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ABSTRACT 

 

 

ANTIBODY-DRUG-CONJUGATES AS TARGETED 

CHEMOTHERAPY AGENTS FOR BREAST CANCER 
 

Antibodies are large molecular weight proteins produced by the immune system. They 

have high affinity to receptors on different cells’ surfaces. Using this affinity, a number of 

studies have been conducted to deliver cytotoxic drugs to the tumor cell. Antibody-drug 

conjugates (ADCs) are monoclonal antibodies conjugated with cytotoxic molecules by a 

suitable linker. They have made a fundamental change in the field of chemotherapy [1]. 

Many trials on ADCs have been carried out in the clinic. The major feature of ADCs is to 

enable targeted drug delivery to the desired part of the body. This feature paves the way to 

increase therapeutic efficacy on target cells while it reduces cytotoxicity on non-targeted 

cells. In this thesis, a novel ADC based on Trastuzumab (Tmab) and poly (ethylene glycol) 

was designed. Using a biodegradable linker, drug molecules are conjugated to the polymer 

which in turn is conjugated to Tmab. The overall aim of increasing the payload on the 

targeting moiety is realized. 
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ÖZET 

 

 

MEME KANSERİ İÇİN HEDEFLİ KEMOTERAPİ AJANI 

OLARAK ANTİKOR-İLAÇ-KONJUGTLARI 
 

Antikorlar, bağışıklık sistemi tarafından üretilen büyük moleküler ağırlıklı 

proteinlerdir. Farklı hücrelerin yüzeylerindeki reseptörlere yüksek afiniteleri bulunmaktadır. 

Bu afinite kullanılarak, sitotoksik ilaçların tümör hücresine iletilmesi için birçok çalışma 

yapılmıştır. Antikor-ilaç konjugatları (ADC'ler) uygun bir bağlayıcı vasıtasıyla sitotoksik 

moleküller ile konjuge edilmiş monoklonal antikorlarıdır. Kemoterapi alanında temel bir 

değişiklik yapmışlarıdr [1]. Klinikte ADC'lerle ilgili birçok çalışma yapılmıştır. ADC'lerin 

ana özelliği, vücudun istenen kısmına hedeflenen ilaç dağıtımını sağlamaktır. Bu özellik, 

hedefli olmayan hücrelerde sitotoksisiteyi azaltırken, hedefli hücrelerde terapötik etkinliği 

arttırmanın yolunu açmaktadır. Bu tezde, Trastuzumab (Tmab) ve poli (etilen glikol) bazlı 

yeni bir ADC tasarlanmıştır. Biyobozunur bir bağlayıcı kullanarak ilaç molekülleri, sırayla 

Tmab'a konjuge olan polimere konjuge edilir. Hedef kitledeki yükün arttırılması hedefinin 

tamamı gerçekleştirilmiştir. 
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1. INTRODUCTION 

 

 

1.1. Cancer 

 

Cancer is the name of a collection of related diseases [2]. In normal cells, cells grow 

and when they grow old or are damaged, they die. A cell’s life normally is such this process. 

However, this orderly process is invalid for cancer cells. Cancer cells begin to divide without 

stopping and spread into surrounding tissues in all types of cancer (Figure 1.1) [2]. 

According to the World Health Organization (WHO), cancer is the second reason for death 

in the world and 9.6 million people died due to different type of cancer in 2018. The most 

common cancer types are lung, breast, colorectal, prostate, skin cancer and stomach [3].  In 

general, surgery, chemotherapy, and radiation therapy are used for cancer treatment. In 

addition to these, the usage of targeted therapy has been becoming widespread. 

 

 
 

Figure 1.1. Schematic representation of normal and cancer cell growth. 

 

1.2. Targeted Drug Delivery 

 

Targeted drug delivery uses cytotoxic drugs in the cancer treatment to control the 

biodistribution and bioavailability profile of the drugs in the body. In the mechanism of 

targeting drug delivery, drug is loaded to vesicles that are any targeting drug delivery systems 

such as polymeric micelles or polymer-drug conjugates, after consuming of vesicles, vesicles 

travel to targeted sites such as cancer’s specific genes, proteins, or the tissue environment 

Cell damage Apoptosis
Cell death 

Uncontrolled cell division

Normal cells Cancer cells
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that contribute to cancer growth and survival [4] and vesicles release cytotoxic drugs to only 

kill cancer cells in here (Figure 1.2).  

 

 

 
 

Figure 1. 2. Schematic representation of targeted drug delivery. 

 

However, in chemotherapy, anticancer drugs cannot discriminate healthy and 

cancerous cells and they can spread to all of body, which causes some problems. One 

problem is the low therapeutic window of free drugs, which causes dose related toxicity such 

as gastrointestinal disorders, cardiotoxicity, and extravasation [5]. Another problem is that 

chemotherapeutic drugs lead to decrease in the amount of bone marrow cells, this is called 

as myelosuppression. These cells are important for the production of white blood cells that 

have a function in the defense mechanism of organisms. Due to this, people that use 

anticancer drugs have a weak immune system. The other common problems are solubility 

and half-life of drugs. If anticancer drugs are hydrophobic, they are not soluble in the blood, 

on the other hand, if they are soluble, they have a short half-life and renal clearance in the 

body [6]. Due to all of these problems, they don’t have enough efficiency to cure people.  

 

Therefore, by considering all these limitation, using targeting drug delivery provides 

reduction of drug side effects, broad therapeutic window and better pharmacokinetic profile. 

There are two ways to obtain targeted drug delivery via drug loaded nanocarriers (Figure 

1.3) passive and active targeting [7].  

 

Targeted site 
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Figure 1.3. General illustration of nanocarrier systems. 

 

1.2.1. Passive Targeting 

 

The EPR effect is a common phenomenon based on hyper permeability of tumor 

vessels allowing particles or macromolecules to enter tumor space and EPR effect provides 

particles or macromolecules to stay there for a long time due to lack of lymphatic drainage 

system. In the tumor blood vessels, endothelial cells consist of large gaps. Because of large 

gaps, tumor tissues show retention of macromolecular drug above 40 kDa and nanostructures 

more than 100 nm size. In contrast, size of normal vessel wall is less than 10 nm, so 

therapeutic particles with size larger than 10nm will not be able to extravasate to normal 

tissues. As a result, drug delivery systems selectively pass through tumor vessels and they 

accumulate in there by circulating in blood stream and they show therapeutic effect. In order 

to target cancer cells through the EPR effect, drug loaded nanocarriers are modified as having 

enough size to accumulate inside of tumor tissues instead of in normal tissues (Figure 1.4) 

[8].  

