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DESCRIPTION 

 

THERAPEUTIC OR PREVENTIVE COMPOSITIONS FOR IL-8-RELATED DISEASES 

 

Technical Field 5 

 The present disclosure relates to therapeutic or preventive compositions for IL-8-related 

diseases and such. 

 

Background Art 

 Endometriosis is known not only for its estrogen dependency (Non-Patent Documents 1 10 

and 2) but also as an inflammatory disease (Non-Patent Document 3). 

 In one aspect, without any limitation intended, endometriosis refers to a disease where 

uterine endometrial tissues occur and grow ectopically outside the uterine cavity (typically 

within the pelvis, occasionally in the peritoneal cavity, and rarely in the thoracic cavity).  

Endometriosis is not malignant tumor, but is a disease progressing over time and causing tumor 15 

formation and adhesion of adjacent tissues, severe abdominal and pelvic pain during menstrual 

and non-menstrual periods, and infertility (impaired fertility).  Endometriosis develops mostly 

in women at reproductive age of 20 years or older, causes reduced QOL associated with pain and 

other symptoms, and leads to chronic pain and infertility due to aggravation of adhesion.  In 

one aspect, without any limitation intended, adenomyosis refers to a disease that is similar to 20 

endometriosis but involves occurrence of endometrium within the myometrium.  Adenomyosis 

causes severe menstrual pain, hypermenorrhea, anemia, and chronic pain.  (The terms 

"endometriosis" and "adenomyosis" used herein are defined by descriptions below in the “Mode 

for Carrying Out the Invention”.) 

 Conventional therapy for endometriosis or adenomyosis includes analgesics, hormonal 25 

therapy, and surgical treatments.  Analgesics have only limited effects and cannot prevent 

progression of the disease state.  Hormonal therapy is effective to relieve pains and to delay 

progression of the disease state; however, it has problems in that the ability to conceive is lost 

during the therapy since it stops menstruation, the disease state is likely to progress again after 

discontinuation of the therapy, and hormone drugs have adverse effects.  Furthermore, there is 30 

no previous report of improvement of the ability to conceive after administration of hormone 

drugs.  Even in the case of surgical treatments, the chance of recurrence is as high as about 50% 

three to five years after surgery (Non-Patent Documents 4 and 5).  In order to prevent 

post-surgery recurrence, patients need to continue to take hormone drugs and tolerate their 

adverse effects.  35 

 IL-8 (interleukin 8) is a chemokine, and is a protein known to have 72- and 77-amino 
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acid forms.  IL-8 is also referred to as CXCL8.  The monomer of IL-8 has two disulfide 

bridges between cysteines 7 and 34 and between cysteines 9 and 50, when numbered in 

accordance with the 72-amino acid form.  It is known that IL-8 can also be present in the form 

of homodimer in a solution.  The homodimer has no intermolecular covalent bond and is 

stabilized by non-covalent interaction between the β sheets of two monomers. 5 

 IL-8 is produced by various cells such as peripheral blood monocytes, tissue 

macrophages, NK cells, fibroblasts, and vascular endothelial cells, upon stimulation with 

inflammatory cytokines and such (Non-Patent Document 6).  IL-8 is considered to have the 

activity of primarily activating neutrophils, elevating their expression of cell adhesion molecules, 

and thereby enhancing their adhesion to vascular endothelial cells.  IL-8 also has chemotactic 10 

activity for neutrophils.  IL-8 produced in damaged tissues promotes migration of neutrophils 

that have adhered to vascular endothelial cells toward the tissues, and thus induces inflammation 

associated with neutrophil infiltration.  Furthermore, IL-8 is a major angiogenic factor for 

endothelial cells, and is also known to be involved in tumor angiogenesis. 

 It has been reported that when human proliferative-phase endometrial tissue was 15 

intraperitoneally transplanted into ovariectomized nude mice implanted with estradiol-releasing 

capsules and then an anti-IL-8 antibody was administered to them, regression of endometrial 

lesions was observed (Patent Document 1). 

 However, menstruation similar to that of human does not occur in non-primate 

experimental animal models.  Therefore, in the aim of elucidating the cause of human 20 

endometriosis, animals such as rats and mice cannot serve as a true animal model for human 

endometriosis.  Rats and mice do not have IL-8 in the first place.  Furthermore, since until 

recently there has been no in vivo non-human primate model with which human endometriosis 

can be assessed properly, there is no previous report of confirming the effect of IL-8 signal on 

endometriosis using an in vivo non-human primate model. 25 

 Moreover, adhesion caused by surgical operations and such is problematic in various 

disease conditions.  Adhesion prevention sheet is one method for treating or preventing 

adhesion.  Although adhesion prevention sheet is effective in reducing post-surgical adhesion, 

the effect is still insufficient as dense adhesion is still formed at a frequency of 15% (Non-Patent 

Document 7). 30 
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Summary of the Invention 

[Problems to be Solved by the Invention] 10 

 The present invention was achieved in view of various circumstances including those 

described above.  In one non-limiting aspect, an objective of the present invention is to provide 

novel methods and such for treating IL-8-related diseases using an IL-8 signal inhibitor. 

 More specifically, in one non-limiting embodiment, an objective of the present 

invention is to provide novel therapeutic methods and such for novel IL-8-related diseases by 15 

using an IL-8 signal inhibitor.  Alternatively, in another non-limiting embodiment, an objective 

of the present invention is to provide novel therapeutic methods and such for novel or known 

IL-8-related diseases by using a novel anti-IL-8 antibody. 

 

[Means for Solving the Problems] 20 

 Without necessarily intending to be bound by theory, the present inventors have been 

proposing that the true pathology of endometriosis is conceptually a chronic inflammatory 

proliferative disease as reported previously (Odagiri, Fertil Steril. 2009; 92(5):1525-31).  The 

pathology of endometriosis is immunological response following chronic inflammation, and is 

manifested as fibrosis, smooth muscle metaplasia, neuronal regeneration, angiogenesis, etc.  25 

Based on the concept that IL-8 is involved in an important part of the mechanism of chronic 

inflammation and endometriosis is a chronic inflammatory disease, the present inventors have 

performed pathological and clinical evaluation (observation using a laparoscope or MR) of drug 

effectiveness. 

 The present invention is, without any limitation intended, based on comprehensive 30 

studies ranging from basic studies to clinical studies using animal models, which include 

creation of a non-human primate model to elucidate the pathology of endometriosis and such, 

and preparation and improvement of highly functional anti-IL-8 antibodies as well as assessment 

of their pharmacological effects.  Since true assessment of human uterus-related diseases cannot 

be achieved with animal model experiments using rats, mice, or other small animals, the present 35 

inventors created a cynomolgus monkey model with surgically-induced endometriosis, and 
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conducted trial and error and dedicated studies while gathering each one’s excellent techniques, 

knowledge, etc., such as those from basic reproduction studies of primates including cynomolgus 

monkey, the concept of the pathological conditions of human endometriosis etc., and their 

assessment and clinical management (laparoscopic surgery and observation, MRI (magnetic 

resonance imaging) assessment, etc.), then completing the present invention. 5 

 Specifically, in one non-limiting embodiment, the present inventors adopted an 

approach from the aspect of anti-inflammation with a focus on IL-8, which is a major 

inflammatory cytokine in endometriosis, to seek a therapeutic agent for endometriosis or 

adenomyosis that improves its pathological conditions without affecting the sexual cycle, unlike 

existing hormonal therapies.  As a result, the present inventors surprisingly found that the 10 

pathological conditions were ameliorated by administering an IL-8 signal inhibitor. 

 Furthermore, in another non-limiting embodiment, the present inventors adopted an 

approach from the aspect of anti-inflammation to address adhesion caused by surgical operations 

and such, and as a result surprisingly found that adhesion was ameliorated by administering an 

IL-8 signal inhibitor. 15 

 Moreover, in another non-limiting embodiment, the present inventors conceived that 

highly functional anti-IL-8 antibodies in the present disclosure were useful for treatment etc. of 

novel or known IL-8-related diseases.  Such highly functional anti-IL-8 antibodies include 

pH-dependent anti-IL-8 antibodies (anti-IL-8 antibodies that bind to IL-8 in a pH-dependent 

manner).  The pH-dependent anti-IL-8 antibodies are advantageous when administered to an 20 

individual because as compared to a reference antibody they can have at least one or more of the 

following properties: they rapidly eliminate IL-8; they stably keep their IL-8-neutralizing 

activity; their immunogenicity is low; and their expression levels are high.  Alternatively, such 

highly functional anti-IL-8 antibodies may be antibodies that have at least one or more of the 

following properties: anti-IL-8 antibodies containing an Fc domain whose FcRn-binding affinity 25 

at an acidic pH is greater than that of a native Fc domain; anti-IL-8 antibodies containing an Fc 

domain whose binding affinity for a pre-existing ADA is lower than that of a native Fc domain; 

anti-IL-8 antibodies containing an Fc domain whose half-life in plasma is longer than that of a 

native Fc domain; and pH-dependent anti-IL-8 antibodies containing an Fc domain whose 

binding affinity for an effector receptor is lower than that of a native Fc domain. 30 

 In one non-limiting specific embodiment, the present invention relates to: 

[1] A composition for treating or preventing an IL-8-related disease, which comprises as an 

active ingredient an isolated anti-IL-8 antibody that binds to human IL-8, wherein the 

IL-8-related disease is selected from the group consisting of: 

endometriosis; adenomyosis; dysmenorrhea; adhesion; fibrotic diseases; pain in endometriosis, 35 

adenomyosis, or dysmenorrhea; infertility; and pain resulting from adhesion, fibrosis, or 
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inflammation; 

wherein the anti-IL-8 antibody is selected from the group consisting of: 

(1) an anti-IL-8 antibody which binds to IL-8 in a pH-dependent manner, and comprises at least 

one amino acid substitution in at least one of: 

 (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23,  5 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24,  

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25,  

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26,  

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27, and 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28; 10 

(2) an anti-IL-8 antibody which binds to IL-8 in a pH-dependent manner, and comprises at least 

one amino acid substitution in at least one of: 

 (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24, 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25, 15 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26, 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27, and 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28, 

wherein the anti-IL-8 antibody at least comprises amino acid substitutions of:  

 tyrosine at position 3 in the amino acid sequence of SEQ ID NO: 25,  20 

 asparagine at position 1 and leucine at position 5 in the amino acid sequence of SEQ ID 

NO: 27, and  

 glutamine at position 1 in the amino acid sequence of SEQ ID NO: 28; 

(3) an anti-IL-8 antibody which binds to IL-8 in a pH-dependent manner, and comprises at least 

one amino acid substitution in at least one of: 25 

 (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24, 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25, 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26, 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27, and 30 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28,  

wherein the anti-IL-8 antibody at least comprises amino acid substitutions of:  

 tyrosine at position 9 and arginine at position 11 in the amino acid sequence of SEQ ID 

NO: 24, and  

 tyrosine at position 3 in the amino acid sequence of SEQ ID NO: 25; 35 

(4) an anti-IL-8 antibody which binds to IL-8 in a pH-dependent manner, and comprises at least 
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one amino acid substitution in at least one of: 

 (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24, 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25, 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26, 5 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27, and  

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28,  

wherein the anti-IL-8 antibody at least comprises amino acid substitutions of: 

 alanine at position 6, glycine at position 8, tyrosine at position 9, and arginine at 

position 11 in the amino acid sequence of SEQ ID NO: 24, and 10 

 tyrosine at position 3 in the amino acid sequence of SEQ ID NO: 25; 

(5) an anti-IL-8 antibody which binds to IL-8 in a pH-dependent manner, and comprises at least 

one amino acid substitution in at least one of: 

 (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24, 15 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25, 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26, 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27, and  

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28,  

wherein the anti-IL-8 antibody at least comprises amino acid substitutions of: 20 

 asparagine at position 1 and leucine at position 5 in the amino acid sequence of SEQ ID 

NO: 27, and 

 glutamine at position 1 in the amino acid sequence of SEQ ID NO: 28; 

(6) an anti-IL-8 antibody which binds to IL-8 in a pH-dependent manner, and comprises at least 

one amino acid substitution in at least one of: 25 

 (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24, 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25, 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26, 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27, and 30 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28,  

wherein the anti-IL-8 antibody at least comprises amino acid substitutions of: 

 tyrosine at position 9 and arginine at position 11 in the amino acid sequence of SEQ ID 

NO: 24,  

 tyrosine at position 3 in the amino acid sequence of SEQ ID NO: 25, 35 

 asparagine at position 1 and leucine at position 5 in the amino acid sequence of SEQ ID 
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NO: 27, and  

 glutamine at position 1 in the amino acid sequence of SEQ ID NO: 28; and  

(7) an anti-IL-8 antibody which binds to IL-8 in a pH-dependent manner, and comprises at least 

one amino acid substitution in at least one of: 

 (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, 5 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24, 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25, 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26, 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27, and 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28,  10 

wherein the anti-IL-8 antibody at least comprises amino acid substitutions of: 

 alanine at position 6, glycine at position 8, tyrosine at position 9, and arginine at 

position 11 in the amino acid sequence of SEQ ID NO: 24,  

 tyrosine at position 3 in the amino acid sequence of SEQ ID NO: 25,  

 asparagine at position 1 and leucine at position 5 in the amino acid sequence of SEQ ID 15 

NO: 27, and  

 glutamine at position 1 in the amino acid sequence of SEQ ID NO: 28. 

[2] The composition of [1], wherein the anti-IL-8 antibody is selected from the group consisting 

of: 

(8) the anti-IL-8 antibody of any one of (1) to (7) of [1], which comprises: 20 

 (a) the amino acid sequence of SEQ ID NO: 23 as HVR-H1, 

 (b) the amino acid sequence of SEQ ID NO: 29 as HVR-H2, and 

 (c) the amino acid sequence of SEQ ID NO: 30 as HVR-H3; 

(9) the anti-IL-8 antibody of any one of (1) to (7) of [1], which comprises: 

 (d) the amino acid sequence of SEQ ID NO: 26 as HVR-L1,  25 

 (e) the amino acid sequence of SEQ ID NO: 31 as HVR-L2, and  

 (f) the amino acid sequence of SEQ ID NO: 32 as HVR-L3; 

(10) the anti-IL-8 antibody of any one of (1) to (7) of [1], which comprises: 

 (a) the amino acid sequence of SEQ ID NO: 23 as HVR-H1,  

 (b) the amino acid sequence of SEQ ID NO: 24 as HVR-H2, and  30 

 (c) the amino acid sequence of SEQ ID NO: 30 as HVR-H3; 

(11) the anti-IL-8 antibody of any one of (1) to (7) of [1], which comprises: 

 (d) the amino acid sequence of SEQ ID NO: 26 as HVR-L1,  

 (e) the amino acid sequence of SEQ ID NO: 107 as HVR-L2, and  

 (f) the amino acid sequence of SEQ ID NO: 32 as HVR-L3; 35 

(12) the anti-IL-8 antibody of any one of (1) to (7) of [1], which comprises: 
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 (a) the amino acid sequence of SEQ ID NO: 23 as HVR-H1,  

 (b) the amino acid sequence of SEQ ID NO: 29 as HVR-H2,  

 (c) the amino acid sequence of SEQ ID NO: 30 as HVR-H3,  

 (d) the amino acid sequence of SEQ ID NO: 26 as HVR-L1,  

 (e) the amino acid sequence of SEQ ID NO: 31 as HVR-L2, and  5 

 (f) the amino acid sequence of SEQ ID NO: 32 as HVR-L3; 

(13) the anti-IL-8 antibody of (1) or (2) of [1], which comprises: 

 (a) the amino acid sequence of SEQ ID NO: 23 as HVR-H1,  

 (b) the amino acid sequence of SEQ ID NO: 24 as HVR-H2,  

 (c) the amino acid sequence of SEQ ID NO: 30 as HVR-H3,  10 

 (d) the amino acid sequence of SEQ ID NO: 26 as HVR-L1,  

 (e) the amino acid sequence of SEQ ID NO: 107 as HVR-L2, and  

 (f) the amino acid sequence of SEQ ID NO: 32 as HVR-L3; 

(14) the anti-IL-8 antibody of any one of (1) to (7) of [1], which comprises a heavy chain 

variable region comprising the amino acid sequence of SEQ ID NO: 34 and a light chain variable 15 

region comprising the amino acid sequence of SEQ ID NO: 35; 

(15) the anti-IL-8 antibody of (1) or (2) of [1], which comprises a heavy chain variable region 

comprising the amino acid sequence of SEQ ID NO: 108 and a light chain variable region 

comprising the amino acid sequence of SEQ ID NO: 109; 

(16) the anti-IL-8 antibody of any one of (1) to (7) of [1], which comprises HVR-H1, HVR-H2, 20 

HVR-H3, HVR-L1, HVR-L2, and HVR-L3 which have at least 80% sequence identity with (a) 

HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, (b) HVR-H2 comprising the 

amino acid sequence of SEQ ID NO: 29, (c) HVR-H3 comprising the amino acid sequence of 

SEQ ID NO: 30, (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26, (e) 

HVR-L2 comprising the amino acid sequence of SEQ ID NO: 31, and (f) HVR-L3 comprising 25 

the amino acid sequence of SEQ ID NO: 32, respectively; 

(17) the anti-IL-8 antibody of any one of (1) to (7) of [1], which comprises HVR-H1, HVR-H2, 

HVR-H3, HVR-L1, HVR-L2, and HVR-L3 which have at least 80% sequence identity with (a) 

HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, (b) HVR-H2 comprising the 

amino acid sequence of SEQ ID NO: 24, (c) HVR-H3 comprising the amino acid sequence of 30 

SEQ ID NO: 30, (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26, (e) 

HVR-L2 comprising the amino acid sequence of SEQ ID NO: 107, and (f) HVR-L3 comprising 

the amino acid sequence of SEQ ID NO: 32, respectively; 

(18) the anti-IL-8 antibody of any one of (1) to (7) of [1], which comprises a heavy chain 

variable region and a light chain variable region which have at least 80% sequence identity with 35 

a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 34 and a light 
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chain variable region comprising the amino acid sequence of SEQ ID NO: 35, respectively; and  

(19) the anti-IL-8 antibody of any one of (1) to (7) of [1], which comprises a heavy chain 

variable region and a light chain variable region which have at least 80% sequence identity with 

a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 108 and a 

light chain variable region comprising the amino acid sequence of SEQ ID NO: 109, 5 

respectively. 

[3] A composition for treating or preventing an IL-8-related disease, which comprises as an 

active ingredient an isolated anti-IL-8 antibody that binds to human IL-8, wherein the 

IL-8-related disease is selected from the group consisting of:  

endometriosis; adenomyosis; dysmenorrhea; adhesion; fibrotic diseases; pain in endometriosis, 10 

adenomyosis, or dysmenorrhea; infertility; and pain resulting from adhesion, fibrosis, or 

inflammation, 

and wherein the anti-IL-8 antibody is selected from the group consisting of: 

 (I) an anti-IL-8 antibody which comprises an Fc region comprising amino acid 

substitution at one or more positions selected from the group consisting of positions 235, 236, 15 

239, 327, 330, 331, 428, 434, 436, 438, and 440 according to EU numbering; 

 (II) an anti-IL-8 antibody which comprises an Fc region comprising amino acid 

substitution at all positions selected from the group consisting of positions 434, 438, and 440 

according to EU numbering; 

 (III) an anti-IL-8 antibody which comprises an Fc region comprising all of amino acid 20 

substitution with Ala at position 434; amino acid substitution with Glu, Arg, Ser, or Lys at 

position 438; and amino acid substitution with Glu, Asp, or Gln at position 440, according to EU 

numbering; 

 (IV) an anti-IL-8 antibody which comprises an Fc region comprising all of amino acid 

substitution with Ala at position 434; amino acid substitution with Glu, Arg, Ser, or Lys at 25 

position 438; and amino acid substitution with Glu, Asp, or Gln at position 440, and further 

comprising Ile or Leu at position 428, and/or Ile, Leu, Val, Thr, or Phe at position 436, according 

to EU numbering; 

 (V) an anti-IL-8 antibody which comprises an Fc region comprising one or more amino 

acid substitutions selected from the group consisting of L235R, G236R, S239K, A327G, A330S, 30 

P331S, M428L, N434A, Y436T, Q438R, and S440E according to EU numbering; 

 (VI) an anti-IL-8 antibody which comprises an Fc region comprising a combination of 

amino acid substitutions selected from the group consisting of: 

N434A/Q438R/S440E;  

N434A/Q438R/S440D; 35 

N434A/Q438K/S440E;  
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N434A/Q438K/S440D; 

N434A/Y436T/Q438R/S440E;  

N434A/Y436T/Q438R/S440D; 

N434A/Y436T/Q438K/S440E;  

N434A/Y436T/Q438K/S440D; 5 

N434A/Y436V/Q438R/S440E;  

N434A/Y436V/Q438R/S440D; 

N434A/Y436V/Q438K/S440E;  

N434A/Y436V/Q438K/S440D; 

N434A/R435H/F436T/Q438R/S440E; N434A/R435H/F436T/Q438R/S440D; 10 

N434A/R435H/F436T/Q438K/S440E; N434A/R435H/F436T/Q438K/S440D; 

N434A/R435H/F436V/Q438R/S440E; N434A/R435H/F436V/Q438R/S440D; 

N434A/R435H/F436V/Q438K/S440E; N434A/R435H/F436V/Q438K/S440D; 

M428L/N434A/Q438R/S440E;  

M428L/N434A/ Q438R/S440D; 15 

M428L/N434A/Q438K/S440E;  

M428L/N434A/ Q438K/S440D; 

M428L/N434A/Y436T/Q438R/S440E; M428L/N434A/Y436T/Q438R/S440D; 

M428L/N434A/Y436T/Q438K/S440E; M428L/N434A/Y436T/Q438K/S440D; 

M428L/N434A/Y436V/Q438R/S440E; M428L/N434A/Y436V/Q438R/S440D; 20 

M428L/N434A/Y436V/Q438K/S440E; and M428L/N434A/Y436V/Q438K/S440D 

according to EU numbering; 

(VII) an anti-IL-8 antibody which comprises an Fc region comprising a combination of amino 

acid substitutions: 

L235R/G236R/S239K/M428L/N434A/Y436T/Q438R/S440E; or 25 

L235R/G236R/A327G/A330S/P331S/M428L/N434A/Y436T/Q438R/S440E, 

according to EU numbering; and 

(VIII) an anti-IL-8 antibody comprising the Fc region of any one of (I) to (VII) above, wherein 

the Fc region has at least one property selected from the group consisting of (a) to (e) below:  

 (a) the FcRn-binding affinity of the Fc region at an acidic pH has been increased relative 30 

to the FcRn-binding affinity of a native Fc region; 

 (b) the binding affinity of the Fc region for a pre-existing ADA has been reduced 

relative to the binding affinity of a native Fc region for the pre-existing ADA; 

 (c) the plasma half-life of the Fc region has been increased relative to the plasma 

half-life of a native Fc region; 35 

 (d) the plasma clearance of the Fc region has been reduced relative to the plasma 
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clearance of a native Fc region; and 

 (e) the binding affinity of the Fc region for an effector receptor has been reduced 

relative to the binding affinity of a native Fc region for the effector receptor. 

[4] A composition for treating of preventing an IL-8-related disease, which comprises as an 

active ingredient an isolated anti-IL-8 antibody that binds to human IL-8, wherein the 5 

IL-8-related disease is selected from the group consisting of: 

endometriosis; adenomyosis; dysmenorrhea; adhesion; fibrotic diseases; pain in endometriosis, 

adenomyosis, or dysmenorrhea; infertility; and pain resulting from adhesion, fibrosis, or 

inflammation, 

and wherein the anti-IL-8 antibody is selected from the group consisting of: 10 

(A) an anti-IL-8 antibody comprising a heavy chain comprising the amino acid sequence of SEQ 

ID NO: 36 and a light chain comprising the amino acid sequence of SEQ ID NO: 38; 

(B) an anti-IL-8 antibody comprising a heavy chain comprising the amino acid sequence of SEQ 

ID NO: 37 and a light chain comprising the amino acid sequence of SEQ ID NO: 38; 

(C) an anti-IL-8 antibody comprising a heavy chain comprising the amino acid sequence of SEQ 15 

ID NO: 106 and a light chain comprising the amino acid sequence of SEQ ID NO: 44; 

(D) an anti-IL-8 antibody comprising heavy and light chains which have at least 80% sequence 

identity with a heavy chain comprising the amino acid sequence of SEQ ID NO: 36 and a light 

chain comprising the amino acid sequence of SEQ ID NO: 38, respectively; 

(E) an anti-IL-8 antibody comprising heavy and light chains which have at least 80% sequence 20 

identity to a heavy chain comprising the amino acid sequence of SEQ ID NO: 37 and a light 

chain comprising the amino acid sequence of SEQ ID NO: 38, respectively; and 

(F) an anti-IL-8 antibody comprising heavy and light chains which have at least 80% sequence 

identity with a heavy chain comprising the amino acid sequence of SEQ ID NO: 106 and a light 

chain comprising the amino acid sequence of SEQ ID NO: 44, respectively. 25 

[5] The composition of any one of [1] to [4], wherein the fibrotic disease is selected from the 

group consisting of fibrosis in endometriosis or adenomyosis, chronic obstructive pulmonary 

disease (COPD), cystic fibrosis, psoriasis, hepatic fibrosis, renal fibrosis, and pulmonary fibrosis. 

[6] A composition for treating or preventing an IL-8-related disease, which comprises an IL-8 

signal inhibitor as an active ingredient, wherein the IL-8-related disease is selected from the 30 

group consisting of human endometriosis; adenomyosis; dysmenorrhea; adhesion; pain in human 

endometriosis, adenomyosis, or dysmenorrhea; infertility; and pain resulting from adhesion, 

fibrosis, or inflammation. 

[7] The composition of [6] for suppressing infiltration of immune cells to a lesion or surrounding 

environment thereof in an IL-8-related disease. 35 

[8] The composition of [6] or [7] for inhibiting the production of aromatase or a fibrotic factor. 



12 

 

[9] The composition of any one of [6] to [8], which does not affect the sexual cycle. 

[10] The composition of any one of [6] to [9] for suppressing adhesion or fibrosis in 

endometriosis or adenomyosis. 

[11] The composition of any one of [6] to [10] for (1) atrophying endometrial epithelial cells or 

stromal cells in an endometriosis or adenomyosis patient, or (2) reducing endometrial 5 

interstitium in endometriosis.  

[12] The composition of any one of [6] to [11], wherein dysmenorrhea is dysmenorrhea with 

endometriosis or adenomyosis, or is dysmenorrhea suspected of endometriosis or adenomyosis. 

[13] The composition of [6] wherein adhesion is formed after surgery.  

[14] The composition of any one of [6] to [13], wherein the IL-8 signal inhibitor is an IL-8 10 

inhibitor, a CXCR1 inhibitor, or a CXCR2 inhibitor. 

[15] The composition of [14] wherein the IL-8 inhibitor, the CXCR1 inhibitor, or the CXCR2 

inhibitor is an anti-IL-8 antibody, an anti-CXCR1 antibody, or an anti-CXCR2 antibody, 

respectively. 

[16] The composition of any one of [1] to [5] for suppressing the infiltration of immune cells to a 15 

lesion of an IL-8-related disease or adjacent environment thereof. 

[17] The composition of any one of [1] to [5] for inhibiting the production of aromatase or a 

fibrotic factor. 

[18] The composition of any one of [1] to [5], which does not affect the sexual cycle. 

[19] The composition of any one of [1] to [5] for suppressing adhesion or fibrosis in 20 

endometriosis or adenomyosis. 

[20] The composition of any one of [1] to [5] for: 

(1) atrophying endometrial epithelial cells or stromal cells in an endometriosis or adenomyosis 

patient, or 

(2) reducing endometrial interstitium in endometriosis. 25 

[21] The composition of any one of [1] to [5], wherein the dysmenorrhea has endometriosis or 

adenomyosis, or is suspected of being endometriosis or adenomyosis. 

[22] The composition of any one of [1] to [5], wherein the adhesion is formed after surgery. 

[23] The composition of any one of [1] to [22], wherein the IL-8-related disease is responsive to 

an IL-8 signal.  30 

[24] The composition of any one of [1] to [23], which additionally comprises a pharmaceutically 

acceptable carrier. 

[25] The composition of any one of [1] to [5] and [16] to [24], wherein the endometriosis is 

human endometriosis. 

[A1] An anti-IL-8 antibody defined in any one of [1] to [5] and [16] to [25] for use in treating or 35 

preventing an IL-8-related disease which is selected from the group consisting of: 



13 

 

endometriosis; adenomyosis; dysmenorrhea; adhesion; fibrotic diseases; pain in endometriosis, 

adenomyosis, or dysmenorrhea; infertility; and pain resulting from adhesion, fibrosis, or 

inflammation. 

[A2] An IL-8 signal inhibitor defined in any one of [6] to [15] and [23] to [25] for use in treating 

or preventing an IL-8-related disease which is selected from the group consisting of: 5 

human endometriosis; adenomyosis; dysmenorrhea; adhesion; pain in human endometriosis, 

adenomyosis, or dysmenorrhea; infertility; and pain resulting from adhesion, fibrosis, or 

inflammation. 

[A3] A method for treating or preventing an IL-8-related disease which is selected from the 

group consisting of: 10 

endometriosis; adenomyosis; dysmenorrhea; adhesion; fibrotic diseases; pain in endometriosis, 

adenomyosis, or dysmenorrhea; infertility; and pain resulting from adhesion, fibrosis, or 

inflammation, wherein the method comprises administering to a subject in need thereof the 

anti-IL-8 antibody defined in any one of [1] to [5] and [16] to [25], or the composition of any 

one of [1] to [5] and [16] to [25] (wherein the subject in need thereof may be a subject suffering 15 

or suspected to suffer from the IL-8-related disease). 

[A4] A method for treating or preventing an IL-8-related disease which is selected from the 

group consisting of: 

human endometriosis; adenomyosis; dysmenorrhea; adhesion; pain in human endometriosis, 

adenomyosis, or dysmenorrhea; infertility; and pain resulting from adhesion, fibrosis, or 20 

inflammation, wherein the method comprises administering to a subject in need thereof the IL-8 

signal inhibitor defined in any one of [6] to [15] and [23] to [25], or the composition of any one 

of [6] to [15] and [23] to [25] (wherein the subject in need thereof may be a subject suffering or 

suspected to suffer from the IL-8-related disease). 

[A5] Use of the anti-IL-8 antibody defined in any one of [1] to [5] and [16] to [25], in producing 25 

a medicament for treating or preventing an IL-8-related disease which is selected from the group 

consisting of: 

endometriosis; adenomyosis; dysmenorrhea; adhesion; fibrotic diseases; pain in endometriosis, 

adenomyosis, or dysmenorrhea; infertility; and pain resulting from adhesion, fibrosis, or 

inflammation. 30 

[A6] Use of the IL-8 signal inhibitor defined in any one of [6] to [15] and [23] to [25], in 

producing a medicament for treating or preventing an IL-8-related disease which is selected from 

the group consisting of: 

human endometriosis; adenomyosis; dysmenorrhea; adhesion; pain in human endometriosis, 

adenomyosis, or dysmenorrhea; infertility; and pain resulting from adhesion, fibrosis, or 35 

inflammation. 
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 It is intended, and will be naturally understood by persons with ordinary skill in the art, 

that the present invention includes any combinations of part or all of one or more of the elements 

described in any of the above unless they are technically contradictory based on the common 

technical knowledge of persons with ordinary skill in the art. 

 5 

Brief Description of the Drawings 

 Fig. 1 shows the degree of binding of Fv4-IgG1 having the Fc domain of native human 

IgG1 to rheumatoid factor in the sera of RA patients. 

 Fig. 2 shows the degree of binding of Fv4-YTE to rheumatoid factor in the sera of RA 

patients. 10 

 Fig. 3 shows the degree of binding of Fv4-LS to rheumatoid factor in the sera of RA 

patients. 

 Fig. 4 shows the degree of binding of Fv4-N434H to rheumatoid factor in the sera of RA 

patients. 

 Fig. 5 shows the degree of binding of Fv4-F1847m to rheumatoid factor in the sera of 15 

RA patients. 

 Fig. 6 shows the degree of binding of Fv4-F1848m to rheumatoid factor in the sera of 

RA patients. 

 Fig. 7 shows the degree of binding of Fv4-F1886m to rheumatoid factor in the sera of 

RA patients. 20 

 Fig. 8 shows the degree of binding of Fv4-F1889m to rheumatoid factor in the sera of 

RA patients. 

 Fig. 9 shows the degree of binding of Fv4-F1927m to rheumatoid factor in the sera of 

RA patients. 

 Fig. 10 shows the degree of binding of Fv4-F1168m to rheumatoid factor in the sera of 25 

RA patients. 

 Fig. 11 shows a mean value of binding to rheumatoid factor in the blood of RA patients 

for each of Fv4-IgG1 and antibodies containing various Fc region variants with increased FcRn 

binding. 

 Fig. 12 shows a time course of the concentration of various anti-human IgE antibodies 30 

in the plasma of cynomolgus monkeys, where OHB-IgG1, which is an anti-human IgE antibody 

having the Fc domain of native human IgG1, and antibodies containing various Fc region 

variants with increased FcRn binding (OHB-LS, OHB-N434A, OHB-F1847m, OHB-F1848m, 

OHB-F1886m, OHB-F1889m, and OHB-F1927m), were each administered. 

 Fig. 13 shows a time course of antibody concentration in the plasma of human FcRn 35 

transgenic mice when Fv4-IgG1, which is an anti-human IL-6 receptor antibody, or Fv4-F1718, 
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which resulted from increasing the FcRn-binding activity of Fv4-IgG1 at an acidic pH, was 

administered. 

 Fig. 14 shows sensorgrams obtained by Biacore measurement of H998/L63 and Hr9 for 

their binding to IL-8 at pH 7.4 and 5.8. 

 Fig. 15 shows a time course of human IL-8 concentration in the plasma of mice when 5 

H998/L63 and H89/L118 were each administered to the mice at 2 mg/kg in combination with 

human IL-8. 

 Fig. 16 shows a time course of human IL-8 concentration in the plasma of mice when 

H89/L118 was administered to the mice at 2 mg/kg or 8 mg/kg in combination with human IL-8. 

 Fig. 17 shows a time course of human IL-8 concentration in the plasma of mice when 10 

H89/L118 and H553/L118 were each administered to the mice at 2 mg/kg or 8 mg/kg in 

combination with human IL-8. 

 Fig. 18-1 shows changes in relative intensity of chemical luminescence depending on 

antibody concentrations of Hr9, H89/L118, and H553/L118 prior to storage in plasma. 

 Fig. 18-2 shows changes in relative intensity of chemical luminescence depending on 15 

antibody concentrations of Hr9, H89/L118, and H553/L118 after one-week storage in plasma. 

 Fig. 18-3 shows changes in relative intensity of chemical luminescence depending on 

antibody concentrations for Hr9, H89/L118, and H553/L118 after two-week storage in plasma. 

 Fig. 19 shows the frequency of ADA occurrence predicted by EpiMatrix for each 

anti-IL-8 antibody (hWS4, Hr9, H89/L118, H496/L118, and H553/L118) and other existing 20 

antibody pharmaceuticals. 

 Fig. 20 shows the frequency of ADA occurrence predicted by EpiMatrix for each 

anti-IL-8 antibody (H496/L118, H496v1/L118, H496v2/L118, H496v3/L118, H1004/L118, and 

H1004/L395) and other existing antibody pharmaceuticals. 

 Fig. 21-1 shows changes in relative intensity of chemical luminescence depending on 25 

antibody concentrations of Hr9, H89/L118, and H1009/L395-F1886s prior to storage in plasma.  

 Fig. 21-2 shows changes in relative intensity of chemical luminescence depending on 

antibody concentrations of Hr9, H89/L118, and H1009/L395-F1886s after one-week storage in 

plasma. 

 Fig. 21-3 shows changes in relative intensity of chemical luminescence depending on 30 

antibody concentrations of Hr9, H89/L118, and H1009/L395-F1886s after two-week storage in 

plasma. 

 Fig. 22 shows a time course of human IL-8 concentration in the plasma of mice when 

H1009/L395, H553/L118, and H998/L63 were each administered to the mice in combination 

with human IL-8. 35 

 Fig. 23 shows the amount of binding of Hr9, H89/L118, or H1009/L395 to extracellular 
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matrix when added alone or in combination with human IL-8 to extracellular matrix. 

 Fig. 24 shows a time course of antibody concentration in the plasma of human FcRn 

transgenic mice when an antibody having the variable region of H1009/L395 and an Fc domain 

(F1942m) that does not bind to FcRn was administered alone or in combination with human 

IL-8. 5 

 Fig. 25 shows the frequency of ADA occurrence predicted by EpiMatrix for 

H1009/L395 and H1004/L395, and for other existing antibody pharmaceuticals. 

 Fig. 26 shows a time course of the concentration of each anti-human IL-8 antibody in 

the plasma of cynomolgus monkeys when H89/L118-IgG1, which comprises the variable region 

of H89/L118 and the Fc domain of native human IgG1, and antibodies comprising various Fc 10 

region variants with increased FcRn binding (H89/L118-F1168m, H89/L118-F1847m, 

H89/L118-F1848m, H89/L118-F1886m, H89/L118-F1889m, and H89/L118-F1927m), were 

each administered to the cynomolgus monkeys.  

 Fig. 27 shows the binding activity of antibodies to various FcγR, where the antibodies 

comprise the variable region of H1009/L395 and their Fc domains are variants (F1886m, F1886s, 15 

and F1974m). 

 Fig. 28 shows a time course of human IL-8 concentration in the plasma of human FcRn 

transgenic mice when anti-IL-8 antibodies were administered to the mice in combination with 

human IL-8.  The anti-IL-8 antibodies are: H1009/L395-IgG1 (2 mg/kg), which comprises the 

variable region of H1009/L395 and the Fc domain of native human IgG1; and 20 

H1009/L395-F1886s (2, 5, or 10 mg/kg), which comprises the variable region of H1009/L395 

and a modified Fc domain. 

 Fig. 29 shows a time course of antibody concentration in the plasma of cynomolgus 

monkeys when Hr9-IgG1 or H89/L118-IgG1, which comprises the Fc region of native human 

IgG1, or H1009/L395-F1886s or H1009/L395-F1974m, which comprises a modified Fc region, 25 

was administered to the cynomolgus monkeys. 

 Fig. 30 is a graph showing the concentration of IL-8 in the cystic fluid of endometriosis 

patients. 

 Fig. 31 shows a laparoscopy recording sheet in which lesions formed by seeding 

endometrial tissues cut into small pieces, and lesions formed by adhesion and suture, are 30 

recorded. 

 Fig. 32 is photographs showing the formation of nodular lesions and adhesion 4 months 

after induction and 12 months after induction (6 months after administration). 

 Fig. 33 is a photograph showing the formation of endometriosis-like proliferative 

endometrial epithelium and stroma 12 months after induction (6 months after administration). 35 

 Fig. 34-1 is a graph showing a high correlation between adhesion r-AFS score and IL-8 
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concentration in the cystic fluid in the monkey endometriosis model. 

 Fig. 34-2 is a graph showing relative volumes of endometriosis nodular lesions after 

administration of vehicle or antibody H1009/L395-F1974m. 

 Fig. 35-1 is a set of graphs showing changes in total r-AFS score, adhesion r-AFS score, 

and size r-AFS score before and after administration of vehicle or antibody 5 

H1009/L395-F1974m. 

 Fig. 35-2 is a graph showing changes in total r-AFS score before and after 

administration of vehicle or antibody H1009/L395-F1974m. 

 Fig. 36 shows histopathological images of the site of transplantation in the vehicle 

group and the antibody H1009/L395-F1974m-administration group 12 months after induction (6 10 

months after administration).  Atrophy of proliferative epithelium and stromal cells, and 

reduction of interstitium were observed in the antibody H1009/L395-F1974m-administration 

group as compared to the vehicle group. 

 Fig. 37 is a set of photographs showing endometrial tissues in the vehicle group and the 

antibody H1009/L395-F1974m-administration group of monkeys with concurrent adenomyosis.  15 

Atrophy of endometrial epithelium, and atrophy and reduction of stromal cells were observed in 

the antibody H1009/L395-F1974m-administration group as compared to the vehicle group. 

 Fig. 38 is a set of photographs concerning post-surgical adhesion, showing 

representative abdominal cavities in the vehicle group and the antibody 

H1009/L395-F1974m-administration group of the monkey endometriosis model. 20 

 Fig. 39 shows an assessment result for the relative migration ability of neutrophils in the 

respective wells supplemented with various reagents, relative to the migration ability of 

neutrophils in a well without IL-8. 

 Fig. 40 shows a result of analyzing the expression level of aromatase when a culture 

supernatant of neutrophils was added to endometriosis cells. 25 

 Fig. 41 shows a result of analyzing the concentration of MCP-1 in the culture fluid of 

neutrophils when IL-8 and an anti-IL-8 antibody were added. 

 Fig. 42 shows a result of analyzing the expression of CTGF in macrophages when IL-8 

and an anti-IL-8 antibody were added. 

 30 

Mode for Carrying Out the Invention 

 Preferred non-limiting embodiments of the present disclosure are described below. 

 It is intended that all elements described in the Examples set forth later will naturally be 

deemed as also being equally described in this “Mode for Carrying Out the Invention” without 

being bound by any limitation of patent practice, custom, law, and the like by which one could 35 

attempt to interpret what is described in the Examples in a limited manner in countries where 
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patent protection is sought by the present patent application. 

 It is intended, and is to be naturally understood by persons with ordinary skill in the art, 

that the present disclosure includes any combinations of some or all of one or more elements 

described anywhere in the present disclosure as long as they are not technically contradictory 

based on the common technical knowledge of the skilled persons. 5 

 Herein, the term “antibody” is used in the broadest sense, and includes, without 

limitation, monoclonal antibodies, polyclonal antibodies, multispecific antibodies (for example, 

bispecific antibodies), and antibody fragments as long as they exhibit desired antigen-binding 

activity. 

 In the present disclosure, an “antibody that binds to the same epitope” as a desired 10 

reference antibody (for example, a reference anti-IL-8 antibody, anti-CXCR1 antibody, or 

anti-CXCR2 antibody) refers to, in one embodiment, an antibody that inhibits the antigen 

binding of a reference antibody which binds to a desired antigen (for example, IL-8, CXCR1, or 

CXCR2) by, for example, 50%, 60%, 70%, 80%, 90%, 95%, or more.  Conversely, the 

reference antibody inhibits the binding of the antibody to the antigen by, for example, 50%, 60%, 15 

70%, 80%, 90%, 95%, or more.  Here, typical competition assays can be used, without 

limitation thereto. 

 Herein, the term “monoclonal antibody" refers to an antibody obtained from a 

substantially homogeneous antibody population.  Specifically, for example, the individual 

antibodies constituting the population are identical and/or bind to the same epitope except for 20 

possible variant antibodies, such as variants generally present in a small amount containing 

naturally occurring mutations or arising during production of a monoclonal antibody preparation.  

In contrast to polyclonal antibody preparations, which typically include different antibodies 

directed against different determinants (epitopes), each monoclonal antibody of a monoclonal 

antibody preparation is directed against a single determinant on an antigen.  Thus, the modifier 25 

"monoclonal" indicates the characteristic of an antibody obtained from a substantially 

homogeneous antibody population, and is not to be construed as requiring the antibody to be 

produced by any particular method.  For example, the monoclonal antibodies of the present 

invention may be produced by various techniques, including but not limited to hybridoma 

methods, recombinant DNA methods, phage-display methods, and methods using transgenic 30 

animals containing all or part of the human immunoglobulin loci.  In one embodiment, the 

antibodies in the present disclosure may be monoclonal antibodies. 

 Herein, the term “native antibody” refers to naturally occurring immunoglobulin 

molecules with various structures.  In one aspect, native IgG antibodies are, for example, but 

are not limited to, heterotetrameric glycoproteins of about 150,000 daltons composed of two 35 

identical light chains and two identical heavy chains which are linked together via disulfide 
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bonds.  In the N- to C-terminus direction, each heavy chain has a variable region (VH) followed 

by three constant regions (CH1, CH2, and CH3).  Likewise, in the N- to C- terminus direction, 

each light chain has a variable region (VL) followed by a constant region (CL).  An antibody 

light chain may be assigned to one of the two types, called kappa (κ) and lambda (λ), based on 

the amino acid sequence of its constant region.  Constant regions used here may be of any 5 

reported allotype (allele) or any subclass/isotype.  For example, the heavy-chain constant region 

used may be, but is not limited to, the constant region of a native IgG antibody (IgG1, IgG2, 

IgG3, or IgG4).  For example, known IgG1 alleles are IGHG1*01 to 05 (see at 

http://www.imgt.org/), and any of these can be used as a native human IgG1 sequence.  

Meanwhile, the constant region sequence may be derived from a single allele or subclass/isotype, 10 

or from multiple alleles or subclasses/isotypes.  Specifically, such antibodies include, but are 

not limited to, antibodies with CH1 derived from IGHG1*01, CH2 derived from IGHG1*02, and 

CH3 derived from IGHG1*01.  The heavy chain constant regions of native human IgG 

antibodies include, for example, human IgG1 constant region (SEQ ID NO: 100), human IgG2 

constant region (SEQ ID NO: 101), human IgG3 constant region (SEQ ID NO: 102), and human 15 

IgG4 constant region (SEQ ID NO: 103).  Meanwhile, the light chain constant regions of native 

human IgG antibodies include, for example, human κ chain constant region (SEQ ID NO: 104) 

and human λ chain constant region (SEQ ID NO: 105). 

