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DESCRIPTION

[0001] The present application claims the benefit of CN Application No. 201310586326.2 
entitled "ANTI-HER2 ANTIBODY AND CONJUGATE THEREOF", filed November 19, 2013.

FIELD OF INVENTION

[0002] The present invention relates to a novel HER2 antibody or functional fragments thereof, 
comprising engineered heavy chains and light chains. The present invention further relates to 
conjugates of the improved HER2 antibody with small molecule drugs. The present invention 
further relates to use of the antibody and the conjugates in the manufacture of a medicine for 
treating tumors.

BACKGROUND OF THE INVENTION

1. Summary of HER2

[0003] ErbB2, also known as HER2/neu, is the second member of the EGFR family, which 
forms a heterodimer with other three members in the EGFR family, so as to exert the biological 
function. To date, the ligand which can directly bind to ErbB2 has not yet been found. The neu 
gene encoding ErbB2 was firstly separated from rat neuroblastoma. A homologous gene of 
neu gene in human somatic cells, known as HER2, is located on chromosome 17q21.1. The 
encoded product is ErbB2, which is consisted of 1255 amino acids with the molecular weight 
around 185kDa, in which positions 720-987 belong to tyrosine kinase active domain. In 
addition to playing a role through PI3K and MAPK signaling pathway, ErbB2 may also reduce 
the expression of cyclin D and c-myc, thereby reduce the expression of the cyclin-dependent 
kinase (cdk) inhibitor p27kipl, leading to cell proliferation resulting from the inhibition of cdk2 
activity [1],

[0004] With the increasingly expanding and deepening studies, it has been found that HER2 is 
expressed or over-expressed in various tumors. So far, it has been reported that the positive 
expression rate, over-expression rate of HER2 in several tumors and the number of people 
within whom HER2 is over-expressed are as follows: ovarian cancer, 45%, 21%, 23316 
persons [2]; breast cancer, 58%, 38%, 223112 persons [3]. Hence, there is an urgent need in 
clinical practice for effective drugs targeting HER2 to treat malignant tumor. Till present, the 
commercially available monoclonal antibodies which target HER2 include Trastuzumab and 
Pertuzumab.

2. Trastuzumab and Pertuzumab
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[0005] Herceptin® (Trastuzumab), developed by Genentech, is a humanized monoclonal 
antibody which targets HER2. In 1998, Trastuzumab in combination with paclitaxel was 
approved by the US FDA as a first-line therapeutic regimen for treating HER2/neu over­
expressed metastatic breast cancer, or as a single drug for treating HER2/neu over-expressed 
metastatic breast cancer which had been subjected to at least one cycle of chemotherapy. 
Trastuzumab not only has high affinity with HER2 receptor, but also solves the problem of 
immunogenicity caused by applying murine-derived antibody to human body. The results of the 
clinical trials show that, using Trastuzumab only has the effective rate of 11.6%~16%, while its 
combination therapy with chemical drugs has the effective rate up to 50%. Comparing with 
chemotherapy only, said combination confers patients with advanced recurrent breast cancer a 
longer life span and a reduced mortality.

[0006] Another antibody drug which targets HER2 is Pertuzumab [4], which was also 
developed by Genentech. Pertuzumab binds to region II of the extracellular domain of HER2 
receptor, inhibiting the formation of a dimer, thereby inhibiting receptor-mediated signaling 
pathway, while Trastuzumab (Herceptin) binds to region IV of the extracellular domain of HER2 
receptor. Pertuzumab was approved by US FDA on June 8, 2012, for treating HER2-positive 
advanced metastatic breast cancer patients (see CN101023100B).

3. Antibody-Drug Conjugates

[0007] Monoclonal antibody has received more and more attentions due to its characteristics 
of high target specificity, low side effect and the like. However, when used alone, its therapeutic 
effect is limited. Now, the most successful monoclonal antibody drugs against tumor are the 
ones against lymphocytoma such as chronic non-Hodgkin's lymphocytoma (NHL). The Phase 
II clinical study of Rituxan directed to NHL shows that the total response rate was only 6%. 
Regarding Herceptin® against metastatic breast cancer, only 15% have a response. 
Therefore, most of the monoclonal antibody drugs are used in combination with chemotherapy. 
For example, Rituxan is used in combination with standard chemotherapy for treating chronic 
lymphocytoma, which may increase the effective rate up to 90%. Till present, the major way for 
increasing the therapeutic effect of monoclonal antibody is antibody-drug conjugates. 
International patent application WO 2011/107957 to Symphogen AS and US patent application 
US 2011/217305 to Symphogen AS describe antibodies directed against HER2 (ErB2). 
International patent application WO 2011/147982 to Genmab AS describes isolated 
monoclonal antibodies which bind to HER2.

[0008] Antibody-drug conjugate belongs to a type of new anticancer "biological missile" drug, 
which is consisted of three parts: antibody, cytotoxin and the linker which links the two parts. 
Monoclonal antibody is coupled with cytotoxin through chemical coupling. Then the antibody­
drug conjugate specifically recognizes the receptor on the surface of cancer cells and binds to 
the receptor by using the targeting of the monoclonal antibody, and then, the conjugate enters 
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into the cells, and prevents cancer cells from proliferating and kills cancer cells by using 
proteases in cells which may release the cytotoxin. The antibody-drug coupling technology 
makes the small molecule drug and biological protein fuse together, which may have the 
advantages of both and increase the potency of drugs remarkably, reduce the side effects and 
thus turn into a new generation of therapeutic product.

[0009] The first successful example in clinical practice of targeted antibody-drug conjugate is 
Gemtuzumab ozogamicin (Wyeth, trade name: Mylotarg). Mylotarg is the firstly approved 
monoclonal antibody-drug conjugate. This drug is consisted of anti-CD33 antibody, 
Calicheamicin (a drug which degrades DNA) and chemical linker AcBut. Mylotarg is a drug in 
which a humanized anti-CD33 lgG4 is coupled with antitumor drug Calicheamicin, for treating 
acute myeloid leukemia [5]. Mylotarg is the first generation of antibody-drug conjugate, which 
has three critical defects in technology: firstly, the linker used to link toxin is very unstable, the 
half-life of which is only two days, leading to a severe toxin dropping and a high toxic side 
effect in clinical practice; secondly, the antibody is coupled with the linker through the amino 
group of lysine, nevertheless, there are tens of lysines on the surface of an antibody, and the 
coupling sites are random, which partly affect the potency of drugs; more importantly, since the 
coupling technology is not mature at that time, only 50% of antibodies may couple with the 
drug, which results in an unsatisfactory potency of drugs in clinical practice; thirdly, the 
antibody used is lgG4, which lacks antibody-dependent cell-mediated cytotoxicity (ADCC) and 
complement dependent cytotoxicity (CDC). Therefore, ten years after marketing, Mylotarg was 
withdrawn from the market due to a high toxic side effect and limited therapeutic effect.

[0010] The second successful example in clinical practice of targeted antibody-drug conjugate 
is a novel drug for treating Hodgkin's lymphoma. Since having a very good therapeutic effect, it 
was approved by US FDA in 2011 after only conducting Phase II clinical trial. This drug was 
developed by Seattle Genetics as a novel targeted antibody-drug conjugate (ADC), which is a 
targeted treatment for two types of patients with lymphoma expressing CD30 antigen. This 
antibody-drug conjugate, brentuximab vedotin, is consisted of monoclonal antibody against 
CD30, microtubule inhibitor (MMAE) and a dipeptide chemical linker. This antibody-drug 
conjugate has characteristics of low side effect and effective lymphoma inhibition. In a Phase II 
single group clinical trial, 102 patients from 15 to 77 years old (median age=31) with recurrent 
or refractory Hodgkin's lymphoma, received brentuximab vedotin treatment, and the median 
treatment comprises 9 cycles. When the median treatment course was 6.7 months, the overall 
response rate was 73%. When the median treatment course was 20.5 months, the complete 
response rate was 34%;40% of patients who received the treatment achieved partial response 
[7], The most common adverse reaction is peripheral nerve lesion. The success of this drug 
suggests a technological feasibility and a very bright future of the targeted antibody-drug 
conjugate.

[0011] Another successful example of targeted antibody-drug conjugate is T-DM1 against 
malignant breast cancer developed by Genentech Inc. [8]. The monoclonal antibody in this 
antibody-drug conjugate is an anti-HER2 (ErbB2) antibody on the surface of breast cancer 
cells, which is coupled with the cytotoxin, microtubule inhibitor DM1. The result in Phase III 
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clinical trial of this drug shows better therapeutic effect than chemotherapy, and a lower side 
effect. Those patients with breast cancer, who have received Herceptin and taxanes 
chemotherapy drugs treatment previously, still have progressed diseases. However, receiving 
antibody-drug conjugate treatment may significantly prolong the survival time of those HER2- 
positive breast cancer patients under the premise of the disease not becoming worse [9]. 
Based on the good therapeutic effect of this drug, the drug was approved by US FDA on 
February 22, 2013, for treating HER2-positive advanced metastatic breast cancer patients (see 
CN100482281C).

[0012] Although Herceptin is a breakthrough in the history of the treatment of HER2- 
overexpressed breast cancer in which various anticancer treatments have already been 
attempted, about 85% of the subjects have no or only weak response to Herceptin therapy[11j. 
It has shown that, HER2 is expressed or overexpressed in various tumors. Thus, there is an 
urgent need in clinical practice for developing anticancer drugs targeting HER2, for those 
patients with HER2-overexpressed tumors or other HER2-expressed relevant diseases (not 
just including breast cancer), who have no or only weak response to Herceptin therapy.

[0013] Therefore, there is an urgent need in clinical practice for developing a drug targeting 
HER2. The present invention provides a technical solution to meet this need.

SUMMARY OF THE INVENTION

[0014] In one aspect, the present invention provides an antibody or functional fragments 
thereof which can specifically bind to HER2. Particularly, the antibody comprises a heavy chain 
and a light chain, in which:

1. (i) the heavy chain comprises three CDR regions, in which at least one of the CDR 
regions has the amino acid sequence as shown in SEQ ID NO: 1, 2 or 3 or has at least 
80% (preferably, 85%, 90%, 95%, 98% or 99%) sequence identity with SEQ ID NO: 1, 2 
or 3;and

2. (ii) the light chain comprises three CDR regions, in which at least one of the CDR regions 
has the amino acid sequence as shown in SEQ ID NO: 4, 5 or 6 or has at least 80% 
(preferably, 85%, 90%, 95%, 98% or 99%) sequence identity with SEQ ID NO: 4, 5 or 6.