 

Nanocarriers

Polymer Liposome

Dendrimer
Micelle

Monoclonal 
antibody
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Figure 1.4. Schematic representation of EFR effect. 

 

1.2.2. Active Targeting 

 

There are receptors on the surface of cells, but in cancer cells, these receptors are 

overexpressed. Drug loaded nanocarriers are designed to make a conjugation between a 

specific receptor and ligand by using high affinity between them. In this way, targeting 

ligands carried by nanocarriers bind to receptors on the surface of tumor cells, after specific 

conjugation, they are internalized by cells and the number of drugs transported to tumor cells 

is more than healthy cells (Figure 1.5) [9]. Targeted therapy can be collected under two 

headings that are small molecules and monoclonal antibodies. Gefitinib that targets 

the epidermal growth factor receptor (EGFR) tyrosine kinase for non-small cell lung cancer 

[10] and VAL-083 that is a “first-in-class” DNA-targeting agent with a unique bi-functional 

DNA cross-linking mechanism [11] are examples for small molecules. Trastuzumab 

that targets the Her2 receptor expressed in some types of breast cancer [12] and 

Brentuximab targets the cell-membrane protein CD30 are examples for monoclonal 

antibodies [13].  

 

nucleus

http://www.wikizero.biz/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvR2VmaXRpbmli
http://www.wikizero.biz/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvRXBpZGVybWFsX2dyb3d0aF9mYWN0b3JfcmVjZXB0b3I
http://www.wikizero.biz/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvVHlyb3NpbmVfa2luYXNl
http://www.wikizero.biz/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvTHVuZ19jYW5jZXI
http://www.wikizero.biz/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3cvaW5kZXgucGhwP3RpdGxlPVZBTC0wODMmYWN0aW9uPWVkaXQmcmVkbGluaz0x
http://www.wikizero.biz/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvVHJhc3R1enVtYWI
http://www.wikizero.biz/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvQnJlYXN0X2NhbmNlcg
http://www.wikizero.biz/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvQ0QzMA


5 

 

 
 

Figure 1.5. Schematic representation of active targeting. 

 

1.3. Antibody-Drug Conjugates (ADCs) 

 

Over the past half century, cancer treatment has improved significantly along with 

usage and the progress of chemotherapy [14]. To prevent cell division and growth out of 

control, chemotherapy is one of the most common therapeutic strategies. Other methods are 

surgery, radiation, targeted and immune therapy. The aim of all methods is to cure cancer 

and prolong the life of patients. Generally, there are three goals of chemotherapy and these 

are cure, control and palliation. Cytotoxic drugs used in chemotherapy cause cell death by 

inhibiting DNA synthesis, microtubule or protein function. However, besides of success of 

chemotherapy in cancer treatment, there are some severe side effects due to off-targeted 

cytotoxicity, which may make worse patients’ life quality and cause the end of chemotherapy 

in some cases. Based on these disadvantages of chemotherapy, some scientists focus on 

creating highly cytotoxic drugs conjugated with cell targeted molecules. Especially, the 

design of ADC, monoclonal antibodies conjugated with cytotoxic drugs via suitable linkers, 

has started a new era in the cancer chemotherapy. Selective delivery of cytotoxic drugs 

nucleus
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provided by ADCs enhances efficacy, decreases systematic toxicity , and also enables 

preferable pharmacodynamics (PD) / pharmacokinetics (PK) and biodistribution compared 

to traditional chemotherapy [1].  

 

 

1.3.1. History of ADCs 

 

In 1913, German physician and scientist Paul Ehrlich offered the concept of selective 

delivery of cytotoxic drugs to targeted cell [15]. After 45 years, his targeted therapy idea was 

shown under the title of ADC and methotrexate was conjugated with leukemia cell targeting 

antibody [16]. Then, the number of clinical trials related to ADCs has been increased and 

antibody engineering has been advanced in terms of technology and literature. After 

significant efforts, FDA-approved ADCs was launched and they are gemtuzumab 

ozogamicin (Mylotarg®) in 2000 for CD33-positive acute myelogenous leukemia [17], 

brentuximab vedotin (Adcetris®) in 2011 for CD30-positive Hodgkin’s lymphoma and 

systemic anaplastic large cell lymphoma [18], and trastuzumab emtansine (Kadcyla®) in 

2013 for HER2-positive breast cancer [19].  

 

 

1.3.2. Structure and Mechanism of ADCs 

 

ADCs consist of four components that are monoclonal antibody, cytotoxic agent, 

conjugation part and linker (Figure 1.6). Monoclonal antibody targets the specific cancer 

part and provides low cytotoxicity to off-targeted cells, low immunogenicity and maintains 

binding, stability and internalization to cytotoxic drugs. Cytotoxic agent kills or damages 

cells. Conjugation and linker part are also crucial for ADCs construction. Linker covalently 

connects antibody with cytotoxic agents by using chemistry in the conjugation part. 

Cleavable or non-cleavable linkers are examples for linker parts such as hydrazone, disulfide 

and enzymatically cleavable linker, and lysine coupling and cysteine alkylation are examples 

for the conjugation part [1].  



7 

 

 
Figure 1.6. The structure and components of antibody drug conjugate. 

 

In recent years, humanized monoclonal antibodies are preferred because they enable 

high cell target specificity, long circulation time in the blood and minimal immunogenicity. 

After conjugation with cytotoxic drugs, they provide high potency to targeted cells and 

reduce cytotoxicity to off-targeted cells. General action mechanism of ADCs starts after 

administration of ADCs into blood stream. Then, antibody parts of ADCs recognize and bind 

its specific cell-surface antigen overexpressed in targeted cells. Through endocytosis, ADC-

antigen complex is internalized and after lysosomal degradation, cytotoxic drugs are released 

as a bioactive form inside the cell. These drugs can damage DNA strands or microtubules or 

exert RNA polymerase inhibition, which causes cell death (Figure 1.7).  