 Herein, the term “framework” or “FR” refers to variable region portions other than 

hypervariable region (HVR) residues.  The FRs of a variable region generally consist of four 20 

FR domains: FR1, FR2, FR3, and FR4.  Accordingly, the HVR and FR sequences generally 

appear in VH (or VL) in the following sequence: FR1-H1(L1)-FR2-H2(L2)-FR3-H3(L3)-FR4. 

 Herein, the term "human consensus framework" is a framework which represents the 

most commonly occurring amino acid residues in a selection of human immunoglobulin VL or 

VH framework sequences.  Generally, human immunoglobulin VL or VH sequences are 25 

selected from a subgroup of variable region sequences.  Generally, the subgroup of sequences is 

a subgroup as in Kabat et al., Sequences of proteins of Immunological Interest, 5th Ed. Public 

Health Service, National Institutes of Health, Bethesda, MD (1991).  In one embodiment, for 

the VL, the subgroup may be subgroup κI as in Kabat et al., supra.  In one embodiment, for the 

VH, the subgroup may be subgroup III as in Kabat et al., supra. 30 

 Herein, an "acceptor human framework" is a framework comprising the amino acid 

sequence of a VL or VH framework derived from a human immunoglobulin framework or a 

human consensus framework.  An acceptor human framework "derived from" a human 

immunoglobulin framework or a human consensus framework may comprise the same amino 

acid sequence thereof, or it may contain pre-existing amino acid sequence substitutions.  In one 35 

embodiment, the number of pre-existing amino acid substitutions is 10, 9, 8, 7, 6, 5, 4, 3, or 2 or 
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less.  In one embodiment, the VL acceptor human framework is identical in sequence to the VL 

human immunoglobulin framework sequence or human consensus framework sequence. 

 Herein, the term “variable region” refers to a domain of an antibody heavy or light chain 

that is involved in the binding of the antibody to a desired antigen.  The variable regions of the 

heavy chain and light chain (VH and VL, respectively) of a native antibody generally have 5 

similar structures, with each domain comprising four conserved framework regions (FRs) and 

three hypervariable regions (HVRs) (Kindt et al. Kuby Immunology, 6th ed., W.H. Freeman and 

Co., 2007 p. 91).  In one embodiment, a single VH or VL domain is sufficient to confer 

antigen-binding specificity, but is not limited thereto.  Furthermore, antibodies that bind to a 

particular antigen may be isolated using a VH or VL domain from an antibody that binds to the 10 

antigen, to screen a library of complementary VL or VH domains, respectively (e.g., Portolano et 

al., J. Immunol. 150:880-887 (1993); Clarkson et al., Nature 1991 352:624-628). 

 Herein, the term “hypervariable region” or “HVR” refers to each of the regions of an 

antibody variable domain which are hypervariable in sequence (“complementarity determining 

region” or “CDR”), and/or form structurally defined loops ("hypervariable loops"), and/or 15 

contain antigen-contacting residues (“antigen contacts”).  Generally, antibodies comprise six 

HVRs: three in the VH (H1, H2, and H3), and three in the VL (L1, L2, and L3).  Exemplary 

HVRs include: 

(a) hypervariable loops occurring at amino acid residues 26-32 (L1), 50-52 (L2), 91-96 (L3), 

26-32 (H1), 53-55 (H2), and 96-101 (H3) (Chothia and Lesk, J. Mol. Biol. 196:901-917 (1987)); 20 

(b) CDRs occurring at amino acid residues 24-34 (L1), 50-56 (L2), 89-97 (L3), 31-35b (H1), 

50-65 (H2), and 95-102 (H3) (Kabat et al., Sequences of Proteins of Immunological Interest, 5th 

Ed. Public Health Service, National Institutes of Health, Bethesda, MD (1991)); 

(c) antigen contacts occurring at amino acid residues 27c-36 (L1), 46-55 (L2), 89-96 (L3), 

30-35b (H1), 47-58 (H2), and 93-101 (H3) (MacCallum et al., J. Mol. Biol. 262: 732-745 25 

(1996)); and  

(d) combinations of (a), (b), and/or (c), including HVR amino acid residues 46-56 (L2), 47-56 

(L2), 48-56 (L2), 49-56 (L2), 26-35 (H1), 26-35b (H1), 49-65 (H2), 93-102 (H3), and 94-102 

(H3). 

 Unless otherwise indicated, HVR residues and other residues within the variable regions 30 

(for example, FR residues) are numbered herein according to the Kabat et al., supra.  

 Herein, an "individual" refers to a mammal.  Mammals include, but are not limited to, 

domesticated animals (for example, cows, sheep, cats, dogs, and horses), primates (e.g., humans 

and non-human primates such as monkeys), rabbits, and rodents (e.g., mice and rats).  In one 

embodiment, the "individual" is preferably a mammal that naturally possesses IL-8 in its body, 35 

more preferably an animal with menstruation similar to that of humans, for example, a 
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nonhuman primate, and yet more preferably a human.  Herein, the term “individual” is used 

interchangeably with “subject” unless it is inconsistent with the context. 

 Herein, an “isolated” antibody is one which has been separated from a component of its 

natural environment.  In one embodiment, an antibody can be purified to, for example, 95% or 

higher, or 99% or higher purity, for example, in a chromatographic manner (for example, 5 

ion-exchange or reverse phase HPLC) or an electrophoretic manner (for example, SDS-PAGE, 

isoelectric focusing (IEF), or capillary electrophoresis).  For methods for assessment of 

antibody purity, see, for example, Flatman et al., J. Chromatogr. B 848:79-87 (2007).  In one 

aspect, an “isolated” antibody in the present disclosure can be referred to as a “purified” 

antibody. 10 

 Herein, an "isolated" nucleic acid refers to a nucleic acid molecule that has been 

separated from a component of its natural environment.  A nucleic acid includes a nucleic acid 

molecule that is contained in cells that ordinarily contain the nucleic acid molecule, but the 

nucleic acid molecule is present extrachromosomally or at a chromosomal location that is 

different from its natural chromosomal location. 15 

 Herein, the term "affinity" may typically refer to the strength of the sum total of 

noncovalent interactions between a single binding site of a molecule (for example, an antibody 

or a chemical compound) and its binding partner (for example, an antigen).  Unless indicated 

otherwise, the term "binding affinity" in the present disclosure refers to intrinsic binding affinity 

which reflects 1:1 interaction between members of a binding pair (for example, an antibody or 20 

chemical compound and an antigen).  The affinity of a molecule X for its partner Y can 

generally be represented by the dissociation constant (KD).  Binding affinity can be measured 

using methods known to those skilled in the art, including those described in the present 

disclosure. 

 In one embodiment, an antibody that binds to an antigen such as IL-8, CXCR1, or 25 

CXCR2 may have a dissociation constant (KD) of, for example, ≤1000 nM, ≤100 nM, ≤10 nM, 

≤1 nM, ≤0.1 nM, ≤0.01 nM, or ≤0.001 nM (for example, 10
-8 

M or less, from 10
-8

 M to 10
-13 

M, 

or from 10
-9

 M to 10
-13 

M). 

 Herein, the terms "host cell” and "host cell line" are used interchangeably and refer to 

cells into which exogenous nucleic acid has been introduced (including the progeny of such 30 

cells).  Host cells include "transformants" and "transformed cells", which include the primary 

transformed cell and progeny derived therefrom without regard to the number of passages.  

Progeny may not be completely identical in nucleic acid content to a parent cell, but may contain 

mutations.  Mutant progeny that have the same function or biological activity as screened or 

selected for in the original transformed cell are also included herein. 35 

 Herein, the term "vector" refers to a nucleic acid molecule capable of propagating 
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another nucleic acid to which it is linked.  The term includes the vector as a self-replicating 

nucleic acid structure as well as the vector incorporated into the genome of a host cell into which 

it has been introduced.  Certain vectors are capable of directing the expression of nucleic acids 

to which they are operatively linked.  Such vectors are also referred to herein as "expression 

vectors." 5 

 In one embodiment, an antibody in the present disclosure (for example, an anti-IL-8 

antibody, anti-CXCR1 antibody, or anti-CXCR2 antibody) may be an antibody fragment.  

Antibody fragments may include, for example, Fab, Fab', Fab'-SH, F(ab')2, Fv, scFv fragments, 

diabodies, and single-domain antibodies.  For a review of antibody fragments, see, for example, 

Hudson et al., Nat. Med. 9:129-134 (2003).  For a review of scFv fragments, see, for example, 10 

Pluckthun, in The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and Moore eds., 

(Springer-Verlag, New York), pp. 269-315 (1994); WO93/16185; US Patent No.5,571,894; and 

US Patent No.5,587,458. 

 Herein, “diabodies” are antibody fragments with two antigen-binding sites that may be 

bivalent or bispecific (See, for example, EP404,097; WO1993/01161; Hudson et al., Nat. Med. 15 

9:129-134 (2003); Hollinger et al., Proc. Natl. Acad. Sci. USA 90: 6444-6448 (1993)).  

Triabodies and tetrabodies are described, for example, in Hudson et al., Nat. Med. 9:129-134 

(2003). 

 Herein, a “single-domain antibody” is an antibody fragment comprising the whole or a 

portion of the heavy chain variable domain or the whole or a portion of the light chain variable 20 

domain of an antibody.  In one embodiment, when an antibody in the present disclosure is a 

single-domain antibody, it may be a human single-domain antibody (see, for example, Domantis, 

Inc., Waltham, MA; US Patent No. 6,248,516).  Antibody fragments can be made by various 

techniques, including but not limited to, for example, proteolytic digestion of an intact antibody 

as well as production using recombinant host cells as described herein. 25 

 Herein, the term “chimeric antibody” refers to an antibody in which a portion of the 

heavy and/or light chain is derived from a particular source or species, while the remainder of the 

heavy and/or light chain is derived from a different source or species.  

 Herein, a “humanized” antibody refers to a chimeric antibody comprising amino acid 

residues from non-human HVRs and amino acid residues from human FRs.  In one embodiment, 30 

a humanized antibody comprises substantially at least one, and typically two, variable regions, in 

which all (or substantially all) of the HVRs correspond to the HVRs (for example, CDRs) of a 

nonhuman antibody, and all (or substantially all) of the FRs correspond to those of a human 

antibody.  A humanized antibody may optionally comprise at least a portion of an antibody 

constant region derived from a human antibody. 35 

 In one embodiment, an antibody in the present disclosure (for example, an anti-IL-8 



23 

 

antibody, anti-CXCR1 antibody, or anti-CXCR2 antibody) may be a chimeric antibody.  

Chimeric antibodies are described, for example, in US Patent No. 4,816,567; and Morrison et al., 

Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984).  A chimeric antibody may comprise a 

non-human variable region (for example, a variable region derived from a non-human primate 

such as a monkey, or a mouse, a rat, a hamster, or a rabbit) and a human constant region.  5 

 In one embodiment, an antibody in the present disclosure (for example, an anti-IL-8 

antibody, anti-CXCR1 antibody, or anti-CXCR2 antibody) may be a humanized antibody.  

Typically, a non-human antibody is humanized to reduce immunogenicity in humans, while 

retaining the specificity and affinity of the parental non-human antibody.  Typically, a 

humanized antibody comprises one or more variable regions in which HVRs, for example, CDRs 10 

(or portions thereof) are derived from a nonhuman antibody, and FRs (or portions thereof) are 

derived from human antibody sequences.  A humanized antibody may also optionally comprise 

at least a portion of a human constant region.  In one embodiment, some FR amino acid 

residues in a humanized antibody may be substituted with corresponding amino acid residues 

from a non-human antibody (for example, the antibody from which the HVR residues are 15 

derived), for example, to retain or improve antibody specificity or affinity. 

 Humanized antibodies and methods of making them are reviewed, for example, in 

Almagro and Fransson, Front. Biosci. 13:1619-1633 (2008)), and are further described, for 

example, in: Riechmann et al., Nature 332:323-329 (1988); Queen et al., Proc. Nat'l Acad. Sci. 

USA 86:10029-10033 (1989); US Patent Nos. 5, 821,337, 7,527,791, 6,982,321, and 7,087,409; 20 

Kashmiri et al., Methods 36:25-34 (2005) (describing specificity determining region (SDR) 

grafting); Padlan, Mol. Immunol. 28:489-498 (1991) (describing "resurfacing"); Dall'Acqua et 

al., Methods 36:43-60 (2005) (describing "FR shuffling"); and Osbourn et al., Methods 36:61-68 

(2005) and Klimka et al., Br. J. Cancer, 83:252-260 (2000) (describing the "guided selection" 

approach to FR shuffling). 25 

 In one embodiment, human framework that may be used for humanization may include, 

for example, framework regions selected using the "best-fit" method (Sims et al., J. Immunol. 

151:2296 (1993)); framework regions derived from the consensus sequence of human antibodies 

of a particular subgroup of light or heavy chain variable regions (Carter et al., Proc. Natl. Acad. 

Sci. USA, 89:4285 (1992) and Presta et al., J. Immunol., 151:2623 (1993)); and framework 30 

regions derived from screening of FR libraries (Baca et al., J. Biol. Chem. 272:10678-10684 

(1997); and Rosok et al., J. Biol. Chem. 271:22611-22618 (1996)). 

 In one embodiment, an antibody in the present disclosure (for example, an anti-IL-8 

antibody, anti-CXCR1 antibody, or anti-CXCR2 antibody) may be a human antibody.  Human 

antibodies can be produced by various techniques.  Human antibodies are reviewed, for 35 

example, in: van Dijk and van de Winkel, Curr. Opin. Pharmacol. 5: 368-374 (2001); and 
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Lonberg, Curr. Opin. Immunol. 20:450-459 (2008).  Human antibodies may be prepared by 

administering an antigen (for example, IL-8, CXCR1, or CXCR2) to a transgenic animal that has 

been modified to produce intact human antibodies or intact antibodies with human variable 

regions in response to the antigen.  Such animals typically contain all or a portion of the human 

immunoglobulin loci, which replace the endogenous immunoglobulin loci, or which are present 5 

extrachromosomally or integrated randomly into the animal's chromosomes.  In such transgenic 

mice, the endogenous immunoglobulin loci have generally been inactivated.  For review of 

methods for obtaining human antibodies from transgenic animals, see Lonberg, Nat. Biotech. 

23:1117-1125 (2005).  See also, for example, US Patent Nos. 6,075,181 and 6,150,584 

describing XENOMOUSE™ technology; US Patent No. 5,770,429 describing HUMAB® 10 

technology; US Patent No. 7,041,870 describing K-M MOUSE® technology; and 

US2007/0061900 describing VELOCIMOUSE® technology.  Human variable regions from 

intact antibodies generated by such animals may be further modified, for example, by combining 

them with a different human constant region. 

 In another embodiment, human antibodies can also be made by hybridoma-based 15 

methods.  Human myeloma and mouse-human heteromyeloma cell lines for the production of 

human monoclonal antibodies are described below (for example, Kozbor J. Immunol., 133: 3001 

(1984); Brodeur et al., Monoclonal Antibody Production Techniques and Applications, pp.51-63 

(Marcel Dekker, Inc., New York, 1987); and Boerner et al., J. Immunol., 147: 86 (1991)).  

Human antibodies generated via human B-cell hybridoma technology are described in Li et al., 20 

Proc. Natl. Acad. Sci. USA, 103:3557-3562 (2006).  Additional methods include those 

described, for example, in US Patent No.7,189,826 (describing production of monoclonal human 

IgM antibodies from hybridoma cell lines) and Ni, Xiandai Mianyixue, 26(4):265-268 (2006) 

(describing human-human hybridomas).  Human hybridoma technology (Trioma technology) is 

described in Vollmers and Brandlein, Histology and Histopathology, 20(3):927-937 (2005), and 25 

Vollmers and Brandlein, Methods and Findings in Experimental and Clinical Pharmacology, 

27(3):185-91 (2005). 

 In an alternative embodiment, human antibodies can also be generated by isolating Fv 

clone variable region sequences selected from human-derived phage display libraries.  Such 

variable region sequences can then be combined with a desired human constant region.  30 

Techniques for selecting human antibodies from antibody libraries are described below. 

 In one embodiment, an antibody in the present disclosure (for example, an anti-IL-8 

antibody, anti-CXCR1 antibody, or anti-CXCR2 antibody) may be isolated by screening 

combinatorial libraries for antibodies with one or more desired activities.  For example, a 

variety of methods are known in the art for generating phage display libraries and screening such 35 

libraries for antibodies possessing desired binding characteristics.  Such methods are reviewed 
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in Hoogenboom et al., in Methods in Molecular Biology 178:1-37 (O'Brien et al., ed., Human 

Press, Totowa, NJ, 2001), and further described, for example, in McCafferty et al., Nature 

348:552-554; Clackson et al., Nature 352: 624-628 (1991); Marks et al., J. Mol. Biol. 222: 

581-597 (1992); Marks and Bradbury, Molecular Biology 248:161-175 (Lo, ed., Human Press, 

Totowa, NJ, 2003);  Sidhu et al., J. Mol. Biol. 338(2): 299-310 (2004); Lee et al., J. Mol. Biol. 5 

340(5): 1073-1093 (2004); Fellouse, Proc. Natl. Acad. Sci. USA 101(34):12467-12472 (2004); 

and Lee et al., J. Immunol. Methods 284(1-2): 119-132(2004). 

 In certain phage display methods in one embodiment, VH and VL repertoires can be 

separately cloned by polymerase chain reaction (PCR) and recombined randomly in phage 

libraries, which may then be screened for antigen-binding phage as described in Winter et al., 10 

Ann. Rev. Immunol., 12: 433-455 (1994).  The phages display antibody fragments, for example, 

scFv and Fab.  Libraries from immunized sources can provide high-affinity antibodies to the 

immunogen without the requirement of constructing hybridomas.  In an alternative embodiment, 

the naive repertoire can also be cloned (for example, from human) to provide a single source of 

antibodies to a wide range of non-self and also self-antigens without any immunization as 15 

described in Griffiths et al., EMBO J, 12: 725-734 (1993).  In yet another embodiment, naive 

libraries can also be made synthetically by cloning non-rearranged V-gene segments from stem 

cells, and using PCR primers containing random sequence to encode the hypervariable region 

CDR3 and to accomplish rearrangement in vitro, as described in Hoogenboom and Winter, J. 

Mol. Biol., 227: 381-388 (1992).  Patent publications describing human antibody phage 20 

libraries include, for example: US Patent No. 5,750,373; US2005/0079574; US2005/0119455; 

US2005/0266000; US2007/0117126; US2007/0160598; US2007/0237764; US2007/0292936; 

and US2009/0002360. 

 Antibodies or antibody fragments isolated from human antibody libraries are considered 

human antibodies or human antibody fragments herein. 25 

 In one embodiment, an antibody in the present disclosure (for example, an anti-IL-8 

antibody, anti-CXCR1 antibody, or anti-CXCR2 antibody) is a multispecific antibody (for 

example, a bispecific antibody).  Multispecific antibodies are antibodies (for example, 

monoclonal antibodies) that have binding specificities for at least two different sites.  In one 

embodiment, one of the binding specificities is for an antigen (for example, IL-8, CXCR1, or 30 

CXCR2) and the other is for any other antigen.  In another embodiment, a bispecific antibody 

may bind to different two epitopes of an antigen (for example, IL-8, CXCR1, or CXCR2).  

Bispecific antibodies may be used to localize cytotoxic agents to cells which express the antigen 

(for example, IL-8, CXCR1, or CXCR2).  Bispecific antibodies can be prepared as full-length 

antibodies or antibody fragments. 35 

 Techniques for producing multispecific antibodies include, but are not limited to, 
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recombinant co-expression of two immunoglobulin heavy chain-light chain pairs having 

different specificities (for example, Milstein and Cuello, Nature 305: 537 (1983); WO93/08829; 

and Traunecker et al., EMBO J. 10: 3655 (1991)), and knob-in-hole engineering (for example, 

US Patent No. 5,731,168).  Multispecific antibodies may also be made by engineering 

electrostatic steering effects for making antibody Fc-heterodimeric molecules (for example, 5 

WO2009/089004A1); cross-linking two or more antibodies or antibody fragments (for example, 

US Patent No. 4,676,980; and Brennan et al., Science, 229: 81 (1985)); using leucine zippers to 

produce bispecific antibodies (for example, Kostelny et al., J. Immunol., 148(5):1547-1553 

(1992)); using "diabody" technology for producing bispecific antibody fragments (for example, 

Hollinger et al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993)); using scFv dimers (for 10 

example, Gruber et al., J. Immunol., 152:5368 (1994)); and preparing trispecific antibodies (for 

example, Tutt et al., J. Immunol. 147: 60 (1991)).  Engineered antibodies with three or more 

functional antigen binding sites, including "octopus antibodies" are also included herein (for 

example, US2006/0025576). 

 In one embodiment, an antibody in the present disclosure (for example, an anti-IL-8 15 

antibody, anti-CXCR1 antibody, or anti-CXCR2 antibody) or an antibody fragment thereof may 

be a "dual acting Fab" or “DAF” comprising an antigen-binding site that binds to an antigen (for 

example, IL-8, CXCR1, or CXCR2) as well as another, different antigen (for example, 

US2008/0069820). 

 In one embodiment, amino acid sequence variants (mutants) of an antibody in the 20 

present disclosure (for example, an anti-IL-8 antibody, anti-CXCR1 antibody, or anti-CXCR2 

antibody) may be prepared by introducing appropriate modifications into the nucleotide 

sequence encoding the antibody, or by peptide synthesis.  Such modifications can be achieved 

by introducing one or more arbitrary deletions, insertions, substitutions of arbitrary amino acids 

(residues), or combinations thereof into the amino acid sequences.  Any combination of 25 

deletion, insertion, and substitution can be used as long as the final construct possesses the 

desired characteristics (for example, antigen binding). 

 In one embodiment, when antibody variants (mutants) having one or more amino acid 

substitutions are provided, sites of interest for substitutional mutagenesis may include the HVRs 

and FRs.  30 

 Conservative substitutions in one embodiment are shown in Table 1 under the heading 

of “Preferred substitutions”, and more substantial changes are shown in Table 1 under the 

heading of “Exemplary substitutions”, and further described below in reference to amino acid 

side chain classes.  Amino acid substitutions may be introduced into an antibody of interest and 

the products may be screened for a desired activity, for example, retained/improved 35 

antigen-binding, reduced immunogenicity, or improved ADCC or CDC. 
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[Table 1] 

 

 

 Amino acids can be grouped based on common side-chain properties: 5 

(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, Ile; 

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln; 

(3) acidic: Asp, Glu; 

(4) basic: His, Lys, Arg; 

(5) residues that influence chain orientation: Gly, Pro; 10 
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(6) aromatic: Trp, Tyr, Phe 

Non-conservative substitutions mean exchanging a member of one of these classes for another 

class. 

 In one embodiment, amino acid insertions include amino- and/or carboxyl-terminal 

fusions of one or two residues, or polypeptides containing three to hundred or more residues, as 5 

well as insertions of single or multiple amino acid residues into an amino acid sequence.  

Examples of terminal insertions include an antibody with an N-terminal methionyl residue.  

Other examples of insertional variants (mutants) include the fusion of the N- and/or C-terminus 

of the antibody to an enzyme (for example, an enzyme for ADEPT) or a polypeptide which 

increases the plasma half-life of the antibody. 10 

 Herein, "percent (%) amino acid sequence identity" with respect to a reference 

polypeptide sequence is defined as the percentage of amino acid residues in a candidate sequence, 

that are identical with the amino acid residues in the reference polypeptide sequence, after 

aligning the sequences and introducing gaps, if necessary, to achieve the maximum percent 

sequence identity, and not considering any conservative substitutions as part of the sequence 15 

identity.  Alignment for purposes of determining percent amino acid sequence identity can be 

achieved in various ways that are within the skill in the art, for example, using publicly available 

computer software such as BLAST, BLAST-2, ALIGN, Megalign (DNASTAR) software, or 

GENETYX®.  Those skilled in the art can determine appropriate parameters for aligning 

sequences, including any algorithms needed to achieve maximal alignment over the full length of 20 

the sequences being compared. 

 The ALIGN-2 sequence comparison computer program was authored by Genentech, 

Inc., and the source code has been filed with user documentation in the U.S. Copyright Office, 

where it is registered under U.S. Copyright Registration No. TXU510087.  The ALIGN-2 

program is publicly available from Genentech, Inc. (South San Francisco, California), or may be 25 

compiled from the source code.  The ALIGN-2 program is compiled for use on a UNIX® 

operating system, including digital UNIX V4.0D.  All sequence comparison parameters are set 

by ALIGN-2 program and do not vary. 

 In situations where ALIGN-2 is employed for amino acid sequence comparisons, the % 

amino acid sequence identity of a given amino acid sequence A to, with, or against a given amino 30 

acid sequence B (which can alternatively be phrased as a given amino acid sequence A that has 

or comprises a certain % amino acid sequence identity to, with, or against a given amino acid 

sequence B) is calculated as follows: 100 times the fraction X/Y, where X is the number of 

amino acid residues scored as identical matches by the sequence alignment program ALIGN-2 in 

that program’s alignment of A and B, and where Y is the total number of amino acid residues in 35 

B.  It will be appreciated that where the length of amino acid sequence A is not equal to the 
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length of amino acid sequence B, the % amino acid sequence identity of A to B will not equal 

the % amino acid sequence identity of B to A.  Unless specifically stated otherwise, all % 

amino acid sequence identity values herein are obtained using the computer program ALIGN-2. 

 In one embodiment, an amino acid sequence which has appropriate substitution, 

deletion, or insertion of one or more amino acids in the amino acid sequence of a CDR region, 5 

heavy chain variable region, light chain variable region, heavy chain constant region, light chain 

constant region, whole heavy chain region, whole light chain region, or any particular region 

thereof, of an antibody in the present disclosure (for example, an anti-IL-8 antibody, 

anti-CXCR1 antibody, or anti-CXCR2 antibody), and has binding activity to an antigen (for 

example, IL-8, CXCR1, or CXCR2), can also be obtained from a nucleic acid that hybridizes 10 

under stringent conditions to a nucleic acid that comprises a nucleotide sequence encoding the 

amino acid sequence of that region.  Exemplary stringent hybridization conditions to isolate a 

nucleic acid that hybridizes under stringent conditions are 6 M urea, 0.4% SDS, 0.5x SSC, and 

37°C, or conditions equivalent or corresponding thereto.  Isolation of nucleic acids with higher 

homology can be expected by using more stringent conditions, for example, 6 M urea, 0.4% SDS, 15 

0.1x SSC, and 42°C.  Conditions of post-hybridization washes include, for example, 0.5x SSC 

(where 1x SSC is, for example, 0.15 M NaCl and 0.015 M sodium citrate, pH 7.0) and 0.1% SDS 

at 60°C, preferably 0.2x SSC and 0.1% SDS at 60°C, more preferably 0.2x SSC and 0.1% SDS 

at 62°C, even more preferably 0.2x SSC and 0.1% SDS at 65°C, and yet more preferably 0.1x 

SSC and 0.1% SDS at 65°C.  The washing time and the number of washes can be appropriately 20 

adjusted; for example, a 20-minute wash may be performed three times.  Isolated nucleic acid 

can be sequenced by known methods. 

 In an alternative embodiment, instead of the above hybridization techniques, gene 

amplification methods, for example, PCR, using primers synthesized based on the information of 

the nucleotide sequence encoding the amino acid sequence of the CDR region, heavy chain 25 

variable region, light chain variable region, heavy chain constant region, light chain constant 

region, whole heavy chain region, whole light chain region, or any particular region thereof, can 

also be employed to isolate a nucleic acid that hybridizes under stringent conditions to a nucleic 

acid comprising a nucleotide sequence that encodes the amino acid sequence of that region. 

 A nucleic acid thus isolated has at least 50% or higher, preferably 70 % or higher, 75% 30 

or higher, 80% or higher, 85% or higher, and more preferably 90% or higher (for example, 91%, 

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% or higher) overall sequence identity to the 

nucleotide sequence of the region of interest.  An antibody having the amino acid sequence 

encoded by such an isolated nucleic acid is advantageous if it is functionally (substantially) 

equivalent (for example, any one or more indicators or characteristics such as antigen binding or 35 

retention in blood are (substantially) equivalent) to the antibody having the amino acid sequence 
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of the region of interest; however, it is not limited thereto.  Here, the term “substantially” is 

intended to mean retaining at least 50% or more, preferably 70% or more, 75% or more, 80% or 

more, 85% or more, and more preferably 90% or more (for example, 91%, 92%, 93%, 94%, 95%, 

96%, 97%, 98%, or 99% or more) of the function (for example, it is possible to focus on any one 

or more indicators or characteristics such as antigen binding and retention in blood) as compared 5 

to the function possessed by the antibody having the amino acid sequence of the region of 

interest, when assessed by methods known to those skilled in the art. 

 In one embodiment, an antibody in the present disclosure (for example, an anti-IL-8 

antibody, anti-CXCR1 antibody, or anti-CXCR2 antibody) may be glycosylated.  Addition or 

deletion of glycosylation sites to an antibody can readily be accomplished by altering the amino 10 

acid sequence such that glycosylation sites are created or removed. 

 In one embodiment, where an antibody in the present disclosure (for example, anti-IL-8 

antibody, anti-CXCR1 antibody, or anti-CXCR2 antibody) comprises an Fc region, sugar chains 

that can be attached to the Fc domain may vary.  Naive antibodies produced by animal cells 

typically contain a branched, biantennary oligosaccharide, which is attached via an N-linkage to 15 

Asn297 of the CH2 domain of the Fc region (Wright et al. TIBTECH 15:26-32 (1997)).  The 

oligosaccharide includes, for example, mannose, N-acetylglucosamine (GlcNAc), galactose, and 

sialic acid, as well as fucose attached to GlcNAc in the "stem" of the biantennary oligosaccharide 

structure.  In one embodiment, modifications of the oligosaccharide in an antibody of the 

present disclosure may be made to create antibody variants having certain improved properties. 20 

 Herein, “effector functions” refer to biologically activities attributable to the Fc region 

of an antibody (for example, an anti-IL-8 antibody, anti-CXCR1 antibody, or anti-CXCR2 

antibody), and can vary with the antibody isotype.  Examples of antibody effector functions 

include, but are not limited to, C1q binding or complement-dependent cytotoxicity (CDC); Fc 

receptor binding; antibody-dependent cell-mediated cytotoxicity (ADCC); phagocytosis; down 25 

regulation of cell surface receptors (for example, B cell receptor); and B cell activation. 

 The term “Fc region” herein is used to define the C-terminal region of an 

immunoglobulin heavy chain that contains at least a portion of the constant region.  The term 

includes native Fc regions and variant Fc regions.  The native Fc region refers to the Fc region 

of a native antibody.  Examples of the Fc region of native human IgG include, for example, the 30 

Fc region contained in the human IgG1 constant region (SEQ ID NO: 100), human IgG2 

constant region (SEQ ID NO: 101), human IgG3 constant region (SEQ ID NO: 102), or human 

IgG4 constant region (SEQ ID NO: 103) described above.  In one embodiment, the Fc region of 

a human IgG heavy chain extends from Cys226, or from Pro230, to the C terminus of the heavy 

chain.  However, the C-terminal lysine (Lys447) of the Fc region, or the C-terminal glycine 35 

(Gly446) and lysine (Lys447) of the Fc domain may or may not be present.  Unless otherwise 
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specified herein, numbering of amino acid residues in the Fc region or constant region is 

according to the EU numbering system, also called the EU index, as described in Kabat et al., 

Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, National 

Institutes of Health, Bethesda, MD (1991). 

 Unlike FcγR which belongs to the immunoglobulin superfamily, “FcRn” herein, human 5 

FcRn in particular, is structurally similar to polypeptides of major histoincompatibility complex 

(MHC) class I, sharing 22% to 29% sequence identity with class I MHC molecules (Ghetie et al., 

Immunol. Today (1997) 18 (12), 592-598).  FcRn is expressed as a heterodimer consisting of 

soluble β or light chain (β2 microglobulin) complexed with transmembrane α or heavy chain.  

Like MHC, the α chain of FcRn consists of three extracellular domains (α1, α2, and α3) and its 10 

short cytoplasmic domain anchors the protein onto the cell surface.  The α1 and α2 domains 

interact with the FcRn-binding domain of the antibody Fc region (Raghavan et al., Immunity, 

(1994), 1: 303-15).  FcRn is expressed in the maternal placenta or yolk sac of mammals and is 

involved in mother-to-fetus IgG transfer.  In addition, in neonatal small intestine of rodents, 

where FcRn is expressed, FcRn is involved in transfer of maternal IgG across brush border 15 

epithelium from ingested colostrum or milk.  FcRn is expressed in a variety of other tissues and 

endothelial cell systems of various species.  FcRn is also expressed in adult human endothelia, 

muscular blood vessels, and hepatic sinusoidal capillaries.  FcRn is believed to play a role in 

maintaining the plasma IgG concentration by mediating recycling of IgG to serum upon binding 

to IgG.  Typically, binding of FcRn to IgG molecules is strictly pH dependent.  The optimal 20 

binding is observed in an acidic pH range below 7.0.  The polynucleotide and amino acid 

sequences of human FcRn may be derived, for example, from the precursor shown in 

NM_004107.4 and NP_004098.1 (containing the signal sequence), respectively (RefSeq 

accession numbers are shown in parentheses).  The precursor forms a complex with human 

β2-microglobulin in vivo.  Thus, soluble human FcRn capable of forming a complex with 25 

human β2-microglobulin can be produced using known recombinant expression techniques, and 

appropriately used in various experimental systems.  Such soluble human FcRn capable of 

forming a complex with human β2-microglobulin may be used to assess antibodies or Fc region 

variants for their FcRn-binding activity.  FcRn is not particularly limited as long as it is in a 

form capable of binding to the FcRn-binding domain, and preferably human FcRn. 30 

 In one embodiment, when an antibody in the present disclosure (for example, an 

anti-IL-8 antibody, anti-CXCR1 antibody, or anti-CXCR2 antibody) or a Fc region variant 

thereof has FcRn-binding activity, the antibody or Fc region variant preferably has an 

“FcRn-binding domain”, more preferably has a human FcRn-binding domain.  The 

FcRn-binding domain is not particularly limited as long as the antibody (for example, an 35 

anti-IL-8 antibody, anti-CXCR1 antibody, or anti-CXCR2 antibody) has FcRn-binding activity 
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or affinity at an acidic pH and/or a neutral pH.  Alternatively, the FcRn-binding domain may 

have activity to bind to FcRn directly or indirectly.  Such domains include, but are not limited 

to, for example, the Fc regions of IgG-type immunoglobulins, albumin, albumin domain 3, 

anti-FcRn antibodies, anti-FcRn peptides, and anti-FcRn Scaffold molecules, which have the 

activity to directly bind to FcRn, and molecules that bind to IgG or albumin, which have the 5 

activity of indirectly binding to FcRn.  Alternatively, it is possible to use, for example, a 

domain that has FcRn-binding activity at an acidic pH and/or a neutral pH.  If the domain 

originally has FcRn-binding activity at an acidic pH and/or a neutral pH, it can be used without 

modification.  When the domain has no or weak FcRn-binding activity at an acidic pH and/or a 

neutral pH, amino acid residues in the FcRn-binding domain of the antibody or the Fc region 10 

variant may be modified to give FcRn-binding activity at an acidic pH and/or a neutral pH.  

Alternatively, amino acids of the domain that originally has FcRn-binding activity at an acidic 

pH and/or a neutral pH may be modified to increase its FcRn-binding activity.  Amino acid 

modifications desired for the FcRn-binding domain can be identified by comparing the 

FcRn-binding activity at an acidic pH and/or a neutral pH before and after the amino acid 15 

modifications . 

 The FcRn-binding domain is preferably a region which directly binds to FcRn.  

Preferred examples of the FcRn-binding domain include the constant regions and Fc regions of 

antibodies.  However, regions capable of binding to a polypeptide that has FcRn-binding 

activity, such as albumin or IgG, can bind indirectly to FcRn via albumin or IgG.  Thus, the 20 

FcRn-binding regions may be regions that bind to a polypeptide with binding activity to albumin 

or IgG.  Without limitation, the FcRn-binding activity of an FcRn-binding domain is preferably 

greater at a neutral pH to enhance antigen elimination from plasma, whereas the FcRn-binding 

activity of an FcRn-binding domain is preferably greater at an acidic pH to improve antibody 

retention in plasma.  For example, it is possible to select and use a FcRn-binding domain whose 25 

FcRn-binding activity is originally greater at a neutral pH or acidic pH.  Alternatively, amino 

acids of an antibody or Fc region may be modified to confer FcRn-binding activity at a neutral 

pH or acidic pH.  Alternatively, the pre-existing FcRn-binding activity at a neutral pH or acidic 

pH may be increased. 

 Whether the FcRn-binding activity of an antibody (for example, an anti-IL-8 antibody, 30 

anti-CXCR1 antibody, or anti-CXCR2 antibody) or an Fc region (variant) has been increased, 

(substantially) retained, or reduced as compared to that before its modification can be determined 

by any methods known to persons skilled in the art without particular limitation and it is also 

possible to use the methods described in the present Examples.  For example, BIACORE, 

Scatchard plot, flow cytometer, and such may be used (WO2013/046722).  In these assays, the 35 

extracellular domain of human FcRn may be used as a soluble antigen.  The conditions in 
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measuring the FcRn-binding activity of an antibody or Fc region (variant) can be appropriately 

determined by a person skilled in the art except for pH, and are not particularly limited.  Such 

assays can be carried out, for example, under the condition of MES buffer at 37°C, as described 

in WO2009/125825.  The FcRn-binding activity of an antibody or Fc region (variant) can be 

assessed, for example, by allowing FcRn to flow as an analyte onto a chip with the antibody 5 

immobilized thereon. 

 Furthermore, the FcRn-binding activity of an antibody or Fc region (variant) can be 

assessed based on the dissociation constant (KD), apparent dissociation constant (apparent KD), 

dissociation rate (kd), or apparent dissociation rate (apparent kd). 

 When the FcRn-binding activity of the FcRn-binding domain in an antibody (for 10 

example, an anti-IL-8 antibody, anti-CXCR1 antibody, or anti-CXCR2 antibody) or Fc region 

(variant) is measured, an acidic or neutral pH may be appropriately used.  The temperature used 

to assess the FcRn-binding activity (binding affinity) of an FcRn-binding domain may be any 

temperature from 10°C to 50°C.  Preferably, the temperature used to determine the 

FcRn-binding activity (binding affinity) of a human FcRn-binding domain is 15°C to 40°C.  15 

More preferably, the temperature used to determine the FcRn-binding activity (binding affinity) 

of an FcRn-binding domain is any temperature from 20°C to 35°C, such as any one of 20, 21, 22, 

23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, and 35°C, but is not limited thereto.  25°C is a 

non-limiting example.  

 In one embodiment, amino acids included in the amino acid sequence of an antibody of 20 

the present disclosure (for example, an anti-IL-8 antibody, anti-CXCR1 antibody, or anti-CXCR2 

antibody) may be subjected to post-translational modifications (for example, modification of 

N-terminal glutamine to pyroglutamate by pyroglutamylation is well known to those skilled in 

the art).  It is understood that such amino acid sequences with post-translationally modified 

amino acids are also included as equivalents to the amino acid sequences described in the present 25 

disclosure. 

 In one embodiment, an antibody of the present disclosure (for example, an anti-IL-8 

antibody, anti-CXCR1 antibody, or anti-CXCR2 antibody) may be derivatized by containing 

additional non-proteinaceous moieties.  Moieties suitable for antibody derivatization of the 

antibody include, for example, water soluble polymers.  Examples of water soluble polymers 30 

include polyethylene glycol (PEG), copolymers of ethylene glycol/propylene glycol, 

carboxymethylcellulose, dextran, polyvinyl alcohol, polyvinyl pyrrolidone, poly-1,3-dioxolane, 

poly-1,3,6-trioxane, ethylene/maleic anhydride copolymer, polyamino acids (either 

homopolymers or random copolymers), dextran or poly (n-vinyl pyrrolidone) polyethylene 

glycol, polypropylene glycol homopolymers, polypropylene oxide/ethylene oxide copolymers, 35 

polyoxyethylated polyols (for example, glycerol), polyvinyl alcohol, and any mixtures thereof.  
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As an example of the moieties, polyethylene glycol propionaldehyde may have advantages in 

manufacturing due to its stability in water.  The polymers may be of any molecular weight and 

may be branched or unbranched.  The number of polymers attached to the antibody may vary, 

and if one or more polymers are attached, they can be the same or different molecules.  In 

general, the number and/or type of polymers for use for derivatization may be determined based 5 

on considerations of, for example, the particular properties or functions of the antibody to be 

improved, whether the antibody derivative will be used in a therapy under defined conditions, 

etc. 

 In one embodiment, conjugates of an antibody of the present disclosure (for example, an 

anti-IL-8 antibody, anti-CXCR1 antibody, or anti-CXCR2 antibody) and nonproteinaceous 10 

moiety that may be selectively heated by exposure to radiation are provided.  The 

non-proteinaceous moiety may be, for example, a carbon nanotube (Kam et al., Proc. Natl. Acad. 

Sci. USA 102: 11600-11605 (2005)).  The radiation may be of any wavelength as long as it 

achieves the desired purpose, and may be of wavelengths that do not harm ordinary cells, but 

which heat the non-proteinaceous moiety to a temperature at which cells proximal to the 15 

antibody-non-proteinaceous moiety are killed. 

 The term “IL-8” in the present disclosure refers to, unless specifically indicated 

otherwise, native IL-8 derived from any vertebrates, primates (for example, humans, cynomolgus 

monkeys, and rhesus monkeys), and other mammals (for example, rabbits and dogs; however, 

mice and rats do not possess endogenous IL-8).  IL-8 includes intact IL-8, any in vivo modified 20 

form of IL-8, and naturally occurring IL-8 derivatives such as splicing variants and allelic 

variants.  A typical example of human IL-8 amino acid sequence is shown in SEQ ID NO: 22.  

Furthermore, for a non-limiting example of the human IL-8 amino acid sequence, the sequence 

of human interleukin-8 precursor is registered as NP_000575.1 in NCBI.  In addition, a 

non-limiting example of the amino acid sequence of cynomolgus monkey IL-8 is registered as 25 

XP_005555144.1 in NCBI. 

 CXCR1 is also known as interleukin 8 receptor alpha, IL8RA, or CD181, and CXCR2 is 

also known as interleukin 8 receptor beta or IL8RB, both of which are chemokine receptors.  

IL-8 is known to exert its physiological actions via binding to its receptors CXCR1 and CXCR2 

(Science. 1991; 253:1278-80; Science. 1991; 253:1280-3).  It has been reported that CXCR1 is 30 

only activated by IL-8 and granulocyte chemotactic protein-2, and CXCR2 is activated by 

binding to IL-8 and various molecules such as GROα, β, and γ, neutrophil-activating peptide, 

and granulocyte chemotactic protein-2 (Neuro-oncol. 2005; 7:122-33).  No other IL-8 receptors 

than CXCR1 and CXCR2 have been reported so far.  As described in the present Examples, the 

present inventors have demonstrated that the ability of neutrophils to migrate towards IL-8 is 35 

blocked by an IL-8-neutralizing antibody and also by a CXCR2 inhibitor, and thus it is easily 
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predicted that not only anti-IL-8 antibodies but also IL-8 signal inhibitors including CXCR1 

inhibitors and CXCR2 inhibitors are useful against endometriosis, adhesion, and adenomyosis 

described in the present Examples. 

 The term “CXCR1” in the present disclosure refers to, unless specifically indicated 

otherwise, native CXCR1 present in any vertebrates, primates (for example, humans, 5 

cynomolgus monkeys, and rhesus monkeys), and other mammals (for example, rabbits and dogs).  

CXCR1 includes intact CXCR1, any in vivo modified form of CXCR1, and naturally occurring 

CXCR1 derivatives such as splicing variants and allelic variants.  A non-limiting example of 

the amino acid sequence of human CXCR1 is registered as NP_000625.1 in NCBI. 

 The term “CXCR2” in the present disclosure refers to, unless specifically indicated 10 

otherwise, native CXCR2 present in any vertebrates, primates (for example, humans, 

cynomolgus monkeys, and rhesus monkeys), and other mammals (for example, rabbits and dogs).  

CXCR2 includes intact CXCR2, any in vivo modified form of CXCR2, and naturally occurring 

CXCR2 derivatives such as splicing variants and allelic variants.  Non-limiting examples of the 

amino acid sequence of human CXCR2 are registered as NP_001161770.1 and NP_001548.1 in 15 

NCBI. 

 IL-8 is produced by immune cells such as monocytes, macrophages, neutrophils, and 

lymphocytes, skin fibroblasts, keratinocytes, vascular endothelial cells, melanocytes, hepatocytes, 

and various tumor cell lines.  IL-8 is a potent chemokine for neutrophils, and is involved in 

migration of neutrophils to inflammatory sites.  It has been reported that, when IL-8 binds to its 20 

high-affinity receptors (CXCR1 and CXCR2) on the surface of neutrophils, it activates 

neutrophils by promoting degranulation and increasing the concentration of cytoplasmic free 

Ca
2+

, and induces their migration, thereby destroying infiltrated tissues (WO2004/058797). 