[0015] In a particular embodiment, the antibody comprises a heavy chain and a light chain, in 
which:

1. (i) the heavy chain comprises three CDR regions, each of which has the amino acid 
sequence as shown in SEQ ID NO: 1,2 and 3, respectively; and/or

2. (ii) the light chain comprises three CDR regions, each of which has the amino acid 
sequence as shown in SEQ ID NO: 4, 5 and 6, respectively.
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[0016] In a preferable embodiment, the present invention provides an antibody secreted from 
the hybridoma cells (deposited at the China General Microbiological Culture Collection Center 
(located at Institute of Microbiology, Chinese Academy of Sciences, No. 3, 1st Beichen West 
Rd., Chaoyang District, Beijing 100101, P. R.China) on August 22, 2013, with the deposit 
number of 8102 (CGMCC No. 8102)) or an antibody derived therefrom (the date of transfer to 
Budapest Treaty is October 29, 2013). In another preferable embodiment, the present 
invention provides an antibody secreted from the Chinese hamster ovary (CHO) cells 
(deposited at the China Center for Type Culture Collection (located at Wuhan University, Luojia 
Mountain, Wuchang District, Wuhan City, Hubei 430072, P. R.China) on November 6, 2013, 
with the deposit number of C2013170 (CCTCC C2013170)) or an antibody derived therefrom.

[0017] In another aspect, the present invention provides an isolated polynucleotide encoding 
the antibody of the present invention.

[0018] In a further aspect, the present invention provides a combination of the isolated 
polynucleotides, which comprises the polynucleotide encoding the light chain of the antibody of 
the present invention or the functional fragments thereof and the polynucleotide encoding the 
heavy chain of the antibody of the present invention or the functional fragments thereof.

[0019] In a further aspect, the present invention provides an expression vector which 
comprises the polynucleotide according to the present invention or the combination of the 
polynucleotides according to the present invention, in which the polynucleotide operatively links 
to a regulatory sequence which allows the polypeptide encoded by the polynucleotide to 
express in a host cell or a cell-free expression system.

[0020] In another aspect, the present invention provides a conjugate comprising the antibody 
of the present invention or the functional fragments thereof which are coupled with one or 
more therapeutic agents. Preferably, the therapeutic agent is cytotoxic drug (such as 
antimetabolites, antitumor antibiotics, alkaloids), immunopotentiators or radioactive isotopes. 
More preferably, the therapeutic agent is selected from maytansinoids (such as Ansamitocin or 
Mertansine), dolastatin and derivatives thereof. Most preferably, the therapeutic agent is 
selected from MMAE (Monomethyl auristatin E) and MMAF (Monomethyl auristatin F). In other 
embodiments, the therapeutic agent may also be selected from those listed in Table 1 as 
below.
Table 1 List ofthe available therapeutic agents in the conjugates ofthe present invention

Abbreviation Full Name Type/Action Mechanism

MMAE Monomethyl auristatin E tubulin monomer polymerization 
inhibitor^12]

MMAE derivative

MMAE Monomethyl auristatin E tubulin monomer polymerization 
inhibitor^12]
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Abbreviation Full Name Type/Action Mechanism
MMAF derivative

DM1 Mertansine derivative M4 Microtubule-depo lymerizingt15]

DM4 Mertansine derivative M4 Microtubule-depo lymerizingt15]

Duocarmycine Duocarmycine DNA-binding agent^13]

Calicheamicin Calicheamicin DNA minor groove binding agent^13] i

PBDA pyrrolibenzodiazepines DNA-binding agent^13]

Doxorubicin Doxorubicin Inhibitor of topoisomerase^13]

Vinca Alkaloids Vinca Alkaloids [13]

Metrotrexate Metrotrexate [13]

Vinblastine Vinblastine Microtubule-depolymerizingt13]

Daunorubicin Daunorubicin [13]

[0021] In some specific embodiments, the therapeutic agent is coupled with said antibody or 
the functional fragments thereof through a linker. The linker used in the present invention may 
be linked with the antibody by any ways known in the art, preferably linked through thiol and/or 
amino. In a particular preferable embodiment, the antibody of the present invention is linked 
with the linker through thiol. The linker used in the present invention may be a cleavable linker 
(that is, the linker could be broken in vivo milieu) or an uncleavable linker. In some 
embodiments, the linker of the present invention is selected from cleavable linkers, preferably 
from peptide, hydrazone and disulphide linkers, such as maleimidocaproyl-valine-citrulline-p- 
aminobenzyloxycarbonyl (abbreviated hereafter as mc-vc-pAB or vc). In other embodiments, 
the linker of the present invention is selected from uncleavable linkers, such as 
maleimidocaproyl (abbreviated hereafter as me). In other embodiments, the linker may also be 
selected from those listed in Table 2 as below.
Table 2 List of the available linkers in the conjugates of the present invention

Abbreviation Full Name Type/Action 
Mechanism

Me Maleimidocaproyl uncleavable^12]

mc-vc-pAB Maleimidocaproyl valine citrulline p-amino- 
benzyl

cleavable^12]

3-MPA 3-maleimido-propionic acid uncleavable^12]

Mal-di-EG- 
OPFP

Perfluorophenyl 3-(2-(2-(3-(2,5-dioxo-2,5- 
dihydro-1 H-pyrrol-1- 
yl)propanamido)ethoxy)ethoxy)propanoate

uncleavable^14]

Mal-di-EG-
OSu

2,5-dioxopyrrolidin-1-yl 3-(2-(2-(2,5-dioxo-2,5- 
dihydro-1 H-pyrrol-1-yl) 
ethoxy)ethoxy)propanoate

uncleavable^14]
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[0022] In another aspect, the present invention provides an antibody-drug conjugate having 
the general formula of Ab-(L-U)n, wherein Ab represents the antibody according to the present 
invention or the functional fragments thereof, L represents a linker (for example, mc-vc-pAB or 
me), U represents the therapeutic agent (preferably, the therapeutic agent is selected from 
cytotoxic drug, immunopotentiators and radioactive isotopes; more preferably, the therapeutic 
agent is selected from maytansinoids, dolastatin and derivatives thereof; most preferably, the 
therapeutic agent is selected from MMAE and MMAF), and n represents an integer from 1 to 8 
(for example, 1, 2, 3, 4, 5, 6, 7 or 8). The linker used in the present invention may be a 
cleavable linker (that is, the linker could be broken in vivo) or an uncleavable linker.

Abbreviation Full Name Type/Action 
Mechanism

Mal-Tri-EG-
OSu

2,5-dioxopyrrolidin-1 -yl 3-(2-(2-(2-(2,5-dioxo-2,5- ί 
dihydro-1 H-pyrrol-1 -yl)ethoxy)ethoxy)ethoxy 
propanoate

uncleavable^14]

Mal-Tetra- 
EG-OSu

2,5-dioxopyrrolidin-1 -yl 1-(2,5-dioxo-2,5-dihydro- i
1 H-pyrrol-1 -yl)-3-oxo -7,10,13,16-tetraoxa-4- 
azanonadecan-19-oate

uncleavable^14]

Br-di-EG- 
OSu

2,5-dioxopyrrolidin-1 -yl 3-(2-(2-(2- 
bromoacetamido)ethoxy)ethoxy)prop anoate

uncleavable^14]

Py-ds-prp- 
OSu

2,5-dioxopyrrolidin-1 -yl 3-(pyridin-2-
yldisulfanyl)propanoate

reducible^14]

Py-ds-Prp- 
OPFP

perfluorophenyl 3-(pyridin-2- 
yldisulfanyl)propanoate

reducible^14]

Py-ds- 
dmBut-OSu

2,5-dioxopyrrolidin-1 -yl 4-methyl-4-(pyridin-2- 
yldisulfanyl)pentanoate

reducible^14]

Py-ds- 
dmBut-OPF

perfluorophenyl 4-methyl-4-(pyridin-2- 
yldisulfanyl)pentanoate

reducible^14]

SMCC N-succinimidyl 4-
(maleimidomethyl)cyclohexanecarboxylate

uncleavable f15]

MBS 3-maleimidobenzoic acid N-hydroxysuccinimide 
ester

uncleavable^13]

SATA S-(N-succinimidyl)thioacetate uncleavable^13]

SPDP N-succinimidyl 3-(2-pyridyldithio)propionate reducible^13]

SMPT [(N-succinimidyloxy carbonyl)-1 -methyl-1 -(2- 
pyridyldithio)toluene

reducible^13]

[0023] In a further aspect, the present invention provides a pharmaceutical composition, which 
comprises the antibody according to the present invention or the functional fragments thereof 
and/or the conjugate according to the present invention, as well as a pharmaceutically 
acceptable carrier.
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[0024] In another aspect, the present invention provides a method for treating or preventing 
cancer (especially HER2-positive cancer), which includes administrating the antibody, 
polynucleotide, combination of the polynucleotides, expression vector, conjugate and/or 
pharmaceutical composition according to the present invention in a therapeutically effective 
amount to a subject in need thereof.

[0025] In a further aspect, the present invention provides use of the antibody, polynucleotide, 
combination of the polynucleotides, expression vector, conjugate and/or pharmaceutical 
composition according to the present invention in the manufacture of a medicine for treating or 
preventing cancer.

[0026] In a further aspect, the present invention provides the antibody, polynucleotide, 
combination of the polynucleotides, expression vector, conjugate and/or pharmaceutical 
composition according to the present invention, which is used for treating or preventing cancer. 
Preferably, the cancer is HER2-positive cancer. More preferably, the cancer is selected from 
breast cancer, ovary cancer or gastric cancer. More preferably, the cancer is Lapatinib- and/or 
Herceptin-resistant cancer, such as Lapatinib- and/or Herceptin-resistant breast cancer, ovary 
cancer or gastric cancer.

[0027] In a further aspect, the present invention provides a hybridoma cell, which was 
deposited at China General Microbiological Culture Collection Center on August 22, 2013 with 
the deposit number of 8102 (the date of transfer to Budapest Treaty was October 29, 2013).

[0028] In a further aspect, the present invention provides a CHO cell, which was deposited at 
the China Center for Type Culture Collection on November 6, 2013, with the deposit number of 
C2013170.

[0029] Specifically, the present invention relates to an antibody- drug conjugate (ADC), which 
can treat cancer. The conjugate comprises a monoclonal antibody which is able to specifically 
bind to the cancer cell surface receptor, a small molecule drug with cytotoxic effect as well as a 
linker which can bind the aforementioned two parts together through covalent bond. The 
present invention also relates to use of these conjugates in the manufacture of a medicine for 
treating breast cancer and/or ovary cancer and/or gastric cancer.

[0030] In some specific embodiments, the present invention relates to an antibody-drug 
conjugate, which has the general formula of Ab-(L-U)n, wherein Ab represents the monoclonal 
antibody targeting HER2, L is selected from mc-vc-pAB or me, U is selected from MMAE or 
MMAF, and n represents an integer from 1 to 8.

[0031] Particularly, the humanized antibody targeting HER2 as disclosed in the present 
invention is RC48, in which the CDR regions of the heavy chain are as shown by SEQ ID NO. 
1, SEQ ID NO. 2 and SEQ ID NO. 3, respectively.