 

 
 

Figure 1.7. Schematic representation of the mechanism of ADC. 
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1.3.3. Choice of Antigen and Cytotoxic Agent 

 

As seen in the mechanism (Figure 1.7), the first key of the ideal ADC is sufficient 

affinity and specificity of antibody towards to its antigen. Antibodies with extremely high 

affinity to their antigens cause reduced efficiency of solid tumor penetration [20]. Moreover, 

antigens must be overexpressed in the cancer cells than in healthy cells in order to obtain 

efficient delivery of cytotoxic drugs and selective cancer cell death, which plays an important 

key role in the determination of therapeutic window. Indeed, there are some studies, and 

these propose the relation between ADC efficacy and antigen density depend on the type of 

cancer due to changing the internalization rate of ADC-antigen complex [21]. 

 

The other key point is the cytotoxicity and the number of cytotoxic agents on 

antibody. Some researchers show that if the efficiency of administered ADCs after each step 

in the mechanism is supposed as 50%, only 1.56% of drugs can get into targeted cells [22]. 

Therefore, cytotoxic drugs should be highly enough potency to eliminate targeted tumor 

cells, nearly in the picomolar range, but not to be toxic off-targeted cells in the body. For 

example, antimitotic drugs such as maytansinoids (used in Kadcyla®) and auristatins (used 

in Adcetris®) are less toxic to noncancerous cells than cancer cells [19]. 

 

1.3.4. Conjugation and Linker Chemistry for ADCs 

 

The linker covalently binds antibody to cytotoxic drugs and its chemical design and 

properties are important to achieve high ADC efficacy. In the ADC system, some issues 

should be taken into consideration during choosing of linker. The first issue is stability of 

linker. The linker should be stable during circulation in plasma and ADC should localize in 

tumor site and release cytotoxic drugs in here. If the linker isn’t stable, it causes premature 

release of cytotoxic drugs and it damages healthy cells, which results in systemic toxicity 

and side effects. Secondly, the linker should be cleavable and release cytotoxic drugs from 

antibody after ADC is internalized into targeted tumor cells. In addition to these two issues, 

the hydrophobicity of linker is crucial because hydrophobic drugs coupled with hydrophobic 

linker often lead to aggregation and rapid clearance. An example for aggregation is that King 

and co-workers conjugated monoclonal antibody (BR96) with doxorubicin through 

hydrophobic peptide based linker [23]. Aggregated ADCs tend to rapidly be cleaned by liver, 
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which causes hepatotoxicity [24]. In addition to this, aggregated ADCs can treat as 

immunogenic substance and trigger undesired immune response during circulation in the 

snegatively charged sulfonate groups [26], or pyrophosphate di-ester groups [27]. Zhao and 

co-workers synthesized linkers that contain negatively charged sulfonate groups and PEG 

bound to N-hydroxysuccinimide (NHS) ester and by using these linker, they made different 

conjugations with maytansinoid. Their results showed that when they compared their ADC 

with previous ADCs that contain hydrophobic SMCC and SPDB linkers, they increased 

DAR from 3.6 to 6.6 with sulfonate based linker and this enhanced the potency of ADC 

towards to cancer cell lines in vitro and tumor xenograft models in vivo [26].  

 

1.3.4.1.  Chemical Conjugation.  Chemical conjugation in ADCs is carried out through amino 

acid groups on the surface of antibody. After conjugation, the mixture of ADCs is created 

with variable Drug-Antibody Ratio (DAR). However, the broad distribution of DAR leads 

to reduced ADC efficacy, so this distribution should be controlled. Otherwise, high DAR 

can increase potency, aggregation and clearance. Therefore, ideal DAR with controlled 

distribution can enhance tolerability, efficacy and cytotoxic profile [1]. Lysine amide 

coupling and cysteine coupling are examples of chemical conjugation chemistry (Figure 

1.8).  

 

 
 

Figure 1.8. Some examples for methods of chemical conjugation. 
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The lysine amide coupling is one of the most common methods for chemical 

conjugation because amide coupling between an amine and an activated carboxylic acid is 

reliable and gives high yield in organic synthesis. Indeed, there are nearly 80 amine residues 

on the surface of standard antibody, but only 10 of them can give a reaction chemically [28]. 

However, this conjugation method often results in a broad distribution of ADCs. For 

example, a maytansinoid type of ADCs has averagely 3.5-4 as DAR and its distribution is 

between 0-7 [29]. Furthermore, some lysine groups are important for antibody-antigen 

interaction, so if these lysine groups are used, binding affinity can be decreased.  

 

Cysteine coupling occurs between cysteine residues on the surface of antibody and 

thiol-reactive groups on the linker or the cytotoxic drugs. Indeed, there are no free thiols in 

the antibody, they are in disulfide form. In human monoclonal antibodies, there are 12 

intrachain and 4 interchain disulfide bonds. These 4 interchain disulfide bonds are not 

important for structural stability of antibody, therefore, they can be reduced at the mild 

conditions to obtain 2, 4, 6 and 8 free thiols without breaking 12 intrachain disulfide bonds 

[1]. In this context, using cysteine coupling for conjugation is superior to lysine coupling in 

order to control DAR and heterogeneity of ADCs. One example to obtain free thiol is that 

Junutula and co-workers designed an antibody that has only two cysteine residues on it. This 

method is called as THIOMAB. In this way, high homogeneous ADCs (>90% homogeneity) 

with controlled DAR as 2 and high efficacy and therapeutic window in vivo are obtained 

[30]. Another method to control heterogeneity is using cysteine re-bridging. For example, 

firstly, interchain disulfides are reduced at mild condition and re-bridging is obtained 

between free thiols on antibody and dibromomaleimide on linker or cytotoxic drugs [31,32]. 

 

1.3.4.2.  Cleavable Linkers.  Cleavable linkers attract more attention than noncleavable ones 

in the area of ADCs and they are designed as cleavable in different intercellular conditions 

such as pH and redox potential or cleaved by specific lysosomal enzymes. Also, linkers are 

designed to release cytotoxic drugs after bond cleavage. Hydrazone linker, Cathepsin B 

linker, disulfide linker and pyrophosphate linker are examples for cleavable linkers (Figure 

1.9). 
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Figure 1.9. General methods for cleavable linkers. 