 As described in the present Examples, the present inventors revealed that CXCR1 and 

CXCR2 were expressed in immune cells such as neutrophils, mononuclear cells, and 25 

macrophages, endometriosis epithelial cells, and vascular endothelial cells, but were not 

expressed in stromal cells and muscle fibroblasts.  Furthermore, addition of IL-8 or anti-IL-8 

antibody to endometriosis-derived stromal cells and muscle fibroblasts that had been collected 

from human endometriosis patients and cultured did not show changes such as cell proliferation 

or atrophy (data not shown). 30 

 These results were not consistent with the report of Ulukus et al. (Human Reproduction 

2005 20(3):794-80) that CXCR1 is expressed at high levels in the epithelium, stroma, and 

fibrotic areas of endometriosis tissues.  In the Ulukus’s report, the overall staining intensity was 

high.  CXCR2 was also, though weakly positive, stained on stromal cells as well as vascular 

endothelial cells.  In addition, the above results were not consistent with the report of Iwabe et 35 

al., Fertility and Sterility 1998 69(5):924-930, that in vitro experiments showed that the 
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proliferation of stromal cells derived from endometriosis patients was enhanced by IL-8 but 

suppressed by addition of an anti-IL-8 antibody.  In the Iwabe’s report, endometriosis lesions 

from human endometriosis patients were subjected to removal of epithelial cells to obtain 

stromal cells, and then IL-8 was added to examine cell proliferation.  The response was as weak 

as around 20%. 5 

 Meanwhile, as described in the present Examples, the present inventors demonstrated in 

a non-human primate endometriosis model that proliferative epithelial and stromal cells showed 

atrophic changes upon administration of an IL-8 signal inhibitor such as antibody 

H1009/L395-F1974m. 

 Without intending to be bound by theory, it is presumed in one aspect that immune cells 10 

might have coexisted in the Iwabe’s report because their experiments were carried out soon after 

cell passage.  Since CXCR1 and CXCR2 are not expressed in stromal cells, it is considered that 

CXCR1- or CXCR2-mediated IL-8 signal does not directly act on stromal cells as its target, but 

instead acts on endometrial epithelia and immune cells as direct targets and indirectly acts on 

stromal cells via signal from the endometrial epithelia and immune cells. 15 

 The “IL-8 signal inhibitor” in the present disclosure is not particularly limited as long as 

it can inhibit IL-8 signal directly or indirectly and partially or completely.  For example, the 

IL-8 signal inhibitor may be a nucleic acid (for example, double-stranded nucleic acid such as 

siRNA), a protein (including antibodies and antibody fragments), a peptide, or other compound 

(for example, low molecular weight compound).  In one aspect, the IL-8 signal inhibitor may be 20 

an IL-8 inhibitor, CXCR1 inhibitor, or CXCR2 inhibitor, and in this case, they include, for 

example, nucleic acids (for example, double-stranded nucleic acids such as siRNAs), proteins 

(including antibodies and antibody fragments, more specifically, anti-IL-8 antibodies, 

anti-CXCR1 antibodies, anti-CXCR2 antibodies, and antibody fragments fully or partially 

retaining their functions), peptides, or other compounds (for example, low molecular weight 25 

compounds). 

 If an IL-8 signal inhibitor partially or fully inhibits the binding of IL-8 to its receptor 

CXCR1 and/or CXCR2, the inhibition of IL-8 preferably reduces or alters the normal level or 

type of activity that should occur upon binding of IL-8 to the receptor without the inhibition.  

Such reduction or change may be observed, for example, as an inhibition of IL-8-induced 30 

elastase release or calcium flux, inhibition of IL-8-induced increase in expression of CD11b 

(Mac-1), or inhibition of decrease in expression of L-selectin.  Such inhibition includes 

decreases or changes in the above-mentioned level or type of activity, for example, by at least 

10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99%, or 100% as compared to that in 

the absence of the IL-8 signal inhibitor. 35 

 In one embodiment, an CXCR1 inhibitor in the present disclosure may bind (be 
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specific) to CXCR1 but not to CXCR2, or may bind (be specific) to both CXCR1 and CXCR2 

(also referred to as CXCR1/ CXCR2 inhibitor). 

 In one embodiment, an CXCR2 inhibitor in the present disclosure may bind (be 

specific) to CXCR2 but not to CXCR1, or may bind (be specific) to both CXCR1 and CXCR2 

(also referred to as CXCR1/ CXCR2 inhibitors). 5 

 In one embodiment, specific examples of the CXCR1 inhibitor and/or CXCR2 inhibitor 

in the present disclosure include, for example, anti-CXCR1 antibodies, Repartaxin, and 

Repartaxin derivatives described in WO2010/056753; CXCR1 and/or CXCR2 inhibitors 

described in WO2011/042466; CXCR1 and CXCR2 chemokine antagonists described in 

WO2005/113534 and WO2003/057676; CXCR2-binding polypeptides described in 10 

WO2012/062713 and WO2013/168108; CXCR2 inhibitors described in WO2008/061740, 

WO2008/061741, WO2008/062026, WO2009/106539, WO2010/015613, and WO2013/030803. 

 In one embodiment, specific examples of the IL-8 inhibitor in the present disclosure 

include, for example, IL-8 mimetics described in JP2006-117633A; IL-8 expression inhibitors 

disclosed in JP2013-180992A (or JP5496232B); IL-8 production inhibitors disclosed in 15 

JPH9-2954A (or JP3008010B); antibody fragment-polymer complexes disclosed in 

WO1998/037200; anti-IL-8 antibodies, multispecific antibodies that bind to antigens including 

IL-8, and variants thereof disclosed in WO1995/023865, WO2009/026117, WO2013/166099, 

WO2006/113643, WO2004/058797, WO2008/130969, WO2011/100271, WO98/58671, 

WO2014/149733, US2003/0077283A1, etc.  In another embodiment, these anti-IL-8 antibody 20 

variants may additionally have one or more of the properties described herein below for highly 

functional anti-IL-8 antibodies. 

 In one embodiment, the term “anti-IL-8 antibody” or “antibody that binds to IL-8” in 

the present disclosure refers to an antibody that can bind with sufficient affinity to IL-8 and thus 

is useful as a composition for detection, diagnosis, therapy, and/or prevention by targeting IL-8. 25 

 In one embodiment, the degree of non-specific binding of an anti-IL-8 antibody to 

unrelated non-IL-8 proteins may be, for example, below 10% of the degree of binding of the 

antibody to IL-8. 

 In one embodiment, an anti-IL-8 antibody in the present disclosure has 

IL-8-neutralizing activity.  The IL-8-neutralizing activity may refer to activity of inhibiting a 30 

biological activity shown by IL-8 or may refer to activity of inhibiting the binding of IL-8 to its 

receptor (CXCR1 or CXCR2). 

 In one embodiment, an anti-IL-8 antibody in the present disclosure may be a chimeric 

antibody, a humanized antibody, or a human antibody. 

 In one embodiment, an anti-IL-8 antibody in the present disclosure preferably has 35 

cross-reactivity with animals with endogenous IL-8 (for example, rabbits), or in some cases 
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preferably is an anti-primate IL-8 antibody (preferably an antibody against IL-8 of a nonhuman 

primate with menstruation similar to human menstruation, such as cynomolgus monkey or 

baboon, or an anti-human IL-8 antibody (for example, an anti-human IL-8 neutralizing 

antibody)). 

 As embodied in the present Examples, without limitation, the present inventors 5 

discovered an amino acid modification technology capable of conferring high functionality to an 

antibody (for example, an anti-IL-8 antibody, anti-CXCR1 antibody, or anti-CXCR2 antibody), 

and conceived highly functional anti-IL-8 antibodies based on that discovery.  Non-limiting 

examples of such antibodies are described below. 

 In one embodiment, an anti-IL-8 antibody in the present disclosure may be an anti-IL-8 10 

antibody that may possess pH-dependent affinity for IL-8.  Such an anti-IL-8 antibody 

comprises, for example, sequences comprising substitution of at least one, two, three, four, five, 

six, seven, eight, or more amino acids in the amino acid sequences of:  

(a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23; 

(b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24; 15 

(c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25; 

(d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26; 

(e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27; and 

(f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28. 

 Unless specifically indicated otherwise, the amino acids may be substituted with any 20 

other amino acids.  In a further embodiment, an anti-IL-8 antibody in the present disclosure 

may additionally at least comprise substitution with a different amino acid or with an amino acid 

indicated below at a position(s) selected from the group consisting of the positions described 

below: 

(1) serine at position 8 in the sequence of SEQ ID NO: 26; asparagine at position 1 and leucine at 25 

position 5 in the sequence of SEQ ID NO: 27; and glutamine at position 1 in the sequence of 

SEQ ID NO: 28; 

(2) substitution of alanine at position 6 with aspartic acid, and substitution of arginine at position 

11 with proline in the sequence of SEQ ID NO: 24; and substitution of tyrosine at position 3 with 

histidine in the sequence of SEQ ID NO: 25; 30 

(3) substitution of glycine at position 8 with tyrosine and substitution of tyrosine at position 9 

with histidine in the sequence of SEQ ID NO: 24; 

(4) substitution of alanine at position 6 with aspartic acid, substitution of glycine at position 8 

with tyrosine, substitution of tyrosine at position 9 with histidine, and substitution of arginine at 

position 11 with proline in the sequence of SEQ ID NO: 24; and substitution of tyrosine at 35 

position 3 with histidine in the sequence of SEQ ID NO: 25; 
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(5) substitution of asparagine at position 1 with lysine and substitution of leucine at position 5 

with histidine in the sequence of SEQ ID NO: 27; and substitution of glutamine at position 1 

with lysine in the sequence of SEQ ID NO: 28; 

(6) substitution of serine at position 8 with glutamine acid in the sequence of SEQ ID NO: 26; 

substitution of asparagine at position 1 with lysine and substitution of leucine at position 5 with 5 

histidine in the sequence of SEQ ID NO: 27; and substitution of glutamine at position 1 with 

lysine in the sequence of SEQ ID NO: 28; 

(7) substitution of tyrosine at position 9 with histidine and substitution of arginine at position 11 

with proline in the sequence of SEQ ID NO: 24; substitution of tyrosine at position 3 with 

histidine in the sequence of SEQ ID NO: 25; substitution of asparagine at position 1 with lysine 10 

and substitution of leucine at position 5 with histidine in the sequence of SEQ ID NO: 27; and 

substitution of glutamine at position 1 with lysine in the sequence of SEQ ID NO: 28; and  

(8) substitution of alanine at position 6 with aspartic acid, substitution of glycine at position 8 

with tyrosine, substitution of tyrosine at position 9 with histidine, and substitution of arginine at 

position 11 with proline in the sequence of SEQ ID NO: 24; substitution of tyrosine at position 3 15 

with histidine in the sequence of SEQ ID NO: 25; substitution of asparagine at position 1 with 

lysine and substitution of leucine at position 5 with histidine in the sequence of SEQ ID NO: 27; 

and substitution of glutamine at position 1 with lysine in the sequence of SEQ ID NO: 28. 

 In a further or alternative embodiment, an anti-IL-8 antibody in the present disclosure 

that may possess pH-dependent affinity for IL-8 comprises any one or more amino acid 20 

sequences selected from the group consisting of: 

(a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, or HVR-H1 that has at 

least 65%, 70%, 75%, or higher, preferably 80%, 85%, 90%, or higher, and more preferably 95% 

or higher sequence identity thereto; 

(b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24 or 29, or HVR-H2 that has 25 

at least 65%, 70%, 75%, or higher, preferably 80%, 85%, 90%, or higher, and more preferably 

95% or higher sequence identity thereto; 

(c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25 or 30, or HVR-H3 that has 

at least 65%, 70%, 75%, or higher, preferably 80%, 85%, 90%, or higher, and more preferably 

95% or higher sequence identity thereto; 30 

(d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26, or HVR-L1 that has at 

least 65%, 70%, 75%, or higher, preferably 80%, 85%, 90%, or higher, and more preferably 95% 

or higher sequence identity thereto; 

(e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27, 31, or 107, or HVR-L2 that 

has at least 65%, 70%, 75%, or higher, preferably 80%, 85%, 90%, or higher, and more 35 

preferably 95% or higher sequence identity thereto; and 
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(f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28 or 32, or HVR-L3 that has 

at least 65%, 70%, 75%, or higher, preferably 80%, 85%, 90%, or higher, and more preferably 

95% or higher sequence identity thereto. 

 Here, an HVR with a particular % sequence identity to a reference amino acid sequence 

can be functionally equivalent to the HVR comprising the reference amino acid sequence.  5 

Furthermore, the anti-IL-8 antibody may comprise, for example, HVR-H2 comprising the amino 

acid sequence of SEQ ID NO: 29 and HVR-H3 comprising the amino acid sequence of SEQ ID 

NO: 30, and/or HVR-L2 comprising the amino acid sequence of SEQ ID NO: 31 and HVR-L3 

comprising the amino acid sequence of SEQ ID NO: 32.  Moreover, the anti-IL-8 antibody may 

additionally at least comprise substitution with a different amino acid or with an amino acid 10 

indicated below at a position(s) selected from the group consisting of the positions described 

below: 

(1) serine at position 8 in the amino acid sequence of SEQ ID NO: 26; asparagine at position 1 

and leucine at position 5 in the amino acid sequence of SEQ ID NO: 27; and glutamine at 

position 1 in the amino acid sequence of SEQ ID NO: 28; 15 

(2) substitution of alanine at position 6 with aspartic acid and substitution of arginine at position 

11 with proline in the amino acid sequence of SEQ ID NO: 24; and substitution of tyrosine at 

position 3 with histidine in the amino acid sequence of SEQ ID NO: 25; 

(3) substitution of glycine at position 8 with tyrosine and substitution of tyrosine at position 9 

with histidine in the amino acid sequence of SEQ ID NO: 24; 20 

(4) substitution of alanine at position 6 with aspartic acid, substitution of glycine at position 8 

with tyrosine, substitution of tyrosine at position 9 with histidine, and substitution of arginine at 

position 11 with proline in the amino acid sequence of SEQ ID NO: 24; and substitution of 

tyrosine at position 3 with histidine in the amino acid sequence of SEQ ID NO: 25; 

(5) substitution of asparagine at position 1 with lysine and substitution of leucine at position 5 25 

with histidine in the amino acid sequence of SEQ ID NO: 27; and substitution of glutamine at 

position 1 with lysine in the amino acid sequence of SEQ ID NO: 28; 

(6) substitution of serine at position 8 with glutamine acid in the amino acid sequence of SEQ ID 

NO: 26; substitution of asparagine at position 1 with lysine and substitution of leucine at position 

5 with histidine in the amino acid sequence of SEQ ID NO: 27; and substitution of glutamine at 30 

position 1 with lysine in the amino acid sequence of SEQ ID NO: 28; 

(7) substitution of tyrosine at position 9 with histidine and substitution of arginine at position 11 

with proline in the amino acid sequence of SEQ ID NO: 24; substitution of tyrosine at position 3 

with histidine in the amino acid sequence of SEQ ID NO: 25; substitution of asparagine at 

position 1 with lysine and substitution of leucine at position 5 with histidine in the amino acid 35 

sequence of SEQ ID NO: 27; and substitution of glutamine at position 1 with lysine in the amino 
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acid sequence of SEQ ID NO: 28; and 

(8) substitution of alanine at position 6 with aspartic acid, substitution of glycine at position 8 

with tyrosine, substitution of tyrosine at position 9 with histidine, and substitution of arginine at 

position 11 with proline in the amino acid sequence of SEQ ID NO: 24; substitution of tyrosine 

at position 3 with histidine in the amino acid sequence of SEQ ID NO: 25; substitution of 5 

asparagine at position 1 with lysine and substitution of leucine at position 5 with histidine in the 

amino acid sequence of SEQ ID NO: 27; and substitution of glutamine at position 1 with lysine 

in the amino acid sequence of SEQ ID NO: 28. 

 Those skilled in the art will naturally understand all possible combinations of amino 

acid sequences described herein. 10 

 In one embodiment, the term “functionally equivalent” in the present disclosure is, 

unless specifically indicated otherwise, intended to refer to retaining, when measured by 

methods known to persons skilled in the art, at least 50% or more, preferably 70% or more, 75% 

or more, 80% or more, 85% or more, and more preferably 90% or more (for example, 91%, 92%, 

93%, 94%, 95%, 96%, 97%, 98%, or 99% or more) of the function possessed by an antibody 15 

containing a reference amino acid sequence, which is represented as its physicochemical 

property and/or biological activity etc. (for example, it is possible to focus on any one or more 

indicators or properties such as antigen-binding and blood retention. 

 In a further or alternative embodiment, an anti-IL-8 antibody in the present disclosure 

that may possess pH-dependent affinity for IL-8 comprises any one or more amino acid 20 

sequences selected from the group consisting of: 

(A) a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 33, 34, or 

108, or a heavy chain variable region that has at least 65%, 70%, 75%, or higher, preferably 80%, 

85%, 90%, or higher, and more preferably 95% or higher sequence identity thereto; and 

(B) a light chain variable region comprising the amino acid sequence of SEQ ID NO: 35 or 109, 25 

or a light chain variable region that has at least 65%, 70%, 75%, or higher, preferably 80%, 85%, 

90%, or higher, and more preferably 95% or higher sequence identity thereto. 

 Here, the variable region with a particular % sequence identity to the reference amino 

acid sequence may be functionally equivalent to the variable region comprising the reference 

amino acid sequence.  Furthermore, for example, the anti-IL-8 antibody may comprise a heavy 30 

chain variable region comprising the amino acid sequence of SEQ ID NO: 34 and a light chain 

variable region comprising the amino acid sequence of SEQ ID NO: 35.  Such an antibody can 

be advantageous in that its IL-8-neutralizing activity is stably retained in vivo (for example, in 

the plasma) or in that its immunogenicity is low.  Moreover, when the anti-IL-8 antibody 

comprises a variant of the amino acid sequence of SEQ ID NO: 33, it may additionally at least 35 

comprise substitution with a different amino acid or an amino acid indicated below at one or 
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more positions selected from the group consisting of the positions described below: 

(i) substitution of alanine at position 55 with a different amino acid, e.g. aspartic acid, in the 

amino acid sequence of SEQ ID NO: 33; 

(ii) substitution of glycine at position 57 with a different amino acid, e.g. tyrosine, in the amino 

acid sequence of SEQ ID NO: 33; 5 

(iii) substitution of tyrosine at position 58 with a different amino acid, e.g. histidine, in the amino 

acid sequence of SEQ ID NO: 33; 

(iv) substitution of arginine at position 60 with a different amino acid, e.g. proline, in the amino 

acid sequence of SEQ ID NO: 33; 

(v) substitution of glutamine at position 84 with a different amino acid, e.g. threonine, in the 10 

amino acid sequence of SEQ ID NO: 33; 

(vi) substitution of serine at position 87 with a different amino acid, e.g. aspartic acid, in the 

amino acid sequence of SEQ ID NO: 33; and 

(vii) substitution of tyrosine at position 103 with a different amino acid, e.g. histidine, in the 

amino acid sequence of SEQ ID NO: 33. 15 

 Those skilled in the art will naturally understand all possible combinations of amino 

acid sequences described above. 

 In another embodiment, an anti-IL-8 antibody in the present disclosure may be an 

antibody comprising at least one to six of the amino acid sequences of (a) to (f) listed in each of 

(1) to (7) below, or an antibody comprising at least one amino acid substitution in at least any 20 

one or more of the amino acid sequences of (a) to (f) listed in each.  The antibody may be an 

anti-IL-8 antibody with pH-dependent affinity for IL-8.  Unless specifically indicated otherwise, 

amino acids may be substituted with any other amino acids. 

(1) (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 58, 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 59, 25 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 60, 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 61, 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 62, and 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 63. 

(2) (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 64, 30 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 65, 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 66, 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 67, 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 68, and 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 69. 35 

(3) (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 70, 
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 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 71, 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 72, 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 73, 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 74, and 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 75. 5 

(4) (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 76, 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 77, 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 78, 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 79, 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 80, and 10 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 81. 

(5) (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 82, 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 83, 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 84, 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 85, 15 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 86, and 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 87. 

(6) (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 88, 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 89, 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 90, 20 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 91, 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 92, and 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 93. 

(7) (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 94, 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 95, 25 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 96, 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 97,  

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 98, and 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 99. 

 Herein, the term “acidic pH” refers to a pH that is selected between, for example, pH 30 

4.0 and pH 6.5.  In one embodiment, the acidic pH refers to, but is not limited to, pH 4.0, pH 

4.1, pH 4.2, pH 4.3, pH 4.4, pH 4.5, pH 4.6, pH 4.7, pH 4.8, pH 4.9, pH 5.0, pH 5.1, pH 5.2, pH 

5.3, pH 5.4, pH 5.5, pH 5.6, pH 5.7, pH 5.8, pH 5.9, pH 6.0, pH 6.1, pH 6.2, pH 6.3, pH 6.4, or 

pH 6.5. 

 Herein, the term “neutral pH” refers to a pH that is selected between, for example, pH 35 

6.7 and pH 10.0.  In one embodiment, the neutral pH refers to, but is not limited to, for example, 
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pH 6.7, pH 6.8, pH 6.9, pH 7.0, pH 7.1, pH 7.2, pH 7.3, pH 7.4, pH 7.5, pH 7.6, pH 7.7, pH 7.8, 

pH 7.9, pH 8.0, pH 8.1, pH 8.2, pH 8.3, pH 8.4, pH 8.5, pH 8.6, pH 8.7, pH 8.8, pH 8.9, pH 9.0, 

pH 9.5, or pH 10.0. 

 In one embodiment, an anti-IL-8 antibody of the present disclosure is an anti-IL-8 

antibody that binds to IL-8 in a pH-dependent manner.  In one aspect of the present disclosure, 5 

an anti-IL-8 antibody that binds to IL-8 in a pH-dependent manner refers to an antibody whose 

IL-8-binding affinity at an acidic pH has been decreased as compared to that at a neutral pH.  

Such pH-dependent anti-IL-8 antibodies include, for example, antibodies that possess higher 

affinity for IL-8 at a neutral pH than at an acidic pH.  In one embodiment, the anti-IL-8 

antibodies of the present disclosure have affinity for IL-8 at a neutral pH which is at least 2 times, 10 

3 times, 5 times, 10 times, 15 times, 20 times, 25 times, 30 times, 35 times, 40 times, 45 times, 

50 times, 55 times, 60 times, 65 times, 70 times, 75 times, 80 times, 85 times, 90 times, 95 times, 

100 times, 200 times, 400 times, 1000 times, 10000 times, or more times greater than the affinity 

at an acidic pH.  Without limitations, the binding affinity can be determined by using surface 

plasmon resonance assays (BIACORE, etc.).  The association rate constant (kon) and 15 

dissociation rate constant (koff) can be calculated using a simple one-to-one Langmuir binding 

model (Biacore T200 Evaluation Software (GE Healthcare)) by simultaneously fitting the 

association and dissociation sensorgrams.  The equilibrium dissociation constant (KD) is 

calculated as the ratio of koff/kon.  Screening for antibodies whose binding affinity varies 

depending on pH can be carried out using, for example, without limitations, ELISA, kinetic 20 

exclusion assay (KinExA
TM

) as well as surface plasmon resonance assays (BIACORE, etc.).  

The pH-dependent IL-8-binding ability refers to the property of binding to IL-8 in a 

pH-dependent manner.  Meanwhile, whether an antibody can bind to IL-8 multiple times can be 

assessed by the method described in WO2009/125825. 

 In one embodiment, an anti-IL-8 antibody of the present disclosure preferably has a 25 

small dissociation constant (KD) for IL-8 at a neutral pH (for example, pH 7.4).  The 

dissociation constant of the antibody for IL-8 at a neutral pH (for example, pH 7.4) may be, for 

example, 0.3 nM or less, 0.1 nM or less, or 0.03 nM or less. 

 In one embodiment, an anti-IL-8 antibody of the present disclosure preferably has a 

large dissociation constant (KD) for IL-8 at an acidic pH (for example, pH 5.8).  The 30 

dissociation constant of the antibody for IL-8 at an acidic pH (for example, pH 5.8) may be, for 

example, 3 nM or greater, 10 nM or greater, or 30 nM or greater. 

 In one embodiment, an anti-IL-8 antibody of the present disclosure has a ratio of 

dissociation constant at an acidic pH (for example, pH 5.8) to the dissociation constant at a 

neutral pH (for example, pH 7.4), [KD(acidic pH)/KD(neutral pH)] (for example, 35 

[KD(pH5.8)/KD(pH7.4) ]) that is, for example, 30 or greater, 50 or greater, or, for example, 100 
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or greater, for example, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000, 

3500, 4000, 4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000, 8500, 9000, or 9500 or greater. 

 In one embodiment, an anti-IL-8 antibody of the present disclosure preferably has a 

large dissociation rate constant (koff) at an acidic pH (for example, pH 5.8).  The dissociation 

rate constant of the antibody at an acidic pH (for example, pH 5.8) may be, for example, 5 

0.003(1/s) or greater, 0.005(1/s) or greater, or 0.01(1/s) or greater. 

 WO2013/046704 reports that an Fc region variant introduced with a specific mutation (a 

representative example is a dual residue mutation Q438R/S440E according to EU numbering) in 

combination with a mutation that increases the FcRn binding at an acidic pH showed significant 

reduction in its rheumatoid factor binding.  However, WO2013/046704 did not show that the Fc 10 

region variant whose rheumatoid factor binding has been reduced by the modification 

Q438R/S440E is superior in plasma retention as compared to an antibody containing the native 

Fc region.  Thus, there has been a demand for safe and more advantageous Fc region variants 

that allow improved plasma retention, but do not bind to pre-existing ADA.  The inventors 

conceived that Fc region variants which comprise a substitution of Ala (A) for the amino acid at 15 

position 434 according to EU numbering and a specific dual residue mutation (a representative 

example is Q438R/S440E) as a combination of amino acid residue mutations, are preferable as 

safe and more advantageous Fc region variants that allow improved plasma retention, but do not 

bind to anti-drug antibodies (pre-existing ADA, etc.). 

 Thus, in a further or an alternative embodiment, an anti-IL-8 antibody of the present 20 

disclosure comprises an Fc region variant comprising an FcRn-binding domain, and the 

FcRn-binding domain may comprise, for example, Ala at position 434; Glu, Arg, Ser, or Lys at 

position 438; and Glu, Asp, or Gln at position 440 according to EU numbering as compared to a 

native Fc region.  For the anti-IL-8 antibody, the FcRn-binding domain can be an FcRn-binding 

domain having an increased FcRn-binding activity at an acidic pH and neutral pH, in particular, 25 

at an acidic pH.  Alternatively, in the antibody, its FcRn-binding domain preferably contains an 

Fc region variant comprising Ala at position 434; Glu, Arg, Ser, or Lys at position 438; and Glu, 

Asp, or Gln at position 440, more preferably comprising Ala at position 434; Arg or Lys at 

position 438; and Glu or Asp at position 440 according to EU numbering.  Alternatively, the Fc 

region variant preferably further contains Ile or Leu at position 428; and/or Ile, Leu, Val, Thr, or 30 

Phe at position 436, more preferably, further contains Leu at position 428; and/or Val or Thr at 

position 436 according to EU numbering. 

 In one embodiment, the Fc region variant of an anti-IL-8 antibody of the present 

disclosure is preferably the Fc region variant of a native Ig antibody, more preferably the Fc 

region variant of a native IgG (IgG1, IgG2, IgG3, or IgG4 type) antibody, and yet more 35 

preferably it is derived from a native human IgG1, IgG2, IgG3, or IgG4.  The Fc region variant 
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may be derived from, for example, human IgG1. 

 Regarding Fc regions of native human IgG1, IgG2, IgG3, and IgG4-type antibodies, 

except for position 436, positions 428, 434, 438, and 440 according to EU numbering, which are 

the modification sites described above, are common to the Fc regions of all native human IgG1, 

IgG2, IgG3, and IgG4-type antibodies.  On the other hand, at position 436 in the Fc region, 5 

native human IgG1, IgG2, and IgG4-type antibodies have Tyr (Y), whereas native human 

IgG3-type antibody has Phe (F).  However, Stapleton et al. (Competition for FcRn-mediated 

transport gives rise to short half-life of human IgG3 and offers therapeutic potential, Nature 

Communications, 2011, Dec, number 599) reported that human IgG3 allotypes containing the 

amino acid substitution of R435H according to EU numbering showed a plasma half-life in 10 

human that is comparable to IgG1.  Thus, the plasma retention can be improved by increasing 

the FcRn binding under an acidic condition by introducing the R435H amino acid substitution in 

addition to the amino acid substitution at position 436. 

 WO2013/046704 specifically reported Q438R/S440E, Q438R/S440D, Q438K/S440E, 

and Q438K/S440D according to EU numbering as dual amino acid residue substitutions that 15 

could result in a significant reduction of the rheumatoid factor binding when combined with an 

amino acid substitution that can increase the FcRn binding at an acidic pH. 

 Thus, in one embodiment, as compared to the native Fc region, the amino acid sequence 

of the Fc region variant of an anti-IL-8 antibody of the present disclosure may comprise, in its 

FcRn-binding domain, a combination of substituted amino acids selected from the group 20 

consisting of: 

N434A/Q438R/S440E; 

N434A/Q438R/S440D; 

N434A/Q438K/S440E; 

N434A/Q438K/S440D; 25 

N434A/Y436T/Q438R/S440E; 

N434A/Y436T/Q438R/S440D; 

N434A/Y436T/Q438K/S440E; 

N434A/Y436T/Q438K/S440D; 

N434A/Y436V/Q438R/S440E; 30 

N434A/Y436V/Q438R/S440D; 

N434A/Y436V/Q438K/S440E; 

N434A/Y436V/Q438K/S440D; 

N434A/R435H/F436T/Q438R/S440E; 

N434A/R435H/F436T/Q438R/S440D; 35 

N434A/R435H/F436T/Q438K/S440E; 
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N434A/R435H/F436T/Q438K/S440D; 

N434A/R435H/F436V/Q438R/S440E; 

N434A/R435H/F436V/Q438R/S440D; 

N434A/R435H/F436V/Q438K/S440E; 

N434A/R435H/F436V/Q438K/S440D; 5 

M428L/N434A/Q438R/S440E; 

M428L/N434A/Q438R/S440D; 

M428L/N434A/Q438K/S440E; 

M428L/N434A/Q438K/S440D; 

M428L/N434A/Y436T/Q438R/S440E; 10 

M428L/N434A/Y436T/Q438R/S440D; 

M428L/N434A/Y436T/Q438K/S440E; 

M428L/N434A/Y436T/Q438K/S440D; 

M428L/N434A/Y436V/Q438R/S440E; 

M428L/N434A/Y436V/Q438R/S440D; 15 

M428L/N434A/Y436V/Q438K/S440E; and 

M428L/N434A/Y436V/Q438K/S440D; 

L235R/G236R/S239K/M428L/N434A/Y436T/Q438R/S440E; and 

L235R/G236R/A327G/A330S/P331S/M428L/N434A/Y436T/Q438R/S440E, 

according to EU numbering. 20 

 Alternatively, in another embodiment, the Fc region variant of an anti-IL-8 antibody of 

the present disclosure may comprise substitutions for other amino acids at one or more positions 

(for example, six, seven, or all positions) selected from the group consisting of positions 235, 

236, 239, 327, 330, 331, 428, 434, 436, 438, and 440 according to EU numbering as compared to 

a native Fc region, for example, one or more amino acid substitutions (for example, six, seven, or 25 

all substitutions) selected from the group consisting L235R, G236R, S239K, A327G, A330S, 

P331S, M428L, N434A, Y436T, Q438R, and S440E. 

 In one embodiment, it is preferable that the FcRn-binding activity of the Fc region 

variant of an anti-IL-8 antibody of the present disclosure has been increased at an acidic pH as 

compared to the Fc region of a native IgG. 30 

 An increase in the FcRn-binding affinity of an FcRn-binding domain at a certain pH 

may correspond to an increase in the measured FcRn-binding affinity compared to the measured 

FcRn-binding affinity of a native FcRn-binding domain.  In this case, KD (native Fc 

region)/KD (Fc region variant of anti-IL-8 antibody of the present disclosure), which represents 

a difference in the binding affinity, may be at least 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 10-fold, 35 

15-fold, 20-fold, 50-fold, 70-fold, 80-fold, 100-fold, 500-fold, or 1000-fold.  Such an increase 
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in the FcRn-binding affinity of an FcRn-binding domain may be provided at an acidic pH and/or 

at a neutral pH; however, in particular, it is preferable that the FcRn-binding activity is increased 

at an acidic pH. 

 Furthermore, the FcRn-binding affinity of the Fc region variant of an anti-IL-8 antibody 

of the present disclosure whose FcRn-binding affinity has been increased at an acidic pH may be 5 

greater than that of the Fc region of a native IgG, for example, at pH 6.0 and 25°C by 1.5-fold, 

2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 20-fold, 30-fold, 50-fold, 

75-fold, 100-fold, 200-fold, 500-fold, 1000-fold or more. 

 As used herein, "anti-drug antibody" or "ADA" refers to an endogenous antibody that 

has binding activity to an epitope located on a therapeutic antibody and thus can bind to the 10 

therapeutic antibody.  As used herein, "pre-existing anti-drug antibody" or "pre-existing ADA" 

refers to an anti-drug antibody that is present and detectable in the blood of a patient prior to 

administration of the therapeutic antibody to the patient.  In an embodiment, the pre-existing 

ADA is a rheumatoid factor, a polyclonal or monoclonal autoantibody against the Fc region of a 

human IgG antibody.  The rheumatoid factor epitope is located in the CH2/CH3 interface 15 

region and in the CH3 domain, and can vary depending on the clone.  For “an Fc region variant 

whose binding affinity for a pre-existing ADA is low”, the affinity may have been reduced, for 

example, to 1/10 or less, 1/50 or less, or 1/100 or less as compared to the ADA-binding affinity 

of an antibody comprising a native IgG Fc region. 

 In one embodiment, the binding affinity of an antibody Fc region (variant) for a 20 

pre-existing ADA can be demonstrated, for example, by electrochemiluminescence (ECL) 

reaction at an acidic pH and/or at a neutral pH; however, it is also possible to use other 

appropriate methods known to those skilled in the art for determining the binding affinity for a 

pre-existing ADA.  ECL assays are described, for example, in Moxness et al. (Clin Chem, 2005, 

51:1983-85), and in the Examples herein.  Assays can be performed, for example, under the 25 

conditions at 37°C with MES buffer.  The antigen-binding activity of an antibody can be 

determined, for example, by BIACORE.  In an embodiment, the binding affinity for a 

pre-existing ADA can be assessed at any temperature from 10°C to 50°C.  The binding activity 

between a human Fc region and a pre-existing human ADA is preferably determined at a 

temperature of 15°C to 40°C.  The temperature is preferably 20°C to 25°C, more preferably 30 

25°C.  The activity may be measured at pH 7.4 (or pH 7.0) and 25°C. 

 In one embodiment, it is preferable that the Fc region variant of an anti-IL-8 antibody of 

the present disclosure does not have significantly increased binding affinity for a pre-existing 

ADA, preferably, rheumatoid factor (RF) at a neutral pH, and/or has increased FcRn-binding 

activity at an acidic pH as compared to the Fc region of a native IgG; as a result, it preferably 35 

exhibits reduced clearance (CL) in plasma, prolonged retention time in plasma, or prolonged 
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half-life in plasma (t1/2).  The correlation among antibody clearance (CL) in plasma, retention 

time in plasma, and half-life in plasma (t1/2) is known to those skilled in the art.  

 In one embodiment, the Fc region variant of an anti-IL-8 antibody of the present 

disclosure has improved plasma retention as compared to a reference Fc region variant 

comprising a combination of amino acid substitutions N434Y/Y436V/Q438R/S440E according 5 

to EU numbering. 

 Examples 1 to 3 herein compare the plasma retention of the two Fc region variants 

below: the Fc region variant called F1718 (an Fc region with mutations introduced at four sites: 

N434Y/Y436V/Q438R/S440E) described in WO2013/046704; and the Fc region variant 

F1848m (an Fc region with mutations introduced at four sites: N434A/Y436V/Q438R/S440E).  10 

The difference in amino acid mutations between the two Fc region variants is only at position 

434 according to EU numbering, where the introduced amino acid mutation is Y (tyrosine) for 

F1718 and A (alanine) for F1848m.  Nevertheless, as compared to a native IgG1, F1848m 

exhibited improved plasma retention, while F1718 showed no improvement in plasma retention 

(see, in particular, Example (3-2) herein).  Furthermore, the results of Examples (1-2) and (3-3) 15 

herein demonstrate that, of various Fc region variants, the plasma retention of F1847m, F1886m, 

F1889m, and F1927m was more improved than F1848m.  Thus, those skilled in the art can 

naturally predict that Fc region variants including F1847m, F1886m, F1889m, and F1927m as 

well as F1848m have improved plasma retention as compared to the reference Fc region variant 

containing the combination of amino acid substitutions N434Y/Y436V/Q438R/S440E according 20 

to EU numbering. 

 Antibodies whose half-life in blood have been prolonged and FcRn binding at an acidic 

pH have been improved are also described in US2005/0014934 (Hinton et al.).  The antibodies 

may contain an Fc region variant which comprises one or more amino acid substitutions that 

increase the binding of the Fc region to FcRn, and may comprise one or more amino acid 25 

substitutions at a position(s) selected from positions 238, 256, 265, 272, 286, 303, 305, 307, 311, 

312, 317, 340, 356, 360, 362, 376, 378, 380, 382, 413, 424, and 434 (EU numbering), for 

example, an amino acid substitution at position 434 in the Fc region.  For other examples of Fc 

region variants, see Duncan & Winter, Nature 322:738-40 (1988); US Patent No. 5,648,260; US 

Patent No. 5,624,821; and WO 94/29351.  Appropriate modification of these amino acids may 30 

be introduced into the Fc region (variant) of an anti-IL-8 antibody of the present disclosure. 

 The binding to FcγR or a complement protein can also cause an unfavorable effect (for 

example, inappropriate platelet activation).  Fc region variants that do not bind to effector 

receptors such as the FcγRIIa receptor can be safer and/or more advantageous. 

 In one embodiment, an anti-IL-8 antibody comprising an Fc region variant of the 35 

present disclosure has only weak complement protein-binding activity or does not bind to 
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complement proteins.  The preferred complement protein is C1q.  The low binding activity to 

a complement protein can refer to the complement protein-binding activity that has been reduced, 

for example, to 1/10 or less, 1/50 or less, or 1/100 or less as compared to the complement 

protein-binding activity of a native IgG or an antibody comprising a native IgG Fc region.  The 

complement protein-binding activity of an Fc region (variant) can be reduced by amino acid 5 

sequence modification such as amino acid substitution, insertion, and deletion.  

 In a further or an alternative embodiment, an anti-IL-8 antibody comprising an Fc 

region variant of the present disclosure preferably has only weak effector receptor-binding 

activity or does not bind to effector receptors.  Effector receptors include, for example, 

activating FcγR, in particular, FcγRI, FcγRII, and FcγRIII.  FcγRI includes, for example, FcγRIa, 10 

FcγRIb, and FcγRIc, and subtypes thereof.  FcγRII includes, for example, FcγRIIa (two 

allotypes: R131 and H131) and FcγRIIb.  FcγRIII includes, for example, FcγRIIIa (two 

allotypes: V158 and F158) and FcγRIIIb (two allotypes: FcγIIIb-NA1 and FcγIIIb-NA2).  

Antibodies that have only weak effector receptor-binding affinity or do not bind to the receptors 

include antibodies comprising an Fc region variant whose binding affinity has been reduced, for 15 

example, to 1/10 or less, 1/50 or less, or 1/100 or less as compared to the binding affinity of an 

antibody comprising the Fc region of a native IgG.  Specific example include antibodies 

comprising a silent Fc region and antibodies that do not have an Fc region (for example, Fab, 

F(ab)'2, scFv, sc(Fv)2, and diabodies). 

 Examples of Fc region variants that have only weak or no effector receptor-binding 20 

affinity are described in Strohl et al. (Current Opinion in Biotechnology (2009) 20(6), 685-691), 

which include deglycosylated Fc regions (N297A and N297Q) and silent Fc regions resulting 

from manipulation of Fc regions to silence their effector functions (or to suppress immunity) 

(IgG1-L234A/L235A, IgG1-H268Q/A330S/P331S, IgG1-C226S/C229S, 

IgG1-C226S/C229S/E233P/L234V/L235A, IgG1-L234F/L235E/P331S, IgG2-V234A/G237A, 25 

IgG2-H268Q/V309L/A330S/A331S, IgG4-L235A/G237A/E318A, and IgG4-L236E).  

WO2008/092117 describes antibodies containing a silent Fc region that comprises substitutions 

of G236R/L328R, L235G/G236R, N325A/L328R, or N325L/L328R (according to EU 

numbering).  WO2000/042072 describes antibodies containing a silent Fc region that comprises 

substitutions at one or more of positions EU233, EU234, EU235, and EU237.  30 

WO2009/011941 describes antibodies containing a silent Fc region where the residues of EU231 

to EU238 are deleted.  Davis et al. (Journal of Rheumatology (2007) 34(11): 2204-2210) 

describe antibodies with a silent Fc region containing substitutions C220S/C226S/C229S/P238S.  

Shields et al. (Journal of Biological Chemistry (2001) 276 (9), 6591-6604) describe antibodies 

containing a silent Fc region which comprises the substitution D265A.  US Patent No. 35 

6,737,056 describes antibodies with reduced effector function which comprise one or more of 
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amino acid substitutions at EU238, EU265, EU269, EU270, EU297, EU327, and EU329.  US 

Patent No. 7,332,581 describes Fc region variants that contain two or more of amino acid 

substitutions at EU265, EU269, EU270, EU297, and EU327 as well as so-called “DANA” Fc 

region variants which have substitutions with alanine at EU265 and EU297.  Modification of 

these amino acid residues may also be appropriately introduced into the Fc region variants of 5 

anti-IL-8 antibodies of the present disclosure. 

 "Weak binding to effector receptors" means that the effector receptor-binding activity is, 

for example, 95% or less, preferably 90% or less, 85% or less, 80% or less, or 75% or less, more 

preferably 70% or less, 65% or less, 60% or less, 55% or less, 50% or less, 45% or less, 40% or 

less, 35% or less, 30% or less, 25% or less, 20% or less, 15% or less, 10% or less, 9% or less, 10 

8% or less, 7% or less, 6% or less, 5% or less, 4% or less, 3% or less, 2% or less, or 1% or less 

of the effector receptor-binding activity of a native IgG (or an antibody comprising a native IgG 

Fc region).  The FcγR-binding activity may be reduced to 1/10 or less, 1/50 or less, or 1/100 or 

less as compared to the effector receptor-binding activity of a native IgG (or an antibody 

comprising a native IgG Fc region). 15 

 Herein, the "silent Fc region" is an Fc region variant comprising one or more amino acid 

substitutions, insertions, deletions, and such that reduce the effector receptor binding as 

compared to a native Fc region.  Since the effector receptor-binding activity can be reduced to a 

large extent, the Fc region variants (substantially) no longer bind to effector receptors.  The 

silent Fc regions include, for example, an Fc region (variant) comprising amino acid 20 

substitutions at one or more positions selected from the group consisting of: EU234, EU235, 

EU236, EU237, EU238, EU239, EU265, EU266, EU267, EU269, EU270, EU271, EU295, 

EU296, EU297, EU298, EU300, EU324, EU325, EU327, EU328, EU329, EU331, and EU332.  

In an embodiment, modifications of these amino acid residues may also be appropriately 

introduced into an Fc region (variant) of an anti-IL-8 antibody of the present disclosure. 25 

 In one embodiment, a method for modifying antibody constant regions to produce the 

Fc region variant of an anti-IL-8 antibody of the present disclosure may be based, for example, 

on assessment of several constant region isotypes (IgG1, IgG2, IgG3, and IgG4), followed by 

introduction of, for example, appropriate amino acid substitutions into their sequences to select 

isotypes that have a reduced antigen-binding activity at an acidic pH and/or have an increased 30 

dissociation rate at an acidic pH.  

 In a further or an alternative embodiment, an anti-IL-8 antibody of the present 

disclosure may comprise: 

(A) a heavy chain comprising the amino acid sequence of SEQ ID NO: 36, 37, or 106, or a heavy 

chain that has a sequence identity thereto which is at least 65%, 70%, or 75%, or higher, 35 

preferably 80%, 85%, or 90%, or higher, and more preferably 95% or higher; and/or 



52 

 

(B) a light chain comprising the amino acid sequence of SEQ ID NO: 38 or 44, or a light chain 

that has a sequence identity thereto which is at least 65%, 70%, or 75%, or higher, preferably 

80%, 85%, or 90%, or higher, and more preferably 95% or higher. 

Here, a heavy or light chain with a certain percentage (%) of sequence identity to a reference 

amino acid sequence can be functionally equivalent to the heavy or light chain comprising the 5 

reference amino acid sequence.  Furthermore, the anti-IL-8 antibody may contain an Fc region 

variant having at least one of the five properties below: 

(a) the FcRn binding affinity of the Fc region variant has been increased relative to the FcRn 

binding affinity of the native Fc region at an acidic pH; 

(b) the binding affinity of the Fc region variant for a pre-existing ADA has been reduced relative 10 

to the binding affinity of the native Fc region for the pre-existing ADA; 

(c) the plasma half-life of the Fc region variant has been prolonged relative to the plasma 

half-life of the native Fc region; 

(d) the clearance in plasma of the Fc region variant has been reduced relative to the clearance in 

plasma of the native Fc region; 15 

(e) the effector receptor binding affinity of the Fc region variant has been reduced relative to the 

effector receptor binding affinity of the native Fc region; and 

(f) being capable of binding to IL-8 in a pH-dependent manner. 

