equal or lower than 10-7 M, the affinity being preferably 

determined by biosensor analysis. 

Particularly, the antibody or antigen-binding fragment thereof has a humanness (T20) equal or greater 15 

than 85%, preferably equal or greater than 88 % and/or which has a high production yield in 

mammalian cells. 

In a second aspect, the disclosure concerns an isolated nucleic acid molecule or a group of isolated 

nucleic acid molecules encoding the antibody or antigen-binding fragment thereof as disclosed herein. 

In a third aspect, the disclosure concerns a vector comprising the isolated nucleic acid molecule or the 20 

group of isolated nucleic acid molecules as disclosed herein. 

In another aspect, the disclosure also concerns a host cell comprising the isolated nucleic acid molecule 

and/or the group of isolated nucleic acid molecules and/or the vector according to the disclosure. 

In another aspect, the disclosure relates to a method for producing the antibody or antigen-binding 

fragment thereof, comprising a step of culturing a host cell as disclosed herein and optionally a step of 25 

isolating the antibody or antigen-binding fragment. 

In another aspect, the disclosure concerns a pharmaceutical composition comprising an antibody or 

an antigen-binding fragment thereof and/or the isolated nucleic acid molecule and/or a group of 

isolated nucleic acid molecules and/or the vector and/or the host cell as disclosed herein and a 

pharmaceutically acceptable carrier.  30 

Optionally, the pharmaceutical composition further comprises an additional therapeutic agent, 

preferably selected in the group consisting of alkylating agents, angiogenesis inhibitors, antibodies, in 

particular anti-tumor targeting antibodies, antimetabolites, antimitotics, antiproliferatives, antivirals, 

aurora kinase inhibitors, apoptosis promoters (for example, Bcl-2 family inhibitors), activators of death 

receptor pathway, Bcr-Abl kinase inhibitors, BiTE (Bi-Specific T cell Engager) antibodies, antibody drug 35 
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conjugates, biologic response modifiers, Bruton's tyrosine kinase (BTK) inhibitors, cyclin-dependent 

kinase inhibitors, cell cycle inhibitors, cyclooxygenase-2 inhibitors, DVDs, leukemia viral oncogene 

homolog (ErbB2) receptor inhibitors, growth factor inhibitors, heat shock protein (HSP)-90 inhibitors, 

histone deacetylase (HDAC) inhibitors, hormonal therapies, immunologicals, inhibitors of inhibitors of 

apoptosis proteins (IAPs), intercalating antibiotics, kinase inhibitors, kinesin inhibitors, Jak2 inhibitors, 5 

mammalian target of rapamycin inhibitors, microRNAs, mitogen-activated extracellular signal-

regulated kinase inhibitors, multivalent binding proteins, non-steroidal anti-inflammatory drugs 

(NSAIDs), poly ADP (adenosine diphosphate)-ribose polymerase (PARP) inhibitors, platinum 

chemotherapeutics, polo-like kinase (Plk) inhibitors, phosphoinositide-3 kinase (PI3K) inhibitors, 

proteasome inhibitors, purine analogs, pyrimidine analogs, receptor tyrosine kinase inhibitors, 10 

retinoids/deltoids plant alkaloids, small inhibitory ribonucleic acids (siRNAs), topoisomerase inhibitors, 

ubiquitin ligase inhibitors, hypomethylating agents, checkpoints inhibitors, peptide vaccine and the 

like, epitopes or neoepitopes from tumor antigens, as well as combinations of one or more of these 

agents. 

In a further aspect, the antibody or antigen-binding fragment thereof, the pharmaceutical 15 

composition, the isolated nucleic acid molecule or the group of isolated nucleic acid molecules, the 

vector, or the host cell are for use as a medicament.  

In a further aspect, the present disclosure provides a use of the antibody or antigen-binding fragment 

thereof as described herein, the pharmaceutical composition as described herein, the isolated nucleic 

acid molecule or the group of isolated nucleic acid molecules as described herein, the vector as 20 

described herein, or the host cell as described herein in the manufacture of a medicament for the 

treatment of cancer.  