[0032] Particularly, the humanized antibody targeting HER2 as disclosed in the present 
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invention is RC48, in which the CDR regions of the light chain are as shown by SEQ ID NO. 4, 
SEQ ID NO. 5 and SEQ ID NO. 6, respectively.

[0033] More particularly, the humanized antibody targeting HER2 as disclosed in the present 
invention is RC48, which is secreted from the cells deposited at the China Center for Type 
Culture Collection on November 6, 2013, with the deposit number of C2013170.

[0034] Trastuzumab (Herceptin®) is a recombinant humanized monoclonal antibody, 
selectively targeting on the extracellular domain of human epidermal growth factor receptor-2 
(HER2), mainly used for treating HER2-positive cancer. The humanized antibody RC48 of the 
present invention is a recombinant human HER2 antibody, which is able to bind to the 
extracellular domain of HER2 with high affinity. In in-vitro experiments and in vivo, RC48 
monoclonal antibody shows high ability to inhibit proliferation of HER2-overexpressed human 
tumor cells.

[0035] The two small molecule cytotoxins involved in the present invention are MMAE 
(Monomethyl auristatin E) or MMAF (Monomethyl auristatin F) (see Fig. 6), which are two 
kinds of cellular tubulin-inhibiting small molecule. The present invention also relates to two 
kinds of linkers: Maleimidocaproyl (abbreviated hereafter as me) and Maleimido-Caproyl- 
Valine-Citrulline-p-AminoBenzyloxy (abbreviated hereafter as mc-vc-pAB, which is also simply 
represented by vc in the name of a conjugate) (see Fig. 7); the former linker is uncleavable, 
while the latter one is cleavable, and the corresponding conjugates show different stability and 
half-life in vivo. The following three antibody-drug conjugates are formed by RC48 monoclonal 
antibody linked to the linker through cysteine: RC48-vc-MMAE (see Fig. 8), RC48-vc-MMAF 
(see Fig. 9) and RC48- mc-MMAF (see Fig. 10).

[0036] The conjugate of the present invention has comparable antigen-antibody binding 
capacity in vitro with RC48 naked antibody, and T-DM1. In the cell viability assay, its cytotoxicity 
is significantly higher than that of RC48 naked antibody, Herceptin, T-DM1, in which the cells 
used in the experiment include high HER2-expressed breast cancer cell strain SK-BR-3 (Fig. 
12) and high HER2-expressed ovary cancer cell strain SK-OV-3 (Fig. 13). In the animal 
experiments of nude mice transplantation tumor model, the conjugate of the present invention 
has significant antitumor effect to BT474 human breast cancer tumor-bearing nude mouse 
(Fig. 14), and the preferable conjugate shows significant antitumor activity to Herceptin®- and 
Lapatinib-resistant tumor-bearing nude mouse, with the effect significantly better than positive 
control drugs (Fig. 15); meanwhile, the antibody conjugate of the present invention shows 
unexpectedly antitumor effect to ovary cancer and gastric cancer transplantation tumor­
bearing nude mouse (Fig. 16 and Fig. 17). Through the in vivo mouse experiment, it is 
determined that the maximum tolerance doses of the present conjugate are as follows: RC48- 
mc-MMAF: >150mg/kg, RC48-vc-MMAF: 60mg/kg, RC48-vc-MMAE: 100mg/kg, respectively. 
Further, the efficacy test is carried out by using human ovary cancer transplantation tumor 
model of nude mice, and it is found that, during the administration of the drug, by observing the 
changing of the volumes of the mice tumor model and the body weights of the mice per se, the 
potency of the conjugate is significantly higher than those of naked antibody and T-DM1.
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Furthermore, the body weights of the mice are increased (Fig. 18), showing a good potency 
with low toxic and high efficiency. The conjugate provides a new candidate drug choice for 
treating HER2-positive cancer, HER2 antibody drug resistant cancer, tyrosine kinase inhibitor 
resistant cancer and other relevant diseases.

[0037] In some specific embodiments, the antibody according to the present invention or the 
functional fragments thereof is isolated.

[0038] In some specific embodiments, the antibody according to the present invention or the 
functional fragments thereof is monoclonal antibody.

[0039] In some specific embodiments, the antibody according to the present invention or the 
functional fragments thereof is humanized antibody.

[0040] In some specific embodiments, the antibody according to the present invention or the 
functional fragments thereof has ADCC activity.

[0041] In some specific embodiments, the antibody according to the present invention or the 
functional fragments thereof has CDC activity.

[0042] In some specific embodiments, the antibody according to the present invention or the 
functional fragments thereof specifically binds to HER2, while basically not binding to EGFR, 
HER3 and HER4.

[0043] In some specific embodiments, the antibody according to the present invention or the 
functional fragments thereof is IgGlK antibody.

[0044] In some specific embodiments, the antibody according to the present invention or the 
functional fragments thereof is useful for treating or preventing cancer, in which the cancer 
over-expresses HER2.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045]

Fig. 1 represents SDS-PAGE figure of the purified human recombinant protein HER2-ECD, 
which is stained with Coomassie Brilliant Blue. Each well is loaded with 10pg.

Fig. 2 represents SDS-PAGE analysis figures of cRC48, RC48, in which each well is loaded 
with 2pg antibody.

Fig. 3 shows the binding affinity between humanized antibody RC48 and HER2-ECD 
determined by ELISA assay, and the calculated binding affinity constant Kd. Herceptin and 
cRC48 are used as control in this assay.
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Fig. 4A represents the analysis of binding capacity of anti-HER2 humanized antibody RC48 
with HER2+ cells (SK-BR3, BT474) and HER2- cells (MDA-MB468) by flow cytometry. Fig. 4B 
shows the analysis of binding capacity of anti-HER2 antibody with BT474 cellular surface 
antigen by flow cytometry at different antibody concentrations. The anti-HER2 antibody 

includes Herceptin, cRC48, RC48. A total of 5x104 cells are analyzed.

Fig. 5 indicates that RC48 only shows specific binding affinity with HER2, but not with EGFR, 
HER3 and HER4.

Fig. 6 shows the molecular structures of antitubulin, MMAE and MMAF.

Fig. 7 shows the molecular structures of chemical linkers, mc-vc-pAB and me.

Fig. 8 shows the molecular structure of RC48 antibody-drug conjugate (RC48-vc-MMAE).

Fig. 9 shows the molecular structure of RC48 antibody-drug conjugate (RC48-vc-MMAF).

Fig. 10 shows the molecular structure of RC48 antibody-drug conjugate (RC48-mc-MMAF).

Fig. 11 shows the antitumor effect of RC48 directed to BT474 human breast cancer 
transplanation tumor model.

Fig. 12 shows the growth inhibiting effect of RC48 conjugate directed to HER2-positive cell SK- 
BR-3.

Fig. 13 shows the growth inhibiting effect of RC48 conjugate directed to HER2-positive cell SK- 
OV-3.

Fig. 14 shows the antitumor effect of RC48 conjugate directed to BT474 human breast cancer 
tumor bearing nude mouse model.

Fig. 15 shows the therapeutic effects of RC48-vc-MMAE, T-DM1 directed to Herceptin- and 
Lapatinib-resistant human breast cancer BT-474/L1.9 nude mouse transplantation tumors.

Fig. 16 shows the antitumor effect of RC48 conjugate directed to SK-OV-3 human ovary cancer 
transplantation tumor model.

Fig. 17 shows the therapeutic effects of RC48-vc-MMAE, Herceptin, Lapatinib directed to 
human gastric cancer NCI-N87 nude mouse transplantation tumors.

Fig. 18 shows the effect of different antibody-drug conjugates on mouse body weights.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

Definitions
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[0046] Unless otherwise defined, all of the technological terms used herein have the same 
meanings as understood by those skilled in the art. As to the definitions and terms in the art, 
the skilled person may refer to Current Protocols in Molecular Biology (Ausubel) for more 
details. The abbreviation of the amino acid residue is the standard three-letter and/or one- 
letter code used in the art, which represents one of the 20 common L-amino acids.

[0047] Although the present invention uses the number range and parameter approximate 
value in broad sense, the number as shown in a specific example is recited as exactly as 
possible. However, any number itself includes inevitably error to some extent, which is caused 
by the standard deviation produced from each of their measurements. Furthermore, all of the 
ranges as disclosed in the present invention should be understood to cover any and all of the 
sub-ranges contained therein. For example, the range of "from 1 to 10" as recited should be 
considered as containing any and all of the sub-ranges between the minimal value of 1 and the 
maximal value of 10 (including the end points); that is, all of the sub-ranges start from the 
minimal value of 1 or from another greater point (such as from 1 to 6.1), and the sub-ranges 
end with the maximal value of 10 or another smaller point (such as from 5.5 to 10).

[0048] Furthermore, it should be noted that, as used in the present specification, the singular 
form includes the plural form of the indicated subject, unless it is clearly and definitely limited to 
one indicated subject. The term "or" may be interchangeably used with "and/or", unless it is 
clearly indicated in the context.

[0049] The term "pharmaceutical composition", "combination drug" and "drug combination" as 
used herein may be used interchangeably, which means the combination for achieving a 
certain specific purpose by combining at least one kind of drugs and optionally 
pharmaceutically acceptable carrier or adjuvant together. In some embodiments, the 
pharmaceutical composition includes the combination separated in time- and/or spatial-level, 
as long as it can achieve the purpose of the present invention by working together. For 
example, the ingredients contained in the pharmaceutical composition (such as the antibody, 
nucleic acid molecule, nucleic acid molecule combination and/or conjugate) can be 
administrated to a subject entirely or separately. When the ingredients contained in the 
pharmaceutical composition are separately administrated to the subject, the ingredientss can 
be administrated simultaneously or sequentially. Preferably, the pharmaceutically acceptable 
carrier is water, buffered aqueous solution, isotonic saline solution such as PBS (phosphate 
buffer solution), glucose, mannitol, dextrose, lactose, starch, magnesium stearate, cellulose, 
magnesium carbonate, 0.3% of glycerine, hyaluronic acid, ethanol or polyalkylene glycol such 
as polypropylene glycol), triglyceride and the like. The types of used pharmaceutically 
acceptable carriers especially rely on whether the composition according to the present 
invention is formulated for oral, nasal, intracutaneous, subcutaneous, intramuscular or 
intravenous administration. The composition according to the present invention may comprise 
wetter, emulsifier or buffer materials as additive.
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[0050] The composition, vaccine or pharmaceutical formulation according to the present 
invention could be administrated by any suitable routes, such as oral, nasal, intracutaneous, 
subcutaneous, intramuscular or intravenous administration.

[0051] The term "therapeutic agent" as used herein means any material or entity which can 
play a role in treating (for example, treating, preventing, alleviating or inhibiting any diseases 
and/or conditions), including but not limited to: chemical therapeutic agent, radioactive 
therapeutic agent, immune therapeutic agent, thermally therapeutic agent and the like.