Those skilled in the art will naturally appreciate all possible combinations of the amino 

acid sequences described herein. 20 

 In one embodiment, an anti-IL-8 antibody of the present disclosure can be produced 

using, for example, the methods described in US Patent No. 4,816,567.  In an embodiment, 

isolated nucleic acids encoding an anti-IL-8 antibody of the present disclosure are provided.  

Such a nucleic acid may encode an amino acid sequence comprising a VL and/or an amino acid 

sequence comprising a VH of the antibody (for example, antibody light chain and/or heavy 25 

chain).  An isolated nucleic acid encoding an anti-IL-8 antibody may be inserted into one or 

more vectors for further cloning and/or expression in host cells.  Such a nucleic acid can readily 

be isolated and sequenced using conventional procedures (for example, by using oligonucleotide 

probes that specifically bind to genes encoding the heavy and/or light chains of the antibody). 

 In a further embodiment, one or more vectors containing such a nucleic acid (for 30 

example, expression vectors) are provided.  In an embodiment, host cells containing such a 

nucleic acid are provided.  The host cells contain: (1) a vector comprising a nucleic acid that 

encodes an amino acid sequence comprising a VL of the antibody and/or an amino acid sequence 

comprising a VH of the antibody; or (2) a first vector comprising a nucleic acid that encodes an 

amino acid sequence comprising a VL of an antibody, and a second vector comprising a nucleic 35 

acid that encodes an amino acid sequence comprising a VH of the antibody (for example, the 
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cells have been transformed with the vectors). 

 In one embodiment, the host is eukaryotic (for example, CHO cells or lymphocytes (for 

example, Y0, NS0, or SP20 cells)). 

 In one embodiment, a method for producing an anti-IL-8 antibody of the present 

disclosure is provided.  The method comprises, for example, culturing host cells containing the 5 

above-mentioned nucleic acid under conditions suitable for expressing the antibody, and 

optionally collecting the antibody from the host cells (or host cell culture media). 

 Suitable host cells for cloning or expression of antibody-encoding vectors include, for 

example, prokaryotic and eukaryotic cells.  Cells derived from multicellular organisms 

(invertebrates and vertebrates) may be used to express glycosylated antibodies.  Invertebrates 10 

include, for example, plant and insect cells. 

 In one embodiment, an anti-IL-8 antibody produced by culturing, under conditions 

suitable for antibody expression, host cells containing a nucleic acid that encodes the antibody 

can be isolated from inside of the host cells or outside of the cells (media, milk, etc.) to purify it 

as a substantially pure, homogeneous antibody.  Without limitations, separation/purification 15 

methods that are generally used to purify polypeptides can be appropriately used to separate and 

purify the antibody.  The antibody can be appropriately separated and purified, for example, by 

appropriately selecting and combining column chromatography, filters, ultrafiltration, salting out, 

solvent precipitation, solvent extraction, distillation, immunoprecipitation, SDS-polyacrylamide 

gel electrophoresis, isoelectric focusing, dialysis, and recrystallization.  Chromatography 20 

includes, for example, affinity chromatography, ion exchange chromatography, hydrophobic 

chromatography, gel filtration chromatography, reverse phase chromatography, and adsorption 

chromatography.  Such chromatography can be performed using liquid chromatography, for 

example, HPLC and FPLC.  Columns for use in affinity chromatography include, for example, 

Protein A column and Protein G column.  Protein A columns include, for example, Hyper D, 25 

POROS, and Sepharose F. F. (Pharmacia). 

 In one embodiment, the present disclosure focuses on the characteristics of anti-IL-8 

antibodies such as increased extracellular matrix binding and enhanced cellular uptake of the 

complex between IL-8 and an anti-IL-8 antibody, and thus the present disclosure relates to 

methods for selecting antibodies with increased extracellular matrix binding and antibodies with 30 

enhanced cellular uptake.  In an embodiment, the present disclosure relates to methods for 

producing an anti-IL-8 antibody comprising a variable region whose IL-8-binding activity is 

pH-dependent, which comprise the steps of: (i) assessing the binding between an anti-IL-8 

antibody and extracellular matrix; (ii) selecting an anti-IL-8 antibody that strongly binds to 

extracellular matrix; (iii) culturing a host that comprises a vector comprising a nucleic acid 35 

encoding the antibody; and (iv) isolating the antibody from the culture medium (culture 
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supernatant, etc.).  The binding to extracellular matrix can be assessed, for example, by an 

ELISA system in which an antibody is added to a plate immobilized with an extracellular matrix, 

and then a labeled antibody against the antibody is added thereto to detect the binding between 

the antibody and the extracellular matrix.  Alternatively, the binding can be assessed, for 

example, as follows: a mixture of the antibody and a ruthenium antibody is added to a plate 5 

immobilized with an extracellular matrix, and the binding between the antibody and the 

extracellular matrix is assessed by an electrochemiluminescence (ECL) method measuring the 

electrochemiluminescence of ruthenium. 

 In one embodiment, it is preferable that the IL-8 neutralizing activity of an anti-IL-8 

antibody of the present disclosure be retained stably in a solution (for example, in PBS).  10 

Whether the activity is retained stably in a solution can be tested by assessing whether the IL-8 

neutralizing activity of an anti-IL-8 antibody of the present disclosure added to the solution 

changes before and after storage for a certain period of time at a certain temperature.  In an 

embodiment, the storage period is, for example, one to four weeks, and the storage temperature 

is, for example, 25°C, 30°C, 35°C, 40°C, or 50°C. 15 

 In one embodiment, it is preferable that the IL-8 neutralizing activity of an anti-IL-8 

antibody of the present disclosure be retained stably in vivo (for example, in the plasma).  

Whether the activity is retained stably in vivo can be tested by assessing whether the IL-8 

neutralizing activity of an anti-IL-8 antibody of the present disclosure added to the plasma of a 

nonhuman animal (for example, mouse) or human changes before and after storage for a certain 20 

period of time at a certain temperature.  In an embodiment, the storage period is, for example, 

one to four weeks, and the storage temperature is, for example, 25°C, 30°C, 35°C, or 40°C. 

 In one embodiment, the rate of cellular uptake of an anti-IL-8 antibody of the present 

disclosure is greater in a complex with IL-8 than the antibody alone.  

 In one embodiment, it is preferable that the predicted immunogenicity of an anti-IL-8 25 

antibody of the present disclosure in human hosts be reduced.  "Low immunogenicity" can 

mean, for example, that an administered anti-IL-8 antibody does not induce in vivo immune 

response in at least a majority of the individuals administered with a sufficient amount of the 

antibody over a sufficient period of time to achieve therapeutic effect.  The induction of 

immune response can include production of anti-drug antibodies.  "Low anti-drug antibody 30 

production" can be rephrased as "low immunogenicity".  The immunogenicity level in humans 

can be predicted using a T cell epitope prediction program.  Such T cell epitope prediction 

programs include Epibase (Lonza), iTope/TCED (Antitope), and EpiMatrix (EpiVax).  

Sequences with reduced immunogenicity can be designed, for example, by analysis using a T 

cell epitope prediction program.  Non-limiting examples of the amino acid modification sites 35 

include position 81 and/or position 82b according to Kabat numbering in the heavy-chain 
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sequence of the anti-IL-8 antibody shown in SEQ ID NO: 34. 

 In one embodiment, a reference antibody for use in functional comparison to an 

anti-IL-8 antibody described herein may be an antibody comprising the amino acid sequences of 

SEQ ID NOs: 39 and 40.  In a specific embodiment, a reference antibody for use in PK test may 

be an antibody comprising the amino acid sequences of SEQ ID NOs: 43 and 45. 5 

 In some embodiments, IL-8 signal inhibitors (for example, anti-IL-8 antibodies) of the 

present disclosure are identified, screened, or characterized by various known methods using the 

physicochemical properties and/or biological activities as indexes. 

 

Binding measurements and other measurements 10 

 In one aspect, the antibodies of the present disclosure can be assessed for their 

antigen-binding activity by any methods, for example, ELISA, Western blotting, kinetic 

exclusion assay (KinExA
TM

), and surface plasmon resonance using a device such as BIACORE 

(GE Healthcare). 

 In one embodiment, the binding affinity can be measured using Biacore T200 (GE 15 

Healthcare) in the following manner.  An appropriate amount of a trapping protein (for example, 

Protein A/G (PIERCE)) is immobilized onto a sensor chip CM4 (GE Healthcare) by the 

amine-coupling method, and an antibody of interest is allowed to be captured by it.  Then, a 

diluted antigen solution and running buffer (as a reference solution, for example, 0.05% tween20, 

20 mM ACES, 150 mM NaCl, pH 7.4) are injected to allow the antigen molecule to interact with 20 

the antibody trapped on the sensor chip.  The sensor chip is regenerated using 10 mM glycine 

HCl solution (pH 1.5).  Measurements are performed at a predetermined temperature (for 

example, 37°C, 25°C, or 20°C).  The KD (M) of each antibody for the antigen is calculated 

based on the association rate constant kon (1/Ms) and dissociation rate constant koff (1/s) which 

are kinetic parameters calculated from a sensorgram obtained by the measurement.  Each 25 

parameter is calculated using the BIACORE T200 Evaluation Software (GE Healthcare). 

 In one embodiment, IL-8 can be quantitated as described below.  An anti-human IL-8 

antibody containing the mouse IgG constant region is immobilized onto a plate.  A solution 

containing IL-8 bound to a humanized anti-IL-8 antibody, which does not compete with the 

above-described anti-human IL-8 antibody, is aliquoted to the immobilized plate.  After stirring, 30 

a biotinylated anti-human Igκ light chain antibody is added and allowed to react for a certain 

period of time.  Then, SULFO-Tag-labeled streptavidin is further added and allowed to react for 

a certain period of time.  Then, assay buffer is added and immediately, measurement is 

performed with SECTOR Imager 2400 (Meso Scale Discovery). 

 35 

Activity evaluation assays 
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 In one aspect, assays are provided to identify an antibody having a biological activity.  

The biological activity includes, for example, the activity of neutralizing an antigen (for example, 

IL-8) and the activity of blocking signals from an antigen (for example, IL-8). 

 In one embodiment, the level of IL-8-neutralizing activity can be determined, for 

example, by the methods described below.  PathHunter
TM

 CHO-K1 CXCR2 β-Arrestin Cell 5 

Line (DiscoveRx, Cat.# 93-0202C2) is an artificial cell line created to express human CXCR2 

known as a human IL-8 receptor and emit chemiluminescence when a signal by human IL-8 is 

transduced.  When human IL-8 is added to a culture medium of the cells, chemiluminescence is 

emitted from the cells in a manner that depends on the concentration of added human IL-8.  

When human IL-8 is added in combination with an anti-human IL-8 antibody to the culture 10 

medium, the chemiluminescence of the cells is reduced or undetectable as compared to when the 

antibody is not added, since the anti-human IL-8 antibody can block the signal transduction via 

IL-8.  That is, the stronger the human IL-8-neutralizing activity of the antibody is, the weaker 

the level of chemiluminescence is; and the weaker the human IL-8-neutralizing activity of the 

antibody is, the greater the level of chemiluminescence is.  Thus, the human IL-8-neutralizing 15 

activity of the anti-human IL-8 antibody can be assessed by examining this difference. 

 As used herein, the terms “diagnostic composition”, “therapeutic composition”, and 

“preventive composition” are interchangeable with “diagnostic agent”, “therapeutic agent”, and 

“preventive agent”, respectively.  In one embodiment, when a “therapeutic composition” or 

“preventive composition” is intended to treat or prevent a disease or symptom in a desired 20 

subject, the composition is also referred to as a “pharmaceutical composition”; in general, a 

pharmaceutical composition refers to an agent for treating or preventing a disease or symptom. 

 As used herein, a “pharmaceutically acceptable carrier” refers to a component other than 

active ingredients contained in a pharmaceutical composition.  Pharmaceutically acceptable 

carriers nontoxic to subjects are typically selected, but the selection will be made in 25 

consideration of benefit/risk depending on the purpose.  Pharmaceutically acceptable carriers 

include, for example, buffers, excipients, stabilizers, and preservatives. 

 In one embodiment, a therapeutic or preventive composition of the present disclosure 

comprises a pharmaceutically acceptable carrier, and can be prepared in a form of freeze-dried 

agent or aqueous formulation. 30 

 In one embodiment, pharmaceutically acceptable carriers are typically nontoxic to 

recipients at the used dosages and concentrations, and include, for example, buffers such as 

phosphate, citrate, and histidine; antioxidants including ascorbic acid and methionine; 

preservatives (for example, octadecyldimethylbenzyl ammonium chloride; hexamethonium 

chloride; benzalkonium chloride; benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl 35 

parabens such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and 
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m-cresol); low molecular weight (less than about 10 residues) polypeptides; proteins such as 

serum albumin, gelatin, and immunoglobulins; hydrophilic polymers such as 

polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, histidine, arginine, or 

lysine; monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, 

and dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose, and 5 

sorbitol; salt-forming counter-ions such as sodium; metal complexes (for example, Zn-protein 

complexes); and/or non-ionic detergents such as TWEEN
TM

, PLURONICS
TM

, or polyethylene 

glycol (PEG).  Alternatively, the pharmaceutically acceptable carriers can also include, for 

example, interstitial drug dispersion agents such as soluble hyaluronidase glycoproteins 

(sHASEGP) (US2005/0260186; US2006/0104968).  It is possible to combine sHASEGP with 10 

one or more glycosaminoglycanases such as chondroitinases.  

 As used herein, “effective amount” of an active ingredient (an IL-8 signal inhibitor such 

as an IL-8 inhibitor (for example, an anti-IL-8 antibody), a CXCR1 inhibitor, or a CXCR2 

inhibitor) in a pharmaceutical composition refers to an amount that is effective when used at a 

dose and for a period of time necessary to achieve the desired therapeutic or prophylactic result. 15 

 In one aspect, the present disclosure is based on the applicability of IL-8 signal 

inhibitors (for example, IL-8 inhibitors (for example, anti-IL-8 antibodies), CXCR1 inhibitors, 

and CXCR2 inhibitors) as pharmaceutical compositions.  The IL-8 signal inhibitors (for 

example, IL-8 inhibitors (for example, anti-IL-8 antibodies), CXCR1 inhibitors, and CXCR2 

inhibitors) of the present disclosure are useful, for example, in diagnosing, treating, or preventing 20 

diseases where IL-8 is present in an excessive amount. 

 In one embodiment, an IL-8 signal inhibitor (for example, an IL-8 inhibitor (for 

example, an anti-IL-8 antibody), a CXCR1 inhibitor, or a CXCR2 inhibitor) of the present 

disclosure is administered by any suitable means, including parenteral, intrapulmonary, and 

intranasal, and, if local treatment is desired, intralesional administration.  Parenteral infusion 25 

includes intramuscular, intravenous, intraarterial, intraperitoneal, and subcutaneous 

administration.  Dosing can be by any suitable route, for example, by injections such as 

intravenous or subcutaneous injections, depending in part on whether the administration is brief 

or chronic.  Various dosing schedules are available. 

 In one embodiment, an IL-8 signal inhibitor of the present disclosure can be formulated, 30 

dosed, and administered in a fashion consistent with medical practicability. 

 In one embodiment, the present disclosure relates to products containing IL-8 signal 

inhibitors that are useful for diagnosing, treating, and/or preventing diseases disclosed herein.  

Such a product includes a container and a label or attached document associated with the 

container.  Suitable containers include, for example, bottles, vials, and intravenous solution 35 

bags. 



58 

 

 An appropriate dose and administration intervals of an IL-8 signal inhibitor (for 

example, an IL-8 inhibitor (for example, an anti-IL-8 antibody), a CXCR1 inhibitor, or a CXCR2 

inhibitor) of the present disclosure for preventing or treating a disease can be suitably determined 

based on the type of disease to be treated, the type of inhibitor, the severity and course of the 

disease, the purpose of administration, previous therapy, the patient's clinical history and 5 

response to the inhibitor, and discretion of the attending physician. 

 In one embodiment, the therapeutic effects include, for example, prevention of disease 

development or recurrence, remission of symptoms, alleviation of any direct or indirect 

pathological consequence of the disease, prevention of metastasis, reduction in the rate of 

progression of the disease, cure, alleviation, and remission of the pathological condition, and 10 

improved prognosis. 

 In an embodiment, in this disclosure, diseases or symptoms where IL-8 is present in an 

excessive amount and diseases where IL-8 signals are involved or can be involved in the onset, 

progression, exacerbation, recurrence, and such of pathological conditions, are collectively 

referred to as “IL-8-related diseases”. 15 

 In one embodiment in an aspect, the present disclosure relates to therapeutic or 

preventive compositions for IL-8-related diseases, which comprise an IL-8 signal inhibitor (for 

example, an IL-8 inhibitor (for example, an anti-IL-8 antibody), a CXCR1 inhibitor, or a CXCR2 

inhibitor) as an active ingredient.  In a further embodiment, the compositions may additionally 

comprise a pharmaceutically acceptable carrier. 20 

 In one embodiment in an aspect, the present disclosure relates to IL-8 signal inhibitors 

(for example, IL-8 inhibitors (for example, anti-IL-8 antibodies), CXCR1 inhibitors, and CXCR2 

inhibitors) for use in treating or preventing IL-8-related diseases (for example, endometriosis, 

adenomyosis, dysmenorrhea, adhesion, and fibrotic diseases). 

 In one embodiment in an aspect, the present disclosure relates to the use of IL-8 signal 25 

inhibitors (for example, IL-8 inhibitors (for example, anti-IL-8 antibodies), CXCR1 inhibitor, 

and CXCR2 inhibitors) as diagnostic, therapeutic, or preventive compositions against 

IL-8-related diseases (for example, endometriosis, adenomyosis, dysmenorrhea, adhesion, and 

fibrotic diseases). 

 In one embodiment in an aspect, the present disclosure relates to methods for treating or 30 

preventing an IL-8-related disease (for example, endometriosis, adenomyosis, dysmenorrhea, 

adhesion, and fibrotic diseases), which comprise administering (in an effective amount) an IL-8 

signal inhibitor (for example, an IL-8 inhibitor (for example, an anti-IL-8 antibody), a CXCR1 

inhibitor, or a CXCR2 inhibitor), or a therapeutic or preventive composition comprising it to a 

subject in need thereof.  Herein, the subject in need thereof may be a subject suffering from or 35 

suspected to suffer from the IL-8-related disease.  In a further embodiment, the compositions 
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may additionally comprise a pharmaceutically acceptable carrier. 

 In one embodiment in an aspect, the present disclosure relates to use of an IL-8 signal 

inhibitor (for example, an IL-8 inhibitor (for example, an anti-IL-8 antibody), a CXCR1 inhibitor, 

or a CXCR2 inhibitors) of the present disclosure, or a therapeutic or preventive composition 

comprising it in the manufacture of pharmaceutical agents for treating or preventing IL-8-related 5 

diseases (for example, endometriosis, adenomyosis, dysmenorrhea, adhesion, and fibrotic 

diseases).  In a further embodiment, the compositions may additionally comprise a 

pharmaceutically acceptable carrier. 

 In one embodiment, IL-8-related diseases that are the target of the treatment or 

prevention with an IL-8 signal inhibitor (for example, an IL-8 inhibitor (for example, an 10 

anti-IL-8 antibody), a CXCR1 inhibitor, or a CXCR2 inhibitor) of the present disclosure include, 

for example, the following: endometriosis; adenomyosis; dysmenorrhea; adhesion such as 

Asherman's syndrome; infertility; pain in endometriosis, adenomyosis, or dysmenorrhea; pain in 

adhesion, fibrosis, or inflammation; inflammatory skin diseases such as inflammatory keratosis, 

atopic dermatitis, contact dermatitis, palmoplantar pustulosis, and psoriasis; chronic 15 

inflammatory diseases such as chronic rheumatoid arthritis, systemic lupus eryhtematosus (SLE), 

and Behcet's disease which are autoimmune diseases; inflammatory bowel diseases such as 

Crohn's disease and ulcerative colitis; inflammatory liver diseases such as hepatitis B and C, 

alcoholic hepatitis, and drug-induced allergic hepatitis; inflammatory kidney diseases such as 

glomerulonephritis and ANCA associated nephritis; inflammatory respiratory diseases such as 20 

bronchitis and asthma; inflammatory chronic vascular diseases such as atherosclerosis; multiple 

sclerosis; stomatitis; chorditis; posttransplantational ischemia-reperfusion; inflammations 

appearing during the use of artificial organs and artificial blood vessels; malignant tumors such 

as ovary cancer, lung cancer, prostate cancer, stomach cancer, breast cancer, melanoma 

(malignant melanoma), cancers of the head and neck, kidney cancer, urinary bladder cancer, and 25 

glioblastoma; sepsis caused by infection or such (including septic shock); acute lung injury; 

fibrotic diseases such as fibrosis in endometriosis or adenomyosis, cystic fibrosis, hepatic 

fibrosis, renal fibrosis, and pulmonary fibrosis such as chronic obstructive pulmonary disease 

(COPD); brain disorders selected from cerebral stroke, brain infarction (for example, ischemic 

cerebral infarction), cerebral thrombosis, cerebral embolism, hemorrhagic cerebrovascular 30 

damage, intracerebral hemorrhage, and subarachnoid hemorrhage; cardiac infarction (including 

acute cardiac infarction, unstable angina, and cardiac ischemia/reperfusion injury) (see, for 

example, the Examples herein; the documents shown herein; Remo et al., Expert Rev. Clin. 

Immunol. 10(5), pp. 593-619, 2014; Mian et al., Clin Cancer Res. 2003 Aug 1, 9(8):3167-75; 

Huang et al., Am J Pathol. 2002 Jul;161(1):125-34; WO97/49426; WO97/39775; JP10-045622; 35 

JP10-182488; JP10-053536).  The IL-8-related diseases may be mammalian diseases, and are 
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preferably primate diseases, and more preferably human diseases (for example, human 

endometriosis for endometriosis, human adenomyosis for adenomyosis; the same applies 

hereinafter). 

 In one embodiment, patients (subjects) with an IL-8-related disease who are the target of 

therapy or prevention using an IL-8 signal inhibitor of the present disclosure may be subjects 5 

suffering from or suspected to suffer from the IL-8-related disease.  Herein, the subjects 

suspected to suffer from the IL-8-related disease include, but are not limited to, subjects who 

once suffered from the IL-8-related disease and have a possibility of reoccurrence of the disease, 

and subjects being suspected to have the IL-8-related disease before receiving confirmed 

diagnosis or such made by a physician or others based on pathological findings indicating the 10 

IL-8-related disease.  In one embodiment, the prevention and therapy of an IL-8-related disease 

can be interpreted to be synonymous in some cases.  Alternatively, the prevention of an 

IL-8-related disease can be interpreted based on a general concept well-known to those skilled in 

the art, if appropriate.  

 In one embodiment of the present disclosure, IL-8-related diseases are responsive to 15 

IL-8 signals. 

 Herein, endometriosis refers to, but is not limited to, a disease in which symptoms are 

manifested as tissues having morphology and function which are the same as or similar to those 

of uterine endometrial tissues develop and grow ectopically outside of the uterus (typically 

within the pelvis, occasionally in the peritoneal cavity, and rarely in the thoracic cavity) (Japan 20 

Society of Obstetrics and Gynecology,1993).  Endometriosis is not malignant tumor; however, 

this disease progresses over time and causes tumor formation and adhesion of surrounding 

tissues, severe abdominal and pelvic pain at the time of menstruation and between periods, pain 

during intercourse, defecation pain, and infertility (impaired fertility).  Endometriosis develops 

mostly in women at a reproductive age of 20 years or older, which causes pain and other 25 

symptoms resulting in reduced QOL, and can lead to chronic pain and infertility due to severe 

adhesion.  Fibrosis results from the progression of the pathological condition at the site of 

adhesion in endometriosis lesions (affected areas).  In the fibrotic areas, collagen is generated 

and results in fibrosis.  The progression of fibrosis in endometriosis is generally understood to 

be irreversible.  Thus, there has been no report on methods for arresting the progression of 30 

fibrosis or alleviating the fibrosis in endometriosis.  As described above, endometriosis is a 

disease which becomes exacerbated during a course with a variety of stages, while showing 

various pathological features in the process of progression from the disease onset; nevertheless, 

the disease has been collectively called endometriosis.  Recently, however, an in vivo 

endometriosis model was created using nonhuman primates with menstruation similar to human 35 

menstruation, which has eventually facilitated the elucidation of pathological conditions of the 
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disease.  The present inventors created an in vivo cynomolgus monkey endometriosis model 

with menstruation similar to human menstruation by surgically inducing endometriosis.  By 

using this reliable in vivo model, the present inventors succeeded, for the first time in the world, 

in proving that the proliferation in endometriosis lesions can be suppressed by administering 

IL-8 signal inhibitors to the living body, thereby allowing atrophic changes of epithelial cells and 5 

stromal cells in endometriosis lesions or reduction of the interstitium in endometriosis leading to 

a decrease of smooth muscle cells.  Due to atrophied endometriosis tissues, in particular, 

interstitium, reduction of ectopic neurons can also be expected.  Furthermore, the present 

inventors observed muscle tissue regeneration, which was not detectable in the vehicle group, in 

the group administered with the IL-8 signal inhibitors.  Thus, the present inventors considered 10 

that the lesions invading up to the myometrium were regressed and replaced with muscular 

tissues for recovery.  The presence of deep lesions was assessed based on whether 

endometriosis gland ducts have invaded up to the muscle layer of abdominal wall, and it was 

suggested that the IL-8 signal inhibitors can suppress the formation of deep lesions.  

Furthermore, surprisingly, the present inventors also proved for the first time that the IL-8 signal 15 

inhibitors are capable of suppressing even adhesion and fibrosis in endometriosis.  Thus, in an 

embodiment, the IL-8 signal inhibitors of the present disclosure can be used to treat or prevent 

the symptom referred to as fibrosis at a particular stage of endometriosis which can be regarded 

as a fibrotic disease.  Moreover, in the in vivo cynomolgus monkey model, one animal had 

irregular sexual cycle presumably due to the influence of model preparation; however, except for 20 

this animal, the sexual cycle was regular, and thus it was considered that the IL-8 signal 

inhibitors had no influence on the sexual cycle (see the Examples herein).  These findings show 

that the IL-8 signal inhibitors are promising therapeutic or preventive agents as compared to 

conventional therapeutic agents for endometriosis.  Furthermore, it is surprising that 

endometriosis can be treated or prevented by using an IL-8 signal inhibitor as a single drug 25 

without combining it with a hormone drug.  In one embodiment, endometriosis of the present 

disclosure is responsive to IL-8 signals. 

 Herein, adenomyosis refers to, but is not limited to, a condition where endometrial 

tissues, specifically, endometrial glands and their circumjacent uterine stroma, are present in the 

uterine musculature, which is a disease with hypertrophy and hyperplasia of the circumjacent 30 

smooth muscles and causes severe menstrual pain, hypermenorrhea, anemia, and chronic pain.  

Although 6% to 20% of adenomyosis patients also have endometriosis (Taketani, et al., Study 

report on mental and physical disorders sponsored by the Ministry of Health and 

Welfare.1998:99-104), adenomyosis is a disease different from endometriosis in disease 

classification.  It is the recent common technical knowledge of those skilled in the art that the 35 

two are separate, distinct diseases (Frankl et al., 1925,10:680-4; Brosens et al., Lancet. 1993 Jan 
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16, 341(8838):181-2; Benagiano et al., Best Pract Res Clin Obstet Gynaecol. 2006 Aug, 

20(4):449-63).  Although adenomyosis resembles endometriosis in that endometrium develops 

and proliferates ectopically, and changes occur in an estrogen-dependent manner, and menstrual 

pain is a main symptom, adenomyosis often develops in relatively elderly parous women 

compared to endometriosis, which is epidemiologically different from endometriosis.  It is not 5 

possible to specify the cause leading to the disruption of the boundary between the myometrium 

and the basal layer of the endometrium; however, the following hypothesis has been proposed 

for the development: uterine damages (excessive curettage or birth injury) result in direct 

incorporation of the endometrium into the myometrium (Pappas et al., Obset Gynecol. 1959, 

13:714; Benagiano et al., Fertil Steril. 2012 Sep, 98(3):572-9).  A condition where endometrial 10 

tissues are not present up to 90% of the myometrium on its luminal side and they are only 

distributed on the myometrium on its serosal side is called pelvic peritoneal endometriosis 

(Bergeron et al., Best Pract Res Clin Obset Gynaecol 2006; 20(4):511-521). 

 The present inventors observed and confirmed the spontaneous onset of adenomyosis in 

the above-described in vivo cynomolgus monkey model, and succeeded for the first time in the 15 

world in demonstrating that the proliferation of adenomyosis lesions can be suppressed by 

administering IL-8 signal inhibitors to the living body.  The IL-8 signal inhibitors did not affect 

the sexual cycle in the in vivo cynomolgus monkey model (see the Examples herein).  Thus, the 

IL-8 signal inhibitors are promising therapeutic or preventive agents as compared to 

conventional therapeutic agents for adenomyosis.  Furthermore, it is surprising that 20 

adenomyosis can be treated or prevented by an IL-8 signal inhibitor as a single drug without 

combining it with a hormone drug.  The administration of an IL-8 signal inhibitor can result in 

thinning of hypertrophied uterine wall in adenomyosis, and thus they are expected to have 

therapeutic or preventive effects against fibrosis in adenomyosis.  In one embodiment of the 

present disclosure, adenomyosis is responsive to IL-8 signals. 25 

 Dysmenorrhea is not limited herein, but may particularly refer to a catamenial symptom 

that disturbs daily life.  Endometriosis, adenomyosis, hypermenorrhea, and such are known to 

be involved in dysmenorrhea, and the typical symptoms include, for example, lumbar pain, 

headache, nausea, anemia, and fatigue as well as abdominal pain during menstruation, in 

particular lower abdominal pain.  Based on its cause, dysmenorrhea is roughly classified into 30 

the following two types: functional (primary) dysmenorrhea and organic (secondary) 

dysmenorrhea.  The causes of functional dysmenorrhea include, for example, oversecretion of 

prostaglandins as well as causes associated with progression of a disease such as uterine fibroid 

and endometriosis.  The causes of organic dysmenorrhea include, for example, those associated 

with progression of a disease such as uterine fibroid and endometriosis.  Furthermore, 35 

dysmenorrhea is known to be caused by inflammation inside and outside of the uterus.  
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Meanwhile, IL-8 is known as an anti-inflammatory cytokine.  In one embodiment, thus, an IL-8 

signal inhibitor of the present disclosure can treat or prevent dysmenorrhea.  In a preferable 

non-limiting embodiment, an IL-8 signal inhibitor of the present disclosure can treat or prevent 

dysmenorrhea with endometriosis or adenomyosis, dysmenorrhea with which endometriosis or 

adenomyosis is suspected, dysmenorrhea accompanying inflammation, or dysmenorrhea with 5 

pain caused by adhesion.  Alternatively, in another embodiment of the present disclosure, 

dysmenorrhea is responsive to IL-8 signals. 

 Herein, “dysmenorrhea with which endometriosis or adenomyosis is suspected” 

includes, but is not limited to, dysmenorrhea in a subject who has once suffered from 

endometriosis or adenomyosis and has a possibility of reactivation of the disease, and 10 

dysmenorrhea in a subject with suspected endometriosis or adenomyosis before confirmed 

diagnosis or such made by a physician or others based, for example, on pathological findings that 

indicates endometriosis or adenomyosis. 

 In one embodiment, when an IL-8 signal inhibitor of the present disclosure is used in 

treating or preventing dysmenorrhea accompanying endometriosis or adenomyosis, or 15 

dysmenorrhea with which endometriosis or adenomyosis is suspected, the IL-8 signal inhibitor is 

advantageous since it does not affect the sexual cycle and can be used to treat or prevent 

endometriosis or adenomyosis as a single drug without combining it with a hormone drug, as 

described above. 

 Furthermore, the present inventors conceived and demonstrated that IL-8 signal 20 

inhibitors can treat or prevent adhesion in addition to endometriosis and adenomyosis, as 

described in the Examples herein.  Dysmenorrhea is also characterized by pain such as 

abdominal pain.  Thus, it is naturally thought that not only adhesion in endometriosis but also 

adhesion by other symptoms or disorders cause pain in patients due to the adhered contact of 

tissues or organs.  For example, it is known that, in pelvic adhesion, pain correlates with 25 

adhesion of Douglas' pouch while it does not correlate with adhesion between appendages of the 

reproductive organ (Porpora et al., The Journal of the American Association of Gynecologic 

Laparoscopists 1999; 6:429-434), and adhesion between organs causes twitches leading to pain.  

Furthermore, ectopic nerve fibers and NGF production are known to cause pain and pain 

exacerbation in endometriosis (Anaf et al., Hum Reprod 2000, 15:1744-1750; Berkley et al., 30 

Proc Natl Acad Sci U S A 2004, 101:11094-11098; Odagiri et al., Fertil Steril 2009, 

92:1525-1531).  In addition, there is a previous report (Odagiri et al., Fertil Steril 2009, 

92:1525-1531) suggesting that the interstitium with increased smooth muscles circumjacent to 

endometriosis lesions intensifies pain during contraction.  It was confirmed that the 

administration of anti-IL-8 antibodies described in the Examples herein reduces the interstitium 35 

of endometriosis tissues, and it is expected to decrease ectopic neurons, and thus pain reduction 
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can be expected. 

 In one embodiment, an IL-8 signal inhibitor of the present disclosure can treat or 

prevent pain in endometriosis or adenomyosis (chronic pain, pain during menstruation, etc.), 

pain in dysmenorrhea, or pain by adhesion, fibrosis, or inflammation.  Here, the chronic pain 

includes, but is not limited to, chronic lower abdomen pain and chronic pelvic pain. 5 

 In one embodiment, herein, “does not affect the sexual cycle” may mean that the 

periodical menstrual cycle and ovulation are not substantially interfered with in a subject (a 

woman in human, or a female in a nonhuman animal).  The periodicity of the cycle may be 

assessed based on the presence of bleeding during menstruation as observed in the Examples 

herein, or based on changes in estrogen or progesterone level in blood or urine.  Hormone (for 10 

example, estrogen/progesterone combination drug, progesterone preparation, GnRH agonist, and 

danazol) therapy is known to interfere with the menstrual cycle and inhibit ovulation.  Without 

limitations, the presence of the substantial interference can be assessed, for example, by testing 

the tendency of, or statistically testing whether the menstrual cycle is interfered with in a group 

administered with an IL-8 signal inhibitor as compared to a reference group that underwent 15 

hormone therapy which is known to affect the sexual cycle.  In one embodiment, since an IL-8 

signal inhibitor of the present disclosure does not affect the sexual cycle of subjects with 

endometriosis, adenomyosis, or dysmenorrhea to which it is administered, it is considered that it 

does not inhibit ovulation and allows chances of pregnancy unlike conventional hormone therapy.  

Furthermore, the inhibitor is advantageous in that hormone drugs are avoided and thus subjects 20 

can obviate adverse effect conditions such as menopause caused by low estrogen conditions. 

 The body has wound healing functionality to heal the site of injury or wound when cells, 

tissues, organs, or viscera are damaged or injured.  However, during the process of wound 

healing, normally undesirable attachments can occur between cells, tissues, organs, or viscera.  

Typically, without limitations, such a condition of attachment is referred to as adhesion.  Some 25 

patients are asymptomatic for adhesion; however, a non-negligible number of patients need to be 

treated due to accompanying symptoms such as pain, infertility, and a sense of fullness in the 

abdomen.  Adhesion includes, for example, adhesion formed (forming) after surgery (for 

example, adhesion that directly or indirectly formed (forms) at the surface of surgical incision, 

areas around the suture site, sites of abrasion such as by gauze; intrauterine adhesion 30 

(Asherman’s syndrome)) formed (forming) after uterine curettage; adhesion caused by drugs (for 

example, local administration of drugs to organs); adhesion caused by diseases (for example, 

endometriosis, adenomyosis, infiltrating cancer cells or tissues, and inflammatory diseases 

associated with infection (salpingitis, oophoritis, pelvic peritonitis, etc.); bowel atresia with 

adhesion; and spontaneous adhesion.  The present inventors incidentally found that in vivo 35 

administration of an IL-8 signal inhibitor reduced the adhesion at the site of laparotomy, which 
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was different from that in post-surgical endometriosis, in the in vivo cynomolgus monkey model 

for endometriosis.  In one embodiment of the present invention, adhesion is responsive to IL-8 

signals. 

 Herein, without limitations, infertility means that despite having intercourse without 

contraception, a healthy couple who desire pregnancy do not achieve pregnancy in a certain 5 

period of time (generally in one year) (Japan Society of Obstetrics and Gynecology, 2016).  In 

an aspect, infertility includes, but is not limited to, infertility after formation of adhesion (in 

particular, caused by adhesion) and infertility caused by intraperitoneal inflammation.  In one 

embodiment of the present disclosure, infertility is responsive to IL-8 signals. 

 Herein, palmoplantar pustulosis refers to, but is not limited to, a disease where 10 

uncountable rashes (pus-filled blisters) are formed on the palms or soles.  The pus-filled blisters 

are sterile and contain no bacteria or fungi, where neutrophils have been accumulated within the 

keratin of skin and IL-8 is present at a high concentration (Skov et al., J Immunol 2008, 

181:669-679).  The symptom is chronic and recurs repeatedly for a long period of time.  In 

clinical trials against palmoplantar pustulosis, when HuMab10F8 which is an anti-IL-8 antibody 15 

was administered, the pathological state was ameliorated (Skov et al., J Immunol 2008; 

181:669-679).  Thus, in one embodiment of the present disclosure, palmoplantar pustulosis is 

responsive to IL-8 signals. 

 Herein, ANCA-associated nephritis refers to nephritis where ANCA (anti-neutrophil 

cytoplasmic antibody) is positive.  ANCA-associated nephritis is a disease where inflammation 20 

occurs in kidney blood vessels such as glomeruli, and its typical pathological condition is 

necrotizing crescentic glomerulonephritis.  As the nephritis becomes chronic, fibrosis 

progresses and glomeruli harden to leads renal failure (“Evidence-based Clinical Guideline for 

rapidly progressive glomerulonephritis (PRGN) 2014” in Japanese; Nature Review 

Rheumatology 10 (2014) 463).  In ANCA associated nephritis, IL-8 is expressed at a high level 25 

in the lesions, and the migratory competence of patients’ neutrophils is augmented by ANCA 

treatment, and suppressed by anti-IL-8 antibody treatment (Cockwell et al., Kidney Int. 1999 

Mar, 55(3):852-63).  In one embodiment of the present disclosure, ANCA-associated nephritis 

is responsive to IL-8 signals. 

 Herein, cystic fibrosis refers to a systemic autosomal recessive inherited disorder caused 30 

by genetic mutation in cystic fibrosis transmembrane conductance regulator (CFTR).  Secretory 

fluid and mucosal fluid such as airway fluid, intestinal fluid, and pancreatic fluid become 

extremely viscous throughout the body, resulting in occlusion of lumens, which predisposes to 

infection and is manifested with symptoms such as meconium ileus, indigestion and 

malabsorption due to pancreatic atrophy and exocrine failure, and respiratory failure due to 35 

recurring respiratory infection.  The lesions and their surrounding area, for example, airway 



66 

 

fluid or bronchoalveolar lavage fluid, contain a high concentration of IL-8 (Marcos et al., Nat 

Med. 2010 Sep,16(9):1018-23; Khan et al., Am J Respir Crit Care Med. 1995 

Apr,151(4):1075-82) and a large number of neutrophils migrated by IL-8 are present.  It is 

thought that excessive and persistent inflammation occurs and neutrophils produce enzymes such 

as elastase and undergo NETosis, and thus the viscosity of body fluid is increased resulting in 5 

manifestation of the symptoms (Cheng et al., Front Immunol. 2013 Jan 24, 4:1).  Topical 

neutrophil migration was observed to be suppressed in clinical trials of the CXCR2 inhibitor 

Elubrixin against cystic fibrosis (J Cyst Fibros. 2013 May,12(3):241-8).  It is expected that, 

when the enzyme production and NETosis are suppressed by inhibiting neutrophil migration by 

blockage of the IL- 8 pathway, the local viscosity is decreased, and the symptoms are 10 

ameliorated.  Thus, in one embodiment of the present disclosure, cystic fibrosis is responsive to 

IL-8 signals. 

 Herein, without intending to be limiting, psoriasis is also known as an inflammatory 

disease.  A typical symptom is well-circumscribed red papules or convex prominences covered 

with silver dander.  The common triggers include external injury, infection, and certain drugs.  15 

Generally, there is almost no symptom, but occasionally mild itching is experienced.  Some 

major complaints can be from a cosmetic point of view.  Some people have arthritis with pain 

as a complication which increases the severity.  US2003/0077283A1 discloses local therapy for 

psoriasis using an anti-IL-8-neutralizing antibody.  Furthermore, a therapeutic agent of an 

anti-IL-8-neutralizing antibody for infection is available on the market under the name of 20 

Abcream
TM

.  Thus, in one embodiment of the present disclosure, psoriasis is responsive to IL-8 

signals. 

 The mechanism underlying fibrosis is as follows: inflammation following damage 

caused by hemorrhage or diseases serves as a trigger, and chemokines and cytokines including 

IL-8 recruit immune cells such as neutrophils and monocytes from the surrounding tissues; 25 

cytokines and chemokines are produced and this induces activation and proliferation of muscle 

fibroblasts (or fibrotic cells) as well as hyperproduction or hypodegradation of extracellular 

matrix such as collagen, which results in fibrosis.  This is common for fibrosis in various 

organs (N Engl J Med 2015, 372:1138-1149 March 19, 2015). 

 Herein, diseases and conditions with such fibrosis are collectively referred to as 30 

“fibrotic diseases”, by focusing on the fibrotic condition. 

 Since IL-8 signal inhibitors exhibited an inhibitory activity on the migration of 

neutrophils that produce MCP-1 (known as a macrophage-migratory factor and as a 

fibrosis-enhancing factor) and such in an in vitro assay, in addition to the fact that the IL-8 signal 

inhibitors suppressed the infiltration of immune cells and reduced the collagen-rich interstitium 35 

in the in vivo cynomolgus monkey model (see the Examples herein), the IL-8 signal inhibitors 
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are promising therapeutic or preventive agents for fibrosis as described above. 

 In addition, various anti-IL-8 antibodies suppressed the increase in expression of 

connecting tissue growth factor (CTGF) as a fibrosis-enhancing factor in an in vitro assay as 

described in the Examples herein.  This result supports the fact that IL-8 signal inhibitors such 

as anti-IL-8 antibodies are promising therapeutic or preventive agents for fibrotic diseases. 5 

 In one embodiment of the present disclosure, adhesion and fibrosis in endometriosis can 

occur during a process where uterus-derived tissues develop and proliferate outside of the uterus 

(for example, pelvic viscera, in the peritoneal cavity, or in the thoracic cavity). 

 Herein, hepatic fibrosis refers to, but is not limited to, a disease where chronic 

inflammation caused by viral infection, fat accumulation, or such triggers hyperproduction or 10 

hypodegradation of extracellular matrix (ECM) such as collagen in the liver, which leads to 

fibrosis.  Hepatic fibrosis includes, for example, cirrhosis caused by chronic inflammation such 

as viral hepatitis, alcoholic hepatitis, nonalcoholic fatty liver disease (NAFLD), or primary 

biliary cirrhosis (PBC). 

 The following has been reported: IL-8 is increased in chronic liver diseases such as viral 15 

hepatitis A and B, alcoholic hepatitis, and primary biliary cirrhosis (Mediators Inflamm. 2015, 

2015:276850); and the level of IL-8 in blood is high in chronic liver diseases and particularly 

high in patients in advanced pathological conditions; and the expression level of the receptor 

CXCR1 is high in monocytes; and IL-8 strongly enhances inflammation in the liver; and these 

results suggest the contribution of IL-8 to the progression of fibrosis (PLoS One. 20 

2011;6(6):e21381). 

 Furthermore, plasma IL-8 concentration was significantly high in NASH patients with 

fibrosis (Gastroenterology, 2015 Sep,149(3):635-48.e14), which suggests the correlation 

between IL-8 and fibrosis.  In one embodiment of the present disclosure, hepatic fibrosis is 

responsive to IL-8 signals. 25 

 Herein, renal fibrosis refers to, but is not limited to, a disease where inflammation 

triggers hyperproduction or hypodegradation of extracellular matrix such as collagen in the 

kidney, which leads to fibrosis.  Renal fibrosis includes, for example, chronic kidney diseases 

caused by chronic inflammation such as chronic nephritis and diabetes.  As chronic kidney 

diseases are advanced, fibrosis occurs in the kidneys regardless of the causative disease.  Once 30 

started, fibrosis is irreversible, and as for the kidney, dialysis or renal transplantation is needed. 