 

In an acidic medium such as endosome (pH 5-6) and lysosome (pH nearly 4.8), 

hydrazone linkers are cleaved. For example, BR96 was conjugated with doxorubicin via a 

hydrazone linker and this ADC was used for metastatic breast cancer [33]. Also, hydrazone 

linker undergoes slow hydrolysis, so slow release of cytotoxic drugs under physiological 

conditions ( pH 7.4) [34]. 

 

Cathepsin B is a lysosomal protease enzyme overexpressed by some cancer cells 

[35]. Cathepsin B detects certain sequences such as phenylalanine-lysine (Phe-Lys) and 

valine-citrulline (Val-Cit). Val-Cit coupled with p-aminobenzyloxycarbonyl (Val-Cit-

PABC) is a crutial linker for ADCs [36, 37]. After the internalization and endocytosis, in 

lysosome cathepsin B selectively cleaves the linker (Val-Cit) and this provides the release 

of cytotoxic drugs from ADCs. For example, Val-Cit-PABC linker is created for 

brentuximab vedotin (Adcetris®). The PABC part is a spacer between Val-Cit and drug and 

helps cathepsin B to show its protease activity.  Then, the Val-Cit linker is cleaved by 

cathepsin B to release vedotin [18].  

 

Disulfide linkers are cleaved by glutathione that is overexpressed in the cancer cell 

cytoplasm (1-10 mmol/L) [38] compared to blood (nearly 5 µmol/L) [39]. In this way, these 

linkers are stable during circulation, but after internalization, drugs are released by the 

glutathione existing in the cytoplasm of cancer cells. In addition to this, stability of disulfide 

linker in blood circulation can be improved further by introducing methyl groups to the 
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structure. Role of these methyl groups is to increase steric hindrance and slow down the 

cleavage rate in the presence of low free thiol concentrations.  

 

Pyrophosphate diester linker was developed by Garbaccio and co-workers. This 

linker has an anionic group, so it has higher water solubility than the other linkers and it has 

excellent stability during circulation [27]. Pyrophosphate diester linker provides two-step 

enzymatic cleavage. Monophosphate part firstly is cleaved, then cytotoxic drugs are 

released. For example, human CD70 antibody was conjugated with glucocorticoids via this 

linker. Results showed that this ADC has great stability in plasma (nearly 7 days, in vitro) 

[27].  

 

1.3.4.3.  Non-cleavable Linkers.  Non-cleavable linkers have stable bonds and show greater 

stability than cleavable linkers. The release of cytotoxic drugs relies on the degradation of 

antibody in the cytosolic and lysosome processes. A successful example of this linker is 

trastuzumab emtansine (Kadcyla) [19], [40]. 

 

1.4. Antibody Drug Conjugate for Breast Cancer 

 

According to WHO, breast cancer is the most common cancer and it is the 5th in the 

cancer deaths [3]. Patients use surgery, chemotherapy, radiation therapy and targeted 

therapies of the treatment of breast cancer cells. A common example for targeted therapy is 

trastuzumab (Herceptin®) and it was approved by FDA in 1998 [41]. Trastuzumab targets 

to HER2 receptor that is a protein made by HER2 gene. Normally, HER2 receptor controls 

a breast cell’s dividing, growing and repeating itself by sending signals to cells. However, if 

HER2 gene works extraordinary, it causes to increase in the number of HER2 receptor on 

the surface of breast cells, which results in HER2 positive breast cancer. Therefore, 

trastuzumab is used for HER2 positive breast cancer because it goes to breast, finds HER2 

receptor, bind to it and block the signals that cause cells to grow. However, after advances 

in the ADC platform, Genentech designed Trastuzumab-DM1 (trade name: Kadcyla®) 

(Figure 1.10). Trastuzumab-DM1 was designed as delivering emtansine to targeted breast 

cells by attaching DM1 to trastuzumab. Kadcyla® contains trastuzumab as targeting HER2 

receptor, SMCC (Succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate) as 

non-reducible linker and DM1 as killing cancer cells and its DAR is averagely 3.5 [19].  
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Figure 1.10. The structure of Trastuzumab-DM1. 

 

1.5. Reversible Addition-Fragmentation Chain-Transfer Reaction (RAFT) 

 

RAFT is a polymerization technique and it is discovered by CSIRO in 1998 [42]. 

The main advantage of RAFT is to control the molecular weights and polydispersities and 

architectures of polymers. In addition to this advantage, unlike the other controlled radical 

polymerization types, RAFT provides a wide range of monomers and solvents to synthesize 

polymers. A radical source, RAFT agent, monomer and solvent are typically required. RAFT 

agent is crucial for RAFT polymerization because it controls and regulates the 

polymerization process via R and Z groups on it (Figure 1.11). It can reinitiate the 

polymerization via R group and it can arrange the activation of C=S bond via Z group [42]. 

 

 
 

Figure 1.11. General structure of RAFT agent. 
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In addition to these, RAFT polymerization provides to determine the end groups of 

polymers [43]. In the literature, people use this end group to remove or change it to be 

functional in order to use for the next step [44, 45].  

 

 
 

Figure 1.12. Some end group modification reactions from RAFT agent. 
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2. AIM OF STUDY 
 

 

 Aim of this study is to design and synthesize antibody-polymer drug conjugates 

(APDC) for treatment of breast cancer. The main purpose of using polymer instead of an 

antibody-drug conjugate (ADC) system is to increase the drug to antibody ratio (DAR) since 

each polymer can carry more drugs. In the polymer part of the ADC system, PEG based 

system is used to increase the aqueous solubility of hydrophobic drug docetaxel (DTX), the 

circulation time, serum stability and finally the size of ADC system to take advantage of 

EPR effect. DTX, which inhibits microtubule structures within the cells causing cell death, 

is chosen as a chemotherapy agent. Furthermore, to attach the drug moiety to the polymer 

backbone, GLFG linker is selected in order to enable selective drug release. GFLG linker is 

stable in blood circulation and cleaved by Cathepsin B which is an overexpressed enzyme in 

the cancer cells. Therefore, DTX is conjugated with cleavable GFLG linker for synthesis of 

ADC system. FMA (fluorescein methacrylate), which is a fluorescent dye containing 

monomer, is used to enable characterization of the conjugates. To obtain dye and drug 

containing polymer, MA-GFLG-DTX, FMA and PEGMA monomers are polymerized by 

using RAFT polymerization. After synthesizing polymer part of the ADC system, antibody 

is conjugated to polymer via a cleavable disulfide bond. Trastuzumab, an antibody targeting 

overexpressed HER2 receptors on the surface of breast cancer, is used for the study. HER2 

receptor is overexpressed on breast cancer cells approximately 100 times more than normal 

breast cells and after binding, trastuzumab also blocks the signals that control cell division 

and growth. After conjugating trastuzumab and polymer containing PEG, FMA and DTX, 

the conjugates are purified and characterized.  