[0052] "CDR region" or "CDR" as used herein means the hypervariable region of the heavy 
chain and light chain of the immunoglobulin, as defined by Kabat et al., (Kabat et al., 
Sequences of proteins of immunological interest, 5th Ed., U.S. Department of Health and 
Human Services, NIH, 1991 and the subsequent versions). There are three CDRs of the heavy 
chain and three CDRs of the light chain. Depending on the situations, the term "CDR" or 
"CDRs" as used herein is meant to refer to one of or a few of or even all of these regions which 
contain most of the amino acid residues that are responsible for binding through the affinity of 
the antibody directed to the antigen or its recognition epitope.

[0053] By the "uniformity", "identity" or "similarity" between two nucleic acid or amino acid 
sequences in the present invention, it means a percentage of identical nucleotides or amino 
acid residues between the two sequences to be compared, obtained after the best alignment 
(optimal alignment). This percentage is purely statistical, and the differences between the two 
sequences are randomly distributed and cover their full length. A sequence comparison 
between two nucleic acid or amino acid sequences is usually performed by comparing these 
sequences after their optimal match. Said comparison could be performed through a segment 
or a "comparison window". In addition to being performed manually, the optimal alignment for 
sequence comparison can be performed by means of the local homology algorithm of Smith 
and Waterman (1981) (Ad. App. Math. 2:482), by means of the local homology algorithm of 
Neddleman and Wunsch (1970) (J. Mol. Biol. 48:443), by means of the similarity search 
method of Pearson and Lipman (1988) (Proc. Natl. Acad. Sei. USA 85:2444) and by means of 
computer softwares using these algorithms (GAP, BESTFIT, FASTA and TFASTA in the 
Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr., Madison, 
Wl, or by using BLAST N or BLAST P comparison software).

[0054] A "therapeutically effective amount" or "effective amount" as used herein refers to a 
dose sufficient to show the benefits directed to the subject being administered. The actual dose 
as well as the rate and time course of the administration will vary depending on the self­
condition and the level of severity of the subject being treated. The treatment prescription 
(such as the determination on the dose, etc.) is finally the responsibility of the general 
practitioner and other doctors, and the determination is made based on above factors. Usually, 
the determination is made in consideration of the disease being treated, the individual 
condition of the patient, delivery site, method of administration and any other factors known by 
the doctors.
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[0055] The term "subject" as used herein means mammals such as human being, and also 
may be other animals, such as wild animals (such as hern, stork, crane, etc.), livestocks (such 
as duck, goose, etc.) or laboratory animals (such as chimpanzee, monkey, rat, mouse, rabbit, 
guinea pig, woodchuck, ground squirrel, etc.).

[0056] The term "antibody" means the intact antibody and any antigen-binding fragments 
thereof ("antigen-binding portion") or single chain. The "full-length antibody" means a protein 
comprising at least two heavy (H) chains and two light (L) chains inter-linked by disulfide 
bonds. Each heavy chain contains one heavy chain variable region (abbreviated as VH) and 
one heavy chain constant region. The heavy chain constant region contains three domains, 
CHI, CH2 and CH3. Each light chain contains one light chain variable region (abbreviated as 
VL) and one light chain constant region. The light chain constant region contains one domain, 
CL. The VH and VL regions can be further subdivided into various regions with hypervariability, 
termed complementarity determining region (CDR), interspersed with various regions that are 
more conserved, termed framework region (FR). Each VH and VL is composed of three CDRs 
and four FRs, arranged from amino-terminus to carboxy-terminus in the following order: FR1, 
CDR1, FR2, CDR2, FR3, CDR3, FR4. These variable regions of the heavy chains and light 
chains comprise a binding domain for interacting with an antigen. The constant region of the 
antibodies may mediate the binding of the immunoglobulin to host tissues or factors, including 
various cells of the immune system (such as effector cells) and the first component of the 
classical complement system (C1q). Chimeric or humanized antibody is also encompassed in 
the antibody according to the present invention.

[0057] The term "humanized antibody" refers to an antibody comprising the CDR region from a 
non-human-derived antibody, and the other portions of this antibody molecule are from one (or 
a few) type(s) of human antibody. Moreover, for the purpose of retaining binding affinity, some 
residues in the framework region (FR) segment can be modified (Jones et al., Nature 321:522- 
525, 1986; Verhoeyen et al., Science, 239:1534-1536, 1988; Riechmann et al., Nature 
332:323-327, 1988). The humanized antibody or the fragments thereof according to the 
present invention may be prepared by means of those technologies as known by those skilled 
in the art (such as those described in the following documents: Singer et al., J. Immun. 
150:2844-2857, 1992; Mountain et al., Biotechnol. Genet. Eng. Rev., 10:1-142, 1992; or 
Bebbington etal., Bio/Technology, 10:169-175, 1992).

[0058] The term "chimeric antibody" refers to an antibody, in which the sequence of the 
variable region is from one species while the sequence of the constant region is from another 
species; for example, the sequence of the variable region is from mouse antibody while the 
sequence of the constant region is from human antibody. The chimeric antibody or fragments 
thereof according to the present invention may be prepared by using a gene recombinant 
technology. For example, the chimeric antibody may be produced by cloning recombinant DNA 
which comprises a promoter and a sequence encoding the variable region of the non-human 
(especially murine) monoclonal antibody according to the present invention and a sequence 
encoding the constant region of human antibody. The chimeric antibody of the present 
invention encoded by this recombinant gene will be, for example, murine-human chimera, 
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which has the specificity determined by the variable region derived from murine DNA and has 
the isotype thereof determined by the constant region derived from human DNA. For the 
method of preparing the chimeric antibody, references could be made by, for example, 
Verhoeyn etal. (BioEssays, 8:74, 1988).

[0059] The term "monoclonal antibody" means an antibody molecular preparation with single 
molecular constitution. The monoclonal antibody composition shows a single binding specificity 
and affinity directed to a specific epitope.

[0060] The term "mRC48 antibody" as used herein means, unless otherwise indicated, anti- 
HER2 murine-derived monoclonal antibody mRC48 obtained by the inventor. The term "RC48 
antibody" as used herein means, unless otherwise indicated, humanized anti-HER2 antibody 
RC48, which is derived from mRC48 antibody by humanized engineering.

[0061] The cRC48 antibody as used herein means chimeric RC48 antibody, i.e., human­
murine chimeric antibody, which contains murine-derived variable region and human-derived 
constant region. The difference between cRC48 antibody and RC48 antibody only lies in the 
difference of the framework region in the variable region, that is, the framework region of 
cRC48 is murine-derived, while the framework region of RC48 is human-derived.

[0062] The term "functional fragment" as used herein particularly means the antibody 
fragment, such as Fv, scFv (sc indicates single chain), Fab, F(ab')2, Fab', scFv-Fc fragments 
or diabody, or any fragments which can increase half-life by means of chemical modification or 
by being incorporated into liposome. Said chemical modification includes, for example, adding 
poly(alkylene) glycol such as polyethylene glycol ("pegylated") (called Fv-PEG, scFv-PEG, Fab- 
PEG, F(ab')2-PEG or Fab'-PEG pegylated fragments, "PEG" indicates polyethylene glycol), 
and said fragments have EGFR-binding activity. Preferably, the functional fragment is 
composed of or comprises partial sequences from the heavy or light variable chains of the 
antibody derived therefrom, the partial sequence is sufficient to retain the same binding 
specificity and sufficient affinity as the antibody derived therefrom (for EGFR, preferably at 
least equals to 1/100 of the affinity of the antibody derived therefrom, more preferably at least 
equals to 1/10). This functional fragment will contain at least 5 amino acids, preferably 10, 15, 
25, 50 and 100 continuous amino acids of the antibody sequence derived therefrom.

[0063] Typically, for the purpose of preparing monoclonal antibody or functional fragments 
thereof, especially murine-derived monoclonal antibody or functional fragments thereof, 
reference may be made by the technologies particularly described in the manual "Antibodies" 
(Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold 
Spring Harbor NY, pp. 726, 1988), or by the technologies for preparing from the hybridoma 
cells as described by Kohler and Milstein (Nature, 256:495-497, 1975).

[0064] The monoclonal antibody according to the present invention may be for example 
purified on the affinity column which has already been fixed with HER2 antigen (e.g., HER2- 
ECD) or one of the fragments containing the epitope which can be specifically recognized by 
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the monoclonal antibody according to the invention in advance. More specifically, the 
monoclonal antibody may be purified as follows: by Protein A and/or G chromatography, 
followed by or not followed by ion exchange chromatography which is aimed to eliminate 
residual protein contaminants as well as DNA and LPS, followed by or not followed by the 
exclusion chromatography on the Sepharose gel which is aimed to eliminate the potential 
aggregates caused by the dimers or other polymers. In a more preferable way, all of these 
technologies may be used simultaneously or continuously.

[0065] The term "dolastatin" as used herein means a polypeptide separated from a kind of 
marine organism Dollabella auricularia, which inlcudes but not limited to dolastatin 10 and 
dolastatin 15. The dolastatin is an inhibitor of mitosis, showing a strong anticancer activity, and 
thus is regarded as a candidate of the anticancer drug. The researchers further discover and 
synthesize many derivatives of dolastatin, such as MMAE and MMAF.

[0066] The term "linker" as used herein means the part which links the antibody with the drug 
in the antibody-drug conjugate (i.e. ADC), which could be cleavable or uncleavable. The 
cleavable linker (i.e., breakable linker or biodegradable linker) may be broken in or on the 
target cells, and thereby releasing the drug. In some embodiments, the linker of the present 
invention has very good stability and greatly decreases the release of the drug during the 
process of delivering to the target (e.g., in blood), thereby reducing the side effect and toxicity. 
In some particular embodiments, the linker of the present invention is selected from cleavable 
linker, such as the linker based on disulphide (which is selectively broken in the tumor cells at a 
higher thiol concentration), peptide linker (which is cleaved by the enzyme in the tumor cells), 
and hydrazone linker. In further particular embodiments, the linker of the present invention is 
selected from uncleavable linker, such as thio ether linker. Preferably, the linker of the present 
invention is selected from cleavable mc-vc-pAB linker and uncleavable me linker.

[0067] The following examples are provided to demonstrate and further explain some 
preferable embodiments and aspects of the present invention, and should not be explained to 
limit its scopes.

Example 1 Preparation and sequence analysis of the murine-derived monoclonal 
antibody mRC48

1) Expression and purification of HER2 antigen

[0068] Firstly, in the present study, recombinant human HER2 protein HER2-ECD composing 
of its extracellular domain (ECD) was prepared and utilized as the antigen for following 
immunization and monoclonal antibody generation as well as various biological assays.

[0069] The cDNA fragment encoding HER2-ECD (amino acids Thr23 to Thr652, GenBank
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accession M11730) was cloned into pcDNA3 expression vector (Invitrogen Inc.) by PCR.