In yet another aspect, the present disclosure provides a use of the antibody or antigen-binding 

fragment thereof as described herein, the pharmaceutical composition as described herein, the 

isolated nucleic acid molecule or the group of isolated nucleic acid molecules as described herein, the 25 

vector according as described herein, or the host cell as described herein in the manufacture of a 

medicament for use in combinatorial therapy for treating cancer, wherein said medicament is to be 

administered in combination with radiotherapy or an additional therapeutic agent, preferably selected 

in the group consisting of alkylating agents, angiogenesis inhibitors, antibodies, in particular anti-tumor 

targeting antibodies, antimetabolites, antimitotics, antiproliferatives, antivirals, aurora kinase 30 

inhibitors, apoptosis promoters (for example, Bcl-2 family inhibitors), activators of death receptor 

pathway, Bcr-Abl kinase inhibitors, BiTE (Bi-Specific T cell Engager) antibodies, antibody drug 

conjugates, biologic response modifiers, Bruton's tyrosine kinase (BTK) inhibitors, cyclin-dependent 

kinase inhibitors, cell cycle inhibitors, cyclooxygenase-2 inhibitors, DVDs, leukemia viral oncogene 

homolog (ErbB2) receptor inhibitors, growth factor inhibitors, heat 35 
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shock protein (HSP)-90 inhibitors, histone deacetylase (HDAC) inhibitors, hormonal therapies, 

immunologicals, inhibitors of inhibitors of apoptosis proteins (IAPs), intercalating antibiotics, kinase 

inhibitors, kinesin inhibitors, Jak2 inhibitors, mammalian target of rapamycin inhibitors, microRNAs, 

mitogen-activated extracellular signal-regulated kinase inhibitors, multivalent binding proteins, non-

steroidal anti-inflammatory drugs (NSAIDs), poly ADP (adenosine diphosphate)-ribose polymerase 5 

(PARP) inhibitors, platinum chemotherapeutics, polo-like kinase (Plk) inhibitors, phosphoinositide-3 

kinase (PI3K) inhibitors, proteasome inhibitors, purine analogs, pyrimidine analogs, receptor tyrosine 

kinase inhibitors, retinoids/deltoids plant alkaloids, small inhibitory ribonucleic acids (siRNAs), 

topoisomerase inhibitors, ubiquitin ligase inhibitors, hypomethylating agents, checkpoints inhibitors, 

peptide vaccine and the like, epitopes or neoepitopes from tumor antigens, as well as combinations of 10 

one or more of these agents. 

In yet another asepct, the present disclosure provides a use of the antibody or antigen-binding 

fragment thereof as described herein, the pharmaceutical composition as described herein, the 

isolated nucleic acid molecule or the group of isolated nucleic acid molecules as described herein, the 

vector as described herein, or the host cell as described herein in the manufacture of a medicament 15 

for the treatment of an infectious disease, preferably a chronic infectious disease, even more 

preferably caused by a virus selected from the group consisting of HIV, hepatitis virus, herpes virus, 

adenovirus, influenza virus, flaviviruses, echovirus, rhinovirus, coxsackie virus, coronavirus, respiratory 

syncytial virus, mumps virus, rotavirus, measles virus, rubella virus, parvovirus, vaccinia virus, HTLV 

virus, dengue virus, papillomavirus, molluscum virus, poliovirus, rabies virus, JC virus and arboviral 20 

encephalitis virus. 

Optionally, the antibody or antigen-binding fragment thereof, the pharmaceutical composition, the 

isolated nucleic acid molecule or the group of isolated nucleic acid molecules, the vector, or the host 

cell are for use in combination with radiotherapy or an additional therapeutic agent, preferably 

selected in the group consisting of alkylating agents, angiogenesis inhibitors, antibodies, in particular 25 

anti-tumor targeting antibodies, antimetabolites, antimitotics, antiproliferatives, antivirals, aurora 

kinase inhibitors, apoptosis promoters (for example, Bcl-2 family inhibitors), activators of death 

receptor pathway, Bcr-Abl kinase inhibitors, BiTE (Bi-Specific T cell Engager) antibodies, antibody drug 

conjugates, biologic response modifiers, Bruton's tyrosine kinase (BTK) inhibitors, cyclin-dependent 

kinase inhibitors, cell cycle inhibitors, cyclooxygenase-2 inhibitors, DVDs, leukemia viral oncogene 30 

homolog (ErbB2) receptor inhibitors, growth factor inhibitors, heat shock protein (HSP)-90 inhibitors, 

histone deacetylase (HDAC) inhibitors, hormonal therapies, immunologicals, inhibitors of inhibitors of 

apoptosis proteins (IAPs), intercalating antibiotics, kinase inhibitors, kinesin inhibitors, Jak2 inhibitors, 

mammalian target of rapamycin inhibitors, microRNAs, mitogen-activated extracellular signal-

regulated kinase inhibitors, multivalent binding proteins, non-steroidal anti-inflammatory drugs35 
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 (NSAIDs), poly ADP (adenosine diphosphate)-ribose polymerase (PARP) inhibitors, platinum 