 The following reports have been published: kidney fibroblasts enhanced IL-8 

production via IL-1 (Kidney Int. 1995 Mar, 47(3):845-54); renal fibrosis was reduced by 

suppressing MCP-1 signal (Kitagawa et al., Am J Pathol. 2004 Jul,165(1):237-46); and the 

activation and mechanism of fibrosis in diabetic condition were examined using human fibrous 35 

cells and the result suggested that human fibrous cells involve in progression of diabetic 
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nephropathy via elevated blood glucose and MCP-1/CCR2 (Clin Exp Nephrol. 2013 

Dec,17(6):793-804).  Since IL-8 signal inhibitors inhibit the migration of MCP-1-producing 

neutrophils to the lesions (see the Examples herein), the inhibitors are expected to suppress the 

progression of or ameliorate renal fibrosis via MCP-1.  In one embodiment of the present 

disclosure, renal fibrosis is responsive to IL-8 signals.  5 

 Herein, pulmonary fibrosis refers to, but is not limited to, a disease where fibrosis is 

caused by hyperproduction or hypodegradation of extracellular matrix such as collagen in the 

lungs or bronchi which is triggered by inflammation.  Pulmonary fibrosis includes, for example, 

chronic obstructive pulmonary disease (COPD), combined pulmonary fibrosis and emphysema 

(CPFE), idiopathic interstitial pneumonias (IIPs), and idiopathic pulmonary fibrosis (IPF). 10 

 Chronic obstructive pulmonary disease (COPD) refers to, but is not limited to, a 

pulmonary inflammatory disease caused by long-term inhalation exposure to harmful substances, 

primarily cigarette smoke (Guideline for diagnosis and therapy of chronic obstructive pulmonary 

disease (COPD), 4th Ed.).  In the respiratory tract and lungs, chronic inflammation reduces 

alveolar elasticity and narrows bronchial lumen, and as a result, the air flow to the lungs 15 

becomes weak, and airflow obstruction causes breathing difficulty, chronic cough, sputum 

production, etc.  It has been reported that in the sputum of COPD patients, IL-8 is increased and 

a large number of neutrophils are present, and the chemotactic index in a migration assay of 

patients’ neutrophils correlates with pulmonary function FEV1/FVC (Yamamoto et al., Chest. 

1997 Aug,112(2):505-10; Wu et al., PLoS One. 2015 May 11,10(5)).  Further, it is reported that, 20 

in clinical trials of the CXCR2 inhibitor MK7123 for COPD patients, pulmonary function 

(FEV1) was improved in the active drug group whereas the function was worsened in the 

placebo group (Am J Respir Crit Care Med. 2015 May 1, 191(9):1001-11). 

 Combined pulmonary fibrosis and emphysema (CPFE) refers to, but is not limited to, a 

poor-prognosis disease where pathological change called emphysema which destroys and 25 

enlarges the lungs is complicated by pulmonary fibrosis (Cottin et al., Eur Respir J. 2005 Oct, 

26(4):586-93).  There are reports describing that in CPFE, IL-8 is increased in bronchoalveolar 

lavage fluid of patients, and the concentration of IL-8 in bronchoalveolar lavage fluid correlates 

with low attenuation area (LAA) which indicates emphysematous lesion in chest CT 

(Respirology. 2012 Jul,17(5):814-20); and LAA which shows emphysematous lesions in chest 30 

CT correlates with prognosis (Johannessen A, et al., Am J Respir Crit Care Med 2013, 187: 

602-8). 

 IIPs is a generic name for various interstitial pneumonias whose cause is not identifiable, 

which are diseases where inflammation and damages occur in alveolar walls, and this results in 

fibrosis which thickens and hardens the walls, leading to impaired gas-exchange function 35 

(Guideline for diagnosis and therapy of idiopathic interstitial pneumonias, revised 2nd Ed.; 
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Travis et al., Am J Respir Crit Care Med. 2013 Sep 15,188(6):733-48).  Of IIPs, IPF is frequent 

and most difficult to treat, and a poor-prognosis pulmonary disease which follows a chronic and 

progressive course and progresses to severe fibrosis, leading to irreversible honey comb lung 

formation (Guideline for diagnosis and therapy of idiopathic interstitial pneumonias, revised 2nd 

Ed.; Raghu et al., Am J Respir Crit Care Med. 2011 Mar 15;183(6):788-824).  The level of IL-8 5 

is high in sera and bronchoalveolar lavage fluid from IPF patients (Car et al., Am J Respir Crit 

Care Med 1994,149:655-659; Ziegenhagen et al., Am J Respir Crit Care Med 1998, 

157:762-768); and the number of neutrophils that migrate in response to IL-8 is increased in 

bronchoalveolar lavage fluid, and the prognosis is worse when the number is high (Haslam et al., 

Thorax 1980, 35: 328-339; Turner-Warwick M et al., Am Rev Respir Dis 1987, 135: 26-34).  10 

These suggest that IL-8 and neutrophils are deeply involved in the pathological condition of IPF.  

IL-8 is also assumed to be the cause of the disease from the finding that IPF patients have an 

SNIP of IL-8 and the local IL-8 concentration is elevated (Ahn et al., Respir Res. 2011 Jun 

8;12:73).  In one embodiment of the present disclosure, pulmonary fibrosis, COPD, CPFE, IIPs, 

and IPF are responsive to IL-8 signals. 15 

 In a further or an alternative embodiment, the present disclosure relates to IL-8 signal 

inhibitors (for example, anti-IL-8 antibodies) for use in inhibiting production of a fibrotic factor.  

Alternatively, the present disclosure relates to methods for inhibiting the production of a fibrotic 

factor in a subject, which comprise administering an effective amount of an IL-8 signal inhibitor 

(for example, an anti-IL-8 antibody) to the subject, or relates to IL-8 signal inhibitors (for 20 

example, anti-IL-8 antibodies) for use in the methods.  Alternatively, the present disclosure 

relates to pharmaceutical compositions for inhibiting the production of a fibrotic factor, which 

comprise an effective amount of an IL-8 signal inhibitor (for example, an anti-IL-8 antibody).  

Alternatively, the present disclosure relates to use of an IL-8 signal inhibitor (for example, an 

anti-IL-8 antibody) in the manufacture of a pharmaceutical agent for inhibiting the production of 25 

a fibrotic factor.  Alternatively, the present disclosure relates to use of an IL-8 signal inhibitor 

(for example, an anti-IL-8 antibody) in inhibiting the production of a fibrotic factor.  

Alternatively, the present disclosure relates to methods for manufacturing a pharmaceutical 

composition for inhibiting the production of a fibrotic factor, which comprise the step of mixing 

an IL-8 signal inhibitor (for example, an anti-IL-8 antibody) with a pharmaceutically acceptable 30 

carrier.  In an embodiment, the fibrotic factor includes, for example, MCP-1 (Monocyte 

Chemotactic Protein-1).  The inhibition of the production of such a fibrotic factor can occur, for 

example, in immune cells such as neutrophils. 

 In a further or an alternative embodiment, the present disclosure relates to IL-8 signal 

inhibitors (for example, anti-IL-8 antibodies) for use in inhibiting angiogenesis.  Alternatively, 35 

the present disclosure relates to methods for inhibiting angiogenesis in a subject, which comprise 
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administering to the subject an effective amount of an IL-8 signal inhibitor (for example, an 

anti-IL-8 antibody), or relates to IL-8 signal inhibitors (for example, anti-IL-8 antibodies) for use 

in the methods.  Alternatively, the present disclosure relates to pharmaceutical compositions for 

inhibiting angiogenesis, which comprise an effective amount of an IL-8 signal inhibitor (for 

example, an anti-IL-8 antibody).  Alternatively, the present disclosure relates to use of an IL-8 5 

signal inhibitor (for example, an anti-IL-8 antibody) in the manufacture of a pharmaceutical 

agent for inhibiting angiogenesis.  Alternatively, the present disclosure relates to use of an IL-8 

signal inhibitor (for example, an anti-IL-8 antibody) in inhibiting angiogenesis.  Alternatively, 

the present disclosure relates to methods for manufacturing a pharmaceutical composition for 

inhibiting angiogenesis, which comprise the step of mixing an IL-8 signal inhibitor (for example, 10 

an anti-IL-8 antibody) with a pharmaceutically acceptable carrier. 

 As described in the Examples herein, in the in vitro assay, neutrophil migration was 

demonstrated to be inhibited not only by commercially available anti-IL-8 antibodies but also by 

IL-8 receptor inhibitors as well as by the anti-IL-8 antibodies used in the in vivo experiments.  

This means that those skilled in the art naturally understand that the findings from the in vivo 15 

model described in the Examples herein can be generalized and expanded to the general 

application to IL-8 signal inhibitors. 

 Thus, in a further or an alternative embodiment, the present disclosure relates to IL-8 

signal inhibitors (for example, anti-IL-8 antibodies) for use in suppressing the infiltration (which 

may be, in an aspect, rephrased as migration) of immune cells to a lesion or a surrounding 20 

environment thereof in an IL-8-related disease.  Alternatively, the present disclosure relates to 

methods for suppressing in a subject the infiltration of immune cells to a lesion or a surrounding 

environment thereof in an IL-8-related disease, which comprise administering to the subject an 

effective amount of an IL-8 signal inhibitor (for example, an anti-IL-8 antibody), or relates to 

IL-8 signal inhibitors (for example, anti-IL-8 antibodies) for use in the methods.  Alternatively, 25 

the present disclosure relates to pharmaceutical compositions for suppressing the infiltration of 

immune cells to a lesion or a surrounding environment thereof in an IL-8-related disease, which 

comprise an effective amount of an IL-8 signal inhibitor (for example, an anti-IL-8 antibody).  

Alternatively, the present disclosure relates to use of an IL-8 signal inhibitor (for example, an 

anti-IL-8 antibody) in the manufacture of a pharmaceutical agent for suppressing the infiltration 30 

of immune cells to a lesion or a surrounding environment thereof in an IL-8-related disease.  

Alternatively, the present disclosure relates to use of an IL-8 signal inhibitor (for example, an 

anti-IL-8 antibody) in suppressing the infiltration of immune cells to a lesion or a surrounding 

environment thereof in an IL-8-related disease.  Alternatively, the present disclosure relates to 

methods for manufacturing a pharmaceutical composition for suppressing the infiltration of 35 

immune cells to a lesion or a surrounding environment thereof in an IL-8-related disease, which 
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comprise the step of mixing an IL-8 signal inhibitor (for example, an anti-IL-8 antibody) with a 

pharmaceutically acceptable carrier. 

 In one embodiment, immune cells preferably include, for example, neutrophils, 

macrophages, monocytes, helper T cells, killer T cells, dendritic cells, and NK cells, and 

preferably include, but are not limited to, neutrophils, macrophages, and monocytes.  When 5 

referring to “the infiltration of immune cells to a lesion in an IL-8-related disease”, the 

IL-8-related disease may be any of the diseases described above, for example, endometriosis, 

adenomyosis, dysmenorrhea, adhesion, or a fibrotic disease.  It should be intended that immune 

cells infiltrate or migrate to a lesion (a site of the disease) or its surrounding in the IL-8-related 

disease.  Furthermore, when referring to “the infiltration of immune cells to a surrounding 10 

environment in an IL-8-related disease”, a skilled person can understand that, for example, for 

endometriosis, the infiltration or migration into the peritoneal cavity or ascites would be intended, 

or for example, for pulmonary fibrosis, the infiltration or migration into the thoracic cavity or 

pleural effusion would be intended. 

 In a further or an alternative embodiment, the present disclosure relates to IL-8 signal 15 

inhibitors (for example, anti-IL-8 antibodies) for use in inhibiting the production of aromatase in 

a lesion of endometriosis or adenomyosis.  Alternatively, the present disclosure relates to 

methods for inhibiting the production of aromatase in a subject, which comprise administering 

an effective amount of an IL-8 signal inhibitor (for example, an anti-IL-8 antibody) to the subject, 

or IL-8 signal inhibitors (for example, anti-IL-8 antibodies) for use in the methods.  20 

Alternatively, the present disclosure relates to pharmaceutical compositions for inhibiting the 

production of aromatase, which comprise an effective amount of an IL-8 signal inhibitor (for 

example, an anti-IL-8 antibody).  Alternatively, the present disclosure relates to use of an IL-8 

signal inhibitor (for example, an anti-IL-8 antibody) in the manufacture of a pharmaceutical 

agent for inhibiting the production of aromatase.  Alternatively, the present disclosure relates to 25 

use of an IL-8 signal inhibitor (for example, an anti-IL-8 antibody) in inhibiting the production 

of aromatase in a lesion of endometriosis or adenomyosis.  Alternatively, the present disclosure 

relates to methods for manufacturing a pharmaceutical composition for inhibiting the production 

of aromatase in a lesion of endometriosis or adenomyosis, which comprise mixing an IL-8 signal 

inhibitor (for example, an anti-IL-8 antibody) with a pharmaceutically acceptable carrier. 30 

 Those of ordinary skill in the art will naturally understand that the present disclosure 

includes any combinations of the whole or part of one or more of any embodiments described 

herein, unless there is a technical contradiction, based on the common technical knowledge of 

those skilled in the art. 

 All prior art documents cited in this specification are incorporated herein by reference to 35 

the common technical knowledge of those skilled in the art. 
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 Herein, the meaning of the term "and/or" is understood to include any combinations of 

terms before and after the phrase "and/or" in which “and” and “or” is appropriately combined. 

 When terms such as first, second, third, fourth, and so on are used for referring to 

various elements, it is understood that the elements should not be limited by such terms.  These 

terms are only used to distinguish an element from other elements, and it is appreciated that, for 5 

example, a first element can be termed a second element, and similarly, a second element can be 

termed a first element, without departing from the scope of the present disclosure.   

 Unless explicitly stated otherwise or unless there are contradictions to the context, the 

words, “a”, “an”, and “the”, as used herein, mean “at least one”. 

 Herein, the terminology is used for the purpose of describing particular embodiments 10 

but is not intended to limit the present invention or the disclosure herein.  Unless defined 

otherwise, all terms (including technical and scientific terms) used herein are interpreted to have 

the same meaning commonly understood by those of ordinary skill in the art to which the 

disclosure herein pertains, and idealized, and should not be interpreted in an overly formal sense. 

 As used herein, the term "comprises" intends the presence of described items (members, 15 

steps, elements, numbers, etc.), unless different understanding should clearly be made in the 

context, and the term does not preclude the presence of other items (members, steps, elements, 

numbers, etc.). 

 Embodiments of the present disclosure are described with reference to schematic 

illustrations, which may be exaggerated for the clarity of explanation. 20 

 Unless contrary to the context, numerical values described herein are understood to be 

values that have a certain range based on the common technical knowledge of those of ordinary 

skill in the art.  For example, the expression "1 mg" is understood to be described as "about 1 

mg" with certain variations.  Furthermore, for example, the expression "1 to 5 items" used 

herein is understood to describe each value specifically and individually such as "1 item, 2 items, 25 

3 items, 4 items, 5 items", unless contrary to the context. 

 

[Examples] 

[Example 1] Production of novel Fc region variants with enhanced FcRn binding under acidic pH 

conditions for improving retention in the plasma 30 

 Under the acidic pH condition in the endosomes, IgG antibodies taken up into cells are 

known to be returned to the plasma by binding to FcRn. Therefore, IgG antibodies generally have 

long plasma half-life compared to proteins that do not bind to FcRn. Methods that utilize this 

property to enhance plasma retention of antibodies by increasing their FcRn binding ability 

(binding affinity) under acidic pH conditions through the introduction of amino acid modifications 35 

in the antibody Fc region are already known. Specifically, methods for improving plasma retention 
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of an antibody by increasing its ability to bind to FcRn under acidic pH conditions through amino 

acid modifications, such as the M252Y/S254T/T256E (YTE) modification (J. Biol. Chem. 

281:23514-23524 (2006)), M428L/N434S (LS) modification (Nat. Biotechnol. 28:157-159 

(2010)), and N434H modification (Clinical Pharmacology & Therapeutics 89(2):283-290 (2011)) 

are known. 5 

 On the other hand, as described above, Fc region variants with increased binding to FcRn 

under acidic pH conditions are also known to show binding to the rheumatoid factor (RF) 

(WO2013/046704). Therefore, the following examinations were carried out with an objective of 

producing Fc region variants that can improve plasma retention without showing binding to 

rheumatoid factor. 10 

(1-1) Production of novel Fc region variant-containing antibodies 

 Fc region variants with increased FcRn binding ability under acidic pH conditions 

including the known modifications, YTE, LS, or N434H, and several newly-found Fc region 

variants (F1847m, F1848m, F1886m, F1889m, F1927m, and F1168m) were produced as shown 

below. 15 

 Genes for heavy chains in which the amino acid modifications were introduced into the 

Fc region of the heavy chain (VH3-IgG1m) of Fv4-IgG1, which is an anti-human IL-6 receptor 

antibody, were produced by the method of Reference Example 1. These heavy chains were used to 

produce the following antibodies by the method of Reference Example 2:  

Fv4-IgG1 consisting of VH3-IgG1m (SEQ ID NO:2) as the heavy chain and VL3-CK (SEQ ID 20 

NO: 110) as the light chain;  

Fv4-YTE consisting of VH3-YTE (SEQ ID NO:3) as the heavy chain and VL3-CK as the light 

chain;  

Fv4-LS consisting of VH3-LS (SEQ ID NO:4) as the heavy chain and VL3-CK as the light chain; 

Fv4-N434H consisting of VH3-N434H (SEQ ID NO:5) as the heavy chain and VL3-CK as the 25 

light chain;  

Fv4-F1847m consisting of VH3-F1847m (SEQ ID NO:6) as the heavy chain and VL3-CK as the 

light chain;  

Fv4-F1848m consisting of VH3-F1848m (SEQ ID NO:7) as the heavy chain and VL3-CK as the 

light chain;  30 

Fv4-F1886m consisting of VH3-F1886m (SEQ ID NO:8) as the heavy chain and VL3-CK as the 

light chain;  

Fv4-F1889m consisting of VH3-F1889m (SEQ ID NO:9) as the heavy chain and VL3-CK as the 

light chain;  

Fv4-F1927m consisting of VH3-F1927m (SEQ ID NO:10) as the heavy chain and VL3-CK as the 35 

light chain; and  



74 

 

Fv4-F1168m consisting of VH3-F1168m (SEQ ID NO:11) as the heavy chain and VL3-CK as the 

light chain. 

 

(1-2) Kinetic analyses of binding toward human FcRn 

 Antibodies containing VH3-IgG1m or an above-mentioned variant as the heavy chain and 5 

L(WT) (SEQ ID NO:1) as the light chain were produced by the method of Reference Example 2, 

and the binding activity toward human FcRn was evaluated as follows. 

 Kinetic analyses of human FcRn and each of the antibodies were carried out using 

BIACORE T100 (GE Healthcare). An appropriate amount of Protein L (ACTIGEN) was fixed 

onto Sensor chip CM4 (GE Healthcare) by the amine coupling method to capture the antibodies of 10 

interest. Next, human FcRn was made to interact with the antibodies captured on the sensor chip 

by injecting a diluted FcRn solution and a running buffer (used as a reference solution). For the 

running buffer, 50 mM sodium phosphate, 150 mM NaCl, and 0.05% (w/v) Tween 20 at pH 6.0 

was used, and the respective buffer was also used to dilute FcRn. To regenerate the sensor chip, 10 

mM glycine-HCl at pH 1.5 was used. All measurements were carried out at 25°C. KD (M) for 15 

human FcRn was calculated for each antibody based on the association rate constant ka (1/Ms) and 

dissociation rate constant kd (1/s), which are kinetic parameters calculated from sensorgrams 

obtained by the measurements. The BIACORE T100 Evaluation Software (GE Healthcare) was 

used to calculate each parameter. 

 The results are shown in Table 2. 20 

[Table 2] 

 

[Example 2] Evaluation of the binding of antibodies containing a novel Fc region variant with 

enhanced FcRn binding under acidic pH conditions toward the rheumatoid factor 

 Anti-drug antibodies (ADAs) affect the efficacy and pharmacokinetics of therapeutic 25 

antibodies, and lead to serious side-effects at times; therefore, clinical utility and efficacy of 

therapeutic antibodies may be limited by production of ADAs. Many factors influence the 
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immunogenicity of therapeutic antibodies, and the presence of effector T cell epitopes is one factor. 

In addition, the presence of ADA in a patient before administration of the therapeutic antibody 

(also called "Pre-existing ADA") may also have similar problems. Specifically, in the case of 

therapeutic antibodies for patients with autoimmune diseases such as rheumatoid arthritis (RA), 

rheumatoid factor (RF) which is an autoantibody against human IgG may become a "pre-existing 5 

ADA" problem. Recently, a humanized anti-CD4 IgG1 antibody having an N434H (Asn434His) 

mutation was reported to induce significant rheumatoid factor binding (Clin Pharm Ther 2011 

Feb;89(2):283-290). Detailed studies confirmed that the N434H mutation in human IgG1 

increases binding of the rheumatoid factor to the Fc region of antibodies as compared to the parent 

human IgG1. 10 

 The rheumatoid factor is a polyclonal autoantibody against human IgG, and its epitopes in 

human IgG differ depending on the clone and seem to be positioned in the CH2/CH3 interface 

region, and in the CH3 domain that may overlap with the FcRn-binding epitope. Therefore, 

mutations that increase the binding activity (binding affinity) towards FcRn may increase the 

binding activity (binding affinity) towards specific clones of the rheumatoid factor. 15 

 In fact, regarding Fc with increased binding to FcRn at acidic pH or neutral pH, not only 

the N434H modification but many other amino acid modifications are also known to similarly 

increase the binding to rheumatoid factor (WO2013/046704). 

 On the other hand, WO2013/046704 also exemplifies several amino acid modifications 

that selectively suppress the binding toward the rheumatoid factor while not affecting binding 20 

toward FcRn, and of these, combinations of two amino acid mutations, namely Q438R/S440E, 

Q438R/S440D, Q438K/S440E, and Q438K/S440D, have been indicated. Accordingly, it was 

examined whether the binding of Fc with increased binding ability under acidic pH conditions 

newly produced this time toward rheumatoid factors could be reduced by introducing 

Q438R/S440E. 25 

 

(2-1) Rheumatoid factor binding assay of antibodies containing a novel Fc region variant 

 A binding assay toward rheumatoid factor was performed by utilizing 

electrochemiluminescence (ECL) at pH 7.4 using individual sera (Proteogenex) from 30 RA 

patients. A 50-fold diluted serum sample, each biotinylated test antibody (1 µg/mL), and each 30 

SULFO-TAG NHS Ester (Meso Scale Discovery)-labeled test antibody (1 µg/mL) were mixed 

and incubated at room temperature for three hours. Thereafter, the mixture was added to a 

Streptavidin-coated MULTI-ARRAY 96-well plate (Meso Scale Discovery), and the plate was 

incubated at room temperature for two hours and then washed. After adding Read Buffer T(x4) 

(Meso Scale Discovery) to each well, the plate was immediately set on the SECTOR imager 2400 35 

Reader (Meso Scale Discovery), and chemiluminescence was measured. 
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 The results of this assay are shown in Figs. 1 to 10. Fv4-IgG1 (Fig. 1) which has a native 

human IgG1 only showed weak binding to the rheumatoid factor, whereas the existing Fc variants 

with increased FcRn binding, Fv4-YTE (Fig. 2), Fv4-LS (Fig. 3), and Fv4-N434H (Fig. 4), all 

showed significantly increased rheumatoid factor binding in a number of donors. On the other 

hand, all novel Fc region variants with increased FcRn binding, Fv4-F1847m (Fig. 5), 5 

Fv4-F1848m (Fig. 6), Fv4-F1886m (Fig. 7), Fv4-F1889m (Fig. 8), Fv4-F1927m (Fig. 9), and 

Fv4-F1168m (Fig. 10), showed only weak rheumatoid factor binding, and this showed that binding 

to the rheumatoid factor as a result of modifications to increase FcRn binding was significantly 

inhibited. 

 In addition, Fig. 11 shows the average values of rheumatoid factor binding in the blood of 10 

30 RA patients for each of the variants. All of the six new variants showed a lower binding than the 

three pre-existing variants (YTE, LS, and N434H), and they also showed a lower binding toward 

the rheumatoid factor as compared with native human IgG1. As such, when considering clinical 

development of therapeutic antibodies with improved binding ability towards FcRn for 

autoimmune diseases etc. such as rheumatoid arthritis and the like, the risk associated with the 15 

rheumatoid factor, which is of concern in the existing Fc region variants, was suppressed in the Fc 

region variants newly produced this time, and accordingly they may be used more safely. 

 

[Example 3] PK evaluation of the novel Fc region variants with increased FcRn binding under 

acidic pH conditions in cynomolgus monkeys 20 

 In Example 3, the effect of improving plasma retention in cynomolgus monkeys was 

evaluated by the following method using novel Fc region variant-containing antibodies whose 

binding to rheumatoid factor was confirmed to be suppressed. 

  

(3-1) Production of novel Fc region variant-containing antibodies 25 

 The following anti-human IgE antibodies were produced:  

OHB-IgG1 consisting of OHBH-IgG1 (SEQ ID NO:12) as the heavy chain and OHBL-CK (SEQ 

ID NO:13) as the light chain; 

OHB-LS consisting of OHBH-LS (SEQ ID NO:14) as the heavy chain and OHBL-CK as the light 

chain;  30 

OHB-N434A consisting of OHBH-N434A (SEQ ID NO:15) as the heavy chain and OHBL-CK as 

the light chain; 

OHB-F1847m consisting of OHBH-F1847m (SEQ ID NO:16) as the heavy chain and OHBL-CK 

as the light chain;  

OHB-F1848m consisting of OHBH-F1848m (SEQ ID NO:17) as the heavy chain and OHBL-CK 35 

as the light chain;  



77 

 

OHB-F1886m consisting of OHBH-F1886m (SEQ ID NO:18) as the heavy chain and OHBL-CK 

as the light chain;  

OHB-F1889m consisting of OHBH-F1889m (SEQ ID NO:19) as the heavy chain and OHBL-CK 

as the light chain; and  

OHB-F1927m consisting of OHBH-F1927m (SEQ ID NO:20) as the heavy chain and OHBL-CK 5 

as the light chain. 

  

(3-2) Monkey PK assay on novel Fc region variant-containing antibodies 

 The in vivo kinetics of anti-human IgE antibodies in the plasma after administration of the 

anti-human IgE antibodies to cynomolgus monkeys were evaluated. The anti-human IgE antibody 10 

solution was intravenously administered once at 2 mg/kg. Blood collection was performed five 

minutes, (two hours), seven hours, one day, two days, three days, (four days), seven days, 14 days, 

21 days, 28 days, 35 days, 42 days, 49 days, and 56 days after administration. The collected blood 

was immediately subjected to centrifugation at 4°C and 15,000 rpm for 5 minutes to obtain plasma. 

The separated plasma was stored in a freezer set to -80°C or lower until performing the 15 

measurements. Eight types of anti-human IgE antibodies, namely OHB-IgG1, OHB-LS, 

OHB-N434A, OHB-F1847m, OHB-F1848m, OHB-F1886m, OHB-F1889m, and OHB-F1927m, 

were used. 

(3-3) Measurement of the anti-human IgE antibody concentration in the plasma by ELISA 

 The concentration of anti-human IgE antibodies in the plasma of cynomolgus monkeys 20 

was measured by ELISA. First, an anti-human IgG kappa chain antibody (Antibody Solution) was 

dispensed into a Nunc-Immuno Plate, MaxiSorp (Nalge Nunc International) and allowed to stand 

overnight at 4°C to produce an anti-human IgG kappa chain antibody-immobilized plate. 

Calibration curve samples having a plasma concentration of 640, 320, 160, 80, 40, 20 or 10 ng/mL, 

and cynomolgus monkey plasma measurement samples diluted 100-fold or more were prepared. 25 

These calibration curve samples and plasma measurement samples were produced such that 

cynomolgus monkey IgE (product prepared within the company) was added at a concentration of 1 

µg/mL. Subsequently, the samples were dispensed into the anti-human IgG kappa chain 

antibody-immobilized plate, and allowed to stand at room temperature for two hours. Then, an 

HRP-anti human IgG gamma chain antibody (Southern Biotech) was dispensed, and allowed to 30 

stand at room temperature for one hour. Subsequently, a chromogenic reaction was carried out 

using the TMB Chromogen Solution (Life Technologies) as a substrate, and after stopping the 

reaction by adding 1N sulfuric acid (Wako), the absorbance at 450 nm was measured by a 

microplate reader. The concentration of anti-human IgE antibody in the monkey plasma was 

calculated from absorbance of the calibration curve using the analytical software SOFTmax PRO 35 

(Molecular Devices). The measured change in the concentration of anti-human IgE antibody in the 
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monkey plasma is shown in Fig. 12. From the measured change in the concentration of anti-human 

IgE antibody in the monkey plasma, elimination clearance was calculated by moment analysis 

using Phoenix WinNonlin Ver. 6.2 (Pharsight Corporation). The calculated pharmacokinetic 

parameters are shown in Table 3. Samples from individuals who were positive for antibodies 

against the administered sample in plasma were excluded from the calculation of the change in the 5 

anti-human IgE antibody concentration and clearance in monkey plasma. 

  

[Table 3] 

 

  10 

(3-4) Measurement of antibodies against the administered samples in plasma by the 

electrochemiluminescence method 

 Antibodies in monkey plasma against the administered samples were measured by an 

electrochemiluminescence method. An administered sample that was ruthenium-labeled using 

SULFO-TAG NHS Ester (Meso Scale Discovery), an administered sample that was biotinylated 15 

using EZ-Link Micro Sulfo-NHS-Biotinylation Kit (Pierce), and a cynomolgus monkey plasma 

measurement sample were mixed in equal amounts, and were left to stand overnight at 4°C. The 

samples were added to a MULTI-ARRAY 96-well Streptavidin Gold Plate (Meso Scale 

Discovery), then allowed to react at room temperature for two hours, and washed. Then, 

immediately after Read Buffer T(x4) (Meso Scale Discovery) was dispensed into the plate, 20 

measurements were carried out using SECTOR Imager 2400 (Meso Scale Discovery). 

 As a result, all of the novel Fc region variants were confirmed to show greatly improved 

plasma retention in comparison to the case of native IgG1. 

  

(3-5) Mouse PK assay on Fc variants 25 

 The following experiment was carried out to compare F1718, which is an Fc region 



79 

 

variant described in WO2013/046704, and F1848m, which is an Fc region variant newly 

discovered this time, as Fc variants for increasing FcRn binding at acidic pH. 

 Genes for heavy chains in which amino acid modifications were introduced into the Fc 

region of the heavy chain (VH3-IgG1) of Fv4-IgG1, an anti-human IL-6 receptor antibody, were 

produced by the method of Reference Example 1. Using these heavy chains, the following 5 

antibodies were produced by the method of Reference Example 2:  

Fv4-IgG1 consisting of VH3-IgG1 as the heavy chain and VL3-CK as the light chain; and  

Fv4-F1718 consisting of VH3-F1718 (SEQ ID NO:21) as the heavy chain and VL3-CK as the 

light chain. 

 The above-mentioned anti-human IL-6 receptor antibodies were administered once at 1 10 

mg/kg into the tail vein of human FcRn transgenic mice (B6.mFcRn-/-.hFcRn Tg line 32 +/+ 

mouse; Jackson Laboratories, Methods Mol. Biol. 602:93-104 (2010). Blood was collected 15 

minutes, seven hours, one day, two days, three days, seven days, 14 days, 21 days, and 28 days 

after administration of the anti-human IL-6 receptor antibodies. The collected blood was 

immediately centrifuged at 15,000 rpm and 4°C for 15 minutes to obtain plasma. The separated 15 

plasma was stored in a freezer set at -20°C or below until measurements were taken. 

  

(3-6) Measurement of the anti-human IL-6 receptor antibody concentration in plasma by ELISA 

 The concentration of anti-human IL-6 receptor antibodies in the mouse plasma was 

measured by ELISA. First, an Anti-Human IgG (gamma-chain specific) F(ab')2 Fragment of 20 

Antibody (SIGMA) was dispensed into a Nunc-Immuno Plate, MaxiSorp (Nalge nunc 

International) and allowed to stand overnight at 4°C to produce an anti-human IgG immobilized 

plate. Calibration curve samples containing an anti-human IL-6 receptor antibody at a plasma 

concentration of 0.8, 0.4, 0.2, 0.1, 0.05, 0.025, or 0.0125 µg/mL and mouse plasma measurement 

samples diluted 100-fold or more were each prepared. 200 µL of 20 ng/mL soluble human IL-6 25 

receptor was added to 100 µL of the calibration curve samples or the plasma measurement samples, 

and then the mixed solutions were allowed to stand for one hour at room temperature. 

Subsequently, the mixed solutions were dispensed into each well of the anti-human 

IgG-immobilized plate, and the plate was allowed to stand for one hour at room temperature. Then, 

a Biotinylated Anti-Human IL-6R Antibody (R&D) was added to react for one hour at room 30 

temperature. Subsequently, Streptavidin-PolyHRP80 (Stereospecific Detection Technologies) was 

added to react for one hour at room temperature, and chromogenic reaction of this reaction 

solution was carried out using TMB One Component HRP Microwell Substrate (BioFX 

Laboratories) as a substrate. After stopping the reaction by adding 1 N sulfuric acid (Showa 

Chemical), the absorbance at 450 nm of the reaction solution in each well was measured on a 35 

microplate reader. The antibody concentration in mouse plasma was calculated from the 
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absorbance of the calibration curve using the analytical software SOFTmax PRO (Molecular 

Devices). 

 The results are shown in Fig. 13. F1718, which is an Fc region variant for increasing 

FcRn binding at acidic pH described in WO2013/046704, did not show any effect of prolonging 

antibody PK, but showed plasma retention equivalent to that of native IgG1. 5 

 Here, F1718 described in WO2013/046704 has four mutations, namely 

N434Y/Y436V/Q438R/S440E, introduced in the Fc region. By contrast, F1848m, newly 

discovered this time, has been introduced with four mutations, namely 

N434A/Y436V/Q438R/S440E. The only difference between the amino acid mutations introduced 

in these two types of Fc's is that the amino acid mutation introduced at position 434 according to 10 

EU numbering is Y (tyrosine) in F1718 and A (alanine) in F1848m. In Example (3-2), F1848m 

showed improved plasma retention compared to that of the native IgG1, whereas F1718 did not 

show any improvement in plasma retention. Therefore, without particular limitation, this suggests 

that A (alanine) is preferred as the amino acid mutation to be introduced at position 434 for 

improving plasma retention. 15 

 

[Example 4] Production of humanized anti-human IL-8 antibodies 

(4-1) Production of the humanized anti-human IL-8 antibody hWS-4 

 Humanized anti IL-8 antibodies disclosed in US Patent No. 6,245,894 (WO1996/002576) 

bind to human IL-8 (hereinafter denoted as hIL-8) and block its physiological function. 20 

Humanized anti-IL-8 antibodies can be produced by combining the variable region sequences of 

the heavy and light chains disclosed in US Patent No. 6,245,894 with any known human antibody 

constant region sequences. The human antibody constant region sequences are not particularly 

limited, but native human IgG1 sequences or native human IgG4 sequences may be used as the 

heavy chain constant regions, and native human Kappa sequences can be used as the light chain 25 

constant region sequence. 

 Here, from among the humanized IL-8 antibodies disclosed in US Patent No. 6,245,894, 

the gene of hWS4H-IgG1 (SEQ ID NO:39), in which the heavy chain variable region RVHg and 

the native human anti-IgG1 sequence for the heavy chain constant region were combined, was 

produced by the method of Reference Example 1. Furthermore, the gene of hWS4L-k0MT (SEQ 30 

ID NO:40), in which the light chain variable region RVLa and the native human Kappa sequence 

for the light chain constant region were combined, was produced by the method of Reference 

Example 1. An antibody, in which the above heavy chain and light chain were combined, was 

produced, and was named the humanized WS-4 antibody (hereinafter, hWS-4). 

  35 

(4-2) Production of humanized anti-human IL-8 antibody Hr9 
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 A new humanized antibody was produced using human consensus framework sequences 

that are different from the FRs used in hWS-4. 

 Specifically, a hybrid sequence of VH3-23 and VH3-64 was used as the heavy chain FR1, 

a sequence seen in VH3-15 and VH3-49 was used as FR2, a sequence seen in VH3-72 was used as 

FR3 (provided that 82a according to Kabat numbering is excluded), and a sequence seen in JH1 etc. 5 

was used as FR4. These were linked to the CDR sequences of the hWS-4 heavy chain to produce 

Hr9-IgG1 (SEQ ID NO:41), a novel humanized antibody heavy chain. 

 Next, two types of antibodies were produced, namely, hWS-4 having hWS4H-IgG1 as the 

heavy chain and hWS4L-k0MT as the light chain, and Hr9 having Hr9-IgG1 as the heavy chain 

and hWS4L-k0MT as the light chain. Within the present disclosure, when referring to the light 10 

chain in particular, Hr9 (its heavy chain variable region sequence is shown in SEQ ID NO: 33) is 

written as Hr9/hWS4L. The antibodies were expressed using FreeStyle 293F cells (Invitrogen) 

according to the protocol attached to the product. Antibodies were purified from the culture 

supernatant by the method of Reference Example 2. As a result, antibodies were obtained in the 

amounts shown in Table 4. Surprisingly, the expression level of Hr9 was approximately 8 times the 15 

expression level of hWS-4. 

  

[Table 4] 

 

  20 

(4-3) Human IL-8-binding activities of hWS-4 and Hr9 

 Binding affinities of hWS-4 and Hr9 towards human IL-8 were determined as follows 

using BIACORE T200 (GE Healthcare). 

 A running buffer having the composition of 0.05% tween 20, 20 mM ACES, and 150 mM 

NaCl (pH 7.4) was used. An appropriate amount of Protein A/G (PIERCE) was immobilized onto 25 

Sensor chip CM4 (GE Healthcare) by the amine coupling method and the antibody of interest was 

captured. Next, human IL-8 was made to interact with the antibody captured on the sensor chip by 

injecting a diluted human IL-8 solution and a running buffer (used as a reference solution). For the 

running buffer, the solution having the above-described composition was used, and this buffer was 

also used to dilute human IL-8. To regenerate the sensor chip, 10 mM glycine-HCl at pH 1.5 was 30 

used. All measurements were carried out at 37°C. KD (M) of each antibody for human IL-8 was 

calculated based on the association rate constant kon (1/Ms) and dissociation rate constant koff 

(1/s), which are kinetic parameters calculated from sensorgrams obtained by the measurements. 

The BIACORE T200 Evaluation Software (GE Healthcare) was used to calculate each parameter. 
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 The results are shown in Table 5. hWS-4 and Hr9 were confirmed to have equivalent 

binding affinities toward human IL-8. 

  

[Table 5] 

 5 

 For development of antibody pharmaceuticals, the production level of antibody 

molecules is an important factor, and generally, a high production level is desirable. It is 

particularly notable that from the above-mentioned examination, a more appropriate human 

consensus framework-derived sequence was selected for combination with the HVR sequence of 

hWS-4, and yielded Hr9 which had an improved production level while maintaining the binding 10 

affinity toward human IL-8. 

 

[Example 5] Obtainment of antibodies with pH-dependent IL-8 binding ability 

(5-1) Production of Hr9-modified antibodies for conferring pH dependency 

 Studies were carried out with the objective of conferring pH-dependent IL-8 binding 15 

ability to the Hr9 obtained in Example 4. 

 While not being bound by particular theory, antibodies having pH-dependent binding 

ability towards IL-8 may be considered to show the following behavior in vivo. The antibodies 

administered to a living organism can bind strongly to IL-8 in an environment where neutral pH is 

maintained (for example, in plasma), and block its function. A portion of such IL-8/antibody 20 

complexes are taken up into cells by nonspecific interaction with the cell membrane (pinocytosis) 

(hereinafter, referred to as non-specific uptake). Under the acidic pH conditions in the endosomes, 

the binding affinities of the aforementioned antibodies toward IL-8 become weak, and therefore 

the antibodies release IL-8. Then, the antibodies that have released IL-8 can return to the outside 

of the cell via FcRn. The aforementioned antibodies that returned to the outside of the cell (into the 25 

plasma) in this manner can bind again to another IL-8 and block its function. Antibodies having 

pH-dependent binding ability towards IL-8 are thought to be also capable of binding to IL-8 

multiple times by the above-mentioned mechanism. 

 In contrast, in the case of an antibody that does not have a property like the 

aforementioned antibody, an antibody molecule is capable of neutralizing an antigen only once, 30 

but cannot neutralize the antigen multiple times. Generally, since an IgG antibody has two Fabs, a 

single antibody molecule can neutralize two molecules of IL-8. On the other hand, antibodies 

which can bind to IL-8 multiple times could bind to IL-8 any number of times as long as they stay 

in the living body. For example, a single molecule of a pH-dependent IL-8-binding antibody that is 
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taken up into cells ten times since being administered until being eliminated can neutralize a 

maximum of 20 molecules of IL-8. Therefore, an antibody that can bind multiple times to IL-8 has 

the advantage of being able to neutralize several IL-8 molecules even with a small amount of the 

antibody. From another viewpoint, an antibody that can bind multiple times to IL-8 has the 

advantage of being able to maintain a state of being able to neutralize IL-8 for a longer period of 5 

time when the same amount of antibody is administered. From yet another viewpoint, an antibody 

that can bind multiple times to IL-8 has the advantage of being able to block the biological activity 

of IL-8 more strongly than when the same amount of an antibody which does not have the property 

possessed is administered. 

 To achieve these advantages, amino acid modifications, mainly histidine, were introduced 10 

into the variable regions of Hr9-IgG1 and WS4L-k0MT with the objective of producing antibodies 

that can bind to IL-8 multiple times. Specifically, the variants shown in Table 6 were produced by 

the methods of Reference Examples 1 and 2. 

 Notations such as "Y97H" indicated in Table 6 show the position where the mutation is 

introduced as defined by Kabat numbering, the amino acid before introduction of the mutation, 15 

and the amino acid after introduction of the mutation. Specifically, when denoted as "Y97H", it 

shows that the amino acid residue at position 97 according to Kabat numbering has been 

substituted from Y (tyrosine) to H (histidine). Furthermore, when a combination of multiple amino 

acid substitutions is introduced, it is written in a manner such as "N50H/L54H". 

  20 

[Table 6] 

 

  

(5-2) pH-dependent IL-8 binding ability 

 The human IL-8-binding affinity of the antibodies produced in Example 5-1 was 25 

determined as described below using BIACORE T200 (GE Healthcare). The following two 

running buffers were used:  

 · 0.05% tween 20, 20 mM ACES, 150 mM NaCl, pH 7.4;  

 · 0.05% tween 20, 20 mM ACES, 150 mM NaCl, pH 5.8. 

 An appropriate amount of Protein A/G (PIERCE) was immobilized onto Sensor chip 30 
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CM4 (GE Healthcare) by the amine coupling method and the antibodies of interest was captured. 

Next, human IL-8 was made to interact with the antibodies captured on the sensor chip by injecting 

a diluted human IL-8 solution and a running buffer (used as a reference solution). For the running 

buffer, any of the above-mentioned solutions was used, and the respective buffers were also used 

to dilute human IL-8. To regenerate the sensor chip, 10 mM glycine-HCl at pH 1.5 was used. All 5 

measurements were carried out at 37°C. KD (M) of each antibody for human IL-8 was calculated 

based on the association rate constant kon (1/Ms) and dissociation rate constant koff (1/s), which 

are kinetic parameters calculated from sensorgrams obtained by the measurements. The 

BIACORE T200 Evaluation Software (GE Healthcare) was used to calculate each parameter. 

 The results are shown in Table 7. First, compared to Hr9, Hr9/L16 which contains a L54H 10 

modification in the light chain had a slightly enhanced human IL-8-binding affinity at neutral pH 

(pH 7.4) but a lowered human IL-8-binding affinity at acidic pH (pH 5.8). On the other hand, 

anti-IL-8 antibodies (H89/WS4L, H89/L12, and H89/L16) produced by combining various light 

chains with H89 containing the Y97H modification in the heavy chain all showed a decreased 

human IL-8-binding affinity at acidic pH as well as a decreased human IL-8-binding affinity at 15 

neutral pH. 

  

[Table 7] 

 

  20 

(5-3) Production and evaluation of further modified antibodies for conferring pH dependence 

 Next, combinations of promising modifications found in 5-2 and new amino acid 

mutations were researched, and the following combinations were found as a result. 

  

[Table 7-2] 25 
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 These variants were produced by the methods of Reference Examples 1 and 2, and the 

binding affinity towards human IL-8 was evaluated by a method similar to that of Example 5-2. 

 The results are also shown in Table 7. H89/L63 which has H89-IgG1 (SEQ ID NO:42) as 5 

the heavy chain and L63-k0MT (SEQ ID NO:43) as the light chain showed a human IL-8-binding 

affinity at neutral pH (pH 7.4) equivalent to that of Hr9, and a decreased human IL-8-binding 

affinity at acidic pH (pH 5.8). Specifically, both the koff (dissociation rate constant) and KD 

(dissociation constant) of H89/L63 at pH5.8 were higher than those of Hr9. This means that under 

the acidic pH condition in the endosomes, H89/L63 has a property of readily releasing human 10 

IL-8. 

 Furthermore, surprisingly, H89/L118, which has H89-IgG1 as the heavy chain and 

L118-k0MT (SEQ ID NO:44) as the light chain, had an enhanced human IL-8-binding affinity 

(KD) under neutral pH conditions as compared to that of Hr9, but a weakened human IL-8-binding 

affinity (KD) under acidic pH conditions as compared to that of Hr9. Without particular limitation, 15 

generally, when antibodies that can bind multiple times to antigens are used as a pharmaceutical 

product, the pH-dependent antigen-binding antibodies preferably have a strong binding affinity 

(small KD) so that they can strongly neutralize the antigens under neutral pH conditions (such as in 

plasma). On the other hand, the antibodies preferably have a large dissociation rate constant (koff) 

and/or a weak binding affinity (large KD) so that they can quickly release the antigens under acidic 20 

pH conditions (such as in the endosomes). In comparison to Hr9, H89/L118 had acquired 

favorable properties in both these neutral pH and acidic pH. 