[0070] The detailed method comprised: obtaining cDNA of HER2-ECD coding region from 

HER2+ SKBR3 cell strain (ATCC NO. HTB-30) by means of RT-PCR method (the kit of 
ImProm-IITM Reverse Transcription System from Promega Inc. was applied). The primers 
were:

P1: 5'CGGGATCCTGCCACCAGCTGTGCGCC (SEQ ID NO: 7),

P2: 5'GCTCTAGATCAGTTGATGGGGCAAGGCT (SEQ ID NO: 8);

the underlined sequences were introduced BamHI, Xba\ enzyme sites respectively. PCR 
amplification was run with the template of cDNA of reverse transcribed HER2-ECD by using the 
aforementioned primers, with the amplification conditions comprising 30 cycles of denaturing at 
94°C for 30 s, annealing at 60°C for 30s, extending at 72°C for 1 min, finally extending at 72°C 
for 10 min. Then, the PCR fragments were recovered, digested with BamHI and Xba\ enzymes 
(NEB), and linked with pcDNA3 vector. The C-terminal of HER2-ECD was added a polyhistidine 
tag for purification conveniently. HEK293 cells (US ATCC) were transfected with the 
constructed DNA expression vector, and the soluble protein HER2-ECD with His-tag was 
purified from the cell culture fluid by Ni-NTA affinity chromatography (Qiagen). SDS-PAGE and 
Coomassie Brilliant Blue staining indicated that the purified HER2-ECD proteins had a 
homogenicity greater than 95%, and the result was shown in Fig. 1. The soluble HER2-ECD 
was in the form of monomer, with the relative molecular weight of ~75 kDa which was slightly 
greater than the calculated molecular weight (71 kDa), suggesting that the protein was 
glycosylated in HEK293 cells. The resulting purified HER2-ECD protein was further 
concentrated, and transferred into the sterile PBS buffer (pH7.4), for subsequent in vivo and in 
vitro analysis.

2) Production and screen of hybridoma cells

[0071] HER2-ECD as described above was used as the antigen for immunizing the mouse and 
monoclonal antibody generation. Immunization, hybridoma cells fusion and primary screen 
were conducted according to standard procedures (reference: WHO Technical Report Series, 
No. 822, 1992 Annex 3). Four Balb/c mice (commercially obtained from Shanghai Slac 
Laboratory Animal Co. Ltd.) were immunized with equal volume of well-blended 0.25 ml HER2- 
ECD protein (50-1 OOpg) and 0.25ml Freund's complete adjuvant (Difco Lab). Two weeks later, 
the second injection was carried out with Freund's incomplete adjuvant (Difco Lab) in which the 
amount of antigen was 25-50pg/0.5ml/mouse. Three weeks later, the third injection was 
carried out in which the amount was the same with that in the second injection. Ten days after 
the third injection the blood was drawn. The mice serum were detected by enzyme-linked 
immunosorbent assay (ELISA), and the spleens of the two mice with highest anti-HER2 
antibody titer in serum were taken, which were then fused with the myeloma cell P3X63Ag8 
(ATCC CRL-1580). The fused cells were diluted onto ten 96-well plates, and the preliminary 



DK/EP 3072907 T3

screen was carried out through ELISA method depending on the binding capacity with HER2- 
ECD. In a classical ELISA assay, the Nunc Maxisord 96-well plate was coated with HER2-ECD 
(0.2-1 pg/ml), and then incubated with gradient diluted mouse serum or hybridoma supernatant 
(1 OOpL). Murine-derived anti-HER2 antibody was detected by the goat F(ab')2 anti-murine IgG 
Fc specific second antibody coupled with horse radish peroxidase (Invitrogen Inc.).

[0072] The supernatants of 400 hybridoma cell strains were screened by means of ELISA 
method, 36 of which showed a strong HER2-ECD binding capacity. Ten strains of hybridoma 
cells with the strongest HER2 binding capacity were chosen, and the subclone hybridoma cell 
strains were screened through limited dilution method. The binding affinity of the subclone 
hybridoma cell strains with HER2 was determined by suspension culture of the subclone 
hybridoma cell strains, protein purification and ELISA, and the binding capacity ofthe subclone 
hybridoma cell stains with HER2 expressed naturally on the surface of the human breast 
cancer cell strains was further examined by flow cytometer (BD FACS Calibur) (see Example 4 
for more detailed descriptions). Finally, a hybridoma cell strain mRC48 (murine-derived lgG1k) 
was determined through sequence analysis, which possessed a strong HER2 binding capacity, 
and then it was further analyzed through ELISA and cell experiments. The hybridoma cell 
mRC48 was deposited at the China General Microbiological Culture Collection Center on 
August 22, 2013, with the deposit number of 8102 (the date of transfer to Budapest Treaty was 
October 29, 2013).

3) Sequence analysis ofthe anti-HER2 hybridoma cell clone mRC48

[0073] The variable regions of the heavy and light chains of the hybridoma cell clone mRC48 
were sequenced by 5'-end rapid amplification using commercially available kit SMARTTM 
RACE cDNA Amplification Kit (Clontech Inc.) according to instruction.

[0074] The total RNA was extracted from the hybridoma cells by RNApure Tissue Kit (Beijing 
Kangweishiji Biological Technology Co. Ltd.), and the reverse transcription ofthe total RNA was 
carried out by SMART™ RACE cDNA Amplification Kit, using the total RNA as the template, 
using the primers in the kit, adding the reverse transcriptase SMARTScribeTM Reverse 
Transcriptase and obtaining RACE-Ready first chain cDNA through reverse transcription 
according to the steps as provided by the kit, and then running two rounds of PCR in which: the 
first round of PCR was carried out by using the obtained cDNA as the template, UPM provided 
in the kit as 5'-end primer, and mRC48-VL-1/mRC48-VH-1 as 3'-end primer. The PCR reaction 
conditions included pre-denaturing at 94°C for 5 min, 25 cycles of amplification (denaturing at 
94°C for 30 s, annealing at 68°C for 30s, extending at 72°C for 2 min), finally extending at 
72°Cfor 10 min.

[0075] The second round of PCR was carried out by using the product of the first round of 
PCR as the template, NUP provided in the kit as 5'-end primer, and mRC48-VL-2/mRC48-VH-2 
as 3'-end primer. The PCR reaction conditions included: pre-denaturing at 94°C for 5 min, 25 
cycles of amplification (denaturing at 94°C for 30 s, annealing at 68°C for 30s, extending at
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72°C for 2 min), finally extending at 72°C for 10 min. In this way, the variable regions of the 
heavy and light chains of the above hybridoma cell clone mRC48 were obtained.

Primer Primer Sequence

mRC48-VL-1 GTTGGTGCAGCATCAGCCCGTT (SEQ ID NO:9)

mRC48-VL-2 GTTCACTGCCATCAATCTTCCAC (SEQ ID NO:10)

mRC48-VH-1 GCCAGTGGATAGACAGATGG (SEQ ID NO:11)

mRC48-VH-2 AGGTCACTGTCACTGGCTCAG (SEQ ID NO:12)

[0076] The PCR products were purified by agarose gel electrophoresis, and subcloned into 
pCR2.1TOPO clone vector (Invitrogen Inc.). By PCR, DNA from 10 independent cloned 
plasmids were obtained, and further sequenced by using M13 forward and reverse primers. 
The DNA sequence analysis indicated that, all of these 10 clones possessed cDNA encoding 
the same VH or VL polypeptide. The amino acid sequence of the complementarity determining 
region (CDR) was defined by Kabat Code, and listed in Table 3. The sequence comparison 
analysis indicated that, the CDR of anti-HER2 mRC48 is significantly different from those of 
known HER2 antibodies including Herceptin (Trastuzumab) .
Table 3 The amino acid sequences ofthe CDRs of anti-HER2 monoclonal antibody mRC48

Heavy chain (VH) Light chain (VL)

CDR1 DYYIH (SEQ ID NO. 1) KASQDVGTAVA (SEQ ID 
NO. 4)

CDR2 RVNPDHGDSYYNQKFKD (SEQ ID 
NO. 2)

WASIRHT (SEQ ID NO. 5)

CDR3 ARNYLFDHW (SEQ ID NO. 3) HQFATYT (SEQ ID NO. 6)

Example 2 Humanization of anti-HER2 monoclonal antibody mRC48

[0077] We humanized murine monoclonal anti-HER2 antibody mRC48 by grafting its light 
chain or heavy chain CDRs into a human IgG 1 κ framework region.

[0078] According to the published methods, we know that human IgGIx was highly 
homologous to murine RC48 antibody (mRC48). Thereby, we designed a light chain variable 
region of humanized RC48 antibody (RC48-VL), and a heavy chain variable region of 
humanized RC48 antibody (RC48-VH), combining them to a humanized anti-HER2 antibody: 
RC48. The overall sequence of RC48-VH had a similarity of 84% with human lgG1 VH gene. 
RC48 antibody contained the light chain variable region RC48-VL and the heavy chain variable 
region RC48-VH.

[0079] Humanized anti-HER2 monoclonal antibody RC48 was obtained by the method of CDR 
transplantation, in which the heavy or light chain variable region was synthesized directly by 
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GenScript(Nanjing) Co. Ltd. , and the synthesized variable region contained Kozak consensus 
sequence, initiation codon, heavy or light chain signal peptide, human-derived framework 
region and murine-derived CDR, which was linked with human IgGlK constant region to form a 
complete fragment through the method of overlap extension PCR.

[0080] The primers of overlap extension PCR included:

Heavy chain:

VH1:5'CGCGGATCC GCCGCCACCATGGGATGGAGCT3' (SEQ ID NO: 13)

VH2:5'GATGGGCCCTTGGTGCTAGCGGAGCTCACTGTCACC AGTGTT3' (SEQ ID NO: 14)

CH1: 5'GCTAGCACCAAGGGCCCATC 3' (SEQ ID NO: 15)

CH2: 5'CCGGAATTCTTTACCGGGAGACAGGGAGA 3' (SEQ ID NO: 16)

Light chain:

VL1:5'CGCGGATCC GCCGCCACCATGGACATGAGGGT 3' (SEQ ID NO: 17)

VL2:5'GATGGTGCAGCCACAGTACGCTTTATCTCAACTTTTG  TAC3' (SEQ ID NO: 18)

CL1: 5'CGTACTGTGGCTGCACCAT 3' (SEQ ID NO: 19)

CL2:5'CCGGAATTCACACTCTCCCCTGTTGAAGC3' (SEQ ID NO: 20).