chemotherapeutics, polo-like kinase (Plk) inhibitors, phosphoinositide-3 kinase (PI3K) inhibitors, 

proteasome inhibitors, purine analogs, pyrimidine analogs, receptor tyrosine kinase inhibitors, 

retinoids/deltoids plant alkaloids, small inhibitory ribonucleic acids (siRNAs), topoisomerase inhibitors, 
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ubiquitin ligase inhibitors, hypomethylating agents, checkpoints inhibitors, peptide vaccine and the 

like, epitopes or neoepitopes from tumor antigens, as well as combinations of one or more of these 

agents. 

In one example, the antibody or antigen-binding fragment thereof, the pharmaceutical composition, 

the isolated nucleic acid molecule or the group of isolated nucleic acid molecules, the vector, or the 5 

host cell for use as a medicament are for use in the prevention or treatment of cancer. Preferably, the 

cancer is selected from the group consisting of a hematologic malignancy or a solid tumor with 

expression of PD-1 and/or PD-L1 such as a cancer selected from the group consisting of 

hematolymphoid neoplasms, angioimmunoblastic T cell lymphoma, myelodysplasic syndrome, and 

acute myeloid leukemia, a cancer induced by virus or associated with immunodeficiency such as a 10 

cancer selected from the group consisting of Kaposi sarcoma (e.g., associated with Kaposi sarcoma 

herpes virus); cervical, anal, penile and vulvar squamous cell cancer and oropharyndeal cancers (e.g., 

associated with human papilloma virus); B cell non-Hodgkin lymphomas (NHL) including diffuse large 

B-cell lymphoma, Burkitt lymphoma, plasmablastic lymphoma, primary central nervous system 

lymphoma, HHV-8 primary effusion lymphoma, classic Hodgkin lymphoma, and lymphoproliferative 15 

disorders (e.g., associated with Epstein-Barr virus (EBV) and/or Kaposi sarcoma herpes virus); 

hepatocellular carcinoma (e.g., associated with hepatitis B and/or C viruses); Merkel cell carcinoma 

(e.g., associated with Merkel cell polyoma virus (MPV)); and cancer associated with human 

immunodeficiency virus infection (HIV) infection,  and a cancer selected from the group consisting of 

metastatic or not metastatic, Melanoma, malignant mesothelioma, Non-Small Cell Lung Cancer, Renal 20 

Cell Carcinoma, Hodgkin's Lymphoma, Head and Neck Cancer, Urothelial Carcinoma, Colorectal 

Cancer, Hepatocellular Carcinoma, Small Cell Lung Cancer, Metastatic Merkel Cell Carcinoma, Gastric 

or Gastroesophageal cancers and Cervical Cancer. 

In a particular example, the antibody or antigen-binding fragment thereof, the pharmaceutical 

composition, the isolated nucleic acid molecule or the group of isolated nucleic acid molecules, the 25 

vector, or the host cell is for use for treating a cancer wherein the tumor cells are PD-L1 

negative.Preferably, the antibody or antigen-binding fragment thereof, the pharmaceutical 

composition, the isolated nucleic acid molecule or the group of isolated nucleic acid molecules, the 

vector, or the host cell for use as a medicament are for use in the prevention or treatment of an 

infectious disease, preferably a chronic infectious disease, even more preferably caused by a virus 30 

selected from the group consisting of HIV, hepatitis virus, herpes virus, adenovirus, influenza virus, 

flaviviruses, echovirus, rhinovirus, coxsackie virus, coronavirus, respiratory syncytial virus, mumps 

virus, rotavirus, measles virus, rubella virus, parvovirus, vaccinia virus, HTLV virus, dengue virus, 

papillomavirus, molluscum virus, poliovirus, rabies virus, JC virus and arboviral encephalitis virus.
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In a particular example, the antibody or antigen-binding fragment thereof, the pharmaceutical 

composition, the isolated nucleic acid molecule or the group of isolated nucleic acid molecules, the 

vector, or the host cell is for use for treating patients with a lymphopenic disorder. 