 Thus, useful amino acid modifications were identified for Hr9 such as Y97H for its heavy 

chain and N50H/L54H/Q89K for its light chain. While not being limited thereto, it has been shown 

that pH-dependent IL-8-binding antibodies that are superior as pharmaceuticals could be 25 

generated by introducing a single or a combination of multiple amino acid modifications selected 

from these modifications. 

 While not being bound by a particular theory, it is considered that an important point 

when using a pH-dependent antigen-binding antibody as a pharmaceutical is whether or not the 

antibody administered to the body can release the antigen in the endosome. In this regard, a 30 

sufficiently weak binding (large dissociation constant (KD)) under acidic pH conditions or a 

sufficiently fast dissociation rate (large dissociation rate constant (koff)) is thought to be important. 

Therefore, it was examined in the following experiment whether the KD or koff of H89/L118 

obtained by BIACORE is sufficient for dissociating the antigen in the endosome in vivo. 
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[Example 6] Production of high-affinity antibodies for mouse PK assay 

 Methods for confirming the effect of an antibody on the rate of human IL-8 elimination in 

mice are not particularly limited. For example, there is a method involving administering an 

antibody in a condition mixed with human IL-8 to mice and then comparing the rate of human IL-8 5 

elimination from mouse plasma. 

 Here, the reference antibody to be used for the mouse PK assay desirably has a 

sufficiently strong binding affinity under both neutral pH and acidic pH conditions. Then, a search 

for modifications that confer Hr9 with high-affinity was conducted, and as a result H998/L63 

having H998-IgG1 (SEQ ID NO:45) as the heavy chain and L63-k0MT as the light chain was 10 

created. 

 H998/L63 was used to evaluate the human IL-8-binding affinity by a method similar to 

that of Example 5-2. The resulting sensorgrams are shown in Fig. 14. 

 H998/L63 showed a significantly slow dissociation rate under both neutral pH and acidic 

pH conditions, and was shown to have stronger IL-8-binding affinity than Hr9. However, it is 15 

known that, due to the mechanical limits of BIACORE, analytical values such as dissociation rate 

constant (koff) and dissociation constant (KD) cannot be calculated accurately in such cases where 

the protein-protein interaction has a slow dissociation rate. As accurate analytical values could not 

be obtained for H998/L63, its analytical values are not shown here. However, it is confirmed from 

the results of the experiment that H998/L63 has very strong binding affinity at both neutral pH and 20 

acidic pH, and is suitable as an antibody to be used for comparison in mouse PK assays. 

 

[Example 7] Mouse PK assay using the pH-dependent IL-8-binding antibody H89/L118 

(7-1) Mouse PK assay using H89/L118 

 The rate of human IL-8 elimination in vivo was evaluated using H89/L118 produced in 25 

Example 5 and H998/L63 produced in Example 6. 

 After simultaneous administration of human IL-8 and anti-human IL-8 antibodies to mice 

(C57BL/6J, Charles river), pharmacokinetics of human IL-8 were evaluated. A mixed solution of 

human IL-8 and an anti-human IL-8 antibody (10 µg/mL and 200 µg/mL, respectively) was 

administered in a single dose at 10 mL/kg to the tail vein. At this time, since a sufficiently 30 

excessive amount of the anti-human IL-8 antibody is present with respect to human IL-8, almost 

all the human IL-8 is considered to be bound to the antibody. Blood was collected five minutes, 

two hours, four hours, seven hours, one day, two days, three days, seven days, 14 days, 21 days, 

and 28 days after the administration. The collected blood was immediately centrifuged at 15,000 

rpm and 4°C for 15 minutes to obtain plasma. The separated plasma was stored in a freezer set at 35 

-20°C or below until measurements were taken. 
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(7-2) Measurement of the human IL-8 concentration in plasma 

 The human IL-8 concentration in mouse plasma was determined by an 

electrochemiluminescence method. First, an anti-human IL-8 antibody (prepared in-house) having 

a mouse IgG constant region was dispensed into a MULTI-ARRAY 96-well Plate (Meso Scale 5 

Discovery), and was allowed to stand at room temperature for one hour. Then, a PBS-Tween 

solution containing 5% BSA (w/v) was used for blocking at room temperature for two hours to 

prepare an anti-human IL-8 antibody-immobilized plate. Calibration curve samples containing 

human IL-8 at a plasma concentration of 275, 91.7, 30.6, 10.2, 3.40, 1.13, or 0.377 ng/mL and 

mouse plasma measurement samples diluted 25-fold or more were prepared. The samples were 10 

mixed with hWS-4 and allowed to react overnight at 37°C. Subsequently, 50 µL of the mixed 

solutions were dispensed into each well of the anti-human IL-8 antibody-immobilized plate, and 

the solution was stirred at room temperature for one hour. The final concentration of hWS-4 was 

adjusted to 25 µg/mL. Then, after one hour of reaction with a Biotin Mouse Anti-Human Igκ Light 

Chain (BD Pharmingen) at room temperature, and then one hour of reaction with SULFO-TAG 15 

Labeled Streptavidin (Meso Scale Discovery) at room temperature, Read Buffer T (x1) (Meso 

Scale Discovery) was dispensed, and measurements were performed immediately with SECTOR 

Imager 2400 (Meso Scale Discovery). The human IL-8 concentration was calculated based on the 

response in the calibration curve using the analytical software, SOFT Max PRO (Molecular 

Devices). 20 

 The resulting data on the concentration of human IL-8 in plasma is shown in Fig. 15, and 

the values of human IL-8 clearance (CL) from mouse plasma are shown in Table 8. 

  

[Table 8] 

 25 

 

 As clear from Fig. 15, in comparison to human IL-8 administered simultaneously with 

H998/L63, human IL-8 administered simultaneously with H89/L118 was shown to be eliminated 

markedly quickly from mouse plasma. Furthermore, CL values which quantitatively represent the 
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rate of human IL-8 elimination from mouse plasma indicate that the rate of human IL-8 

elimination was increased about 19-fold for H89/L118 as compared to H998/L63. 

 Without being bound by a particular theory, the following can be speculated from the 

obtained data. Most of the human IL-8 administered simultaneously with the antibody binds to the 

antibody in the plasma and exists in a complexed form. Human IL-8 bound to H998/L63 exists in 5 

an antibody-bound state even under the acidic pH condition in the endosome, due to the strong 

affinity. Thereafter, H998/L63 is returned to the plasma via FcRn while still in the human 

IL-8-complexed form; therefore, when this occurs, human IL-8 is also returned to the plasma at the 

same time. Therefore, most of the human IL-8 taken up into the cells again is returned to the 

plasma. That is, the rate of elimination of human IL-8 from plasma decreases remarkably when 10 

H998/L63 is simultaneously administered. On the other hand, as described previously, human IL-8 

taken up into cells in a form complexed with H89/L118, a pH-dependent IL-8-binding antibody, 

dissociates from the antibody under the acidic pH condition in the endosome. Human IL-8 

dissociated from the antibody will be degraded after being transferred to the lysosome. Therefore, 

pH-dependent IL-8-binding antibodies can markedly accelerate the elimination of human IL-8 as 15 

compared to an IL-8-binding antibody such as H998/L63 which has strong binding affinity at both 

acidic pH and neutral pH. 

  

(7-3) Mouse PK assay with increased dose of H89/L118 

 Next, an experiment that verifies the effect of varying the dose of H89/L118 was carried 20 

out as follows. After simultaneous administration of human IL-8 and H89/L118 (2 mg/kg or 8 

mg/kg) to mice (C57BL/6J, Charles river), pharmacokinetics of human IL-8 were evaluated. A 

mixed solution of human IL-8 (2.5 µg/mL) and an anti-human IL-8 antibody (200 µg/mL or 800 

µg/mL) was administered to the tail vein in a single dose of 10 mL/kg. At this time, since a 

sufficiently excessive amount of the anti-human IL-8 antibody is present compared to human IL-8, 25 

almost all of the human IL-8 are considered to be bound to the antibody. Blood was collected five 

minutes, seven hours, one day, two days, three days, seven days, 14 days, 21 days, and 28 days 

after the administration. The collected blood was immediately centrifuged at 15,000 rpm and 4°C 

for 15 minutes to obtain plasma. The separated plasma was stored in a freezer set at -20°C or below 

until measurements were taken. 30 

 Measurement of the human IL-8 concentration in mouse plasma was carried out by a 

method similar to that of Example 7-2. The resulting data on the human IL-8 concentration in 

plasma is shown in Fig. 16, and the values for human IL-8 clearance (CL) from mouse plasma are 

shown in Table 9. 

  35 

[Table 9] 
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 As a result, it was confirmed that as compared to the group administered with 2 mg/kg of 

H89/L118, the group administered with 8 mg/kg of the antibody had an approximately 2-fold 

slower rate of human IL-8 elimination. 5 

 Herein below, without intending to be bound by theory, contents surmised as one of 

possible factors that bring about the aforementioned results based on the are described. 

 Among the antibodies that are returned from inside the endosome into the plasma via 

FcRn, it is preferred that the proportion of human IL-8-bound antibodies is low. With the focus on 

human IL-8 present in the endosome, it is desirable to have a high proportion of the free form not 10 

bound by an antibody. When human IL-8 is administered together with an antibody that does not 

have pH-dependent IL-8-binding ability, most (nearly 100%) of the human IL-8 in the endosome 

is considered to exist in a form complexed with the antibody, and a small amount (close to 0%) is 

considered to be in the free form. On the other hand, when administered together with the 

pH-dependent IL-8-binding antibody (for example H89/L118), a certain proportion of human IL-8 15 

should exist in a free form in the endosome. Hypothetically, the proportion of free form in this case 

can be understood as follows: [proportion of free human IL-8 in the endosome (%)] = [free human 

IL-8 concentration in the endosome] / [total human IL-8 concentration in the endosome] x 100. 

 The proportion of free human IL-8 in the endosome as understood by the above equation 

is desirably higher, and for example, 20% is more preferable than 0%, 40% is more preferable than 20 

20%, 60% is more preferable than 40%, 80% is more preferable than 60%, and 100% is more 

preferable than 80%. 

 Thus, it is rational to consider that there is a correlation between the proportion of free 

human IL-8 in the endosome described above and the binding affinity (KD) and/or dissociation 

rate constant (koff) for human IL-8 at acidic pH. That is, the weaker the binding affinity and/or the 25 

greater the dissociation rate for human IL-8 at acidic pH, the higher the proportion of free human 

IL-8 should be in the endosome. However, in the case of pH-dependent IL-8-binding antibodies 

where the proportion of free human IL-8 in the endosome is already close to 100%, further 

weakening the binding affinity and/or increasing the dissociation rate at acidic pH does not 

necessarily lead to an effective increase in the proportion of free human IL-8. One can easily 30 
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understand that, for example, even if the proportion of free human IL-8 is improved from 99.9% to 

99.99%, such a degree of improvement may not be significant. 

 Furthermore, according to the general chemical equilibrium theory, when an anti-IL-8 

antibody and human IL-8 coexist and their binding reaction and dissociation reaction have reached 

an equilibrium, the proportion of free human IL-8 is unambiguously determined by three 5 

parameters: antibody concentration, antigen concentration, and dissociation constant (KD). Here, 

when the antibody concentration is high, when the antigen concentration is high, or when the 

dissociation constant (KD) is small, complexes are readily formed and the proportion of free 

human IL-8 decreases. On the other hand, when the antibody concentration is low, when the 

antigen concentration is low, or when the dissociation constant (KD) is large, complex formation 10 

becomes difficult, and the proportion of free human IL-8 increases. 

 Meanwhile, in this experiment, the rate of elimination of human IL-8 when H89/L118 

was administered at 8 mg/kg was slower than when the antibody was administered at 2 mg/kg. 

This therefore suggests that in the endosome, the proportion of free human IL-8 was decreased 

when antibody was administered at 8 mg/kg compared to when the antibody was administered at 2 15 

mg/kg. The reason may be that increasing the antibody dosage by four-fold increased the antibody 

concentration in the endosome, and thereby facilitated formation of the IL-8-antibody complex in 

the endosome. That is, it is considered that in the group administered with an increased dose of the 

antibody, the proportion of free human IL-8 in the endosome decreased, and therefore the rate of 

elimination of human IL-8 has been decreased. This also suggests that when the antibody is 20 

administered at 8 mg/kg, the degree of the dissociation constant (KD) of H89/L118 under acidic 

pH conditions is insufficient for bringing free human IL-8 to nearly 100%. More specifically, if it 

is an antibody that has a larger dissociation constant (KD) (weaker binding) under acidic pH 

conditions, it may achieve a state of nearly 100% free IL-8 even when the antibody is administered 

at 8 mg/kg, and a rate of human IL-8 elimination equivalent to that when the antibody is 25 

administered at 2 mg/kg. 

 Based on the above, to confirm whether the pH-dependent IL-8-binding antibody of 

interest can accomplish a proportion of nearly 100% free human IL-8 in the endosome as 

mentioned above, without being particularly limited, one can verify whether there is room for 

increasing the degree of the antigen-eliminating effect in vivo or not. For example, there is a 30 

method of comparing the rate of human IL-8 elimination when using a novel pH-dependent 

IL-8-binding antibody to that when H89/L118 is used, where the novel antibody has a weaker 

binding affinity at acidic pH and/or an increased dissociation rate at acidic pH compared to that of 

H89/L118. In case that the aforementioned novel pH-dependent IL-8 antibody shows an 

equivalent rate of human IL-8 elimination to that for H89/L118, this suggests that the binding 35 

affinity and/or dissociation rate of H89/L118 at acidic pH is already at a level sufficient for 
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achieving a proportion of nearly 100% free human IL-8 in the endosome. On the other hand, in 

instances where the aforementioned novel pH-dependent IL-8 antibody shows a higher rate of 

human IL-8 elimination, this suggests that the binding affinity and/or dissociation rate of 

H89/L118 at acidic pH has room for improvement. 

 5 

[Example 8] Production and evaluation of the pH-dependent IL-8-binding antibody H553/L118 

(8-1) Production of novel H553/L118 having pH-dependent IL-8 binding ability 

 Here, the inventors aimed to generate antibodies that have an even weaker human 

IL-8-binding affinity under acidic pH conditions and/or a greater dissociation rate than those of 

H89/L118. 10 

 Amino acid modifications, mainly involving histidine, were introduced using H89/L118 

as a base, to produce the modified antibodies shown in Table 10 by a method similar to that of 

Example 5. Furthermore, the human IL-8-binding affinity for these antibodies was determined by 

a method similar to that of Example 5-2. 

 Part of the results is shown in Table 10. The H553/L118 having H553-IgG1 (SEQ ID 15 

NO:46) as the heavy chain and L118-k0MT as the light chain, and the H496/L118 having 

H496-IgG1 (SEQ ID NO:57) as the heavy chain and L118-k0MT as the light chain were shown to 

have further increased pH dependency than H89/L118. 

  

[Table 10] 20 

 

 In the obtained H553/L118, two amino acid modifications, Y55H and R57P, were 

introduced into the heavy chain of H89/L118. On the other hand, H496/L118, in which only R57P 

was introduced into the heavy chain of H89/L118, has an enhanced binding affinity for human 

IL-8 at neutral pH but a hardly changed human IL-8-binding affinity at acidic pH, in comparison to 25 

H89/L118. More specifically, the R57P modification introduced into H89/L118 is a modification 

that enhances the human IL-8-binding affinity only at neutral pH without changing the binding 

affinity at acidic pH. Furthermore, H553/L118 produced by introducing the Y55H modification 

into the heavy chain of H496/L118 has a maintained or slightly enhanced binding affinity at 

neutral pH, but on the other hand, a decreased binding affinity at acidic pH in comparison to those 30 

of H89/L118. That is, introducing a combination of the two amino acid modifications, Y55H and 
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R57P, into H89/L118 enabled further enhancement of the property of decreasing the binding 

affinity at acidic pH, while maintaining or slightly enhancing the binding affinity at neutral pH. 

  

(8-2) Mouse PK assay using H553/L118 

 Evaluation of the rate of human IL-8 elimination in mice using H553/L118 was carried 5 

out by a method similar to that of Example 7-2. The resulting data on the human IL-8 

concentration in plasma is shown in Fig. 17, and the values of human IL-8 clearance (CL) from 

mouse plasma are shown in Table 11. 

  

[Table 11] 10 

 

 As a result, large differences were not observed between H553/L118 and H89/L118 when 

the groups administered with 2 mg/kg antibody were compared; however, it was confirmed that 

H553/L118 accelerates the elimination of human IL-8 by 2.5 fold or so in comparison to H89/L118 

when the groups administered with 8 mg/kg antibody were compared. From another viewpoint, 15 

H553/L118 did not show difference in the rate of human IL-8 elimination between 2 mg/kg and 8 

mg/kg, and a reduction of the antigen elimination rate due to increase of the antibody dose as with 

H89/L118 was not observed. 

 Without particular limitation, one reason why such results were obtained may be 

discussed as follows. H533/L118 showed an equivalent rate of human IL-8 elimination when the 20 

antibody was administered at 2 mg/kg and at 8 mg/kg. This indicates that the proportion of free 

IL-8 in the endosome achieves a level close to 100% even under the conditions of 8 

mg/kg-administration, since the IL-8 binding by H553/L118 at acidic pH is sufficiently weak. In 

other words, this suggests that while H89/L118 can achieve a maximum human IL-8 elimination 

effect at a dose of about 2 mg/kg, its effects may be weakened at a high dose of around 8 mg/kg. 25 

On the other hand, H553/L118 can achieve a maximum effect of eliminating human IL-8 even at a 

high dose of about 8 mg/kg. 

  

(8-3) Stability evaluation using H553/L118 

 H553/L118 was shown to be an antibody that can accelerate the elimination of human 30 

IL-8 more remarkably than H89/L118 in mice. However, in order for this antibody to sustain this 
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inhibitory effect on human IL-8 for a long period of time in vivo, it is also important that the 

IL-8-neutralizing activity is stably kept (stability in IL-8-neutralizing activity of this antibody) 

during the period when the administered antibody is present in vivo (for example, in plasma). 

Accordingly, the stability of these antibodies in mouse plasma was evaluated by the following 

method. 5 

 Mouse plasma was collected from the blood of C57BL/6J (Charles River) by a method 

known to those skilled in the art. 200 µL of 200 mM PBS (Sigma, P4417) was added to 800 µL of 

mouse plasma to give 1 mL. Furthermore, sodium azide was added at a final concentration of 0.1% 

as an antiseptic. Then, each antibody (Hr9, H89/L118, and H553/L118) was added to the 

above-mentioned mouse plasma to a final concentration of 0.2 mg/mL. At this point, a portion of 10 

the sample was collected as the initial sample. The remaining sample was stored at 40°C. One 

week and two weeks after storage, a portion of each sample was collected, and they were used as 

the one-week-stored sample and the two-week-stored sample. All samples were frozen at -80°C 

and stored until each analysis was performed. 

 Next, anti-IL-8 antibodies contained in mouse plasma were evaluated for their human 15 

IL-8-neutralizing activity as follows: CXCR1 and CXCR2 are known receptors for human IL-8. 

The PathHunter(registered trademark) CHO-K1 CXCR2 β-Arrestin cell line (DiscoveRx Co., 

Cat.# 93-0202C2) expresses human CXCR2, and is a cell line artificially produced so as to emit 

chemiluminescence when human IL-8-mediated signals are transmitted. While it is not 

particularly limited, the human IL-8-neutralizing activity possessed by an anti-human IL-8 20 

antibody can be evaluated using this cell. First, when human IL-8 is added to the culture solution 

of the cells, a certain amount of chemiluminescence is exhibited in a manner dependent on the 

concentration of the added human IL-8. When human IL-8 and an anti-human IL-8 antibody are 

added together to the culture solution, human IL-8 signal transduction may be blocked upon 

binding of the anti-human IL-8 antibody to human IL-8. As a result, chemiluminescence caused by 25 

addition of human IL-8 will be inhibited by the anti-human IL-8 antibody, and the 

chemiluminescence will be weaker than when the antibody is not added, or there will be no 

chemiluminescence at all. Therefore, as the human IL-8 neutralizing activity possessed by the 

antibody becomes stronger, the degree of chemiluminescence becomes weaker; and as the human 

IL-8 neutralizing activity possessed by the antibody becomes weaker, the degree of 30 

chemiluminescence becomes stronger. 

 This is the same for an antibody that has been added to mouse plasma and stored for a 

certain period of time. If the neutralizing activity of the antibody does not change due to storage in 

mouse plasma, the degree of the above-mentioned chemiluminescence before and after storage 

should not change. On the other hand, in the case of an antibody whose neutralizing activity 35 

decreases due to storage in mouse plasma, the degree of chemiluminescence by use of a stored 
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antibody will increase as compared to that before storage. 

 Then, the above-mentioned cell line was used to examine whether the neutralizing 

activity of an antibody stored in mouse plasma was maintained. First, the cell line was suspended 

in the AssayComplete(tm) Cell Plating 0 Reagent, and then seeded into a 384-well plate at 5000 

cells/well. One day after starting of the cell culture, an experiment was performed below for 5 

determining the concentration of human IL-8 to be added. Serially diluted human IL-8 solutions, 

which contain final human IL-8 concentrations from 45 nM (400 ng/mL) to 0.098 nM (0.1 ng/mL), 

were added to the cell culture solution. Next, a detection reagent was added according to the 

protocol of the product, and the relative chemiluminescence level was detected using a 

chemiluminescence detector. From this result, reactivity of the cells towards human IL-8 was 10 

confirmed, and the human IL-8 concentration suitable for confirming the neutralizing activity of 

anti-human IL-8 antibodies was determined. Here, the human IL-8 concentration was set to 2 nM. 

 Next, the aforementioned anti-human IL-8 antibody-added mouse plasma was used to 

evaluate the neutralizing activities of the antibodies contained therein. Human IL-8 at the 

concentration determined above and the aforementioned anti-human IL-8 antibody-containing 15 

mouse plasma were added to the cell culture. The amount of mouse plasma to be added was 

determined so as to contain stepwise concentrations of the anti-human IL-8 antibody in the range 

of 2 µg/mL (13.3 nM) to 0.016 µg/mL (0.1 nM). Next, detection reagents were added according to 

the product protocol, and the relative chemiluminescence levels were detected using a 

chemiluminescence detector. 20 

 Here, relative values for the relative chemiluminescence levels at each antibody 

concentration were calculated by defining the average relative chemiluminescence level in wells 

without addition of human IL-8 and antibody as 0%, and by defining the average relative 

chemiluminescence level in wells that have been added with only human IL-8 but no antibody as 

100%. 25 

 The results of human IL-8 inhibition assay using human CXCR2-expressing cells are 

shown in Fig. 18-1, which shows results from the initial sample (without preservative treatment in 

mouse plasma), Fig. 18-2, which shows results for the samples stored at 40°C for one week, and 

Fig. 18-3, which shows results for the samples stored at 40°C for two weeks. 

 As a result, differences in the human IL-8-neutralizing activity before and after storage in 30 

mouse plasma were not observed for Hr9 and H89/L118. On the other hand, H553/L118 showed 

decrease in the human IL-8-neutralizing activity after two-week storage. Therefore, the human 

IL-8-neutralizing activity of H553/L118 readily decreases in mouse plasma as compared to that of 

Hr9 and H89/L118, and H553/L118 was shown to be an antibody having unstable properties in 

terms of the IL-8 neutralizing activity. 35 
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[Example 9] Production of antibodies with reduced predicted immunogenicity score using an in 

silico system 

(9-1) Predicted immunogenicity score of various IL-8-binding antibodies 

 Generation of anti-drug antibodies (ADA) influences the efficacy and pharmacokinetics 

of therapeutic antibodies, and brings about serious side effects in some cases; and therefore, 5 

clinical utility and drug efficacy of therapeutic antibodies may be limited by the generation of 

ADA. The immunogenicity of therapeutic antibodies is known to be affected by many factors, and 

in particular, there are many reports describing the importance of effector T cell epitopes 

possessed by the therapeutic antibodies. 

 In silico tools for predicting T cell epitopes such as Epibase (Lonza), iTope/TCED 10 

(Antitope), and EpiMatrix (EpiVax) have been developed. Using these in silico tools, T cell 

epitopes in each of the amino acid sequences can be predicted (Expert Opin. Biol. Ther. 2007 Mar; 

7(3):405-418), and the potential immunogenicity of therapeutic antibodies can be evaluated. 

 Here, EpiMatrix was used to calculate the immunogenicity scores of each of the anti-IL-8 

antibodies. EpiMatrix is a system for predicting the immunogenicity of a protein of interest by 15 

automatically designing sequences of peptide fragments by sectioning the amino acid sequence of 

the protein to be predicted for its immunogenicity by nine amino acids, and then calculating their 

ability to bind eight major MHC Class II alleles (DRB1*0101, DRB1*0301, DRB1*0401, 

DRB1*0701, DRB1*0801, DRB1*1101, DRB1*1301, and DRB1*1501) (Clin. Immunol. 2009 

May; 131(2):189-201). 20 

 The immunogenicity scores of the heavy chains and light chains of each IL-8 antibody, 

which were calculated as described above, are shown in the "EpiMatrix Score" column of Table 12. 

Furthermore, regarding the EpiMatrix Scores, immunogenicity scores corrected for the Tregitope 

content are shown in the "tReg Adjusted Epx Score" column. Tregitope is a peptide fragment 

sequence present in large amounts mainly in native antibody sequences, and is a sequence 25 

considered to inhibit immunogenicity by activating regulatory T cells (Tregs). 

 Furthermore, regarding these scores, the sum of the scores for the heavy and light chains 

is shown in the "Total" column. 

  

[Table 12] 30 



96 

 

 

 

 According to these results, both the "EpiMatrix Score" and the "tReg Adjusted Epx 

Score" showed that the immunogenicity scores of H89/L118, H496/L118, and H553/L118 were 

decreased as compared to that of hWS-4, which is a known humanized anti-human IL-8 antibody. 5 

 Furthermore, with EpiMatrix, it is feasible to compare the frequency of ADA 

development predicted for the antibody molecule as a whole by considering the heavy-chain and 

light-chain scores with the actual frequency of ADA development caused by various commercially 

available antibodies. Results of performing such analysis are shown in Fig. 19. Due to system 

limitations, the notations used in Fig. 19 are "WS4" for hWS-4, "HR9" for Hr9, "H89L118" for 10 

H89/L118, "H496L118" for H496/L118, and "H553L118" for H553/L118. 

 As shown in Fig. 19, the frequency of ADA development in humans caused by various 

commercially available antibodies is known to be 45% for Campath (Alemtuzumab), 27% for 

Rituxan (Rituximab), and 14% for Zenapax (Daclizumab). On the other hand, while the frequency 

of ADA development predicted from the amino acid sequence was 10.42% for hWS-4 which is a 15 

known humanized anti-human IL-8 antibody, the frequency of H89/L118 (5.52%), H496/L118 

(4.67%), or H553/L118 (3.45%) newly identified this time were significantly lower in comparison 

to that of hWS-4. 

  

(9-2) Production of modified antibodies with lowered predicted immunogenicity scores 20 

 As described above, the immunogenicity scores of H89/L118, H496/L118, and 

H553/L118 were lower in comparison to that of hWS-4; however, as is apparent from Table 12, the 

immunogenicity scores for the heavy chain are higher than those for the light chains, which 

suggests that there is still room for improvement in the amino acid sequences of the heavy chain in 

particular from the viewpoint of immunogenicity. Then, a search was conducted in the heavy chain 25 

variable region of H496 for amino acid modifications that can decrease the immunogenicity score. 

As a result of diligent search, three variants, H496v1 in which alanine at position 52c according to 

Kabat numbering was substituted with aspartic acid, H496v2 in which glutamine at position 81 

was substituted with threonine, and H496v3 in which serine at position 82b was substituted with 

aspartic acid were found. Furthermore, H1004 in which all three of these modifications were 30 
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introduced was produced. 

 The results of immunogenicity scores calculated by a method similar to that of Example 

9-1 are shown in Table 13. 

  

[Table 13] 5 

 

 

 The three heavy chains, H496v1, H496v2, and H496v3, all of which contain a single 

modification, showed decreased immunogenicity scores in comparison to that of H496. 

Furthermore, H1004, in which a combination of three modifications was introduced, achieved a 10 

remarkable improvement of the immunogenicity score. 

 Here, in addition to L118, L395 was identified as the light chain appropriate for 

combination with H1004. Therefore, in the calculation of immunogenicity scores, both the L118 

combination and the L395 combination were used. As indicated in Table 13, H1004/L118 and 

H1004/L395, which are combinations of heavy and light chains, also showed very low 15 

immunogenicity scores. 

 Next, the frequency of ADA development for these was predicted in a manner similar to 

Example 9-1. The results are shown in Fig. 20. The notations used in Fig. 20 are "V1" for 

H496v1/L118, "V2" for H496v2/L118, "V3" for H496v3/L118, "H1004L118" for H1004/L118, 

and "H1004L395" for H1004/L395. 20 

 Surprisingly, H1004/L118 and H1004/L395, which have remarkably lowered 

immunogenicity scores, also showed improvement in the predicted values for the frequency of 

ADA development, and showed a predicted value of 0%. 

  

(9-3) Measurement of the IL-8-binding affinity of H1004/L395 25 

 H1004/L395 which is an antibody having H1004-IgG1m (SEQ ID NO:47) as the heavy 

chain and L395-k0MT (SEQ ID NO:38) as the light chain was produced. The binding affinity of 

H1004/L395 for human IL-8 was measured as described below using BIACORE T200 (GE 

Healthcare). 

 The following two running buffers were used, and measurements were carried out at the 30 
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respective temperatures:  

 0.05% tween20, 40 mM ACES, 150 mM NaCl, pH 7.4, 40°C 

 0.05% tween20, 40 mM ACES, 150 mM NaCl, pH 5.8, 37°C. 

 An appropriate amount of Protein A/G (PIERCE) was immobilized onto the Sensor chip 

CM4 (GE Healthcare) by the amine coupling method and the antibodies of interest were captured. 5 

Next, a diluted human IL-8 solution or a running buffer (used as a reference solution) was injected 

to allow interaction of the antibodies captured onto the sensor chip with human IL-8. For the 

running buffer, either one of the above-mentioned solutions was used, and the respective buffers 

were also used to dilute human IL-8. To regenerate the sensor chip, 25 mM NaOH and 10 mM 

glycine-HCl (pH 1.5) were used. KD (M) of each antibody for human IL-8 was calculated based 10 

on the association rate constant kon (1/Ms) and dissociation rate constant koff (1/s) which are 

kinetic parameters calculated from sensorgrams obtained by the measurements. The BIACORE 

T200 Evaluation Software (GE Healthcare) was used to calculate each parameter. 

 The measurement results are shown in Table 14. In comparison to H89/L118, 

H1004/L395, with lowered immunogenicity score, had an equivalent KD for human IL-8 at 15 

neutral pH, but increased KD and koff at acidic pH; and it was shown to have the property of 

dissociating readily from IL-8 in the endosome. 

  

[Table 14] 

 20 

 

[Example 10] Production and evaluation of the pH-dependent IL-8-binding antibody H1009/L395 

(10-1) Production of various pH-dependent IL-8-binding antibodies 

 H1004/L395, which has pH-dependent IL-8 binding ability and also a lowered 

immunogenicity score was obtained by the evaluation shown in Example 9. Subsequently, a 25 

dedicated investigation was carried out to produce variants that have these favorable properties as 

well as stability in mouse plasma. 

 The following modified antibodies were produced based on H1004/L395 by introducing 

various modifications. 

  30 

[Table 14-2] 
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[Table 14-3] 

 

 5 

 Further, a total of 36 types of antibodies were produced by combining the 18 types of 

heavy chains and two types of light chains described above. Various evaluations were performed 

on these antibodies as indicated below. 

 The human IL-8-binding affinities under neutral and acidic pH conditions were measured 

in a manner similar to the method of Example 9-3. Among the obtained results, KD at pH 7.4, and 10 

KD and koff at pH 5.8 are shown in Table 15. 

 Next, stability in terms of IL-8 binding upon storage of the antibodies in PBS was 

evaluated by the method indicated below. 

 The respective antibodies were dialyzed overnight against DPBS (Sigma-Aldrich), and 

then the concentration of each of the antibodies was adjusted to 0.1 mg/mL. At this point, some of 15 

the antibody samples were collected as initial samples. The remaining samples were stored at 50°C 

for one week, and then collected as samples for the thermal acceleration test. 

 Next, BIACORE measurement of the IL-8-binding affinity was carried out as follows 

using the initial samples and samples for the thermal acceleration test. 
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 The levels of human IL-8 binding to the modified antibodies were analyzed using 

BIACORE T200 (GE Healthcare). Measurements were carried out at 40°C by using 0.05% 

tween20, 40 mM ACES, and 150 mM NaCl at pH 7.4 as the running buffer. 

 An appropriate amount of Protein A/G (PIERCE) was immobilized onto the Sensor chip 

CM4 (GE Healthcare) by the amine coupling method and the antibodies of interest was captured. 5 

Next, a diluted human IL-8 solution or a running buffer (used as a reference solution) was injected 

to allow interaction of the antibodies captured onto the sensor chip with human IL-8. The running 

buffer was also used to dilute human IL-8. To regenerate the sensor chip, 25 mM NaOH and 10 

mM glycine-HCl (pH 1.5) were used. The measured binding level of human IL-8 and the amount 

of antibodies captured at that binding level were extracted using the BIACORE T200 Evaluation 10 

Software (GE Healthcare). 

 The amount of human IL-8-binding per 1000 RU of the amount of antibody captured was 

calculated for the initial samples and the samples for the thermal acceleration test. Furthermore, 

the ratio of the human IL-8-binding level for the initial samples to that for samples of the thermal 

acceleration test was calculated. 15 

 The resulting ratios of IL-8-binding level of the initial samples to that for samples of the 

thermal acceleration test are shown in Table 15 as well. 

  

[Table 15] 
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 By the above-mentioned examination, H1009/L395 which is an antibody having 

H1009-IgG1m (SEQ ID NO:48) as the heavy chain and L395-k0MT as the light chain was 

obtained. 5 

 As shown in Table 15, in comparison to H89/L118, H1009/L395 had a slightly enhanced 

human IL-8-binding affinity at neutral pH, but on the other hand, a decreased binding affinity at 
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acidic pH, that is, pH-dependence had been further strengthened. Furthermore, when exposed to 

severe conditions such as at 50°C in PBS, H1009/L395 had a slightly improved stability in IL-8 

binding when compared to that of H89/L118. 

 Accordingly, H1009/L395 was selected as an antibody whose neutralizing activity in 

mouse plasma may be stably maintained, while keeping its pH-dependent IL-8 binding ability. 5 

  

(10-2) Stability evaluation of H1009/L395 

 Next, in a manner similar to the method of Example 8-3, it was evaluated whether the 

IL-8 neutralizing activity of H1009/L395 is stably maintained in mouse plasma. Here, 

H1009/L395-F1886s which will be described in detail later in Example 15 was used. This 10 

antibody has the same variable region as that of H1009/L395, and a constant region having 

modifications that enhance FcRn binding under acidic pH conditions and modifications for 

reducing its binding towards FcγR(s) in comparison to those of the native human IgG1. The 

variable region of H1009/L395, especially the region around HVR, is responsible for human 

IL-8-binding and IL-8-neutralizing activity of this antibody, and modifications introduced into the 15 

constant region are considered not to affect these properties. 

 Evaluation of the stability in mouse plasma was performed as follows. 150 µL of 200 mM 

phosphate buffer (pH 6.7) was added to 585 µL of mouse plasma. In addition, sodium azide was 

added as an antiseptic at a final concentration of 0.1%. Each antibody (Hr9, H89/L118, or 

H1009/L395-F1886s) was added to the above-mentioned mouse plasma at a final concentration of 20 

0.4 mg/mL. At this point, a portion of the sample was collected as the initial sample. The 

remaining sample was stored at 40°C. One week and two weeks after the start of storage, a portion 

of each sample was collected, and they were used as the sample stored for one week and the 

sample stored for two weeks. All samples were frozen at -80°C and stored until each analysis was 

performed. 25 

 Measurement of the human IL-8-neutralizing activity was carried out using human 

CXCR2-expressing cells by a method similar to that of Example 8-3. However, the concentration 

of human IL-8 used to confirm the neutralizing activity of an anti-human IL-8 antibody this time 

was 1.2 nM. 

 The results of human IL-8 inhibition assay obtained using the above-mentioned 30 

antibodies with human CXCR2-expressing cells are shown in Fig. 21-1, which shows results for 

the initial sample (without storage treatment in mouse plasma), Fig. 21-2, which shows results for 

the samples stored at 40°C for one week, and Fig. 21-3, which shows results for the samples stored 

at 40°C for two weeks. 

 As a result, surprisingly, the human IL-8-neutralizing activity was maintained in 35 

H1009/L395-F1886s even after it was stored in mouse plasma at 40°C for two weeks, and the 
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IL-8-neutralizing activity was more stably maintained than in the case of H553/L118. 

  

(10-3) Mouse PK assay using H1009/L395 

 The rate of human IL-8 elimination by H1009/L395 in mice was evaluated by the 

following method. H1009/L395, H553/L118, and H998/L63 were used as the antibodies. 5 

Administration to mice and blood collection, and measurement of the human IL-8 concentration in 

mouse plasma were carried out by the method shown in Example 7. 

 The resulting data on the concentration of human IL-8 in plasma are shown in Fig. 22, and 

the values of human IL-8 clearance (CL) from mouse plasma are shown in Table 16. 

 10 

[Table 16] 

 

 

 As a result, the rate of human IL-8 elimination in mice when H1009/L395 was 

administered at 2 mg/kg was equivalent to that of H553/L118, and it was shown that H1009/L395 15 

achieves nearly 100% free IL-8 in the endosome. The value of clearance (CL) which quantitatively 

represents the rate of human IL-8 elimination from mouse plasma was shown to be approximately 

30-fold higher than that of H998/L63. 

 Without being particularly limited, the effect of increasing the rate of human IL-8 

elimination can be understood as follows. Generally, in a living body where antigens are 20 

maintained at nearly constant concentrations, production rates and elimination rates of antigens 

will also be maintained at nearly constant values. When antibodies are administered under such 

conditions, even in cases where the antigen production rates are not affected, the rates of antigen 

elimination may change due to the complex formation of antigen with antibodies. Generally, since 

the antigen-elimination rate is greater than the antibody-elimination rate, in such cases, the 25 

elimination rate of antigens that have formed complexes with antibodies decreases. When the 

antigen elimination rate decreases, the antigen concentration in plasma increases, but the degree of 

increase in this case may also be defined by the ratio of the elimination rate when the antigen is 

present alone to the elimination rate when the antigen forms a complex. That is, in comparison to 

the elimination rate when the antigen is present alone, if the elimination rate when a complex is 30 

formed is decreased to one tenth, the antigen concentration in the plasma of the 
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antibody-administered organism may increase up to approximately ten times that before antibody 

administration. Here, clearance (CL) may be used as the elimination rate. More specifically, 

increase of the antigen concentration (antigen accumulation) that takes place after antibody 

administration to an organism may be defined by the antigen CL under each of the conditions 

before antibody administration and after antibody administration. 5 

 Here, the presence of an approximately 30-fold difference in CL of human IL-8 when 

H998/L63 and H1009/L395 were administered suggests that there may be an approximately 

30-fold difference between the levels of increase in the human IL-8 concentration in plasma when 

these antibodies are administered to humans. Furthermore, generation of a 30-fold difference in 

the human IL-8 concentration in plasma indicates that there will also be approximately a 30-fold 10 

difference in the amount of antibodies necessary for completely blocking the biological activity of 

human IL-8 under the respective conditions. That is, in comparison to H998/L63, H1009/L395 can 

block the biological activity of IL-8 in plasma at approximately 1/30 of the amount, which is a 

very small amount of antibody. Furthermore, when H1009/L395 and H998/L63 are individually 

administered to humans at the same dose, H1009/L395 will be able to block the biological activity 15 

of IL-8 for a longer period of time with greater strength. To block the biological activity of IL-8 for 

a long period of time, it is necessary that the IL-8-neutralizing activity is stably maintained. As 

shown in Example 10, experiments using mouse plasma have elucidated that H1009/L395 can 

maintain its human IL-8-neutralizing activity for a long period of time. H1009/L395 which 

includes these noteworthy properties was also shown to be an antibody that has superior effects 20 

from the viewpoint of the efficacy in neutralizing IL-8 in vivo. 

 

[Example 11] Evaluation of extracellular matrix-binding using the pH-dependent IL-8-binding 

antibody H1009/L395 

 The excellent 30-fold greater effect of H1009/L395 in eliminating human IL-8 as shown 25 

in Example 10 was a surprising effect. It is known that the rate of antigen elimination when a 

pH-dependent antigen-binding antibody is administered depends on the rate of uptake of the 

antibody-antigen complex into cells. That is, if the rate of the pH-dependent antibody uptake into 

cells increases when a complex with an antigen is formed in comparison to when the complex is 

not formed, the antigen-eliminating effect of the pH-dependent antibody can be increased. Known 30 

methods for increasing the rate of uptake of an antibody into cells include the method of conferring 

the FcRn-binding ability under neutral pH conditions to an antibody (WO 2011/122011), the 

method for enhancing the binding ability of an antibody towards FcγR(s) (WO 2013/047752), and 

the method that uses promotion of the formation of complexes containing a polyvalent antibody 

and a polyvalent antigen (WO 2013/081143). 35 

 However, the above-mentioned technique is not used in the constant regions of 
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H1009/L395. Furthermore, while IL-8 is known to form a homodimer, human IL-8 bound by 

H1009/L395 has been found to exist in the form of a monomer because H1009/L395 recognizes 

the homodimer-forming surface of human IL-8. Therefore, these antibodies will not form 

polyvalent complexes. 

 More specifically, while the above-mentioned technique is not used for H1009/L395, 5 

H1009/L395 showed a 30-fold greater human IL-8-eliminating effect. 

 Without intending to be bound by theory, a possible factor that may bring about the 

aforementioned properties of pH-dependent IL-8-binding antibodies represented by H1009/L395 

is presented below.  

 Human IL-8 is a protein that has a high isoelectric point (pI), and the theoretical 10 

isoelectric point calculated by a known method is approximately 10. That is, under neutral pH 

conditions, human IL-8 is a protein whose charge is shifted towards the positive side. 

pH-dependent IL-8-binding antibodies represented by H1009/L395 are also proteins whose charge 

is shifted towards the positive side, and the theoretical isoelectric point of H1009/L395 is 

approximately 9. That is, the isoelectric point of a complex produced by binding of H1009/L395, a 15 

protein that has a high isoelectric point and is originally rich in positive charges, to human IL-8 

which has a high isoelectric point will be higher than that of H1009/L395 alone. 

 Increasing the isoelectric point of an antibody, which includes increasing the number of 

positive charges and/or decreasing the number of negative charges on the antibody, can be 

considered to increase non-specific uptake of the antibody-antigen complex into cells. There is 20 

also a possibility that the isoelectric point of complex formed between an anti-IL-8 antibody and 

human IL-8 which has a high isoelectric point is higher compared to that of the anti-IL-8 antibody 

alone, and the complex may be taken up more readily into cells. 

 As described earlier, binding to the extracellular matrix is also a factor that may influence 

uptake into cells. Then, it was examined whether there is a difference in extracellular matrix 25 

binding between an antibody alone and a complex with a human IL-8-antibody. 

  

(11-1) Evaluation of the amount of antibody binding to the extracellular matrix by the ECL 

(electrochemiluminescence) method 

 Extracellular matrix (the BD Matrigel Basement Membrane Matrix / manufactured by 30 

BD) was diluted to 2 mg/mL using TBS (Takara, T903). The diluted extracellular matrix was 

dispensed into the MULTI-ARRAY 96well Plate, High bind, Bare (manufactured by Meso Scale 

Discovery: MSD) at 5 µL per well, and immobilized overnight at 4°C. Then, blocking was 

performed using 20 mM ACES buffer (pH 7.4) containing 150 mM NaCl, 0.05% Tween20, 0.5% 

BSA, and 0.01% NaN3. 35 

 The antibodies to be evaluated were prepared as follows. The antibody samples to be 
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added alone were prepared by diluting each antibody to 9 µg/mL using Buffer-1 shown below, , 

and then further diluting them using Buffer-2 to a final concentration of 3 µg/mL. 

Buffer-1: 20 mM ACES buffer containing 150 mM NaCl, 0.05% Tween20, and 0.01% NaN3, at 

pH 7.4 

Buffer-2: 20 mM ACES buffer containing 150 mM NaCl, 0.05% Tween20, 0.1% BSA, and 0.01% 5 

NaN3, at pH 7.4 

 On the other hand, the antibody-human IL-8 complex samples to be added were prepared 

by adding human IL-8 at ten times the molar concentration of the antibody to an antibody sample, 

then diluting each antibody using Buffer-1 so that the antibody concentration became 9 µg/mL, 

respectively, and then further diluting each of them using Buffer-2 to a final antibody 10 

concentration of 3 µg/mL. At this point, the human IL-8 concentration was approximately 0.6 

µg/mL. This was shaken at room temperature for one hour for complex formation. 

 Next, solutions of the antibody alone or the complex were added to the plate from which 

the blocking solution had been removed, and this was shaken at room temperature for one hour. 