 

 
Figure 2.1. Schematic illustration of the aim of the study 
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3. EXPERIMENTAL 
 

 

3.1. Materials 
 

Methacryloyl chloride was purchased by Alfa Aesar. 2-mercaptoethanol was 

purchased by Aldrich. N,N-dicyclohexylcarbodiimide (DCC), 4-Dimethylaminopyridine 

(DMAP), Fluorescein O-methacrylate (FMA), 2-Iminothiolane and Hydroxybenzotriazole 

were purchased by Sigma-Aldrich. Herceptin was purchased by Roche. N,N'-

Diisopropylcarbodiimide (DIPC) and Aldrithiol  was purchased by TCI. LGOH and GFOH 

were purchased by Bachem. Solvents were obtained from Merck Co. (Germany) and used 

as received. Anhydrous dichloromethane (DCM) was obtained from SciMatCo purification 

system. Milli-Q Water Purification System (Milli-Q system, Millipore, Billerica, MA, USA) 

was used to produce ultrapure water. All the other chemicals were purchased by Sigma-

Aldrich. Oligo- (ethylene glycol) methyl ether methacrylate (OEGMA, Mn = 300 g/mol−1) 

was filtered with basic alumina column, then it was used. 2,2′-Azobis(2- methylpropionitrile) 

(AIBN) purchased by Sigma-Aldrich was recrystallized from methanol. MA-GF-LG-OH 

was synthesized according to previously reported protocol [46]. MA-GFLG-DTX monomer 

was synthesized according to previously reported protocol [47]. 4-cyano-4- (dodecyl 

sulfanyl thiocarbonyl) sulfanyl pentanoic acid was synthesized according to the procedure 

[48].  

 

3.2. Instrumentation 

 
1H and 13C NMR spectroscopy (Varian 400 MHz NMR spectrometer), UV−vis 

spectroscopy (Perkin Elmer series), Fourier transform infrared (ATR-FTIR) spectroscopy 

(Nicolet 380, Thermo Scientific, USA) instruments were used to characterize synthesized 

monomers and polymers. The molecular weights were measured by Gel Permeation 

Chromatography (GPC, Shimadzu, Japan) with a mobile phase solution of 0.05 M lithium 

bromide in dimethylaceteamide (DMAc) as eluent at a flow rate of 1 mL/min at 30 ⁰ C. GPC 

measurements of polymers were carried out with PSS Win GPC Unity software. PSS Gram 

(10 μm - 300 × 8 mm) column was calibrated with poly-methyl methacrylate standards, using 

refractive index detector (RID-10A). During the internalization experiments, cells were 
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visualized by using Zeiss Observer.Z1 inverted fluorescence microscope. Dynamic Light 

Scattering (DLS) measurements were done in water and PBS buffer solution at 25 o C on a 

Malvern Zetasizer Nano ZS photometer. Akta Avant was used for purification.  

 

3.3. Synthesis of 2-(pyridine-2-yldisulfanyl) ethanol 

 

2,2'-Pyridine disulfide (2 g, 9.08 mol) was dissolved in methanol (6 mL) in a  round-

bottom flask and this mixture was purged with N2 gas for 10 min. Firstly, acetic acid (0.13 

mL, 2.27 mol) was added to the reaction mixture. Then, 2-mercaptoethanol (0.32 mL, 4.54 

mol) that was dissolved in methanol (2 mL) was added to the reaction mixture dropwise. The 

reaction mixture was stirred for 3 h at 25 °C. After the reaction was completed, MeOH was 

evaporated under vacuo and the reaction mixture was treated with dichloromethane (CH2Cl2) 

(5 mL) and the organic layer was washed with distilled water (30 mL) followed by drying 

over Na2SO4 and evaporation of the solvent. The product was purified by using silica column 

chromatography. Yellow, viscous product was obtained with 93% yield. 1H NMR (CDCl3, 

δ, ppm) 8.52 (d, 1 H, J = 4.4 Hz), 7.58 (t, 1H, J = 8.5 Hz), 7.40 (d, 1H, J = 8.0 Hz), 7.16 (t, 

1H, J = 6.7 Hz), 3.81 (bs, 2H), 2.96 (t, 2H, J = 5.0 Hz).  

 

3.4. Synthesis of 2-(pyridin-2-yldisulfanyl) ethyl 4-cyano-4- ((((dodecylthio)) 

carbonothioyl) thio pentanoate (PDS-CDTPA) 

  

 2-(pyridin-2-ylisulfonyl) ethanol (41.7 mg, 0.223 mmol), 4-cyano-4- (dodecyl 

sulfanyl thiocarbonyl) sulfanyl pentanoic acid (60 mg, 0.148 mmol) and 4-

dimethylaminopyridine (DMAP) (18 mg, 0.147 mmol) were dissolved in CH2Cl2 (2 mL). 

The reaction mixture was cooled into 0 ⁰C by using ice bath and N,N-

dicyclohexylcarbodiimide (DCC) (36.8 mg, 0.178 mmol) dissolved in CH2Cl2 (2 mL) was 

added dropwise to the reaction solution. The reaction was stirred at 25 ºC with magnetic 

stirrer in the dark for 2 days. The resulting dicyclohexylurea (DCU) was filtered. The 

resulting yellow liquid product was precipitated in MeOH (1 mL). The precipitated solid 

yellow product was purified by silica column chromatography. (Mobile phase: EtOAc / 

Hexane (20/80, v / v)). Yellow, viscous product (47 mg, 54 % yield) was obtained. 1H NMR 

(CDCl3, δ, ppm) 8.49 (d, 1H, J = 3.8 Hz), 7.67 - 7.64 (m, 2H), 7.12 (bs, 1H), 4.38 (t, 2H, J 
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= 6.3 Hz), 3.33 (t, 2H, J = 7.4 Hz), 3.05 (t, 2H, J = 6.3 Hz), 2.63 – 2.33 (m, 4H), 1.87 (s, 

3H), 1.68 (dd, 2H, J = 14.5, 7.1 ), 1.39 - 1.26 (m, 18H), 0.88 (t, 3H, J = 6.4 Hz).  