In a particular example, the antibody or antigen-binding fragment thereof, the pharmaceutical 

composition, the isolated nucleic acid molecule or the group of isolated nucleic acid molecules, the 5 

vector, or the host cell for use as a drug for treating a subject that is immunosuppressed, 

immunocompromised or immunodepressed. In another particular example, the subject has a high 

mutation burden and neoantigen density. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1: Binding of the different humanized anti-PD1 variant antibodies on human PD1 by ELISA and 10 

FACS: A: ELISA analysis of the binding of antibodies at different concentrations (ng/ml): Chimeric ( ) 

and humanized anti-PD1 variant antibodies from HC ( ), HE ( ), HG ( ), HH ( ), HJ ( ), HI ( ), HK( ) 

to HL ( ) heavy chain variants combined to the LD light chain variant.  Detection was performed with 

a donkey anti-human antibody coupled to peroxidase and revelation was performed by colorimetry at 

450nm using TMB substrate. ED50 refers to the concentration required to reach 50% of the signal in 15 

this assay. B: Assessment of antibody binding by cytofluorometry on CD3/CD28 stimulated human 

PBMCs. Serial dilution (µg/ml) of HELC ( ), HELD ( ) was added and revealed using a PE labeled mouse 

anti-human Fc mAb and Canto II cytometer. Data are represented by Mean Fluorescence Intensity 

(MFI) staining in PD1+ positive CD3+ T cell population. C:  Assessment of antibody binding by 

cytofluorometry on CD3/CD28 stimulated T cells. Serial dilution (µg/ml) of humanized antibodies were 20 

added and revealed using a PE labeled mouse anti-human Fc mAb and Canto II cytometer. Data are 

represented by Mean Fluorescence Intensity (MFI) staining in PD1+ positive CD3+ T cell population 

Figure 2: Binding loss of some humanized anti-PD1 antibodies to human PD1 after mutation of amino 

acids during humanization process: ELISA binding of the humanized anti-PD1 variants after mutations 

on the heavy variable chain at Kabat position 97 (i.e. conventional amino acid position 101). (A): where 25 

HC(E97)LB2 ( ) and HC(D97)LB2 ( ) are compared to the Chimeric ( ), at Kabat position R96 (B): where 

HELD( ) and HE(K96)LD ( ) are compared to the Chimeric ( ).  

(C), (D) and (E) : ELISA binding of humanized anti-PD1 variants after mutations on the light variable 

chain at Kabat position N28 (C) : where HCLw(N28) ( ) and the HCLw(Q28) ( ) are compared to the 

Chimeric ( ),at Kabat position V94 (D): where the Hwt- ) are compared 30 

to the Chimeric ( ) (E): where the HELD(V94) and HELD(L94) are compared to the Chimeric ( ), at 

Kabat position E34. For the heavy chain, Kabat position 96 corresponds to sequential position 100 and 

Kabat position 97 corresponds to sequential position 101. For the light chain, Kabat position 28 

corresponds to sequential position 33, Kabat position 34 corresponds to sequential position 39 and 

Kabat position 94 corresponds to sequential position 99.35 
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Figure 3: Stability measurement of the humanized anti-PD1 variant antibodies after 7 days at 4°C or 

37°C on PD1 binding by ELISA. Days 0 ( ), Day 7 at 4°C ( ) and Day 7 at 37°C (
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4-1 framework and VL-CDR with IGKV2-30*02 framework were selected due to (1) their high 

humanization percentage, 89.8% and 89% respectively (2) higher complementary sequence compared 

to the original sequence of the antibody, (3) preserved in vitro biological activity and (4) good 

productivity in mammalian cells.  

The second step of humanization consisted of mutating the mouse-derived CDR sequences to increase 5 

percentage of humanization and remove deamination or glycosylation sites in the heavy and light 

chains that can destabilize the antibody in the manufacturing process. Multiple mutated sequences 

listed in Table 4 have been generated and tested for their production and biological activity. The light 

product stability in the manufacturing process. To remove this glycosylation site, G29 amino acid was 10 

substituted into T amino- amino acid position is determined by Kabat 

numbering, corresponding to G34 in SEQ ID NO:33). The HCLD antibody is a good candidate but 

presents a deamination site (DS sequence) in the CDR3 region of the heavy chain. This sequence can 

impair product stability in the manufacturing process. To remove this DS sequence, the inventors 

generated alternative sequences HE, HG, HH, HI, HJ, HK, HL, by either substituting D105 or S106 amino 15 

acids.  