Then, after removal of the antibody-alone solution or the complex solution, Buffer-1 containing 15 

0.25% Glutaraldehyde was added. Then, after the plate was allowed to stand for 10 minutes, it was 

washed with DPBS (manufactured by Wako Pure Chemical Industries) containing 0.05% 

Tween20. An antibody for ECL detection was prepared by sulfo-tagging the goat anti-human IgG 

(gamma) (manufactured by Zymed Laboratories) using the Sulfo-Tag NHS Ester (manufactured 

by MSD). The antibody for ECL detection was diluted with Buffer-2 to be 1 µg/mL, added to the 20 

plate, and then shaken in the dark at room temperature for one hour. The antibody for ECL 

detection was removed, a solution produced by 2-fold dilution of the MSD Read Buffer T (4x) 

(manufactured by MSD) using ultrapure water was added, and then the amount of luminescence 

was measured by SECTOR Imager 2400 (manufactured by MSD). 

 The results are shown in Fig. 23. Interestingly, it was found that all of the anti-IL-8 25 

antibodies such as H1009/L395 hardly showed any binding to the extracellular matrix as the 

antibody alone (-IL8), but bound to the extracellular matrix upon complex formation with human 

IL-8 (+hIL8). 

 As described above, the property of anti-IL-8 antibodies to acquire binding ability to the 

extracellular matrix by binding to human IL-8 has not been elucidated from prior art information. 30 

Furthermore, without being limited, combining such properties with pH-dependent IL-8-binding 

antibodies can increase the rate of IL-8 elimination more efficiently. 

 

[Example 12] Mouse PK assay using non-FcRn-binding antibodies 

 The following method was used to confirm whether a complex between human IL-8 and a 35 

pH-dependent IL-8-binding antibody is formed and uptake of that complex into cells increases in 
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mice in vivo. 

 First, a mutant comprising the variable region of H1009/L395 and an Fc region deficient 

in binding affinity to various Fc receptors was produced. Specifically, as modifications for deleting 

the binding ability towards human FcRn under acidic pH conditions, the heavy chain H1009-IgG1 

was subjected to substitution of alanine for isoleucine at position 253 and aspartic acid for serine at 5 

position 254, according to EU numbering. Furthermore, as modifications for deleting the binding 

to mouse FcγR(s), leucine at position 235 was substituted with arginine, glycine at position 236 

was substituted with arginine, and serine at position 239 was substituted with lysine. 

H1009-F1942m (SEQ ID NO:49) was produced as a heavy chain containing four of these 

modifications. Furthermore, H1009/L395-F1942m having H1009-F1942m as the heavy chain and 10 

L395-k0MT as the light chain was produced. 

 Since an antibody that has this Fc region is deficient in the FcRn binding affinity under 

acidic pH conditions, it is not transferred from the endosome into plasma. Therefore, such 

antibody is quickly eliminated from plasma in a living body as compared to antibody that has 

native Fc region. In this case, after the antibody that has native Fc region is taken up into cells, 15 

only a portion of them that is not salvaged by FcRn is degraded after being transferred to the 

lysosome, but in the case of antibody having Fc region that does not have FcRn-binding affinity, 

all of the antibody taken up into the cells are degraded in lysosomes. More specifically, in the case 

of antibody that has such modified Fc region, the rate of elimination of the administered antibody 

from plasma may be equivalent to the rate of incorporation into cells. That is, the rate of 20 

intracellular uptake of the antibody whose FcRn-binding affinity has been deleted can also be 

confirmed by measuring the rate of elimination of these antibodies from plasma. 

 Then, whether intracellular uptake of the complex formed between H1009/L395-F1942m 

and human IL-8 increases as compared to the uptake of H1009/L395-F1942m was tested. 

Specifically, whether the rate of elimination of the antibody from plasma will change when the 25 

antibody is administered alone and when the antibody is administered upon formation of a 

complex with human IL-8 was tested. 

 The respective biokinetics of the anti-human IL-8 antibody was evaluated in cases when 

the anti-human IL-8 antibody was administered alone to human FcRn transgenic mice 

(B6.mFcRn-/-.hFcRn Tg line 32 +/+ mouse; Jackson Laboratories; Methods Mol. Biol. (2010) 30 

602:93-104) and when human IL-8 and the anti-human IL-8 antibody were administered 

simultaneously to the human FcRn transgenic mice. The anti-human IL-8 antibody solution (200 

µg/mL), and a mixed solution of human IL-8 (10 µg/mL) and the anti-human IL-8 antibody (200 

µg/mL) were individually administered once at 10 mL/kg to the tail vein. In this case, since the 

anti-human IL-8 antibody was present in sufficient excess over human IL-8, almost all of human 35 

IL-8 was considered to be bound to the antibody. Blood was collected five minutes, two hours, 
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seven hours, one day, and two days after the administration. The collected blood was immediately 

centrifuged at 4°C and 15,000 rpm for 15 minutes to obtain plasma. The separated plasma was 

stored in a freezer set to -20°C or below until measurements were taken. 

 The anti-human IL-8 antibody concentration in mouse plasma was measured by an 

electrochemiluminescence method. First, to the Streptavidin Gold Multi-ARRAY Plate (Meso 5 

Scale Discovery) which had been blocked overnight at room temperature using a PBS-Tween 

solution containing 5% BSA (w/v), an Anti-Human Kappa Light Chain Goat IgG Biotin (IBL) was 

allowed to react at room temperature for one hour to produce an anti-human antibody-immobilized 

plate. Samples for calibration curve containing the anti-human IL-8 antibody at concentrations of 

3.20, 1.60, 0.800, 0.400, 0.200, 0.100, and 0.0500 µg/mL in plasma and samples for mouse plasma 10 

measurement diluted 100-fold or higher were prepared. Each sample was mixed with human IL-8, 

and then dispensed at 50 µL per well into the anti-human antibody-immobilized plate, and then 

stirred at room temperature for one hour. Human IL-8 was adjusted to a final concentration of 333 

ng/mL. 

 Then, an anti-human IL-8 antibody (prepared in-house) having a mouse IgG constant 15 

region was added to the plate, and was allowed to react at room temperature for one hour. 

Furthermore, the Anti-Mouse IgG (BECKMAN COULTER) ruthenium-labeled with the 

SULFO-TAG NHS Ester (Meso Scale Discovery) was added to the plate, and this was allowed to 

react for one hour. Then, immediately after the Read Buffer T(x1) (Meso Scale Discovery) was 

dispensed into the plate, measurement was carried out using SECTOR Imager 2400 (Meso Scale 20 

Discovery). The anti-human IL-8 antibody concentration was calculated based on the response in 

the calibration curve using the analytical software, the SOFTmax PRO (Molecular Devices). 

 Antibody concentrations in mouse plasma obtained as a result are shown in Fig. 24, and 

the antibody clearance under the respective conditions are shown in Table 17. 

  25 

[Table 17] 

 

 

 The rate of intracellular uptake of the complex of H1009/L395-F1942m and human IL-8 

was shown to be increased by at least 2.2 fold compared to the uptake rate of 30 

H1009/L395-F1942m. Here, it is noted as "at least 2.2-fold" because of the following reason 

which is included as one of the possibilities that the value may actually be 5-fold, 10-fold, or 

30-fold. As the rate of elimination of human IL-8 from mouse plasma is very rapid compared to the 
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rate of elimination of H1009/L395-F1942m, the proportion of H1009/L395-F1942m bound by 

human IL-8 in plasma quickly decreases after administration. More specifically, even when 

administered simultaneously with human IL-8, not all H1009/L395-F1942m present in the plasma 

are in the human IL-8-bound form, and in fact, at approximately seven hours after administration, 

most of them already exist in the free form antibody. Since the uptake rate is evaluated under such 5 

conditions, even if the rate of intracellular uptake of the complex of H1009/L395-F1942m and 

human IL-8 has been actually increased five-fold, ten-fold, or 30-fold in comparison to the uptake 

rate of H1009/L395-F1942m, the results in this experiment system are reflected only partially; 

therefore, the effect may possibly be presented as an increase of 2.2-fold or so. Accordingly, from 

these obtained results, whereas the intracellular uptake rate of the complex of H1009/L395 and 10 

IL-8 was shown to be increased compared to the actual intracellular uptake rate of H1009/L395 in 

vivo, this effect is not limited to the obtained value of 2.2-fold increase. 

 Without being particularly limited, the following interpretation may be made from the 

findings obtained so far. When H1009/L395, which is a pH-dependent IL-8-binding antibody, 

forms a complex with human IL-8, that complex has a higher isoelectric point and is shifted more 15 

towards a positive charge than when the antibody alone exists. At the same time, the binding of the 

complex to the extracellular matrix is more increased than the binding of the antibody alone. 

Properties such as elevation of isoelectric point and enhancement of the extracellular matrix 

binding can be considered as factors that promote uptake into cells in vivo. Furthermore, from 

mouse experiments, the rate of intracellular uptake of the complex of H1009/L395 and human 20 

IL-8 was also shown to be increased 2.2-fold or greater compared to the uptake rate of 

H1009/L395. From the above, the theoretical explanation as well as the in vitro properties and in 

vivo phenomena consistently support the hypothesis that H1009/L395 and human IL-8 form a 

complex to promote uptake of the complex into cells, and leads to a remarkable increase in the 

elimination of human IL-8. 25 

 Several antibodies against IL-8 have been reported to date, but there has been no report so 

far on the increase of binding to the extracellular matrix upon complex formation with IL-8 and the 

increase in uptake of the complexes into cells. 

 Furthermore, based on the finding that an increase in the intracellular uptake of the 

anti-IL-8 antibodies is observed when the antibodies form complexes with IL-8, one may consider 30 

that the anti-IL-8 antibodies that have formed complexes with IL-8 in plasma are quickly taken up 

into cells, while the free antibodies which have not formed complexes with IL-8 tend to be retained 

in plasma without being taken up into cells. In this case, when the anti-IL-8 antibody is 

pH-dependent, the anti-IL-8 antibody which has been taken up into the cells releases the IL-8 

molecule in the cells and then returns to the outside of the cells, and then it can bind to another IL-8 35 

molecule; and therefore, increase in the intracellular uptake upon complex formation may have a 
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further effect of eliminating IL-8 more strongly. That is, selecting anti-IL-8 antibodies with 

increased binding to the extracellular matrix or anti-IL-8 antibodies with increased uptake into 

cells is also another aspect of the present disclosure. 

 

[Example 13] Immunogenicity prediction of the pH-dependent IL-8-binding antibody 5 

H1009/L395 using an in silico system 

 Next, the immunogenicity score and frequency of ADA development were predicted for 

H1009/L395 by a method similar to that of Example 9-1. The results are shown in Table 18 and 

Fig. 25. In Fig. 25, H1009/L395 is noted as "H1009L395". 

  10 

[Table 18] 

 

 

 The results in Table 18 show that H1009/L395 has the same level of low immunogenicity 

scores as H1004/L395. Furthermore, the frequency of ADA development predicted for 15 

H1009/L395 from the results in Fig. 25 was 0%, and this was also similar to that of H1004/L395. 

 Accordingly, the predicted immunogenicity was greatly decreased for H1009/L395 in 

comparison to the known anti-human IL-8 antibody hWS-4. Therefore, H1009/L395 is considered 

to have very low immunogenicity in humans, and to be able to safely maintain the 

anti-IL-8-neutralizing activity for a long period of time. 20 

 

[Example 14] Cynomolgus monkey PK assay using an H89/L118 variant with enhanced 

FcRn-binding ability under acidic pH conditions 

 As described in the Examples above, among the cases where the antibodies have native 

IgG1 as their constant region, the pH-dependent IL-8-binding antibody H1009/L395 is an 25 

antibody that has superior properties. However, such antibodies can also be used as antibodies 

containing amino acid substitutions in the constant region, for example, those containing an Fc 

region with enhanced FcRn binding at acidic pH, as exemplified in Example 5. Therefore, 

H89/L118 was used to confirm that the Fc region with enhanced FcRn binding at acidic pH can 

also function in a pH-dependent IL-8-binding antibody. 30 

  

(14-1) Production of an H89/L118 Fc region-modified antibody with enhanced FcRn binding at 
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acidic pH 

Various modifications for enhancing FcRn binding as described in Example 5-1 were introduced 

into the Fc region of H89/L118. Specifically, the following variants were produced by introducing 

the modifications used in F1847m, F1848m, F1886m, F1889m, F1927m, and F1168m into the Fc 

region of H89-IgG1:  5 

H89/L118-IgG1 having H89-IgG1m (SEQ ID NO:50) as the heavy chain and L118-K0MT as the 

light chain;  

H89/L118-F1168m having H89-F1168m (SEQ ID NO:51) as the heavy chain and L118-K0MT as 

the light chain;  

H89/L118-F1847m having H89-F1847m (SEQ ID NO:52) as the heavy chain and L118-K0MT as 10 

the light chain;  

H89/L118-F1848m having H89-F1848m (SEQ ID NO:53) as the heavy chain and L118-K0MT as 

the light chain;  

H89/L118-F1886m having H89-F1886m (SEQ ID NO:54) as the heavy chain and L118-K0MT as 

the light chain;  15 

H89/L118-F1889m having H89-F1889m (SEQ ID NO:55) as the heavy chain and L118-K0MT as 

the light chain;  

H89/L118-F1927m having H89-F1927m (SEQ ID NO:56) as the heavy chain and L118-K0MT as 

the light chain.  

 Cynomolgus monkey PK assays using these antibodies were carried out by the method 20 

shown below. 

 H89/L118-F22, which is described later in the Examples, was also produced in the same 

manner (having H89-F22 (SEQ ID NO: 106) as the heavy chain and L118-K0MT as the light 

chain). 

  25 

(14-2) Cynomolgus monkey PK assay of novel Fc region variant-containing antibodies 

 After administration of anti-human IL-8 antibodies to cynomolgus monkeys, biokinetics 

of the anti-human IL-8 antibodies was evaluated. An anti-human IL-8 antibody solution was 

intravenously administered once at 2 mg/kg. Blood was collected five minutes, four hours, one day, 

two days, three days, seven days, ten days, 14 days, 21 days, 28 days, 35 days, 42 days, 49 days, 30 

and 56 days after administration. The collected blood was immediately centrifuged at 4°C and 

15,000 rpm for ten minutes to obtain plasma. The separated plasma was stored in a freezer set to 

-60°C or below until measurements were taken. 

 The anti-human IL-8 antibody concentration in cynomolgus monkey plasma was 

measured by an electrochemiluminescence method. First, the Anti-hKappa Capture Ab (Antibody 35 

Solutions) was dispensed into a MULTI-ARRAY 96-well Plate (Meso Scale Discovery), and was 



112 

 

stirred at room temperature for one hour. Then, a PBS-Tween solution containing 5% BSA (w/v) 

was used for blocking at room temperature for two hours to prepare an anti-human 

antibody-immobilized plate. Samples for calibration curve containing an anti-human IL-8 

antibody at concentrations of 40.0, 13.3, 4.44, 1.48, 0.494, 0.165, and 0.0549 µg/mL in plasma and 

samples for cynomolgus monkey plasma measurement diluted 500-fold or more were prepared, 50 5 

µL of the solutions were dispensed into each well of the anti-human antibody-immobilized plate, 

and the solutions were stirred at room temperature for one hour. Then, the Anti-hKappa Reporter 

Ab, Biotin conjugate (Antibody Solutions) was added to the aforementioned plate, and allowed to 

react at room temperature for one hour. After further adding the SULFO-TAG Labeled 

Streptavidin (Meso Scale Discovery) and allowing to react at room temperature for one hour, the 10 

Read Buffer T(x1) (Meso Scale Discovery) was dispensed into the plate, and measurements were 

taken immediately using SECTOR Imager 2400 (Meso Scale Discovery). The anti-human IL-8 

antibody concentration was calculated based on the response in the calibration curve using the 

analytical software, the SOFTmax PRO (Molecular Devices). 

 The results obtained for the half-life (t1/2) and clearance (CL) of each of the antibodies 15 

are shown in Table 19, and changes in the antibody concentration in cynomolgus monkey plasma 

are shown in Fig. 26. 

  

[Table 19] 

 20 
 

 The above results confirmed that all of the Fc region variants show improved retention in 

plasma in comparison to the antibody that has a native IgG1 Fc region. In particular, 

H89/L118-F1886m showed the most desirable blood kinetics. 

 25 

[Example 15] Fc region with lowered binding ability towards FcγRs 

 The Fc region of a native human IgG1 is known to bind to Fcγ receptor(s) (hereinafter, 

referred to as FcγR(s)) on various cells of the immune system, and exhibit effector functions such 

as ADCC and ADCP on target cells. 
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 On the other hand, IL-8 is a soluble cytokine, and anti-IL-8 antibodies used as 

pharmaceuticals are mainly expected to show pharmacological actions by neutralizing the 

functions of IL-8 at sites where IL-8 is present in excess. Such sites where IL-8 is present in excess 

are not particularly limited, and for example, may be inflamed sites. It is known that generally at 

such inflamed sites, various immune cells gather and are activated. Transmitting unintended 5 

activation signals to these immune cells via Fc receptors and inducing activities such as ADCC 

and ADCP in unintended cells are not always favorable. Therefore, without being particularly 

limited, from a safety point of view, it may be preferable that anti-IL-8 antibodies administered in 

vivo have low binding ability to FcγR(s). 

  10 

(15-1) Production of modified antibodies with lowered binding towards FcγRs 

 Amino acid modifications were further introduced into the Fc region of 

H1009/L395-F1886m with the objective of reducing the binding ability towards various human 

and cynomolgus monkey FcγRs. Specifically, H1009-F1886s (SEQ ID NO:81) was produced by 

subjecting the H1009-F1886m heavy chain to each of the following substitutions: R for L at 15 

position 235, R for G at position 236, and K for S at position 239, according to EU numbering. 

Similarly, H1009-F1974m (SEQ ID NO:80) was produced by subjecting H1009-F1886m to 

substitution of R for L at position 235 and R for G at position 236, according to EU numbering, and 

substituting the region from position 327 to position 331 according to EU numbering with that of 

the native human IgG4 sequence. H1009/L395-F1886s and H1009/L395-F1974m were produced 20 

as antibodies having these heavy chains, and L395-k0MT as the light chain. 

  

(15-2) Confirmation of the binding to various human FcγRs 

 Next, the binding of the produced H1009/L395-F1886s or H1009/L395-F1974m to the 

soluble forms of FcγRIa or FcγRIIIa in human and cynomolgus monkey were confirmed by the 25 

following method. 

 Assays were performed for the binding of the produced H1009/L395-F1886s and the 

H1009/L395-F1974m to the soluble forms of FcγRIa and FcγRIIIa in human and cynomolgus 

monkey using BIACORE T200 (GE Healthcare). Soluble FcγRIa and FcγRIIIa in both human and 

cynomolgus monkey were produced in the form of His-tagged molecules by methods known to 30 

those of ordinary skill in the art. An appropriate amount of rProtein L (BioVision) was 

immobilized onto the Sensor chip CM4 (GE Healthcare) by the amine coupling method and an 

antibody was captured. Next, soluble FcγRIa or FcγRIIIa was injected with a running buffer (used 

as a reference solution), and was made to interact with the antibodies captured onto the sensor chip. 

HBS-EP+ (GE Healthcare) was used as the running buffer, and HBS-EP+ was also used to dilute 35 

the soluble FcγRIa or FcγRIIIa. To regenerate the sensor chip, 10 mM glycine-HCl at pH 1.5 was 
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used. All measurements were carried out at 20°C. 

 The results are shown in Fig. 27. Here, the notations used for human FcγRIa, human 

FcγRIIIa, cynomolgus monkey FcγRIa, and cynomolgus monkey FcγRIIIa are in the same order: 

hFcγRIa, hFcγRIIIa, cynoFcγRIa, and cynoFcγRIIIa, respectively. H1009/L395-F1886m was 

shown to bind to all FcγRs, but on the other hand, the newly-produced H1009/L395-F1886s and 5 

H1009/L395-F1974m were confirmed not to bind to any of the FcγRs. 

  

(15-3) Mouse IL-8 elimination assay of Fc variants 

 Next, for the produced H1009/L395-F1886s and H1009/L395-F1974m, the rate of 

human IL-8 elimination and the retention in plasma of the antibodies in mice were confirmed by 10 

the following experiment. Here, three doses of H1009/L395-F1886s, 2 mg/kg, 5 mg/kg, and 10 

mg/kg, were used for the evaluation so that the effects of increasing the antibody dosage can also 

be evaluated for H1009/L395-F1886s. 

 After simultaneous administration of human IL-8 and an anti-human IL-8 antibody to 

human FcRn transgenic mice (B6.mFcRn-/-.hFcRn Tg line 32 +/+ mouse; Jackson Laboratories; 15 

Methods Mol. Biol. (2010) 602:93-104), the biokinetics of human IL-8 was evaluated. A mixed 

solution of human IL-8 (10 µg/mL) and an anti-human IL-8 antibody (200 µg/mL, 500 µg/mL, or 

1000 µg/mL) was administered once at 10 mL/kg through the tail vein. In this case, since the 

anti-human IL-8 antibody was present in sufficient excess over human IL-8, almost all of human 

IL-8 was considered to be bound to the antibody. Blood was collected five minutes, two hours, 20 

four hours, seven hours, one day, two days, three days, seven days, 14 days, 21 days, and 28 days 

after the administration. The collected blood was immediately centrifuged at 4°C and 15,000 rpm 

for 15 minutes to obtain plasma. The separated plasma was stored in a freezer set to -20°C or 

below until measurements were taken. 

 The human IL-8 concentration in mouse plasma was measured by a method similar to that 25 

of Example 7. The resulting data on the human IL-8 concentration in plasma is shown in Fig. 28, 

and the values of human IL-8 clearance (CL) from mouse plasma are shown in Table 20. 

 First, H1009/L395 having the Fc region of a native IgG1 and H1009/L395-F1886s 

having the modified Fc region were shown to have equivalent human IL-8-eliminating effects 

when the 2 mg/kg-administered groups were compared. 30 

 Next, when the dosage of the H1009/L395-F1886s antibody was changed, significant 

difference in the human IL-8 clearance values was not observed between 2 mg/kg and 10 mg/kg 

while there was a slight difference in the plasma IL-8 concentration one day after administration. 

This strongly suggests that antibodies comprising the variable region of H1009/L395 showed 

sufficient IL-8-eliminating effects even when the antibodies were administered at high doses. 35 
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[Table 20] 

 

  

(15-4) Cynomolgus monkey PK assay of Fc region variants 

 Next, plasma retention of antibodies in cynomolgus monkeys was verified by the 5 

following method using H1009/L395-F1886s or H1009/L395-F1974m. 

 Biokinetics of an anti-human IL-8 antibody were evaluated after the anti-human IL-8 

antibody was administered alone or human IL-8 and the anti-human IL-8 antibody were 

simultaneously administered to cynomolgus monkeys. An anti-human IL-8 antibody solution (2 

mg/mL) or a mixed solution of human IL-8 (100 µg/kg) and an anti-human IL-8 antibody (2 10 

mg/kg) was intravenously administered once at 1 mL/kg. Blood was collected five minutes, four 

hours, one day, two days, three days, seven days, ten days, 14 days, 21 days, 28 days, 35 days, 42 

days, 49 days, and 56 days after administration. The collected blood was immediately centrifuged 

at 4°C and 15,000 rpm for ten minutes to obtain plasma. The separated plasma was stored in a 

freezer set to -60°C or below until measurements were taken. 15 

 The anti-human IL-8 antibody concentration in cynomolgus monkey plasma was 

measured by the method of Example 14. The resulting data on the anti-human IL-8 antibody 

concentration in plasma is shown in Fig. 29, and the values for the half-life (t1/2) and clearance 

(CL) of the anti-human IL-8 antibody from cynomolgus monkey plasma are shown in Table 21. 

 First, in comparison to Hr9 and H89/L118 which have the Fc region of a native human 20 

IgG1, H1009/L395-F1886s which has an Fc region with improved functions was shown to have 

significantly prolonged plasma retention. 

 Furthermore, when H1009/L395-F1886s was administered simultaneously with human 

IL-8, the change in plasma concentration was equivalent to that when the antibody was 

administered alone. Without being particularly limited, the following discussion is possible from 25 

this finding. As described above, intracellular uptake of the complex of H1009/L395 and human 

IL-8 has been shown to be increased compared to the uptake of H1009/L395 alone. Generally, 

high-molecular-weight proteins are thought to be incorporated non-specifically or in a 

receptor-dependent manner into cells, then transferred to the lysosome and degraded by various 

degrading enzymes present in the lysosome. Therefore, if the rate of uptake of the protein into cells 30 

increases, the plasma retention of that protein is likely to worsen as well. However, in the case of 

an antibody, it has the property of being returned to the plasma by FcRn in the endosome; and 
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therefore, as long as the salvaging by FcRn functions sufficiently, plasma retention may not be 

affected even if the rate of intracellular uptake is accelerated. Here, even when 

H1009/L395-F1886s was administered simultaneously with human IL-8 to cynomolgus monkeys, 

plasma retention was not affected. This indicates the possibility that while the rate of antibody 

uptake into cells is increased for H1009/L395-F1886s, the antibody is sufficiently salvaged by 5 

FcRn such that it can return to the plasma. 

 Furthermore, another Fc variant H1009/L395-F1974m also showed equivalent plasma 

retention to that of H1009/L395-F1886s. While these Fc variants have been introduced with 

different modifications that decrease the binding ability to various FcγRs as describe above, they 

have been shown not to affect the plasma retention of the antibodies themselves. From the above, 10 

plasma retention of both H1009/L395-F1886s and H1009/L395-F1974m in cynomolgus monkeys 

was shown to be remarkably prolonged and extremely satisfactory in comparison to that of 

antibodies that have the native IgG1 Fc region. 

 

[Table 21] 15 

 

 As shown in the Examples described above, H1009/L395 is an antibody which was 

substantialized for the first time as an antibody that can markedly increase the rate of elimination 

of human IL-8 in vivo by having a pH-dependent IL-8 binding ability as well as the characteristic 

of being rapidly incorporated into cells when complexed with IL-8.  Furthermore, since the 20 

IL-8-binding affinity of H1009/L395 under a neutral pH condition is also increased as compared 

to the known hWS-4 antibody, H1009/L395 can neutralize human IL-8 more strongly under a 

neutral pH condition such as in the plasma.  In addition, it is an antibody that has superior 

stability under the conditions in the plasma, and whose IL-8 -neutralizing activity is not reduced 

even after administration in vivo.  Moreover, H1009/L395, which was constructed based on Hr9 25 

whose quantity of production has been considerably improved as compared to hWS-4, is an 

antibody that is suitable for manufacture from the viewpoint of production quantity.  
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Furthermore, in in silico immunogenicity prediction, H1009/L395 exhibited very low 

immunogenicity score, which was considerably lower as compared to the known hWS-4 

antibody and some existing antibodies available on the market.  Specifically, H1009/L395 is 

expected to be an antibody that can be used safely for a long period since ADA is less likely to 

be produced in human.  Thus, H1009/L395 is an antibody that has been improved from various 5 

viewpoints as compared to known anti-human IL-8 antibodies, and is very useful as a 

pharmaceutical agent. 

 H1009/L395 having the Fc region of a native IgG is sufficiently useful as described 

above; however, H1009/L395 variants comprising a functionally improved Fc region can also be 

appropriately used as antibodies whose usefulness has been improved.  Specifically, its effect 10 

can be sustained for a longer term by increasing FcRn binding under acid pH conditions and 

improving retention in the plasma.  Furthermore, variants comprising an Fc region into which 

modifications have been introduced to reduce the FcγR binding ability avoid unexpected 

activation of cells of the immune system, development of cytotoxic activity, and such in the body 

of the administered organism, and can be used as highly safe antibody pharmaceuticals.  Such 15 

Fc particularly preferably includes, but is not limited to, F1886s and F1974m described herein.  

Antibody pharmaceuticals comprising other modified Fc regions are also be used as an 

embodiment of the present invention as long as they have similar functions. 

 Consequently, the antibodies of the present disclosure including H1009/L395-F1886s 

and H1009/L395-F1974m can retain a state that allows strong inhibition of the biological activity 20 

of human IL-8 safely and for a long period of time.  The antibodies have achieved a level that is 

unattainable with existing anti-IL-8 antibodies, and are expected to be useful as extremely 

high-quality anti-IL-8 antibody pharmaceuticals. 

 

[Example 16] Measurement of the concentration of IL-8 in the cystic fluid of endometriosis 25 

patients 

 The concentration of IL-8 in the cystic fluid of endometriosis patients was determined to 

assess the involvement of IL-8 in endometriosis.  As sample, the cystic fluid was collected from 

post-surgical tissues of endometriosis patients who underwent operation at Jichi Medical 

University, and after a first anonymization, the samples underwent a second anonymization in 30 

Chugai Pharmaceutical Co., Ltd.  The concentration of IL-8 in the cystic fluid was measured by 

an electrochemiluminescence method.  First, after labeling with biotin, an anti-human IL-8 

antibody (Hycult Biotech) was aliquoted in MSD GOLD 96-Well Streptavidin SECTOR Plate 

(Meso Scale Discovery) that had been blocked for two hours using a PBS-Tween solution 

containing 5% (w/v) BSA, and shaken for one hour at room temperature in the dark to prepare an 35 

anti-human IL-8 antibody-immobilized plate.  Standard curve samples containing human IL-8 
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(prepared in house with reference to NP_000575.1) at a concentration in cystic fluid of 900, 300, 

100, 33.3, 11.1, 3.70, or 1.23 pg/ml and human cystic fluid measurement samples diluted 5-fold 

or more were prepared and aliquoted in 25 µl volumes into each well of the anti-human IL-8 

antibody-immobilized plate, followed by stirring for one hour at room temperature in the dark.  

Then, after reacting SULFO-TAG Labeled anti-human IL-8 antibody (prepared in house) for one 5 

hour at room temperature in the dark, Read Buffer T (x1) (Meso Scale Discovery) was aliquoted 

and immediately measurement was carried out using SECTOR Imager 2400 (Meso Scale 

Discovery).  The concentration of human IL-8 was calculated based on the standard curve 

responses using the analysis software SOFT Max PRO (Molecular Devices). 

 As seen in Fig. 30, the result showed that the concentration of IL-8 in the cystic fluid of 10 

endometriosis patients was 10000 pg/ml or greater and thus was considerably high.  This 

suggests the importance of IL-8 in endometriosis. 

 

[Example 17] Preparation of a monkey model of surgically-induced endometriosis and 

assessment of pathological conditions 15 

 A model of surgically-induced endometriosis was prepared and assessment was carried 

out to examine the drug efficacy of anti-IL-8 antibodies against endometriosis.  The 

pathological model was prepared as follows.  

 Female cynomolgus monkeys of 8 to 14 years of age with regular sexual cycle 

(provided by the Tsukuba Primate Research Center at the National Institutes of Biomedical 20 

Innovation, Health and Nutrition) were laparotomized under anesthesia during the period 

corresponding to the luteal phase.  The uterine corpus was removed by dissecting in a V shape.  

Then, the uterine corpus was cut into 5 to 10 mm cubes while leaving the smooth muscle layer of 

the uterus, and one and two pieces were transplanted onto the right abdominal wall and left 

abdominal wall (cranial and caudal sides), respectively, in such a manner that the endometrium 25 

part is in contact with the peritoneum by suturing with an absorbable suture and formed the 

transplant.  After excision, the uterus was sutured with absorbable suture.  Then, the remaining 

endometrial tissues were finely cut and suspended in 5 ml of 2 ng/ml Hepatocyte Growth Factor 

solution (R&D systems), and this was seeded in the peritoneal cavity for transplantation, 

followed by closure of the abdomen.  Anesthesia was performed using balanced anesthesia of 30 

ketamine/xylazine (mixed at an adequate ratio of about 2:1); however, anesthesia was maintained 

with isoflurane depending on the maintenance period of anesthesia.  The body temperature was 

maintained and controlled during surgery using a heating pad and the condition was monitored 

electrocardiographically.  The antagonist Antisedan (at roughly the same amount as that of 

xylazine) and antibiotic cephradine were administered at the time of awakening after surgery.  35 

The pain reliever Zalban was administered for two days after surgery, and the monkeys were 
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observed regularly every day to confirm the absence of post-surgical abnormalities.  In 

laparoscopic observation, anesthesia and post-surgical monitoring were also performed in the 

same way. 

 Laparoscopic observation was carried out four months, nine months (3 months after 

administration), and 12 months (6 months after administration) following the surgical induction 5 

of endometriosis described above, and the pathological conditions of endometriosis were 

assessed as follows. 

 The abdomen was incised in the median line under anesthesia, and laparoscopic 

observation was performed by inserting a trocar and then introducing a laparoscope.  The 

laparoscope was connected to a video system (KARL STORZ) and a monitor.  The monitor was 10 

used for intraperitoneal observation, and the video system was used for recording.  Then, the 

peritoneal cavity was filled with carbon dioxide gas using Intra-abdominal Insufflation Unit 

(OLYMPUS) to expand the abdomen, and graduated bars and forceps were inserted from the 

ventral portion.  The size of the lesion was measured using the graduated bar or graduated 

forceps. 15 

 The sizes (width, height, and depth) of nodular lesions formed by suturing the 

endometrial tissues were measured and the volumes were calculated based on: width (mm) x 

height (mm) x depth (mm).  The lesions and adhesion formed by seeding endometrial tissues 

after fine cutting were assessed for the site, area, and depth of adhesion and the size of lesion by 

laparoscopic observation based on modified r-AFS score modified for monkeys from the r-AFS 20 

score for clinical use.  As shown in Fig. 31, the modified r-AFS score has the following two 

modifications for monkeys: 

1. The item on adhesion to the vesicouterine pouch was added, because in the monkey model, the 

frequency of adhesion to the urinary bladder is higher than in humans.  The method for 

assessing adhesion to the urinary bladder was the same scoring as that used for adhesion to the 25 

Douglas' pouch. 

2. Since monkey’s body and organ sizes are smaller than those of humans, the criteria of lesion 

size scoring were altered to: <3 mm, 3-10 mm, and >10 mm. 

 The laparoscopic assessments were finalized on a later date by confirming the videos of 

laparoscopic observations recorded using the video system. 30 

 Based on the results of laparoscopic observation four months after induction, the 

individuals that met the criteria were selected and grouped.  The criteria for the selection are as 

follows: 

1. Engraftment of endometrial transplant confirmed on the laparoscopic observation four months 

after induction. 35 

2. Menstrual bleeding confirmed three or more times during the period after induction and before 



120 

 

administration. 

 The grouping was performed in two separate times.  After randomization based on the 

mean volume of nodular lesions and the number of measurable lesions in each individual, 

eventually, six individuals were assigned to vehicle group and seven individuals were assigned to 

the antibody H1009/L395-F1974m-administered group.  To confirm that there is no deviation 5 

between the groups, the Kraskal-Wallis test was performed using the data for all of the finally 

assigned individuals.  The assessed items were the volume of the nodular lesion (for each 

lesion), the body weight, the ize r-AFS score, and the adhesion r-AFS score. 

 

[Table 22] 10 

 

 

 Administration was performed, starting from six months after induction, every four 

weeks for six months, for six times.  H1009/L395-F1974m was administered by intravenous 

injection at 10 mg/kg in the antibody administration group, while His Buffer (20 mM His-Asp, 15 

150 mM Arg-Asp (pH6.0)) was administered subcutaneously in the vehicle group.  To assess 

the pathological condition of endometriosis, laparoscopic observation was performed every three 

months after the start of administration, namely three and six months after the initial 

administration. 

 After the final laparoscopic observation six months following the start of administration, 20 

the monkeys were euthanized by exsanguination after supplemental anesthesia.  Autopsy was 

carried out to collect pelvic organs (right and left ovaries, right and left oviducts, right and left 

mesosalpinges, right and left fimbriae of fallopian tubes, right and left broad ligaments of the 

uterus, uterus, vagina, Douglas' pouch, and vesicouterine pouch) including the transplant sites.  

The collected tissues were fixed with 10% neutral buffered formalin, and thin slices of 25 

paraffin-embedded tissue samples were stained with hematoxylin and eosin (HE).  The tissues 

and lesions induced by suturing were also cut to collect the accumulated cystic fluid if any. 

 The result of laparoscopic observation of the vehicle control group showed formation of 

nodular lesions formed by suturing of endometrial tissues four months after induction, and 

further formation of nodular lesions and adjacent black cysts 12 months after induction (six 30 

months after administration).  Moreover, formation of adhesion was observed in the Douglas' 

pouch and urinary bladder due to fine cutting and seeding of endometrial tissues (Fig. 32).  
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Furthermore, as shown in Fig. 33, HE staining of tissue samples of the vehicle group collected at 

the time of autopsy 12 months after induction showed that proliferative endometrial epithelia 

were densely formed adjacent to the transplanted endometrial tissues (initial transplant) up to the 

muscle layer of the abdominal wall.  The areas surrounding the endometrial epithelia were 

constituted with multiple layers of stromal cells and interstitium rich in collagenous fibers, and 5 

thus the formation of a structure similar to the structure of human endometriosis tissues was 

observed.  These results demonstrate that the model serves as a useful endometriosis model 

(12
th

 World Congress on Endometriosis, 2014, P-221).  Similarly, there are also reports on a 

method using baboons as surgically induced endometriosis model (Fertil Steril. 

2013;99(3):783-789, Fertil Steril. 2013;100(4):1144-50). 10 

 Furthermore, autopsy was performed after the final laparoscopic observation 12 months 

after induction (six months after administration).  The accumulated cystic fluid was collected, 

and the concentration of IL-8 in the cystic fluid of the vehicle group was measured by an 

electrochemiluminescence method.  First, a solution of antibody H1009/L395-F1974m was 

aliquoted into MULTI-ARRAY 96-well Plate (Meso Scale Discovery), and the plate was allowed 15 

to stand at 4°C overnight to prepare an antibody H1009/L395-F1974m-immobilized plate.  

Standard curve samples of monkey IL-8 (prepared in house with reference to XM_005555087.1) 

at a concentration of 269, 108, 43.0, 17.2, 6.89, 2.75, or 1.10 pg/ml in buffer and monkey cystic 

fluid measurement samples diluted 50-fold or more were prepared and aliquoted into each well 

of the antibody H1009/L395-F1974m-immobilized plate, followed by stirring for two hours at 20 

room temperature in the dark.  Then, rabbit anti-IL-8 antibody (Hycult Biotech) was reacted for 

one hour at room temperature in the dark.  Then, after reacting SULFO-TAG labeled anti-rabbit 

antibody (Meso Scale Discovery) for one hour at room temperature in the dark, Read Buffer T 

(x1) (Meso Scale Discovery) was aliquoted and measurement was carried out immediately using 

SECTOR Imager 2400 (Meso Scale Discovery).  The concentration of monkey IL-8 was 25 

calculated based on the standard curve responses using the analysis software SOFT Max PRO 

(Molecular Devices).  As seen in Table 23, the result showed that the concentration of IL-8 is 

markedly high in the cystic fluid of surgically induced endometriosis monkey models similarly 

to that in the cystic fluid of human endometriosis patients.  This finding supports that the 

monkey model is highly extrapolatable to human endometriosis.  Further, the concentration of 30 

IL-8 in the cystic fluid of each individual was assessed for its correlation with the adhesion 

r-AFS score.  Interestingly, as shown in Fig. 34-1, the concentration of IL-8 in the cystic fluid 

tended to correlate with the adhesion r-AFS score.  When several cystic fluid IL-8 

concentrations were measured in an individual, the highest value was used as the representative 

value.  This result suggested that IL-8 is involved in adhesion in endometriosis. 35 
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[Table 23] 

 

 

 Drug efficacy assessment was performed by laparoscopic observation six months after 

initiation of administration in the antibody H1009/L395-F1974m administration group and 5 

vehicle group.  Upon analysis, individuals whose menstrual bleeding was found less than three 

times during the six-month period of administration were excluded from the analysis.  Of the 

individuals in this examination, an individual from the antibody H1009/L395-F1974m 

administration group #117 (10 mg/kg group) fell thereunder and thus was excluded from the 

analysis.  In the antibody H1009/L395-F1974m administration group, anti-antibody detection 10 

was carried out by a method known to those skilled in the art.  Anti-antibodies were detected 

and the API blood trough concentration was found to be reduced in two individuals out of six.  

The analysis described below was carried out by including the anti-antibody-positive individuals. 

 First, the volumes of each of the nodular lesions formed by suturing endometrial tissues 

were calculated and were classified based on their sizes and changes over time, as shown in 15 

Table 24 below.  Lesions which could not be assessed over time, such as because of adhesion, 

were not included in the analysis. 

 

[Table 24] 

 20 
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 As seen in Table 25, the result showed that in the vehicle group, the frequency of types 

A and B, which show proliferation, was as high as 54% (7/13 lesions), and type D, which shows 

a decrease, was as low as 15% (2/13 lesions), while in the antibody H1009/L395-F1974m 

administration group, the frequency of type D which shows a decrease was as high as 58% (7/12 

lesions).  Thus, administration of the antibody H1009/L395-F1974m was shown to have the 5 

effect of reducing nodular lesions. 

 

[Table 25] 

 

 Moreover, the relative volume of nodular lesions was calculated for each individual by 10 

the calculational procedure below to assess the drug efficacy of antibody H1009/L395-F1974m 

against nodular lesions (relative volume of nodular lesions (%) = sum of volumes of selected 

lesions at six months from initiation of administration/ sum of volumes of selected lesions at two 

months before initiation of administration) x 100).  The result is shown in Fig. 34-2.  The 

relative volume of nodular lesions was 141% (67-331) (median value (minimum value – 15 

maximum value)) for the vehicle group and 49% (15-156) for the antibody H1009/L395-F1974m 

administration group.  Nodular lesions were significantly reduced by administration of antibody 

H1009/L395-F1974m as compared to the vehicle group (P = 0.0492).  Parametric t-test 

(significance level: P<0.05) was used in the statistical analysis.  The result showed an effect of 

suppressing the volume increase of nodular lesions by anti-IL-8 antibodies. 20 

 Next, lesions formed by fine cutting and seeding of endometrial tissues and adhesion 

were assessed based on the “modified r-AFS score” to examine the drug efficacy in the antibody 

H1009/L395-F1974m administration group (N=6) and the vehicle group (N=6).  The “change 

of modified r-AFS score” was calculated by the procedure described below to see the change 

before and after antibody administration in each individual.  The result is shown in Fig. 35-1. 25 

  Change of total r-AFS score = total r-AFS score (after administration) – total r-AFS score 

(before administration) 

  Change of adhesion r-AFS score = adhesion r-AFS score (after administration) – adhesion 

r-AFS score (before administration) 

  Change of size r-AFS score = size r-AFS score (after administration) – size r-AFS score 30 
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(before administration) 

 

 The “change of total r-AFS score” and the “change of adhesion score” of the antibody 

H1009/L395-F1974m administration group were clearly decreased as compared to the vehicle 

group (p=0.0070, p= 0.0096).  The “change of size r-AFS score” also tended to decrease in the 5 

antibody H1009/L395-F1974m group as compared to the vehicle group.  Statistical analysis 

was performed by non-parametric Steel test (significance level: 5% for a two-sided test) using 

statistical analysis software (SAS Institute).  The results that the “change of adhesion score” 

was significantly decreased by administration of antibody H1009/L395-F1974m and  that, as 

shown in Fig. 34-1 above, there was a tendency of correlation between the concentration of IL-8 10 

in the cystic fluid and the “adhesion r-AFS score” demonstrate that IL-8 is closely involved in 

adhesion in endometriosis and that anti-IL-8 antibodies are useful in improving adhesion in 

endometriosis. 

 Fig. 35-1 shows the “change of modified r-AFS score” as assessed based on images 

recorded during laparoscopic surgery.  Fig. 35-2 shows the “total modified r-AFS score” based 15 

on scores recorded by the practitioner during laparoscopic surgery.  The scores two months 

before the initial administration were used as the scores before administration.  Changes in the 

“total modified r-AFS score” before and after administration were statistically analyzed for each 

group by Wilcoxon's signed-rank-sum test carried out on corresponding pairs.  The result 

(significance level: P<0.05) showed that the score after administration was significantly 20 

increased in the vehicle group (P = 0.0313) but the score did not change in the antibody 

H1009/L395-F1974m administration group (P = 0.875).  Since the “total modified r-AFS score” 

represents the pathological malignancy of endometriosis, this result showed the effect by 

anti-IL-8 antibodies of suppressing pathological exacerbation of endometriosis. 

 After final laparoscopic observation, the grafts and the grafted sites collected at the time 25 

of autopsy were HE-stained and observed histopathologically under a light microscope.  As a 

result, atrophic changes of proliferative epithelia and stromal cells as well as reduction of the 

interstitium whose major component is collagenous fibers was observed in the antibody 

H1009/L395-F1974m administration group as compared to the vehicle group, as seen in Fig. 36, 

and the effect was particularly strong in anti-antibody-negative individuals whose API blood 30 

concentration was maintained (Table 26).  Although type D lesions (#102-L2 and #115-R) 

which showed a tendency for reduction in the volume of nodular lesions were observed in the 

vehicle group, the pathological result on the nodular lesions did not show atrophy or interstitial 

reduction so that the lesions were maintained.  Although the group administered with antibody 

H1009/L395-F1974m included individuals of type B which showed a tendency for increase in 35 

the volume of nodular lesions, the pathological result on nodular lesions showed an atrophic 
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change of the stroma and an interstitial reduction in #106-L1, demonstrating improvement of the 

pathological condition.  Furthermore, hemosiderin was observed in 56% (9/16) of the vehicle 

group but in only 24% (4/17) of the antibody administration group, suggesting that infiltration of 

macrophages or monocytes was suppressed by antibody administration.  Moreover, muscle 

tissue regeneration, which was not seen in the vehicle group, was observed in the antibody 5 

administration group, and this data suggested that the lesions that had invaded up to the muscle 

layer had regressed and were replaced with muscular tissues.  When the presence of deep 

lesions was assessed based on the presence of endometriosis gland ducts that have invaded up to 

the muscle layer of abdominal wall, there was not much difference between the vehicle group 

and the antibody H1009/L395-F1974m administration group that included anti-antibody-positive 10 

individuals; however, when the anti-antibody-positive individuals were excluded, the frequency 

was as low as 1/11 lesions in the antibody H1009/L395-F1974m administration group as 

compared to 5/18 lesions in the vehicle group.  Thus, the antibody was also suggested to have 

an effect of suppressing the formation of deep lesions. 