 

3.5. Synthesis of PDS-POEGMEMA copolymer 

 

 OEGMEMA (100 mg, 0.33 mmol) was dissolved in dioxane (0.5 mL). PDS-CDTPA 

(5.5 mg, 9.6x10-3 mmol) dissolved in dioxane (0.25 mL) and AIBN (0.31 mg, 0.18 mmol) 

dissolved in dioxane (0.25 mL) were added to the reaction. The reaction was stirred in an oil 

bath at 70 ºC with magnetic stirrer for 19 h. After the reaction, the dioxane was evaporated 

under vacuo. The remaining liquid product was precipitated in diethyl ether for 24 hours in 

a refrigerator. The mass of the precipitated polymer was determined as 9 kDa by GPC. 1H 

NMR (CDCl3, δ, ppm) 8.47 (s, 1H), 7.67 (bs, 2H), 7.11 (bs, 1H), 4.2 - 4.0 (m, 20 H), 3.36 

(bs, 3H), 0.86 – 2.2 (m, −CH2 and CH3 along with backbone). 

 

3.6. Synthesis of PDS-POEGMEMA-DTX copolymer 

 

 OEGMEMA (100 mg, 0.33 mmol) was dissolved in DMF (0.3 mL). PDS-CDTPA 

(6.8 mg, 0.01 mmol) dissolved in DMF (0.1 mL) and AIBN (0.39 mg, 2.4x10-3 mmol) 

dissolved in DMF (0.1 mL) were added to the reaction. MA-GFLG-DTX (45 mg, 0.04 

mmol) in DMF (0.4 mL) was added to the reaction mixture. The reaction was stirred in an 

oil bath at 80 ºC with magnetic stirrer for 72 h. After the reaction, the DMF was evaporated 

under vacuo. The remaining liquid product was precipitated in diethyl ether for 24 h. The 

product was purified by using dialysis membrane (3.5 kDa) to remove excess monomers 

which precipitated with the polymer. The mass of the polymer was determined as 10 kDa by 

GPC. The amount of bulk drug in each polymer chain was calculated as 10.6 % from 1H 

NMR spectroscopy. 1H NMR (CDCl3, δ, ppm) 8.13 (d, 2H, J = 6.9 Hz), 4.2 - 4.0 (m, 20 H), 

3.36 (bs, 3H), 0.86 – 2.2 (m, −CH2 and CH3 along with backbone). 

 

3.7. Synthesis of PDS-POEGMEMA-FMA copolymer 

 

 OEGMEMA (100 mg, 0.33 mmol) dissolved in DMF (0.3 mL), FMA (0.24 mg, 

4x10-4 mmol) dissolved in DMF (0.48 mL), PDS-CDTPA (6.8 mg, 0.01 mmol) dissolved 

in DMF (0.1 mL) and AIBN (0.39 mg, 2.4x10-3 mmol) dissolved in DMF (0.1 mL) were 
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added to the reaction. The reaction was stirred in a 70 ºC and oil bath with a magnetic stirrer. 

After the reaction, the DMF was evaporated under vacuo. The remaining liquid product was 

precipitated in diethyl ether for 24 h in a refrigerator. The mass of the precipitated polymer 

was determined as 14 kDa by GPC. The mass in the polymer chain was calculated from 1H 

NMR spectroscopy as 12 % by mass and as 4 by a number of dyes per polymer. 1H NMR 

(CDCl3, δ, ppm) 8.42 (bs, 1H), 8.02 (bs, 1H), 3.37 (bs, 3H), 0.86 – 2.2 (m, −CH2 and CH3 

along with backbone). 

 

3.8. Synthesis of PDS-POEGMEMA-DTX-FMA copolymer 

 

OEGMEMA (100 mg, 0.33 mmol) dissolved in DMF (0.2 mL), FMA (0.24 mg, 

4x10-4 mmol) dissolved in DMF (0.3 mL), PDS-CDTPA (6.8 mg, 0.01 mmol) dissolved in 

DMF (0.1 mL) and AIBN (0.39 mg, 2.4x10-3 mmol) dissolved in DMF (0.1 mL) were added 

to the reaction mixture. MA-GFLG-DTX (45 mg, 0.04 mmol) in DMF (0.3 mL) was added 

to the reaction mixture. The reaction was stirred in an oil bath at 80 ºC with magnetic stirrer. 

After the reaction, the DMF was evaporated under vacuo. The remaining liquid product was 

precipitated in diethyl ether for 24 h in a refrigerator. Purification was carried out by using 

the dialysis membrane (3.5 kDa) to remove excess monomers which precipitated with the 

polymer. The mass of the polymer was determined as 10 kDa with GPC. The amount of bulk 

drug in each polymer chain was calculated as 20 % from 1H NMR spectroscopy. 1H NMR 

(CDCl3, δ, ppm) 8.09 (d, 2H, J = 7.5 Hz), 7.98 (d, 1H, J = 6.1 Hz), 3.33 (bs, 3H), 0.86 – 2.2 

(m, −CH2 and CH3 along with backbone). 

 

3.9. Synthesis of Tmab-thiol 

 

2-Iminothiolane (0.27 mg, 0.0019 mmol) was dissolved in PBS (8 mL) buffer 

solution and trastuzumab (Tmab) (8.1 mg, 5.5x10-5 mmol) was added to the reaction. The 

reaction was stirred at 25 ºC for 2.5 hours.  The number of thiol functional group bound to 

Tmab was calculated by the Ellman procedure [49]. According to the result of this procedure, 

6 thiols bound to each Tmab. Dialysis was performed with PBS buffer solution and 100 kDa 

centrifugal filter to remove excess 2-iminothiolane. BCA analysis was performed to find the 

Tmab concentration and the concentration was obtained as 3.7 mg /mL [50].  
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3.10. Conjugation of Tmab-PDS-POEGMEMA 

 

Six thiol-containing Tmab-thiol (0.65 mg / mL) and PDS-POEGMEMA (0.5 mg) 

were dissolved in DMAc (0.05 mL) and PBS (1 mL) buffer solution. The reaction was stirred 

at room temperature for 18 h. After the reaction was finished, purification was carried out 

with 100 kDa ultracentrifuge tube. 