[0081] The amplification of heavy chain was carried out as follows: firstly used the synthesized 
variable region as template and VH1 and VH2 as primers for amplifying the variable region of 
heavy chain; used human IgGlK heavy chain constant region as template and CH1 and CH2 
as primers for amplifying the constant region of heavy chain. The amplification conditions 
included 30 cycles of denaturing at 94°C for 30 s, annealing at 60°C for 30s, extending at 72°C 
for 1 min, finally extending at 72°C for 10 min. Then, the heavy chain sequence of RC48 was 
amplified by using the two PCR products as template and VH1 and CH2 as primers. The 
amplification conditions included 30 cycles of denaturing at 94°C for 30 s, annealing at 60°C 
for 30s, extending at 72°C for 2 min, finally extending at 72°C for 10 min.

[0082] The amplification of light chain was carried out as follows: firstly used the synthesized 
variable region as template and VL1 and VL2 as primers for amplifying the variable region of 
light chain; used human IgGlK light chain constant region as template and CL1 and CL2 as 
primers for amplifying the constant region of light chain. The amplification conditions included 
30 cycles of denaturing at 94°C for 30 s, annealing at 60°C for 30s, extending at 72°C for 1 
min, finally extending at 72°C for 10 min. Then, the light chain sequence was amplified by 
using the two PCR products as template and VL1 and CL2 as primers. The amplification 
conditions included 30 cycles of denaturing at 94°C for 30 s, annealing at 60°C for 30s, 
extending at 72°C for 2 min, finally extending at 72°C for 10 min.
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[0083] Therefore, we obtained a humanized anti-HER2 monoclonal antibody RC48, in which 
RC48 contained human IgGlK heavy chain constant region and heavy chain variable region 
RC48-VH, and human IgGlK light chain constant region and light chain variable region RC48- 
VL.

[0084] Human-murine chimeric antibody cRC48 was also obtained by the same methods, in 
which the murine variable region was linked with human IgGlK constant region to form a 
complete fragment through overlap extension PCR.

[0085] Each of the amplified fragments was subcloned into the expression vector pcDNA3.0 
respectively. The different constructed plasmids were transfected into suspended CHO cells 
(Invitrogen), for generating different recombinant antibodies, the purification was carried out by 
Protein A and the subsequent characteristic analyses were performed. The chimeric anti-HER2 
RC48 (called cRC48) was consisted of a murine-human chimeric cRC48 heavy chain and a 
light chain. RC48 comprises humanized heavy chain RC48-VH and humanized light chain 
RC48-VL. cRC48 and RC48 were both able to be expressed, and the antibodies were collected 
from the CHO cell supernatant, purified by Protein A, and analyzed by SDS-PAGE assay under 
reductive and non-reductive conditions (see Fig. 2). The aforementioned CHO cells secreting 
RC48 antibody (that is, the CHO cells transfected with human IgGlK heavy chain constant 
region and heavy chain variable region RC48-VH, and human IgGlK light chain constant 
region and light chain variable region RC48-VL) were deposited at the China Center for Type 
Culture Collection on November 6, 2013 with the deposit number of C2013170.

Example 3 Characterization analysis of anti-HER2 RC48 antibody

[0086] The HER2-binding affinity constants (Kd) of chimeric cRC48 and humanized RC48 
antibody (RC48) were determined by ELISA method, and the detailed method could be found 
in Example 1, that is, the 96-well plate was coated with soluble HER2-ECD protein, then 
incubated with diluted antibodies (Herceptin and chimeric cRC48 as controls), and the HER2- 
ECD relevant antibodies (all of the forms of human IgGlK) were detected by the HRP-coupled 
goat F(ab')2 anti-human IgG Fc specific second antibody (invitrogen). The binding curve was 
plotted, and the surface binding affinity constant (Kd) value was further calculated for each 
anti-HER2 antibody by single site specific binding non-linear equation (Journal of 
Immunological Methods, 270:155-162, 2002) (Fig. 3 showed a typical HER2-binding curve 
obtained from 3 independent ELISA assays). The results of ELISA assay are shown in Fig. 3.

[0087] As known by the 3 independent assays, compared with cRC48 (average affinity 
constant of 77pM) and Herceptin (average affinity constant of 97 pM), humanized anti-HER2 
antibody RC48 had higher HER2-ECD binding affinity, with the average affinity constant of 
44pM. The result is shown in Table 4.
Table 4 Comparison of the average affinity constant between the antibody of the present 
invention and Herceptin
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Example 4 Binding capacity of humanized antibody RC48 with HER2

1) Binding affinity experiments of RC48 antibody with HER2

[0088] The binding capacity of humanized anti-HER2 antibody RC48 with HER2 which was 
endogenously expressed in human breast cancer cells was detected by flow cytometer, and 
the result was shown in Fig. 3. 6pg of human IgG (control group), Herceptin, cRC48, RC48 

were co-incubated with two kinds of HER2+ cell line human breast cancer cell SK-BR-3, BT474 

and HER2" cell MDA-MBA468 (2x107 cells) on ice for 30-45 minutes, respectively. After 2 times 
of thoroughly washing with 4ml cold PBS, the antibodies binding with the cell surface were 
detected by R-PE-coupled goat anti-human IgG Fc specific second antibody (15pl, 25pg/ml_), 
and then analyzed by flow cytometer (BD FACSCalibur). No binding was detected between the 
human IgG 1 (control group) and the three kinds of cancer cells. In contrast, there was a strong 
binding between Herceptin, cRC48, RC48 with the two kinds of HER2 positive cells, while no 
binding with HER2 negative cells, suggesting that this binding was HER2 specific (as shown in 
Fig. 4a). By comparing the average fluorescence intensity of the isotype control group, it was 
found that compared with Herceptin and cRC48, RC48 showed a higher binding affinity. By 
titering the concentration of anti-HER2 antibody and analyzing the cell numbers in flow 
cytometry, a cell-based binding curve of anti-HER2 antibody with HER2 on cell surface was 
obtained, and the result was shown in Fig. 4b. Humanized anti-HER2 antibody RC48 showed a 
significant binding affinity, which had the binding affinity (Kd) with HER2 on BT474 cell surface 
of 4nM, while the binding affinities for Herceptin and cRC48 were 10nM and 5nM respectively, 
and the results were shown in Table 5.
Table 5 Binding affinity of the antibody of the present invention with HER2 on BT474 cell 
surface

Sample Binding affinity Kd

Herceptin 10nM

cRC48 5nM

RC48 4nM

2) Antigen binding specificity experiment
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[0089] The binding capacities of Herceptin, cRC48, RC48 with different surface antigens 
EGFR, HER2, HER3 and HER4 were determined by ELISA method. The ELISA method could 
be found in Example 1. The 96-well plate was coated with antigens EGFR, HER2, HER3, 
HER4, respectively, each well of which was loaded with 20ng, and incubated with different anti- 
HER2 antibodies, i.e., Herceptin, cRC48, RC48 antibodies, and then detected by horse radish 
peroxidase-coupled goat F(ab')2 anti-murine IgG Fc specific second antibody (Invitrogen Inc.). 

The result was shown in Fig. 5, indicating that Herceptin, cRC48, RC48 antibodies nearly had 
no binding capacity with EGFR, HER3 and HER4, but had a strong binding capacity with HER2, 
suggesting that Herceptin, RC48 highly specific binding with HER2.

Example 5 Assay for tumor inhibition of RC48 towards BT474 human breast cancer 
transplantation tumor model

[0090] Human breast cancer BT474 nude mouse transplantation tumor model was established 
by inoculating BT474 cells into nude mouse subcutaneously. After growing continuously in vivo 
for 3 generations, the tumor tissue which grew vigorously was taken and cut into about 
1.5mm3, and inoculated subcutaneously to right-side armpit of nude mouse (provided by 
Shanghai Slac Laboratory Animal Co. Ltd., with the certificate No. 2007000540582 and license 
No. SCXK(hu)2012-0002) under sterile conditions. The diameter of the nude mouse 
transplantation tumor was measured by vernier caliper. The animals were grouped randomly 
until the tumor grew up to 100-300 mm3. The tested drugs huigGI, Herceptin, RC48 (each 10 
mg/kg) were administered, and one week later dosed for the second time, and another two 
weeks later dosed for the third time, that is, the drugs were administered totally for three times.

[0091] The result was shown in Fig. 11. After administrating huigGI, the tumor was not 
inhibited, and the volume of which still continuously grew. After administrating Herceptin and 
RC48, the BT474 tumors were both inhibited. Compared with Herceptin, RC48 had a 
significantly better tumor-inhibitory effect.

Example 6 Preparation of antibody drug conjugate

1) Purification of the monoclonal antibody RC48

[0092] The RC48 monoclonal antibody was captured from CHO cell culture by Protein A, which 
was then subjected to SDS-PAGE electrophoresis, with the purity up to 95% or higher by SEC 
analysis. The obtained antibody proteins were ultrafiltration dialyzed into PBS buffer by using 
30KD membrane package, concentrated, and the concentration was calibrated by ultraviolet 
spectrometer, for the subsequent coupling reaction.
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2) Coupling of monoclonal antibody RC48 with drug molecule

[0093] The reductive agent and protective agent were formulated with PBS buffer as follows: 
1~20mmol/L TCEP (Tris-2-carboxyethyl-phosphine), 1~20mmol/L DTPA (Diethylene triamine 
pentacetate acid) stock solution, the reductive agent which may be added in a certain range of 
concentrations with the amount depending on the required drug antibody ratio, mixed with the 
monoclonal antibody at a certain concentration (e.g., 5~30mg/ml) with a certain volume ratio 
(e.g., 1:1), in which the molar ratio of the final concentration of TCEP to the antibody was 
0.5-6.0 : 1, and the reaction was performed with stirring for 2h at 25°C. The free thiol 
concentration was detected at 412nm by DTNB method, and calculated the numbers of free 
thiol with the molar ratio of antibody. The reductive reaction with TCEP had a very good 
reproducibility, and the numbers of free thiol could reach 1.0-8.0 after reduction.

[0094] After reduction with TCEP, the antibody may be directly subjected to subsequent 
conjugating. Drugs (vc-MMAE, vc-MMAF, mc-MMAF) (purchased from Shanghai Haoyuan 
Chemexpress Co. Ltd.) at a certain concentration (10mM) were dissolved in 25% DMSO 
(dimethyl sulfoxide), for which the drugs were added slowly in the molar ratio of the drug to 
thiol of 0.3-2.8 : 1, and the reaction was performed with stirring for 2h at 25°C. The free thiol 
concentration (close to zero) was detected at 412nm by DTNB method, the residual unreacted 
drugs and free small molecules such as DMSO were removed by Sephadex G-25 purification, 
and the coupling condition was determined by SDS-PAGE electrophoresis, reversed-phase 
high performance liquid chromatography (R-HPLC) and Hydrophobic high performance liquid 
chromatography (HIC-HPLC) methods.