Seq ID Name   Amino acid sequences  

25 HC 

QIQLVQSGSELKKPGASVKVSCKASGYTFTHYAMNWVRQAPGQGLEWMGWINTNTGEPTYAQG
FTGRFVFSLDTSVSTAYLQISSLKAEDTAVYYCAREREPGMDSWGQGTLVTVSSASTKGPSVFPLAP
CSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYT
CNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEK
TISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSPGK 

26 HE 

QIQLVQSGSELKKPGASVKVSCKASGYTFTHYAMNWVRQAPGQGLEWMGWINTNTGEPTYAQG
FTGRFVFSLDTSVSTAYLQISSLKAEDTAVYYCAREREPGMDTWGQGTLVTVSSASTKGPSVFPLAP
CSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYT
CNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEK
TISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSPGK 

27 HG 

QIQLVQSGSELKKPGASVKVSCKASGYTFTHYAMNWVRQAPGQGLEWMGWINTNTGEPTYAQG
FTGRFVFSLDTSVSTAYLQISSLKAEDTAVYYCAREREPGMESWGQGTLVTVSSASTKGPSVFPLAPC
SRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTC
NVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQED
PEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTI
SKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG
SFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSPGK 

28 HH 

QIQLVQSGSELKKPGASVKVSCKASGYTFTHYAMNWVRQAPGQGLEWMGWINTNTGEPTYAQG
FTGRFVFSLDTSVSTAYLQISSLKAEDTAVYYCAREREPGMDHWGQGTLVTVSSASTKGPSVFPLAP
CSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYT
CNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEK



59 

TISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSPGK 

29 HI 

QIQLVQSGSELKKPGASVKVSCKASGYTFTHYAMNWVRQAPGQGLEWMGWINTNTGEPTYAQG
FTGRFVFSLDTSVSTAYLQISSLKAEDTAVYYCAREREPGMDAWGQGTLVTVSSASTKGPSVFPLAP
CSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYT
CNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEK
TISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSPGK 

30 HJ 

QIQLVQSGSELKKPGASVKVSCKASGYTFTHYAMNWVRQAPGQGLEWMGWINTNTGEPTYAQG
FTGRFVFSLDTSVSTAYLQISSLKAEDTAVYYCAREREPGMDYWGQGTLVTVSSASTKGPSVFPLAP
CSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYT
CNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEK
TISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSPGK 

31 HK 

QIQLVQSGSELKKPGASVKVSCKASGYTFTHYAMNWVRQAPGQGLEWMGWINTNTGEPTYAQG
FTGRFVFSLDTSVSTAYLQISSLKAEDTAVYYCAREREPGMDNWGQGTLVTVSSASTKGPSVFPLAP
CSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYT
CNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEK
TISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSPGK 

32 HL 

QIQLVQSGSELKKPGASVKVSCKASGYTFTHYAMNWVRQAPGQGLEWMGWINTNTGEPTYAQG
FTGRFVFSLDTSVSTAYLQISSLKAEDTAVYYCAREREPGMDEWGQGTLVTVSSASTKGPSVFPLAP
CSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYT
CNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEK
TISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSPGK 

33 LC 
DVVMTQSPLSLPVTLGQPASISCRSSQSLVHANGNTYLEWYQQRPGQSPRLLIYKVSNRFSGVPDR
FSGSGSGTDFTLKISRVEAEDVGVYYCFQGTHVPNTFGQGTKLEIKRTVAAPSVFIFPPSDEQLKSGT
ASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEV
THQGLSSPVTKSFNRGEC 

34 LD 
DVVMTQSPLSLPVTLGQPASISCRSSQSLVHANTNTYLEWYQQRPGQSPRLLIYKVSNRFSGVPDRF
SGSGSGTDFTLKISRVEAEDVGVYYCFQGTHVPNTFGQGTKLEIKRTVAAPSVFIFPPSDEQLKSGTA
SVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVT
HQGLSSPVTKSFNRGEC 

Table 4: Amino acid sequences of the humanized anti-PD1 variants used in the examples below.  

Example 2: Binding analysis of humanized anti-PD1 variant antibodies on human PD1 

protein by Blitz, ELISA and Flow cytometry. 

Recombinant hPD1 (Sino Biologicals, Beijing, China; reference 10377-H08H) was immobilized on plastic 

at 0.5 µg/ml in carbonate buffer (pH9.2) and purified antibody was added to measure binding. After 5 

incubation and washing, peroxidase-labeled donkey anti-human IgG (Jackson Immunoresearch; USA; 

reference 709-035-149) was added and revealed by conventional methods. 
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Table 8: ED50 determination from Figure 1C refers to the concentration required to reach 50% of the 

signal in this assay for each humanized anti-PD1 variant antibodies. 