 

3.11. Conjugation of Tmab-PDS-POEGMEMA-FMA 

 

Six thiol-containing Tmab-thiol (0.05 mg / mL) and PDS-POEGMEMA-FMA 

copolymer (0.35 mg) were dissolved in PBS (0.125 mL) buffer solution. The reaction was 

stirred at room temperature for 18 h. The yellow product was obtained. Purification was 

carried out firstly with 100 kDa centrifugal filter and then with hydrophobic interaction 

column chromatography. After using a calibration curve drawn with different concentration 

of FMA by fluorescence spectroscopy, the PAR ratio was calculated as 2. 
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4. RESULTS AND DISCUSSION 
 

 

4.1. Synthesis of 2-(pyridin-2-yldisulfanyl) ethanol 

 

2-(pyridine-2-yl-diulfanyl) ethanol was synthesized by using 2,2-dipyridiyl disulfide 

and 2-mercaptoethaol in presence of acetic acid in 93 % yield and a new disulfide bond was 

formed (Figure 4.1). 

 

N S
S N

HS
OH

NS
S

HO
CH3COOH

CH3OH, rt, 3 h
 

 

Figure 4.1. The synthesis of 2-(pyridin-2-yldisulfanyl) ethanol. 

The product was purified by silica column chromatography, characterized by 1 H 

NMR spectroscopy (Figure 4.2). When 1H NMR spectrum was investigated, aromatic proton 

signals belonging to pyridine ring were observed between 8.5 - 7.12 ppm. In addition, 

methylenic protons appeared at 3.81 and 2.96 ppm.  

 

 
 

Figure 4.2. 1H NMR spectrum of 2-(pyridin-2-yldisulfanyl) ethanol molecule. 
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4.2. Synthesis of PDS-CDTPA 

 

PDS-CDTPA was synthesized by using 2-(pyridin-2yldisulfanyl) ethanol and 

CDTPA via Steglich Esterification in the presence of DCC and DMAP (Figure 4.3). PDS-

CDTPA was obtained in 54 % yield. 
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, rt, 48 h

 
 

Figure 4.3. The synthesis of PDS-CDTPA molecule. 

 

 

In order to determine the duration of the reaction, two reactions were carried out by 

preparing the same amounts of the substance for 24 and 48 hours to be stirred. 38 % yield 

was obtained for 24 hours, and 54 % yield was obtained for 48 hours. Therefore, the duration 

of the reaction was chosen as 48 hours. The resulting yellow product was purified by silica 

column chromatography and characterized by 1H NMR spectroscopy (Figure 4.4). When 1H 

NMR spectrum was investigated, aromatic proton signals belonging to pyridine ring were 

observed between 8.5 - 7.12 ppm. In addition, the symbol of h represented methyl group 

comes from CDTPA and appeared at 1.87. The symbol of d represented –CH2 group comes 

from PDS and this peak shifted to 4.38 ppm from 3.81 ppm after esterification reaction. 
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Figure 4.4. 1H NMR spectrum of PDS-CDTPA molecule. 

  

4.3. Synthesis of PDS-POEGMEMA Polymer 

 

The PDS-POEGMEMA was synthesized by using OEGMEMA monomer, AIBN and 

PDS-CDTPA via Reversible Addition- fragmentation Chain Transfer (RAFT) 

polymerization technique. AIBN is the radical initiator and PDS-CDTPA is CTA agent and 

also is used to control the molecular weight of polymer. The equivalents of the reagents and 

the amount of solvent were changed to establish two different reaction conditions. (Table 

4.1). 

 

Table 4.1. Reaction conditions tested for PDS-POEGMEMA polymer synthesis. 
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The conditions of the P2 reaction gave the desired molecular weight (Figure 

4.5). Molecular weight (Mn) and polydispersity index were measured by using GPC (gel 

permeation chromatography). 

 

 
Figure 4.5. The synthesis of PDS-POEGMEMA polymer. 

 

The molecular weight of resulting polymer was determined as 9 kDa by GPC. The 1H 

NMR characterization of the resulting polymer was performed (Figure 4.6). The signal of 

pyridine at 8.47 ppm in the PDS-CDTPA molecule confirmed that the PDS-CDTPA 

molecule was running the polymerization reaction and it was present at the end of the 

product. The molecular weight of the polymer was calculated as 15 kDa according to 1H 

NMR spectroscopy. 

 

 
 

Figure 4.6. 1H NMR spectrum of PDS-POEGMEMA polymer. 
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4.4. Synthesis of PDS-POEGMEMA-FMA Copolymer 

 

The PDS-POEGMEMA-FMA copolymer was synthesized by using OEGMEMA 

monomer, Fluorescein O-methacrylate (FMA), AIBN and PDS-CDTPA as a dye-containing 

polymer via RAFT polymerization technique (Figure 4.7). 
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Figure 4.7. The synthesis of PDS-POEGMEMA-FMA copolymer. 

 

Molecular weight (Mn) and molecular weight distribution (Mw / Mn) were 

determined as 14 kDa and 1.21 by GPC measurements. The 1H NMR spectrum of the 

synthesized polymer was shown in Figure 4.8. 
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Figure 4.8. 1H NMR spectrum of PDS-POEGMEMA-FMA copolymer. 

 

While, the aromatic proton of pyridine appeared at the peak at 8.42 ppm, the aromatic 

proton of dye molecule (FMA) appeared at the peak at 8.02 ppm. The peak at 3.37 ppm come 

from methoxy group of PEGMEMA. The amount of dye was calculated as 12 weight % by 
1H NMR spectroscopy. Calibration with FMA was plotted by using Fluorescence 

Spectroscopy (Figure 4.9). 
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Figure 4.9. The calibration curve of FMA. 