 15 

[Table 26] 
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 Furthermore, antibody H89/L118-F22, which is the antibody before modification into 

antibody H1009/L395-F1974m, was also assessed for its drug efficacy in the same manner using 

the surgically-induced monkey model.  Atrophy of proliferative epithelia and stromal cells as 

well as reduction of the interstitium whose major component is collagenous fibers were also 5 

observed in the antibody H89/L118-F22 administration group. 

 These results showed that anti-IL-8 antibodies have drug efficacy in reducing the 

volume of endometriosis lesions, ameliorating adhesion, inducing atrophic change of epithelia 

and stromal cells, reducing infiltration of immune cells, and ameliorating fibrosis, demonstrating 

that anti-IL-8 antibodies are useful as therapeutic agents for endometriosis.  Based on the 10 

results described above, those skilled in the art will naturally appreciate that IL-8 signal 

inhibitors are useful as therapeutic or preventive agents for endometriosis. 

 

[Example 18] Drug efficacy of anti-IL-8 antibody against adenomyosis 

 After the final laparoscopic observation six months after the start of antibody 15 

administration in surgically-induced endometriosis monkey models, the uteri collected during 

autopsy were fixed with 10% neutral buffered formalin and HE-stained for observation.  

Endometrial tissues analogous to those of adenomyosis were strongly seen in the uterus in one 

case of the vehicle group as well as in one case of the antibody administration group.  The 

endometrial tissues observed in these two cynomolgus monkeys exhibited pathological features 20 

of adenomyosis seen in human uteri, with endometrial glands and surrounding endometrial 

stroma in the myometrium.  Thus, the monkeys were considered as being a human adenomyosis 

complication model, and the endometrial tissues in the myometria of these single cases were 

compared.  As shown in Fig. 37, in the antibody H1009/L395-F1974m administration group, 

atrophy of endometrial epithelia in the adenomyosis lesions as well as reduction and atrophy of 25 

stromal cells were observed as compared to the vehicle group.  This finding showed that 

anti-IL-8 antibodies also have a suppressing effect on adenomyosis.  Based on the results 

described above, those skilled in the art will naturally appreciate that IL-8 signal inhibitors are 

useful as therapeutic or preventive agents for adenomyosis. 

 30 

[Example 19] Analysis of CXCR1 and CXCR2 expression in endometriosis tissues 

 CXCR1 and CXCR2 are known as human IL-8 receptors.  In order to examine the 

cells that IL-8 acts on in endometriosis lesions, paraffin-embedded blocks of surgically-excised 

human endometriosis tissues were stained immunohistochemically using a mouse anti-human 

CXCR1 monoclonal antibody (R&D Systems, Catalog No: 42705) and a mouse anti-human 35 

CXCR2 monoclonal antibody (Abcam, Catalog No: 19).  Thin slices of the tissues were 
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prepared from these paraffin blocks, and incubated with the antibodies against CXCR1 and 

CXCR2 as the primary antibody.  Then, goat anti-mouse IgG antibody (Dako) conjugated with 

polymer-HRP was reacted as the secondary antibody, and visualization was carried out using 

diaminobenzidine (Wako Pure Chemical Industries).  The result showed that CXCR1 and 

CXCR2 were negative in stromal cells, as seen in Table 27.  Meanwhile, both CXCR1 and 5 

CXCR2 were positive in neutrophils that infiltrated into tissues as well as in macrophages and 

mononuclear cells with hemosiderin deposits, and their expression was also found to be weakly 

positive to positive in the epithelial cells.  Furthermore, both CXCR1 and CXCR2 were 

observed to be weakly positive in vascular endothelial cells.  These findings suggest the 

possibility that IL-8 has a direct pharmacological effect on endometriosis epithelial cells as well 10 

as a pharmacological effect via infiltrating immune cells such as neutrophils and macrophages. 

 

[Table 27] 

 

 15 

[Example 20] Drug efficacy of anti-IL-8 antibody against adhesion after surgery 

 In the above-described surgically-induced endometriosis cynomolgus monkey models, 

adhesion to the area surrounding the incision site in the abdominal wall, which was different 

from adhesion from endometriosis that occurred after laparotomy for induction, was observed in 

all of the individuals upon laparoscopic observation four months after induction (two months 20 

before antibody administration).  In order to examine the drug efficacy of anti-IL-8 antibody 

against adhesion after surgery, the numbers of the individuals were anonymized and the adhesion 

to the area surrounding the incision site on the abdominal wall was assessed by comparing the 

results of laparoscopic observations two months before administration with photographs from the 

final laparoscopic observations six months after initiation of administration.  Specifically, 25 

adhesion to the area surrounding the incision site on the abdominal wall was compared before 

and after administration and evaluated by five evaluators on a three-point scale: (1) Improved, 

(2) Stable, and (3) Progressed.  Ratings with a consensus among three or more of the five 

evaluators were adopted; otherwise (2) Stable was used.  Evaluations were carried out on six 

monkeys in the vehicle group as well as seven monkeys in the antibody H1009/L395-F1974m 30 
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administration group.  Fig. 38 shows representative photographs of the peritoneal cavities in the 

vehicle group and the antibody H1009/L395-F1974m administration group.  As shown in Table 

28, of the six monkeys in the vehicle group, five were “Stable” and one was “Progressed”, 

whereas in the antibody H1009/L395-F1974m administration group, out of the seven monkeys, 

six were “Improved” although one was “Progressed”.  The monkey with “Progressed” was an 5 

individual in which the blood concentration of antibody H1009/L395-F1974m had decreased due 

to anti-antibody production.  The findings described above suggested that anti-IL-8 antibodies 

are useful as post-surgical adhesion-ameliorating therapeutic agents or preventive agents.  

Based on the results described above, those skilled in the art will naturally appreciate that IL-8 

signal inhibitors are useful as therapeutic or preventive agents for adhesion. 10 

 

[Table 28] 

 

 

[Example 21] Isolation of neutrophils and assessment of neutrophil migration due to IL-8 15 

 IL-8 has a chemotactic activity on neutrophils.  It has been considered that IL-8 

produced by damaged tissues promotes the migration of neutrophils adhered to vascular 

endothelial cells toward the tissues and induces inflammation associated with neutrophil 

infiltration.  As shown in Table 27, infiltration of neutrophils, macrophages, and mononuclear 

cells was also observed in endometriosis lesion sites and both CXCR1 expression and CXCR2 20 

expression were positive in these immune cells.  Furthermore, expression was also weakly 

positive to positive in epithelial cells, suggesting the possibility that IL-8 has a direct 

pharmacological effect on endometriosis epithelial cells as well as a pharmacological effect via 

infiltrating immune cells such as neutrophils and macrophages.  In this context, the present 

inventors assessed, as a first step, the migratory ability of neutrophils toward IL-8.  Neutrophils 25 

were collected from the peripheral blood of healthy individuals and isolation and purification 

were performed as described below. 

 Heparin-treated whole blood was combined with a 1/5 volume of HetaSep (STEMCELL 

Technologies).  The supernatant containing nucleated cells was collected according to the 

product’s protocol and then ACK solution (GIBCO) was added thereto to induce hemolysis.  30 

After hemolysis, the cells were suspended in 0.1% BSA/PBS to determine the cell count.  

Following cell count measurement, the cell count was adjusted and neutrophils were isolated 

using EasySep (registered trademark) Human Neutrophil Enrichment Kit (STEMCELL 
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technologies) and EasySep (registered trademark) Magnet (STEMCELL technologies) according 

to the product’s protocol.  After isolation, the neutrophils were assessed by FACS using 

anti-CD66b antibody and anti-CD45RA antibody to confirm their purity. 

 The isolated neutrophils were assessed for their migratory ability using Migration Plate 

for CytoSelect (registered trademark) 96-Well Cell Migration Assay (Cell Biolabs, Catalog No: 5 

CBA-104).  The bottom layer below the membrane was a feeder tray to which was added 1% 

FBS or 1% FBS+IL-8 (100 ng/ml) and 150 µl of an RPMI-1640 medium (SIGMA) 

supplemented with various antibodies, chemical compounds, or control solvents.  The subjects 

of evaluation were as follows: as antibodies, 10 µg/ml each of: H1009/L395-F1974m, the 

anti-IL-8-neutralizing antibodies Anti-IL-8 antibody [807] (abcam, Catalog No: ab18672) and 10 

Anti-IL-8 antibody [6217] (abcam, Catalog No: ab10768), and IgG1 (Sigma, Catalog No: I5154) 

as the negative control; as chemical compounds, 10 µM of the CXCR2 inhibitor SRT3109 

(Shanghai Haoyuan Chemexpress, Catalog No: HY-15462); and as control media, PBS and 

DMSO.  The top layer above the membrane was a membrane chamber, and neutrophils 

suspended in a serum-free RPMI-1640 medium were seeded at 50000 cells/well in the chamber.  15 

After two hours of incubation, the number of viable cells (neutrophils) that had migrated to the 

bottom-layer feeder tray was detected based on the amount of relative chemiluminescence using 

CellTiter-Glo (registered trademark) Luminescent Cell Viability Assay (Promega).  The average 

relative chemiluminescence amount of a well with no IL-8 addition was taken as 1 to calculate 

relative values of the relative chemiluminescence amounts upon addition of various reagents.  20 

The result is shown in Fig. 39. 

 The result showed the promotion of neutrophil migration by IL-8 and inhibition of 

neutrophil migration by the various anti-IL-8-neutralizing antibodies and CXCR2 inhibitors.  

The result described above convincingly supported the point that not only IL-8 inhibitors but 

also a wide range of IL-8 signal inhibitors such as CXCR1 inhibitors and CXCR2 inhibitors 25 

which are known to be involved in IL-8 signal inhibition, suppress neutrophil migration.  Thus, 

the result also convincingly suggested that IL-8 signal inhibitors suppress the infiltration of 

neutrophils in endometriosis as well as in lesions where the IL-8 concentration is high.  

Therefore, by generalizing and extending these results, those skilled in the art will sufficiently 

appreciate that IL-8 signal inhibitors are capable of preventing endometriosis as well as 30 

inflammatory diseases where the IL-8 concentration is known to be high. 

 

[Example 22] Neutrophils’ action on endometriosis cells 

 Next, endometriosis cells were examined to assess how neutrophils that infiltrated 

endometriosis lesions act.  Endometriosis cells were obtained by the following procedure.  35 

Human endometriosis tissues excised by surgery were finely cut in a DMEM/F-12, HEPES 



131 

 

(GIBCO) medium containing 0.5 mg/ml collagenase and 0.1 mg/ml DNase 1, and the cells were 

collected after incubation at 37°C.  The cell suspension was passed through a 100-µm cell 

strainer, and then Lysing Buffer (BD Biosciences) was added thereto to induce hemolysis.  

After hemolysis, the cells were seeded, and the passaged cells were frozen in liquid nitrogen and 

stored as endometriosis cells.  Culture was carried out using DMEM/F-12, HEPES 5 

supplemented with 10% FBS, 2.5 µg/ml amphotericin B, 100 U/ml penicillin, and 100 µg/ml 

streptomycin.  The frozen stored cells were initiated before use in the experiments. 

 The neutrophil culture supernatant was added to the endometriosis cells obtained by the 

method described above and the reactivity of endometriosis cells was assessed.  In order to 

prepare the neutrophil culture supernatant, isolated neutrophils were suspended in an RPMI-1640 10 

medium containing 1% FBS and seeded at 3.0 x 10
6
 cells/well in a 6-well plate.  The culture 

supernatant was collected after one day of culture.  Endometriosis cells were seeded at 10000 

cells/well in a 96-well plate, and the collected neutrophil culture supernatant was added thereto 

in such a way that it accounts for half of the volume of the medium.  Likewise, to the control 

group (also referred to as “Ctrl” in the present Examples), an RPMI-1640 medium containing 1% 15 

FBS was added in such a way that it accounts for half of the volume of the medium.  Eight 

hours later, the medium was removed and RNAs were purified using the RNeasy 96 Kit 

(QIAGEN) according to the product’s protocol.  cDNAs were synthesized from the purified 

RNAs using SuperScript (registered trademark) VILO (registered trademark) MasterMix 

(Invitrogen) and the expression level of aromatase mRNA was compared by real-time PCR.  20 

The probes used were Taqman probe Hs00903411_m1 (Thermo Fisher) for aromatase and 

Human GAPD (GAPDH) Endogenous Control (Applied Biosystems, Catalog No: 4326317E) for 

GAPDH assay. 

 The relative expression level of aromatase, when Ctrl is taken as 1 after normalization 

of the expression level of aromatase with that of GAPDH, is shown in Fig. 40.  The expression 25 

level of aromatase was demonstrated to be increased in endometriosis cells to which the 

neutrophil culture supernatant was added. 

 Aromatase is an estrogen synthetase and estrogen is known to promote the proliferation 

of endometriosis epithelial cells.  Aromatase expression was enhanced in endometriosis cells by 

addition of the neutrophil culture supernatant, and this finding suggests that neutrophil 30 

infiltration into endometriosis lesions increases aromatase expression level in endometriosis cells, 

which enhances the proliferation of endometriosis epithelial cells.  Thus, it is speculated that by 

suppressing neutrophil infiltration into endometriosis lesions using an IL-8 signal inhibitor, the 

proliferation of endometriosis epithelial cells is suppressed.  The speculation described above is 

also supported by the finding that proliferative epithelial cells were atrophied in the antibody 35 

H1009/L395-F1974m administration group of surgically induced endometriosis monkey models. 
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[Example 23] Analysis of chemokines and cytokines produced by neutrophils 

 Next, what kinds of chemokines, cytokines, and growth factors are produced in 

neutrophils was analyzed in the presence or absence of IL-8 or in the presence of an anti-IL-8 

antibody.  Isolated neutrophils were suspended in an RPMI-1640 medium containing 1% FBS 5 

and seeded at 1.5 x 10
6
 cells/well into a 6-well plate.  IL-8 was added or not added thereto, or 

IL-8 and various antibodies were added thereto, and the neutrophils were cultured for one day.  

Antibodies H1009/L395-F1974m, anti-IL-8 antibody [807] (ab18672), and IgG1 were each 

added at a final concentration of 10 µg/ml, and IL-8 was added at a final concentration of 100 

ng/ml.  After one day, the cell culture solution was collected, and the concentrations of the 10 

various cytokines, chemokines, and growth factors in the cell culture solution were determined 

using Cytokine Human Magnetic 30-Plex Panel for the Luminex (registered trademark) platform 

(Thermo Fisher) according to the product’s protocol. 

 As shown in Fig. 41, the result showed that the concentration of MCP-1 (monocyte 

chemoattractant protein 1) in the cell culture solution was strongly elevated by addition of IL-8 15 

and the elevation was suppressed by anti-IL-8-neutralizing antibodies. 

 MCP-1 is also referred to as CCL2 and has chemotactic activity on monocytes.  

MCP-1 is considered to promote the migration and infiltration of monocytes into local 

inflammatory sites.  As shown in Table 26, hemosiderin was reduced in the antibody 

H1009/L395-F1974m administration group in the nodular lesions of surgically-induced 20 

endometriosis monkey models, and this finding suggested that the infiltration of macrophages or 

monocytes was suppressed by antibody administration.  Since MCP-1 which has a chemotactic 

activity on monocytes was produced by IL-8 stimulation of neutrophils, the above result 

suggested the possibility that in response to IL-8, neutrophils infiltrate into endometriosis lesions 

and produce MCP-1, which leads to migration and infiltration of monocytes and macrophages 25 

into the lesion sites. 

 Furthermore, MCP-1 is known to act on fibroblasts and promote collagen production (J 

Biol Chem. 1996 Jul 26;271(30):17779-84), and there are many reports describing that MCP-1 

enhances tissue fibrosis in vivo (J Immunol. 1994 Nov 15, 153(10):4733-41; Am J Physiol Lung 

Cell Mol Physiol. 2004 May, 286(5):L1038-44; J Invest Dermatol. 2003 Sep;121(3):510-6).  30 

This suggested the possibility that in response to IL-8, neutrophils infiltrate into endometriosis 

lesion sites and further produce MCP-1, thereby enhancing fibrosis of the endometriosis lesion 

sites in addition to enhancing migration and infiltration of monocytes and macrophages.  The 

result described above suggested that fibrosis in endometriosis lesion sites is ameliorated by 

suppressing infiltration of neutrophils using IL-8 signal inhibitors.  Indeed, as shown in Fig. 36 35 

and Table 26, a decrease of the interstitium whose major component is collagenous fibers was 
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observed in the nodular lesion sites of surgically-induced endometriosis monkey models in the 

antibody H1009/L395-F1974m administration group, thus demonstrating drug efficacy in 

ameliorating fibrosis.  The result described above convincingly supports that IL-8 signal 

inhibitors are useful against fibrosis in endometriosis.  By generalizing and extending these 

results, those skilled in the art will sufficiently appreciate that IL-8 signal inhibitors can treat or 5 

prevent fibrosis in endometriosis as well as in various fibrotic diseases. 

 

[Example 24] Preparation of a post-surgical adhesion-induced monkey model and assessment of 

pathological conditions 

(24-1) Preparation of a post-surgical adhesion- induced monkey model 10 

 To prepare a post-surgical adhesion-induced model, female cynomolgus monkeys 9 to 

16 years of age (provided by the Tsukuba Primate Research Center at the National Institutes of 

Biomedical Innovation, Health and Nutrition) were treated under anesthesia as follows.  

Anesthesia was performed using balanced anesthesia of ketamine/xylazine (mixed at an adequate 

ratio of about 2:1) and isoflurane.  An incision of 5 to 6 cm was made in the median line of the 15 

abdominal wall.  After opening the abdomen, a 1-cm incision was made on the uterine corpus 

and sutured with 4 stitches using a single suture.  Then, the whole uterus was brushed five times 

with gauze.  Next, a 1-cm incision was made to the right abdominal wall peritoneal part at 2 cm 

from the incised median line of the abdominal wall and sutured by running suture with 4 stitches 

using an absorbable suture.  After suture, the sutured part was brushed five times with gauze.  20 

Likewise, the peritoneum of left abdominal wall was incised, sutured, and brushed with gauze.  

Finally, the median line of abdominal wall was sutured by running suture with 10 to 11 stitches.  

The entire steps were completed in one hour or less.  The antagonist Antisedan (in roughly the 

same amount as that of xylazine) and the antibiotic cephradine were administered at the time of 

awakening after surgery.  Then, the pain reliever Zalban was administered for two days after 25 

surgery, and the monkeys were observed regularly every day to confirm the absence of 

post-surgical abnormalities.  At laparoscopic observation, anesthesia and post-surgical 

monitoring were also performed in the same way. 

 

(24-2) Drug efficacy assessment of anti-IL-8 antibodies in post-surgical adhesion-induced 30 

models 

 Animals in the anti-IL-8 antibody administration group were intravenously administered 

with the anti-IL-8 antibody H1009/L395-F1974m at 10 mg/kg one hour or less after the surgery 

to induce post-surgical adhesion described above.  The control group was untreated.  24 to 35 

days after administration of the anti-IL-8 antibody, laparoscopy was performed to observe the 35 

adhesion formed due to incision, suture, and blushing with gauze.  The abdomen was incised in 
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the median line under anesthesia, and laparoscopic observation was performed by inserting a 

trocar and then introducing a laparoscope.  The laparoscope was connected to a video system 

(KARL STORZ) and a monitor.  The video system was used for recording, and the monitor was 

used for intraperitoneal observation.  The size of the adhesion was measured using a graduated 

bar or graduated forceps.  The presence, range, and location of adhesion were assessed during 5 

laparoscopic observation.  The result is shown in Table 29.  The result of laparoscopic 

observation showed that adhesion was seen over the entire incision site in the two monkeys of 

the untreated group.  Although adhesion was found in individual No. 206 in the anti-IL-8 

antibody administration group, no adhesion was found in the right and left abdominal wall 

peritoneum or at the uterine incision site in individual No. 201.  Thus, the adhesion-preventive 10 

effect of anti-IL-8 antibodies was demonstrated.  This result shows that anti-IL-8 antibodies are 

useful as adhesion-preventive agents.  Those skilled in the art will naturally appreciate that 

anti-IL-8 antibodies may exert a stronger adhesion formation-preventive effect by appropriately 

altering the timing of administration or such.  In addition, based on the result described above, 

those skilled in the art will naturally appreciate that IL-8 signal inhibitors are useful as 15 

adhesion-preventing agents. 

 

[Table 29] 

 

 20 

[Example 25] Functional analysis of IL-8 in macrophages differentiated from monocytes and 

assessment of anti-IL-8 antibodies for their drug efficacy 

 Monocytes (All Cells, Catalog No: PB011-P-F-2) separated as a CD14-positive fraction 

from the peripheral blood of healthy persons were purchased and stored at -80 °C.  When used 

in experiments, the cells were thawed and used as described below.  The cells were thawed at 25 

37°C in a water bath, and a medium containing DNase I (STEMCELL Technologies, Catalog 

No: 07900) and 10% FBS was added thereto.  Following centrifugation in a high-speed 
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centrifuge, the supernatant was removed.  After repeating this step, the cells were suspended in 

an adequate volume of medium to determine the cell count.  The monocytes were cultured for 

in vitro differentiation into macrophages and analyzed for changes in the expression of 

connecting tissue growth factor (CTGF) between presence and absence of IL-8.  CTGF is a 

factor that promotes fibrosis.  The monocytes were suspended in an RPMI-1640 medium 5 

(SIGMA) containing 10% FBS and 25 ng/ml GM-CSF (SIGMA) and seeded in a culture plate.  

The cells were cultured for seven days while changing half of the culture supernatant every two 

or three days.  After seven days, the culture supernatant was removed and 100 ng/ml IL-8 and 

various antibodies were added to an RPMI-1640 medium containing 10% FBS, 20 ng/mL IFN-γ 

(SIGMA), and 10 pg/ml LPS (Wako Pure Chemical Industries), and cells were cultured therein 10 

for three days. 

 The antibodies assessed were: antibody H1009/L395-F1974m, anti-IL-8 antibody [807] 

(abcam, Catalog No: ab18672), anti-IL-8 antibody [6217] (abcam, Catalog No: ab10768), 

anti-IL-8 antibody (Becton Dickinson, Catalog No: BD554726), and anti-IL-8 antibody (Becton 

Dickinson, Catalog No: BD555717); they were used at a concentration of 10 µg/ml.  As a 15 

negative control, IgG1 (SIGMA, Catalog No: I5154) was used at a concentration of 10 µg/ml. 

 Following culture for three days, the cells were collected and RNAs were purified using 

the RNeasy Mini Kit (QIAGEN) according to the product’s protocol.  cDNAs were synthesized 

from the purified RNAs using SuperScript VILO MasterMix (Thermo Fisher), and the 

expression level of CTGF mRNA was estimated by real-time PCR.  The probes used were 20 

Taqman probe Hs00170014_m1 (Thermo Fisher) for CTGF and Eukaryotic 18S rRNA 

Endogenous Control (Thermo Fisher, Catalog NO: E4319413E) for 18SrRNA assay. 

 The expression level of CTGF was normalized with with18S rRNA.  The normalized 

value is shown in Fig. 42.  Under the condition of no IL-8 addition, CTGF expression was not 

observed in macrophages differentiated from monocytes.  Meanwhile, under the condition of 25 

IL-8 addition, CTGF expression was increased in the differentiated macrophages.  This result 

shows that IL-8 has a function of inducing an elevation of CTGF expression in macrophages 

differentiated from monocytes.  Further, when an anti-IL-8 antibody was added simultaneously 

with IL-8, the elevation of CTGF expression was not observed.  The elevation of CTGF 

expression by IL-8 was shown to be suppressed by various anti-IL-8 antibodies.  Based on the 30 

result described above, those skilled in the art will naturally appreciate that IL-8 is a factor 

involved in the progression of fibrosis and that IL-8 signal inhibitors such as anti-IL-8 antibodies 

are useful as therapeutic or preventive agents for fibrotic diseases. 

 

[Reference example 1] Construction of expression vectors for IgG antibodies with amino acid 35 

substitutions 
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 H chain expression vectors and L chain expression vectors of interest were constructed 

by inserting into an animal cell expression vector a plasmid fragment containing a variant 

prepared using the QuikChange Site-Directed Mutagenesis Kit (Stratagene) by the method 

described in the attached instructions.  The nucleotide sequences of the prepared expression 

vectors were determined by a method known to those skilled in the art. 5 

 

[Reference example 2] Expression and purification of IgG antibodies 

 Antibody expression was carried out by the method described below.  The human 

embryonic kidney cancer-derived HEK293H cell line (Invitrogen) was suspended in a DMEM 

medium (Invitrogen) containing 10% Fetal Bovine Serum (Invitrogen) and plated in 10 ml per 10 

dish of dishes for adherent cells (10 cm in diameter, CORNING) at a cell density of 5 x 10
5
 to 6 

x 10
5
 cells/ml.  After incubation in a CO2 incubator (37°C, 5 % CO2) for one day and night, the 

medium was removed by aspiration, and 6.9 ml of a CHO-S-SFM-II (Invitrogen) medium was 

added thereto.  The prepared plasmids were introduced into the cells by a lipofection method.  

The resulting culture supernatant was collected, centrifuged (about 2000 g, for 5 minutes, at 15 

room temperature) to remove cells, and passed through a 0.22-µm filter MILLEX(R)-GV 

(Millipore) for sterilization to obtain the culture supernatant.  The obtained culture supernatant 

was purified using rProtein A SepharoseTM Fast Flow (Amersham Biosciences) by a method 

known to those skilled in the art.  The concentration of the purified antibody was determined 

from the absorbance at 280 nm measured using a spectrophotometer.  The antibody 20 

concentrations were calculated from the determined values using extinction coefficient 

determined by the method described in Protein Science 1995, 4: 2411-2423. 

 

Industrial Applicability 

 The present invention demonstrated that anti-IL-8 antibodies and such are useful as 25 

therapeutic and/or preventive agents for endometriosis and the like.  The present invention is 

useful in reducing the volume of endometriosis lesions, ameliorating adhesion, inducing atrophic 

changes in epithelia and stromal cells, reducing the infiltration of immune cells, ameliorating 

fibrosis, and others. 

30 
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CLAIMS 

 

1.  A composition for treating or preventing an IL-8-related disease, which comprises as an 

active ingredient an isolated anti-IL-8 antibody that binds to human IL-8, wherein the 

IL-8-related disease is selected from the group consisting of: 5 

endometriosis; adenomyosis; dysmenorrhea; adhesion; fibrotic diseases; pain in endometriosis, 

adenomyosis, or dysmenorrhea; infertility; and pain resulting from adhesion, fibrosis, or 

inflammation; 

wherein the anti-IL-8 antibody is selected from the group consisting of: 

(1) an anti-IL-8 antibody which binds to IL-8 in a pH-dependent manner, and comprises at least 10 

one amino acid substitution in at least one of: 

 (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23,  

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24,  

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25,  

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26,  15 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27, and 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28; 

(2) an anti-IL-8 antibody which binds to IL-8 in a pH-dependent manner, and comprises at least 

one amino acid substitution in at least one of: 

 (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, 20 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24, 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25, 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26, 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27, and 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28, 25 

wherein the anti-IL-8 antibody at least comprises amino acid substitutions of:  

 tyrosine at position 3 in the amino acid sequence of SEQ ID NO: 25,  

 asparagine at position 1 and leucine at position 5 in the amino acid sequence of SEQ ID 

NO: 27, and  

 glutamine at position 1 in the amino acid sequence of SEQ ID NO: 28; 30 

(3) an anti-IL-8 antibody which binds to IL-8 in a pH-dependent manner, and comprises at least 

one amino acid substitution in at least one of: 

 (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24, 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25, 35 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26, 
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 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27, and 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28,  

wherein the anti-IL-8 antibody at least comprises amino acid substitutions of:  

 tyrosine at position 9 and arginine at position 11 in the amino acid sequence of SEQ ID 

NO: 24, and  5 

 tyrosine at position 3 in the amino acid sequence of SEQ ID NO: 25; 

(4) an anti-IL-8 antibody which binds to IL-8 in a pH-dependent manner, and comprises at least 

one amino acid substitution in at least one of: 

 (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24, 10 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25, 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26, 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27, and  

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28,  

wherein the anti-IL-8 antibody at least comprises amino acid substitutions of: 15 

 alanine at position 6, glycine at position 8, tyrosine at position 9, and arginine at 

position 11 in the amino acid sequence of SEQ ID NO: 24, and 

 tyrosine at position 3 in the amino acid sequence of SEQ ID NO: 25; 

(5) an anti-IL-8 antibody which binds to IL-8 in a pH-dependent manner, and comprises at least 

one amino acid substitution in at least one of: 20 

 (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24, 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25, 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26, 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27, and  25 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28,  

wherein the anti-IL-8 antibody at least comprises amino acid substitutions of: 

 asparagine at position 1 and leucine at position 5 in the amino acid sequence of SEQ ID 

NO: 27, and 

 glutamine at position 1 in the amino acid sequence of SEQ ID NO: 28; 30 

(6) an anti-IL-8 antibody which binds to IL-8 in a pH-dependent manner, and comprises at least 

one amino acid substitution in at least one of: 

 (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24, 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25, 35 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26, 
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 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27, and 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28,  

wherein the anti-IL-8 antibody at least comprises amino acid substitutions of: 

 tyrosine at position 9 and arginine at position 11 in the amino acid sequence of SEQ ID 

NO: 24,  5 

 tyrosine at position 3 in the amino acid sequence of SEQ ID NO: 25, 

 asparagine at position 1 and leucine at position 5 in the amino acid sequence of SEQ ID 

NO: 27, and  

 glutamine at position 1 in the amino acid sequence of SEQ ID NO: 28; and  

(7) an anti-IL-8 antibody which binds to IL-8 in a pH-dependent manner, and comprises at least 10 

one amino acid substitution in at least one of: 

 (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, 

 (b) HVR-H2 comprising the amino acid sequence of SEQ ID NO: 24, 

 (c) HVR-H3 comprising the amino acid sequence of SEQ ID NO: 25, 

 (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 26, 15 

 (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 27, and 

 (f) HVR-L3 comprising the amino acid sequence of SEQ ID NO: 28,  

wherein the anti-IL-8 antibody at least comprises amino acid substitutions of: 

 alanine at position 6, glycine at position 8, tyrosine at position 9, and arginine at 

position 11 in the amino acid sequence of SEQ ID NO: 24,  20 

 tyrosine at position 3 in the amino acid sequence of SEQ ID NO: 25,  

 asparagine at position 1 and leucine at position 5 in the amino acid sequence of SEQ ID 

NO: 27, and  

 glutamine at position 1 in the amino acid sequence of SEQ ID NO: 28. 

 25 

2.  The composition of claim 1, wherein the anti-IL-8 antibody is selected from the group 

consisting of: 

(8) the anti-IL-8 antibody of any one of (1) to (7) of claim 1, which comprises: 

 (a) the amino acid sequence of SEQ ID NO: 23 as HVR-H1, 

 (b) the amino acid sequence of SEQ ID NO: 29 as HVR-H2, and 30 

 (c) the amino acid sequence of SEQ ID NO: 30 as HVR-H3; 

(9) the anti-IL-8 antibody of any one of (1) to (7) of claim 1, which comprises: 

 (d) the amino acid sequence of SEQ ID NO: 26 as HVR-L1,  

 (e) the amino acid sequence of SEQ ID NO: 31 as HVR-L2, and  

 (f) the amino acid sequence of SEQ ID NO: 32 as HVR-L3; 35 

(10) the anti-IL-8 antibody of any one of (1) to (7) of claim 1, which comprises: 
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 (a) the amino acid sequence of SEQ ID NO: 23 as HVR-H1,  

 (b) the amino acid sequence of SEQ ID NO: 24 as HVR-H2, and  

 (c) the amino acid sequence of SEQ ID NO: 30 as HVR-H3; 

(11) the anti-IL-8 antibody of any one of (1) to (7) of claim 1, which comprises: 

 (d) the amino acid sequence of SEQ ID NO: 26 as HVR-L1,  5 

 (e) the amino acid sequence of SEQ ID NO: 107 as HVR-L2, and  

 (f) the amino acid sequence of SEQ ID NO: 32 as HVR-L3; 

(12) the anti-IL-8 antibody of any one of (1) to (7) of claim 1, which comprises: 

 (a) the amino acid sequence of SEQ ID NO: 23 as HVR-H1,  

 (b) the amino acid sequence of SEQ ID NO: 29 as HVR-H2,  10 

 (c) the amino acid sequence of SEQ ID NO: 30 as HVR-H3,  

 (d) the amino acid sequence of SEQ ID NO: 26 as HVR-L1,  

 (e) the amino acid sequence of SEQ ID NO: 31 as HVR-L2, and  

 (f) the amino acid sequence of SEQ ID NO: 32 as HVR-L3; 

(13) the anti-IL-8 antibody of (1) or (2) of claim 1, which comprises: 15 

 (a) the amino acid sequence of SEQ ID NO: 23 as HVR-H1,  

 (b) the amino acid sequence of SEQ ID NO: 24 as HVR-H2,  

 (c) the amino acid sequence of SEQ ID NO: 30 as HVR-H3,  

 (d) the amino acid sequence of SEQ ID NO: 26 as HVR-L1,  

 (e) the amino acid sequence of SEQ ID NO: 107 as HVR-L2, and  20 

 (f) the amino acid sequence of SEQ ID NO: 32 as HVR-L3; 

(14) the anti-IL-8 antibody of any one of (1) to (7) of claim 1, which comprises a heavy chain 

variable region comprising the amino acid sequence of SEQ ID NO: 34 and a light chain variable 

region comprising the amino acid sequence of SEQ ID NO: 35; 

(15) the anti-IL-8 antibody of (1) or (2) of claim 1, which comprises a heavy chain variable 25 

region comprising the amino acid sequence of SEQ ID NO: 108 and a light chain variable region 

comprising the amino acid sequence of SEQ ID NO: 109; 

(16) the anti-IL-8 antibody of any one of (1) to (7) of claim 1, which comprises HVR-H1, 

HVR-H2, HVR-H3, HVR-L1, HVR-L2, and HVR-L3 which have at least 80% sequence identity 

with (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, (b) HVR-H2 30 

comprising the amino acid sequence of SEQ ID NO: 29, (c) HVR-H3 comprising the amino acid 

sequence of SEQ ID NO: 30, (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 

26, (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 31, and (f) HVR-L3 

comprising the amino acid sequence of SEQ ID NO: 32, respectively; 

(17) the anti-IL-8 antibody of any one of (1) to (7) of claim 1, which comprises HVR-H1, 35 

HVR-H2, HVR-H3, HVR-L1, HVR-L2, and HVR-L3 which have at least 80% sequence identity 
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with (a) HVR-H1 comprising the amino acid sequence of SEQ ID NO: 23, (b) HVR-H2 

comprising the amino acid sequence of SEQ ID NO: 24, (c) HVR-H3 comprising the amino acid 

sequence of SEQ ID NO: 30, (d) HVR-L1 comprising the amino acid sequence of SEQ ID NO: 

26, (e) HVR-L2 comprising the amino acid sequence of SEQ ID NO: 107, and (f) HVR-L3 

comprising the amino acid sequence of SEQ ID NO: 32, respectively; 5 

(18) the anti-IL-8 antibody of any one of (1) to (7) of claim 1, which comprises a heavy chain 

variable region and a light chain variable region which have at least 80% sequence identity with 

a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 34 and a light 

chain variable region comprising the amino acid sequence of SEQ ID NO: 35, respectively; and  

(19) the anti-IL-8 antibody of any one of (1) to (7) of claim 1, which comprises a heavy chain 10 

variable region and a light chain variable region which have at least 80% sequence identity with 

a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 108 and a 

light chain variable region comprising the amino acid sequence of SEQ ID NO: 109, 

respectively. 

 15 

3.  A composition for treating or preventing an IL-8-related disease, which comprises as an 

active ingredient an isolated anti-IL-8 antibody that binds to human IL-8, wherein the 

IL-8-related disease is selected from the group consisting of:  

endometriosis; adenomyosis; dysmenorrhea; adhesion; fibrotic diseases; pain in endometriosis, 

adenomyosis, or dysmenorrhea; infertility; and pain resulting from adhesion, fibrosis, or 20 

inflammation, 

and wherein the anti-IL-8 antibody is selected from the group consisting of: 

 (I) an anti-IL-8 antibody which comprises an Fc region comprising amino acid 

substitution at one or more positions selected from the group consisting of positions 235, 236, 

239, 327, 330, 331, 428, 434, 436, 438, and 440 according to EU numbering; 25 

 (II) an anti-IL-8 antibody which comprises an Fc region comprising amino acid 

substitution at all positions selected from the group consisting of positions 434, 438, and 440 

according to EU numbering; 

 (III) an anti-IL-8 antibody which comprises an Fc region comprising all of amino acid 

substitution with Ala at position 434; amino acid substitution with Glu, Arg, Ser, or Lys at 30 

position 438; and amino acid substitution with Glu, Asp, or Gln at position 440, according to EU 

numbering; 

 (IV) an anti-IL-8 antibody which comprises an Fc region comprising all of amino acid 

substitution with Ala at position 434; amino acid substitution with Glu, Arg, Ser, or Lys at 

position 438; and amino acid substitution with Glu, Asp, or Gln at position 440, and further 35 

comprising Ile or Leu at position 428, and/or Ile, Leu, Val, Thr, or Phe at position 436, according 
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to EU numbering; 

 (V) an anti-IL-8 antibody which comprises an Fc region comprising one or more amino 

acid substitutions selected from the group consisting of L235R, G236R, S239K, A327G, A330S, 

P331S, M428L, N434A, Y436T, Q438R, and S440E according to EU numbering; 

 (VI) an anti-IL-8 antibody which comprises an Fc region comprising a combination of 5 

amino acid substitutions selected from the group consisting of: 

N434A/Q438R/S440E;  

N434A/Q438R/S440D; 

N434A/Q438K/S440E;  

N434A/Q438K/S440D; 10 

N434A/Y436T/Q438R/S440E;  

N434A/Y436T/Q438R/S440D; 

N434A/Y436T/Q438K/S440E;  

N434A/Y436T/Q438K/S440D; 

N434A/Y436V/Q438R/S440E;  15 

N434A/Y436V/Q438R/S440D; 

N434A/Y436V/Q438K/S440E;  

N434A/Y436V/Q438K/S440D; 

N434A/R435H/F436T/Q438R/S440E; N434A/R435H/F436T/Q438R/S440D; 

N434A/R435H/F436T/Q438K/S440E; N434A/R435H/F436T/Q438K/S440D; 20 

N434A/R435H/F436V/Q438R/S440E; N434A/R435H/F436V/Q438R/S440D; 

N434A/R435H/F436V/Q438K/S440E; N434A/R435H/F436V/Q438K/S440D; 

M428L/N434A/Q438R/S440E;  

M428L/N434A/ Q438R/S440D; 

M428L/N434A/Q438K/S440E;  25 

M428L/N434A/ Q438K/S440D; 

M428L/N434A/Y436T/Q438R/S440E; M428L/N434A/Y436T/Q438R/S440D; 

M428L/N434A/Y436T/Q438K/S440E; M428L/N434A/Y436T/Q438K/S440D; 

M428L/N434A/Y436V/Q438R/S440E; M428L/N434A/Y436V/Q438R/S440D; 

M428L/N434A/Y436V/Q438K/S440E; and M428L/N434A/Y436V/Q438K/S440D 30 

according to EU numbering; 

(VII) an anti-IL-8 antibody which comprises an Fc region comprising a combination of amino 

acid substitutions: 

L235R/G236R/S239K/M428L/N434A/Y436T/Q438R/S440E; or 

L235R/G236R/A327G/A330S/P331S/M428L/N434A/Y436T/Q438R/S440E, 35 

according to EU numbering; and 
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(VIII) an anti-IL-8 antibody comprising the Fc region of any one of (I) to (VII) above, wherein 

the Fc region has at least one property selected from the group consisting of (a) to (e) below:  

 (a) the FcRn-binding affinity of the Fc region at an acidic pH has been increased relative 

to the FcRn-binding affinity of a native Fc region; 

 (b) the binding affinity of the Fc region for a pre-existing ADA has been reduced 5 

relative to the binding affinity of a native Fc region for the pre-existing ADA; 

 (c) the plasma half-life of the Fc region has been increased relative to the plasma 

half-life of a native Fc region; 

 (d) the plasma clearance of the Fc region has been reduced relative to the plasma 

clearance of a native Fc region; and 10 

 (e) the binding affinity of the Fc region for an effector receptor has been reduced 

relative to the binding affinity of a native Fc region for the effector receptor. 

 

4.  A composition for treating of preventing an IL-8-related disease, which comprises as an 

active ingredient an isolated anti-IL-8 antibody that binds to human IL-8, wherein the 15 

IL-8-related disease is selected from the group consisting of: 

endometriosis; adenomyosis; dysmenorrhea; adhesion; fibrotic diseases; pain in endometriosis, 

adenomyosis, or dysmenorrhea; infertility; and pain resulting from adhesion, fibrosis, or 

inflammation, 

and wherein the anti-IL-8 antibody is selected from the group consisting of: 20 

(A) an anti-IL-8 antibody comprising a heavy chain comprising the amino acid sequence of SEQ 

ID NO: 36 and a light chain comprising the amino acid sequence of SEQ ID NO: 38; 

(B) an anti-IL-8 antibody comprising a heavy chain comprising the amino acid sequence of SEQ 

ID NO: 37 and a light chain comprising the amino acid sequence of SEQ ID NO: 38; 

(C) an anti-IL-8 antibody comprising a heavy chain comprising the amino acid sequence of SEQ 25 

ID NO: 106 and a light chain comprising the amino acid sequence of SEQ ID NO: 44; 

(D) an anti-IL-8 antibody comprising heavy and light chains which have at least 80% sequence 

identity with a heavy chain comprising the amino acid sequence of SEQ ID NO: 36 and a light 

chain comprising the amino acid sequence of SEQ ID NO: 38, respectively; 

(E) an anti-IL-8 antibody comprising heavy and light chains which have at least 80% sequence 30 

identity to a heavy chain comprising the amino acid sequence of SEQ ID NO: 37 and a light 

chain comprising the amino acid sequence of SEQ ID NO: 38, respectively; and 

(F) an anti-IL-8 antibody comprising heavy and light chains which have at least 80% sequence 

identity with a heavy chain comprising the amino acid sequence of SEQ ID NO: 106 and a light 

chain comprising the amino acid sequence of SEQ ID NO: 44, respectively. 35 

 



144 

 

5.  The composition of any one of claims 1 to 4, wherein the fibrotic disease is selected from 

the group consisting of fibrosis in endometriosis or adenomyosis, chronic obstructive pulmonary 

disease (COPD), cystic fibrosis, psoriasis, hepatic fibrosis, renal fibrosis, and pulmonary fibrosis. 

 

6.  A composition for treating or preventing an IL-8-related disease, which comprises an IL-8 5 

signal inhibitor as an active ingredient, wherein the IL-8-related disease is selected from the 

group consisting of human endometriosis; adenomyosis; dysmenorrhea; adhesion; pain in human 

endometriosis, adenomyosis, or dysmenorrhea; infertility; and pain resulting from adhesion, 

fibrosis, or inflammation. 

 10 

7.  The composition of claim 6 for suppressing infiltration of immune cells to a lesion or 

surrounding environment thereof in an IL-8-related disease. 

 

8.  The composition of claim 6 or 7 for inhibiting the production of aromatase or a fibrotic 

factor. 15 

 

9.  The composition of any one of claims 6 to 8, which does not affect the sexual cycle. 

 

10. The composition of any one of claims 6 to 9 for suppressing adhesion or fibrosis in 

endometriosis or adenomyosis. 20 

 

11.  The composition of any one of claims 6 to 10 for (1) atrophying endometrial epithelial cells 

or stromal cells in an endometriosis or adenomyosis patient, or (2) reducing endometrial 

interstitium in endometriosis.  

 25 

12.  The composition of any one of claims 6 to 11, wherein dysmenorrhea is dysmenorrhea with 

endometriosis or adenomyosis, or is dysmenorrhea suspected of endometriosis or adenomyosis. 

 

13.  The composition of claim 6 wherein adhesion is formed after surgery.  

 30 

14.  The composition of any one of claims 6 to 13, wherein the IL-8 signal inhibitor is an IL-8 

inhibitor, a CXCR1 inhibitor, or a CXCR2 inhibitor. 

 

15.  The composition of claim 14 wherein the IL-8 inhibitor, the CXCR1 inhibitor, or the 

CXCR2 inhibitor is an anti-IL-8 antibody, an anti-CXCR1 antibody, or an anti-CXCR2 antibody, 35 

respectively. 