Name Seq ID T20 
VH_Consensus 17 90.86 
HC 25 91.28 
HE 26 91.06 
HG 27 90.3 
HH 28 90.94 
HI  91.06 
HJ 29 91.2 
HK 31 91.07 

HL 32 91.28 

VL_consensus 26 89.5 

LC 33 89.55 

LD 34 88.7 

Table 9: T20 Percentage of humanness determined using the Cutoff Human Databases: 

http://abAnalyzer.lakepharma.com: In general, full-length sequences that score above 85 are 

considered human-like antibody. 5 

score T20 VH VL 
Keytruda 75.7 82.7 
HKLD 91.07 88.7 

Table 10: T20 Percentage of humanness determined using the Cutoff Human Databases: 

http://abAnalyzer.lakepharma.com: In general, full-length sequences that score above 85 are 

considered human-like. 

Results: Following the humanization stages of the mouse anti-humanPD1 antibody (as referred herein 

as the chimeric antibody), several humanized anti-PD1 variant antibodies were selected for their good 10 

binding capacity to human PD1 (recombinant protein as well as cell surface expressed PD1) compared 

to the chimeric antibody. Figure 1 (A) and Table 5 show by different methods that the antibody HKLD 

has the best binding activity among the variant antibodies and an improved binding compared to the 

chimeric antibody. Figure 1 B confirms this similar binding capacity on human cells when the antibody 

is combined with the LC light chain variant. The avidity measurement presented Table 6 indicates that 15 

HKLD presents the best KD among the variant antibodies and an improved KD compared to the 

chimeric antibody. Table 7 compares the affinity measurements to PD1 of chimeric, HKLD and other 

PD1 antibody like Keytruda, a clinically approved anti-PD-1 antibody, and shows that the variant HKLD 

has a similar affinity compared to Keytruda. In this experiment, affinity of antibodies was measured by 

immobilizing an anti-Fc antibody, allowing affinity measurement of one valence of the PD-1 antibody, 20 

in contrast to Blitz experiment that used immobilized PD-1 and soluble antibodies. Although the affinity 
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CLAIMS 

 

1. A humanized monoclonal anti-human-PD-1 antibody or an antigen-binding fragment thereof 

comprising: (a) a VH comprising or consisting of an amino acid sequence of SEQ ID NO: 21; and (b) a VL 

comprising or consisting of an amino acid sequence of SEQ ID NO: 24, wherein the antibody or antigen 

binding fragment thereof is an antagonist of the binding of human PD-L1 and/or PD-L2 to human PD-

1. 

 

2. The antibody or antigen-binding fragment thereof of claim 1, wherein it comprises: (a) a heavy chain 

comprising or consisting of an amino acid sequence of SEQ ID NO: 31, and (b) a light chain comprising 

or consisting of an amino acid sequence of SEQ ID NO: 34. 

 

3. The antibody or antigen-binding fragment thereof of any one of claims 1-2, wherein the antibody or 

antigen-binding fragment thereof comprises a light chain constant domain is from a human kappa light 

chain constant domain and a heavy chain constant domain is from a human IgG1, IgG2, IgG3 or IgG4 

heavy chain constant domain. 

 

4. The antibody or antigen-binding fragment thereof of any one of claims 1-3, wherein the antibody or 

antigen-binding fragment thereof comprises a light chain constant domain is from a human kappa light 

chain constant domain and a heavy chain constant domain is from a human IgG1 heavy chain constant 

domain, optionally with a substitution or a combination of substitutions selected from the group 

consisting of T250Q/M428L; M252Y/S254T/T256E + H433K/N434F; E233P/L234V/L235A/G236A + 

A327G/A330S/P331S; E333A; S239D/A330L/I332E; P257I/Q311; K326W/E333S; S239D/I332E/G236A; 

N297A; L234A/L235A; N297A + M252Y/S254T/T256E; K322A and K444A, preferably selected from the 

group consisting of N297A optionally in combination with M252Y/S254T/T256E, and L234A/L235A. 

 

5. The antibody or antigen-binding fragment thereof of any one of claims 1-3, wherein the antibody or 

antigen-binding fragment thereof comprises a light chain constant domain is from a human kappa light 

chain constant domain and a heavy chain constant domain is from a human IgG4 heavy chain constant 

domain, optionally with a substitution or a combination of substitutions selected from the group 

consisting of S228P; L234A/L235A, S228P + M252Y/S254T/T256E and K444A. 

 

6. The antibody or antigen-binding fragment thereof according to any one of claims 1-5, which 

specifically binds to human PD-1 with a binding affinity constant (KD) for a human PD-1 equal or lower 

than 10-7 M measured by surface plasmon resonance. 
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7. An isolated nucleic acid molecule or a group of isolated nucleic acid molecules encoding the antibody 

or antigen-binding fragment thereof of any one of claims 1 to 6. 