Example 7 Affinity assay of ADC

Affinity assay by ELISA method

[0095] The ELISA plate was coated with recombinant protein HER2-ECD (with the 
concentration of 0.5mg/ml), overnight at 2-8°C. The plate was washed for 3 times with the 
wellwash. At 37 °C, 3% BSA-PBST solution was used for blocking for 2h. The plate was 
washed for 3 times with the wellwash. The samples were loaded as follows: at 37 °C, 11 spots 
were gradiently diluted from 1000ng/ml (standard line) with PBST solution, 10ΟμΙ/well, for 2h. 
The plate was washed for 3 times with the wellwash. The second antibody (goat anti-human 
IgG-Fc-HRP) was diluted 5000-fold with PBST solution. The colour developing reagent TMB 
was added for color developing for 8-10 minutes away from light at room temperature. The 
reaction was stopped by 2M H2SO4, and read at 450/655nm in the enzyme-labeled instrument. 

The result is shown in Table 6.
Table 6 Comparison ofthe affinity between the conjugates and T-DM1
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Sample Affinity ng/ml Molar equivalent pmol/L

RC48-vc-MMAE 2.237 15.22

RC48-vc-MMAF 3.349 13.51

RC48-mc-MMAF 2.902 16.42

T-DM1 2.376 15.16

[0096] As known from the results, the affinities with HER2-ECD of RC48-vc-MMAE, RC48-vc- 
MMAF and RC48-mc-MMAF are comparable to that ofT-DM1.

Example 8 Inhibitory effect of the RC48 ADC on tumor cells

[0097] The well-grown cells were digested with trypsin (purchased from Sigma), after which 
the HER2 positive breast cancer cell SK-BR-3, HER2 positive ovary cancer cell SK-OV-3 were 
resuspended with DMEM medium containing 10% fetal bovine serum, McCoy's 5A medium 
(both of the mediums were purchased from Gibco), and inoculated into 96-well plate at the 
density of 5000, 4000 cells/well, respectively, and incubated in the incubator at 37°C, in 5% 
CO2 for 24h. RC48, Herceptin, RC48-VC-MMAE, RC48-VC-MMAF, RC48-mc-MMAF and T-DM1 

(self-made) were diluted with the medium containing 10% fetal bovine serum at the 
concentrations as shown in the following figure before added into 96-well plate. After being 
incubated in the incubator at 37°C, in 5% CO2 for 72h, the detection was carried out by using 

CCK-8 kit (purchased from DOJINDO), and the resulted data were subjected to a statistic 
analysis using Prism software.

[0098] The results were shown in Fig. 12 to Fig. 13, as known from which the ADC drug of the 
present invention had a significantly stronger inhibitory effect towards various cells than naked 
antibody drug at the same concentration, and the inhibition rate directed to cell proliferation 
could be increased by a half. The ADC drug coupled with MMAF according to the present 
invention had a stronger inhibitory effect directed to SK-BR-3, SK-OV-3 cells than the ADC drug 
coupled with MMAE according to the present invention, nevertheless, both of which had 
significantly better effects than the positive control T-DM1.

Example 9 Anti-tumor activity of the antibody drug conjugates directed to breast
cancer

1) Anti-tumor experiment of RC48 conjugates directed to BT474 human breast cancer
tumor-bearing nude mouse model
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[0099] Five millions of BT474 cells were suspended in PBS, and inoculated to the armpit of 
BALB/c nude mouse (provided by Shanghai Slac Laboratory Animal Co. Ltd., with the 
certificate No. 2007000540582 and license No. SCXK(hu)2012-0002). After the tumor was 

formed, the tumor tissue which grew vigorously was taken and cut into about 1.5mm3, and 
inoculated subcutaneously to the right-side armpit of nude mouse under sterile conditions. The 
diameter of the nude mouse transplantation tumor was measured by vernier caliper. The 
animals were grouped randomly until the tumor grew up to 100-300 mm3. The tested drugs 
RC48 10mg/kg, RC48-VC-MMAE 10mg/kg, RC48-VC-MMAF 10mg/kg and RC48-mc-MMAF 
10mg/kg were administered, and the drugs were administered totally for three times; the 
negative control group was administrated with equal amount of physiological saline.

[0100] As shown in Fig. 14, 37 days after dosing, the tumor volume of the negative control 

group reached to 485mm3, while the tumor volume of RC48 group is 83% of the control group, 
which indicated that RC48 had the inhibitory effect to some extent on BT474 tumor growth. All 
of the three antibody conjugates tested in the present experiment (RC48-vc-MMAE, RC48-vc- 
MMAF, RC48-mc-MMAF) could inhibit BT474 tumor growth significantly, and 37 days after 
dosing, the tumor volumes shrank to 13-19% of the control group. During the 37-day 
experiment, there were 3 mice dead in the control group, while all of the mice in RC48-vc- 
MMAE group survived.

2) Anti-tumor experiment of RC48-vc-MMAE directed to Herceptin®- and Lapatinib- 
resistant BT-474/L1.9 human breast cancer nude mouse subcutaneously- 
transplantation tumor model

[0101] BT474/L1.9 is BT-474 cell which has been treated for a long time with Herceptin® and 
Lapatinib, and also resistant to Herceptin® and Lapatinib.

[0102] SPF-level BALB/c nude mice were inoculated subcutaneously with a certain amount of 
BT-474/L1.9 tumor cells, and after the tumor growing to 100-200 mm3, the animals were 
randomly grouped. The dose was indicated by the legends: for RC48-vc-MMAE, Kadcyla™ 
(purchased from Roche Pharmaceuticals), dosing once per week, totally 2 times; for 
Herceptin® (purchased from Roche Pharmaceuticals), dosing once per week, totally 3 times; 
for Lapatinib (purchased from GSK), dosing everyday. The tumor volume was measured 2 
times a week. The murine weight was weighted and the resistant capacity of the tumor-bearing 
mice towards the drugs was observed. The data were recorded. The tumor volume and the 
tumor-inhibition rate of each tumor-bearing mouse were calculated at different observation 
time points.

[0103] As shown in Fig. 15, the tumor-inhibition rate of Herceptin® (10 mg/kg) towards 
BT474/L1.9 nude mouse subcutaneous transplantation tumor was 51%; the tumor-inhibition 
rate of Lapatinib (200 mg/kg) towards BT474/L1.9 was 45%; it suggested that breast cancer 
BT474/L1.9 was resistant to both Herceptin® and Lapatinib. RC48-vc-MMAE (1.5, 5 mg/kg) 
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inhibited the growth of BT474/L1.9 nude mouse subcutaneous transplantation tumor in a dose­
dependent way, with the tumor-inhibition rate of 38% and 91% respectively; the tumor-inhibition 
rate of the reference drug Kadcyla™ (5 mg/kg) towards BT474/L1.9 nude mouse 
subcutaneous transplantation tumor was 58%, indicating that BT474/L1.9 was also resistant to 
Kadcyla™. The tumor-bearing mice were well resistant to all of the above drugs.

[0104] In conclusion, the ADC of the present invention shows a significant anti-tumor activity 
towards BT474/L1.9 cell nude mouse subcutaneous transplantation tumor model, which is 
significantly stronger than Herceptin and Lapatinib (p<0.01); compared with Kadcyla™ with the 
same dose of 5mg/kg, the tumor-inhibitory effect of RC48-vc-MMAE of the present invention 
has an evident advantage (p<0.01), with the tumor-inhibition rate of 91%: 58%.

Example 10 The anti-tumor activity of the drug conjugates towards ovary cancer

1) Tumor-inhibitory experiment of RC48 conjugates towards SK-OV-3 human ovary 
cancer transplantation tumor model

[0105] Human ovary cancer SK-OV-3 nude mouse transplantation tumor model was 
established by inoculating SK-OV-3 cells into nude mouse (provided by Shanghai Slac 
Laboratory Animal Co. Ltd., with the certificate No. 2007000540582 and license No. 
SCXK(hu)2012-0002) subcutaneously. The animals were grouped randomly until the tumor 

grew up to 100-300 mm3. The tested drugs RC48 10mg/kg, T-DM1 10mg/kg, RC48-vc-MMAE 
3mg/kg, RC48-VC-MMAE 10mg/kg, RC48-VC-MMAF 3mg/kg, RC48-VC-MMAF 10mg/kg, RC48- 
mc-MMAF 3mg/kg and RC48-mc-MMAF 10 mg/kg were administered, dosing once per week, 
totally dosing 3 times; paclitaxel 10mg/kg, 3 times per week, totally 3 weeks; meanwhile, the 
negative control was administrated with equal amount of physiological saline.

[0106] The tumor-inhibitory effects of RC48 linked with different linkers and therapeutic agents 
on SK-OV-3 suggest that: compared with naked antibody RC48 which is not coupled, all of the 
ADCs of the present invention have good tumor-inhibitory effects; compared with T-DM1 in the 
same dose of 10mg/kg, the tumor-inhibitory effects of RC48 conjugates of the present 
invention have evident advantages. The detailed results are shown in Fig. 16.

Example 11 Tumor-inhibitory experiment of drug conjugates towards HER2 positive 
NCI-N87 human gastric cancer cell nude mouse subcutaneous transplantation tumor 
model

[0107] Human gastric cancer NCI-N87 cells highly expressed HER2 and EGFR, which was 
resistant to Herceptin®, and the model was established with the same method as Example 9. 
The result was shown in Fig. 17.
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[0108] As shown in Fig. 17, single intravenous injection of RC48-vc-MMAE (2.5, 5, 10 mg/kg) 
could significantly inhibit growth of HER2 highly expressed human gastric cancer NIC-N87 
nude mouse subcutaneous transplantation tumor, with the tumor-inhibition rate of 133%, 193% 
and 200%. Low dose group caused partial regression of tumors in 6/6 mice; middle dose group 
caused partial regression of tumors in 1/6 mouse and complete regression in 5/6 mice; high 
dose group caused complete regression of tumors in all (6/6) mice, which did not relapse till 
the experiment ended (D21). The reference drug Herceptin® (10 mg/kg, dosing once per 
week, for 3 times) could inhibit growth of NCI-N87 nude mouse subcutaneous transplantation 
tumor, with the tumor-inhibition rate only of 49%; another reference drug small molecule 
EGFR/HER2 inhibitor Lapatinib (200 mg/kg, dosing once per week, for 21 days) had effect on 
NCI-N87 nude mouse subcutaneous transplantation tumor, with the tumor-inhibition rate of 
78%. The tumor-bearing mice were resistant to all ofthe above drugs, and no symptoms such 
as loss of body weight occurred.

[0109] This research result indicates: 1) single intravenous injection of RC48-vc-MMAE (2.5, 5, 
10 mg/kg) can significantly inhibit growth of HER2 highly expressed human gastric cancer NIC- 
N87 nude mouse subcutaneous transplantation tumor, causing partial or even complete 
regression of tumors; 2) the therapeutic effect of RC48-vc-MMAE towards NCI-N87 nude 
mouse subcutaneous transplantation tumor is evidently stronger than that of the reference 
drugs Herceptin® and Lapatinib (p<0.01).