 

8. A vector comprising the isolated nucleic acid molecule or the group of isolated nucleic acid molecules 

of claim 7. 

 

9. A host cell comprising the isolated nucleic acid molecule and/or the group of isolated nucleic acid 

molecules of claim 7 and/or the vector according to claim 8. 

 

10. A method for producing the antibody or antigen-binding fragment thereof of any one of claims 1-

6, comprising a step of culturing a host cell according to claim 9 and optionally a step of isolating the 

antibody or antigen-binding fragment. 

 

11. A pharmaceutical composition comprising an antibody or an antigen-binding fragment thereof 

according to any one of claims 1-6 and/or the isolated nucleic acid molecule and/or a group of isolated 

nucleic acid molecules according to claim 7 and/or the vector according to claim 8 and/or the host cell 

according to claim 9 and a pharmaceutically acceptable carrier. 

 

12. The pharmaceutical composition according to claim 11, wherein it further comprises an additional 

therapeutic agent, preferably selected in the group consisting of alkylating agents, angiogenesis 

inhibitors, antibodies, in particular anti-tumor targeting antibodies, antimetabolites, antimitotics, 

antiproliferatives, antivirals, aurora kinase inhibitors, apoptosis promoters (for example, Bcl-2 family 

inhibitors), activators of death receptor pathway, Bcr-Abl kinase inhibitors, BiTE (Bi-Specific T cell 

Engager) antibodies, antibody drug conjugates, biologic response modifiers, Bruton's tyrosine kinase 

(BTK) inhibitors, cyclin-dependent kinase inhibitors, cell cycle inhibitors, cyclooxygenase-2 inhibitors, 

DVDs, leukemia viral oncogene homolog (ErbB2) receptor inhibitors, growth factor inhibitors, heat 

shock protein (HSP)-90 inhibitors, histone deacetylase (HDAC) inhibitors, hormonal therapies, 

immunologicals, inhibitors of inhibitors of apoptosis proteins (IAPs), intercalating antibiotics, kinase 

inhibitors, kinesin inhibitors, Jak2 inhibitors, mammalian target of rapamycin inhibitors, microRNAs, 

mitogen-activated extracellular signal-regulated kinase inhibitors, multivalent binding proteins, non-

steroidal anti-inflammatory drugs (NSAIDs), poly ADP (adenosine diphosphate)-ribose polymerase 

(PARP) inhibitors, platinum chemotherapeutics, polo-like kinase (Plk) inhibitors, phosphoinositide-3 

kinase (PI3K) inhibitors, proteasome inhibitors, purine analogs, pyrimidine analogs, receptor tyrosine 

kinase inhibitors, retinoids/deltoids plant alkaloids, small inhibitory ribonucleic acids (siRNAs), 

topoisomerase inhibitors, ubiquitin ligase inhibitors, hypomethylating agents, checkpoints inhibitors, 
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peptide vaccine and the like, epitopes or neoepitopes from tumor antigens, as well as combinations of 

one or more of these agents. 

 

13. The antibody or antigen-binding fragment thereof according to any one of claims 1-6, the 

pharmaceutical composition of claim 11 or 12, the isolated nucleic acid molecule or the group of 

isolated nucleic acid molecules of claim 7, the vector according to claim 8, or the host cell according to 

claim 9 for use as a medicament.  

 

14. Use of the antibody or antigen-binding fragment thereof according to any one of claims 1-6, the 

pharmaceutical composition of claim 11 or 12, the isolated nucleic acid molecule or the group of 

isolated nucleic acid molecules of claim 7, the vector according to claim 8, or the host cell according to 

claim 9 in the manufacture of a medicament for the treatment of cancer. 

 

15. The use according to claim 14, wherein the cancer is selected from the group consisting of a 

hematologic malignancy or a solid tumor with expression of PD-1 and/or PD-L1 such as a cancer 

selected from the group consisting of hematolymphoid neoplasms, angioimmunoblastic T cell 

lymphoma, myelodysplasic syndrome, and acute myeloid leukemia, a cancer induced by virus or 

associated with immunodeficiency such as a cancer selected from the group consisting of Kaposi 

sarcoma (e.g., associated with Kaposi sarcoma herpes virus); cervical, anal, penile and vulvar squamous 

cell cancer and oropharyngeal cancers (e.g., associated with human papilloma virus); B cell non-

Hodgkin lymphomas (NHL) including diffuse large B-cell lymphoma, Burkitt lymphoma, plasmablastic 

lymphoma, primary central nervous system lymphoma, HHV-8 primary effusion lymphoma, classic 

Hodgkin lymphoma, and lymphoproliferative disorders (e.g., associated with Epstein-Barr virus (EBV) 

and/or Kaposi sarcoma herpes virus); hepatocellular carcinoma (e.g., associated with hepatitis B 

and/or C viruses); Merkel cell carcinoma (e.g., associated with Merkel cell polyoma virus (MPV)); and 

cancer associated with human immunodeficiency virus infection (HIV) infection,  and a cancer selected 

from the group consisting of metastatic or not metastatic, Melanoma, malignant mesothelioma, Non-

Small Cell Lung Cancer, Renal Cell Carcinoma, Hodgkin's Lymphoma, Head and Neck Cancer, Urothelial 

Carcinoma, Colorectal Cancer, Hepatocellular Carcinoma, Small Cell Lung Cancer, Metastatic Merkel 

Cell Carcinoma, Gastric or Gastroesophageal cancers and Cervical Cancer. 

 

16. The use according to claim 14, wherein the cancer has tumor cells which are PD-L1 negative. 

 

17. Use of the antibody or antigen-binding fragment thereof according to any one of claims 1-6, the 

pharmaceutical composition of claim 11 or 12, the isolated nucleic acid molecule or the group of 
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isolated nucleic acid molecules of claim 7, the vector according to claim 8, or the host cell according to 

claim 9 in the manufacture of a medicament for use in combinatorial therapy for treating cancer, 

wherein said medicament is to be administered in combination with radiotherapy or an additional 

therapeutic agent, preferably selected in the group consisting of alkylating agents, angiogenesis 

inhibitors, antibodies, in particular anti-tumor targeting antibodies, antimetabolites, antimitotics, 

antiproliferatives, antivirals, aurora kinase inhibitors, apoptosis promoters (for example, Bcl-2 family 

inhibitors), activators of death receptor pathway, Bcr-Abl kinase inhibitors, BiTE (Bi-Specific T cell 

Engager) antibodies, antibody drug conjugates, biologic response modifiers, Bruton's tyrosine kinase 

(BTK) inhibitors, cyclin-dependent kinase inhibitors, cell cycle inhibitors, cyclooxygenase-2 inhibitors, 

DVDs, leukemia viral oncogene homolog (ErbB2) receptor inhibitors, growth factor inhibitors, heat 

shock protein (HSP)-90 inhibitors, histone deacetylase (HDAC) inhibitors, hormonal therapies, 

immunologicals, inhibitors of inhibitors of apoptosis proteins (IAPs), intercalating antibiotics, kinase 

inhibitors, kinesin inhibitors, Jak2 inhibitors, mammalian target of rapamycin inhibitors, microRNAs, 

mitogen-activated extracellular signal-regulated kinase inhibitors, multivalent binding proteins, non-

steroidal anti-inflammatory drugs (NSAIDs), poly ADP (adenosine diphosphate)-ribose polymerase 

(PARP) inhibitors, platinum chemotherapeutics, polo-like kinase (Plk) inhibitors, phosphoinositide-3 

kinase (PI3K) inhibitors, proteasome inhibitors, purine analogs, pyrimidine analogs, receptor tyrosine 

kinase inhibitors, retinoids/deltoids plant alkaloids, small inhibitory ribonucleic acids (siRNAs), 

topoisomerase inhibitors, ubiquitin ligase inhibitors, hypomethylating agents, checkpoints inhibitors, 

peptide vaccine and the like, epitopes or neoepitopes from tumor antigens, as well as combinations of 

one or more of these agents. 

 

18. Use of the antibody or antigen-binding fragment thereof according to any one of claims 1-6, the 

pharmaceutical composition of claim 11 or 12, the isolated nucleic acid molecule or the group of 

isolated nucleic acid molecules of claim 7, the vector according to claim 8, or the host cell according to 

claim 9 in the manufacture of a medicament for the treatment of an infectious disease, preferably a 

chronic infectious disease, even more preferably caused by a virus selected from the group consisting 

of HIV, hepatitis virus, herpes virus, adenovirus, influenza virus, flaviviruses, echovirus, rhinovirus, 

coxsackie virus, coronavirus, respiratory syncytial virus, mumps virus, rotavirus, measles virus, rubella 

virus, parvovirus, vaccinia virus, HTLV virus, dengue virus, papillomavirus, molluscum virus, poliovirus, 

rabies virus, JC virus and arboviral encephalitis virus. 

 

 