Example 12 The mouse tolerance assay of RC48 conjugates

[0110] The male and female KM mice which passed quarantine inspection were randomly 
divided into the following dose groups according to body weights: MMAE 2mg/kg, MMAF 
50mg/kg, RC48-vc-MMAE 25mg/kg (the corresponding MMAE dose was 0.5mg/kg) ~ 200mg 
(the MMAE dose was 4.0mg/kg), RC48-vc-MMAF 50mg/kg (the MMAF dose was 1.0mg/kg) ~ 
450mg/kg (the MMAF dose was 9.0mg/kg) and RC48-mc-MMAF 50mg/kg (the MMAF dose 
was 1.0mg/kg) ~ 450mg/kg (the MMAF dose was 9.0ml/kg), in which there were 13 groups of 
different doses, with half male and half female, and the corresponding drug fluids were 
intravenously injected. Groups of mice in the same batch were used as the control groups, 
which were given with 0.9% NaCI injections of the same volume via tail vein. After dosing, the 
body weight was weighted once every other day, until Day 16. The body weight increasing 
curve of MMAE or MMAF serial mice could be found in Fig. 18 respectively.

[0111] The experiment result indicates: under the conditions of the present experiment, the 
toxicity of RC48-vc-MMAE is lower than uncoupled MMAE at the same dose. The maximal 
tolerant dose of mouse towards RC48-vc-MMAE is between 100mg/kg (the MMAE dose is 
2.0mg/kg) and 150mg/kg (the MMAE dose is 3.0mg/kg).

[0112] The toxicity of RC48-vc-MMAF is evidently higher than that of RC48-mc-MMAF at the 
same dose. The maximal tolerant dose of mouse towards RC48-vc-MMAF is between 50mg/kg 
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(the MMAF dose is 1.0mg/kg) and 100mg/kg (the MMAF dose is 2.0mg/kg). The MTD of 
mouse towards RC48-mc-MMAF is between 150mg/kg (the MMAF dose is 3.0mg/kg) and 
450mg/kg (the MMAF dose is 9.0mg/kg).

Example 13 The toxicity experiment of the drug conjugates towards SD rat dosed via 
single intravenous infusion

[0113] SPF-level SD rats (the certificate No. is SCXK (jing)2012-0001) purchased from Beijing 
Vital River Laboratories Animal Technology Co, Ltd. were randomly divided into 7 groups 
according to gender, in which there were 10 rats in a group with half male and half female. 
These 7 groups included physiological saline negative control group, 0.48 mg/kg MMAE control 
group, 40 mg/kg RC48 naked antibody control group and series of RC48-vc-MMAE dose 
groups, in which the rats were dosed via tail vein infusion, and the experimental observation 
period was 21 days. The body weights were weighted at D1 (pre-dosing), D8, D15 and D22. 
After the observation period, the animals were euthanized and performed a general 
pathological anatomical observation, and the abnormal tissues or organs observed by the 
general anatomical observation were subjected to a histological examination.

[0114] The death conditions of animals: 9/10 animals (MMAE control group), 1/10 animal 
(RC48-VC-MMAE, 30mg/kg group) and 2/10 animals (RC48-vc-MMAE, 40mg/kg group) were 
found dead during the experiments, while the remaining groups of animals were not found 
dead or in agonal state.

[0115] Under the conditions of the present experiment, the lethal dose of RC48-vc-MMAE 
towards rat was 30 mg/kg, and maximal tolerant dose was greater than or equaled to 24 mg/kg 
(the corresponding coupled MMAE dose was 0.48 mg/kg). RC48 naked antibody was given to 
SD rat with the dose of 40 mg/kg via single intravenous infusion, and there was no evident 
toxicity response symptom, suggesting the maximal tolerant dose of rat was greater than or 
equaled to 40 mg/kg. This result showed that, even if the conjugate of the present invention 
was used with a dose much higher than that of unconjugated drug MMAE (40mg/kg vs 0.48 
mg/kg), it still showed a toxicity much lower than that of the unconjugated drug MMAE, 
demonstrating that upon forming ADC by coupling MMAE with antibody, the toxicity decreased 
significantly.

[0116] The above as described is just the preferable embodiments, which are only regarded as 
examples while not limiting combination of the necessary features for carrying out the present 
invention. The subtitle as provided is not meant to limit various embodiments of the present 
invention. The terms such as "comprise", "contain" and "include" are not meant to limit. 
Furthermore, unless otherwise indicated, the term without numeral modification includes the 
plural forms thereof, and "or" means "and/or". Unless otherwise defined in the context, all of 
the technological and scientific terms as used herein have the same meanings as understood 
by those skilled in the art.
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[0117] Although the present invention is described through particular preferable embodiments, 
it should be understood that the present invention should not be unsuitably limited to these 
particular embodiments. In fact, various variants, which are apparent for those skilled in the art 
for carrying out the modes described by the present invention, are intended to be included in 
the scope of the appended claims.
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<212> DNA
<213> Artificial Sequence

<220>
<223> P1 primer

<400>7
cgggatcctg ccaccagctg tgcgcc 26

<210> 8
<211 >28
<212> DNA
<213> Artificial Sequence

<220>
<223> P2 primer

<400>8
gctctagatc agttgatggg gcaaggct 28

<210> 9
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<211 >22
<212> DNA
<213> Artificial Sequence

<220>
<223> mRC48-VL-1 primer

<400>9
gttggtgcag catcagcccg tt 22

<210> 10
<211 >23
<212> DNA
<213> Artificial Sequence

<220>
<223> mRC48-VL-2

<400> 10
gttcactgcc atcaatcttc cac 23

<210> 11
<211 >20
<212> DNA
<213> Artificial Sequence

<220>
<223> mRC48-VH-1

<400> 11
gccagtggat agacagatgg 20

<210> 12
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> mRC48-VH-2

<400> 12
aggtcactgt cactggctca g 21

<210> 13
<211> 31
<212> DNA
<213> Artificial Sequence
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<220>
<223>VH1 primer

<400> 13
cgcggatccg ccgccaccat gggatggagc t 31

<210> 14
<211 >42
<212> DNA
<213> Artificial Sequence

<220>
<223> VH2 primer

<400> 14
gatgggccct tggtgctagc ggagctcact gtcaccagtg tt

<210> 15
<211 >20
<212> DNA
<213> Artificial Sequence

<220>
<223> CH1 primer

<400> 15
gctagcacca agggcccatc 20

<210> 16
<211 >29
<212> DNA
<213> Artificial Sequence

<220>
<223> CH2 primer

<400> 16
ccggaattct ttaccgggag acagggaga 29

<210> 17
<211> 32
<212> DNA
<213> Artificial Sequence

<220>
<223> VL1 primer

42

<400> 17
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cgcggatccg ccgccaccat ggacatgagg gt 32

<210> 18
<211 >40
<212> DNA
<213> Artificial Sequence

<220>
<223> VL2 primer

<400> 18
gatggtgcag ccacagtacg ctttatctca acttttgtac 40

<210> 19
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> CL1 primer

<400> 19
cgtactgtgg ctgcaccat 19

<210> 20
<211 >29
<212> DNA
<213> Artificial Sequence

<220>
<223> CL2 primer

<400> 20
ccggaattca cactctcccc tgttgaagc 29
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Patentkrav

1. Konjugat, som omfatter et antistof eller funktionelle fragmenter deraf, som 
specifikt kan binde til HER2, hvor antistoffet eller det funktionelle fragment 
deraf er konjugeret med et eller flere terapeutiske midler udvalgt blandt MMAE 
og MMAF, hvor antistoffet omfatter en tungkæde og en letkæde, hvor:
(i) tungkæden omfatter tre CDR-regioner, hvor CDR-regionerne har aminosy- 
resekvenserne som vist i SEQ ID NO: respektivt 1,2 og 3;
(ii) letkæden omfatter tre CDR-regioner, hvor CDR-regionerne har aminosyre- 
sekvenserne som vist i SEQ ID NO: respektivt 4, 5 og 6.

2. Konjugat ifølge krav 1, hvor antistoffet er afledt af et antistof secerneret fra 
hybridomcellerne, som blev deponeret i China General Microbiological Culture 
Collection Center den 22. august 2013, med deponeringsnummeret CGMCC 
No. 8102.

3. Konjugat ifølge krav 1, hvor antistoffet er et humaniseret antistof.

4. Konjugat ifølge krav 3, hvor antistoffet er et antistof secerneret fra CHO- 
cellerne, som blev deponeret i China Center for Type Culture Collection den
6. november, 2013, med deponeringsnummeret CCTCC C2013170.

5. Konjugat ifølge krav 1, hvor det terapeutiske middel er koblet med antistoffet 
eller de funktionelle fragmenter deraf gennem en linker.

6. Konjugat ifølge krav 5, hvor linkeren er linket med antistoffet gennem thiol.

7. Konjugat ifølge krav 5, hvor linkeren udvalgt blandt mc-vc-pAB og mc.

8. Konjugat med den almene formel af Ab-(L-U)n, hvor Ab repræsenterer an­
tistoffet eller funktionelle fragmenter deraf ifølge et af kravene 1-4, L repræ­
senterer en linker, U repræsenterer et terapeutisk middel udvalgt blandt MMAE 
og MMAF, og n repræsenterer et heltal fra 1 til 8.
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9. Konjugat ifølge krav 8, hvor linkeren er udvalgt blandt mc-vc-pAB og mc.

10. Farmaceutisk sammensætning, som omfatter konjugatet ifølge et af kra­
vene 1 -9 og et farmaceutisk acceptabelt bærestof.

11. Konjugat ifølge et af kravene 1 -9 eller den farmaceutiske sammensætning 
ifølge krav 10 til anvendelse inden for behandlingen eller forebyggelsen af 
kræft.

12. Konjugat ifølge et af kravene 1-9 eller den farmaceutiske sammensætning 
ifølge krav 10 til anvendelse inden for behandlingen eller forebyggelsen af 
HER2-positiv kræft.

13. Konjugat ifølge et af kravene 1-9 eller den farmaceutiske sammensætning 
ifølge krav 10 til anvendelse inden for behandlingen eller forebyggelsen af 
brystkræft eller æggestokkræft eller mavekræft.

14. Konjugat ifølge et af kravene 1-9 eller den farmaceutiske sammensætning 
ifølge krav 10 til anvendelse inden for behandlingen eller forebyggelsen af 
Lapatinib- og/eller Herceptin-resistent brystkræft, æggestokkræft eller mave­
kræft.
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Figure 12
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RC48 1 Oing/kg

T-DVl 1 1 Onig/kg

RC48-VC-MMAF, 3mg/kg

RC48-VC-MMAE 1 Omg/'kg

RC48-VC-MMAF 3ing/kg

RC48-VC-MMAF 1 Oing/kg

RC48-mc-MMAF 3mg/kg

RC48-mc-MMAF 1 Omg/kg

Paclitaxel 1 Omg/kg

Control I
Control 2

Figure 16
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