 

4.5. Synthesis of PDS-POEGMEMA-DTX-FMA Copolymer 

 

The dye and drug-containing PDS-POEGMEMA-DTX-FMA copolymer was 

synthesized by using OEGMEMA, MA-GFLG-DTX, FMA, AIBN and PDS-CDTPA via the 

RAFT polymerization technique (Figure 4.10). Molecular weight (Mn) and molecular 

weight distribution (Mw / Mn) values were determined as 10 kDa and 1.20 by GPC. 
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Figure 4.10. Schematic representation of PDS-POEGMEMA-DTX-FMA copolymer. 
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In the PDS-POEGMEMA-DTX-FMA copolymer, the DTX amount was 5 as weight 

%. Since the amount of DTX was lower than targeted 10 as weight %, polymers with 

different amounts of DTX and molecular weight were synthesized by using different ratios 

of OEGMEMA, MA-GFLG-DTX and FMA monomers. These conditions were shown in 

Table 4.2. 

 

Table 4.2. Reaction conditions and results for the synthesis of PDS-POEGMEMA-DTX-

FMA polymer. 

 

 

1H NMR spectroscopy analysis of PS2 polymer was shown in Figure 4.11. According 

to 1H NMR spectroscopy result, the peak at 8.09 ppm come from the aromatic proton of 

DTX and the peak at 7.98 pm belonged to FMA molecule. The amount of DTX in each 

polymer chain was calculated as 20 weight % by comparing these peaks with each other. 
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3 PS3 175 35 20 5 1 2 12 1.20 8.6 

4 PS4 100 14 9 5 1 0.9 10 1.21 17 

5 PS5 215 25 10 5 1 0.7 20 1.40 8 

6 PS6 215 25 10 5 1 0.7 16 1.40 5 
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Figure 4.11. 1H NMR spectrum of PDS-POEGMEMA-DTX-FMA copolymer (PS2). 

 

It has been observed that the PS2 polymer has high DTX amount as weight percent, 

but it has low solubility in water. When 1 mg of polymer was added to 1 mL of water, a 

cloudy mixture was obtained and precipitation of polymer in water was observed after one 

day. Solubility is a problem in the conjugation step. Therefore, in order to solve the problem 

of resolution and drug amount of polymers, new polymers were synthesized by increasing 

the ratio of OEGMEMA monomer (Table 4.2). 

 

4.6. Synthesis of PDS-POEGMEMA-DTX Copolymer 

 

The drug-containing PDS-POEGMEMA-DTX copolymer was synthesized by using 

OEGMEMA, MA-GFLG-DTX, AIBN and PDS-CDTPA via the RAFT polymerization 

technique (Figure 4.12). Molecular weight (Mn) was determined as 19 kDa by GPC. In the 

PDS-POEGMEMA-DTX copolymer, the drug amount was calculated as 10.6 (weight %) by 
1H NMR spectroscopy.  
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Figure 4.12. Schematic representation of PDS-POEGMEMA-DTX copolymer. 

 

 
 

Figure 4.13. 1H NMR characterization of PDS-POEGMEMA-MA-GFLF-DTX copolymer. 
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According to 1H NMR spectroscopy result, the peak 8.42 ppm represented to an 

aromatic proton of pyridine and the peak at 8.13 ppm belonged to DTX molecule. The broad 

singlet at 3.38 ppm come from methoxy group of PEGMEMA. 

 

4.7. Tmab-PDS-POEGMEMA-FMA Conjugation 

 

In order to obtain Tmab-polymer conjugation, amine groups on Tmab were converted 

to thiol groups by using Traut reagent (Figure 4.14). This process was repeated with 2 

different equivalents (25 and 50 times Traut reagent) in order to contain the different number 

of thiol groups in the reacted Tmab and the equivalent of Traut reagent was determined as 

25. At the end of the reaction, sample and Ellman reagent were added to PBS according to 

Ellman analysis protocol and this solution was measured by UV spectroscopy in order to 

determine the number of thiol. The number of thiol groups on Tmab was calculated by using 

the absorbance value at 412 nm. After calculation, the number of thiols on Tmab averagely 

was obtained as 5.  

 

 

NH2
S NH2Cl

N
H

NH2Cl
SH

PBS
rt, 

 
2.5 h

 
 

Figure 4.14. Schematic representation of modification of trastuzumab with thiol groups. 

 

Conjugation of the thiolated Tmab with the PDS-POEGMEMA-FMA copolymer 

was carried out in PBS buffer solution (Figure 4.15).  Conjugation trials were started with 

PDS-POEGMEMA-FMA copolymer in order to determine the condition, time, purification 

and characterization method for next conjugation with DTX containing copolymers. 
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Figure 4.15. Schematic representation of Tmab-PDS-POEGMEMA-FMA conjugation. 

 

The resulting yellow product was dialyzed by using ultra centrifuge filter (30 kDa) 

to remove unreacted polymers. After dialysis, this yellow product was a visual data to 

indicate that the dye containing polymer was conjugated to Tmab because yellow color only 

came from Fluorescein dye.  

 

Fluorescence spectroscopy was used to determine how many polymers were 

conjugated to Tmab. For this purpose, FMA was dissolved in 0.1 N NaOH because this dye 

was soluble in basic solution. FMA samples with different concentration were prepared and 
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a calibration curve was drawn with these solutions via fluorescence spectroscopy (Figure 

4.16). 

 

 
 

Figure 4.16. The graph of calibration curve with FMA. 

 

The amount of FMA in the polymer used for the conjugation and the amount of FMA 

contained in the resulting conjugates were calculated by using this calibration curve. As a 

result of the calculations, FMA / Polymer and FMA / Tmab ratios were determined in terms 

of concentration. PAR (polymer per antibody ratio) was determined by the calculation shown 

below. 

 

PAR =
FMA/Tmab

FMA/Polymer
 

 
The trial conditions and results of 3 different conjugates synthesized by using PDS-

POEGMEMA-FMA copolymer were shown in Table 4.3. In these experiments, it was aimed 

to observe the effect of polymer / Tmab ratio and reaction concentration on the number of 

PAR. 
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Table 4.3. Methods and results of conjugation with Tz-PDS-POEGMEMA-FMA. 

 

 

 

When C1 and C2 were compared, the effect of polymer concentration on PAR was 

examined. When the concentration increased (C1), PAR also increased, in other words, more 

polymers were conjugated to a Tmab. When C1 and C3 were compared, the effect of thiol 

content and polymer / Tmab ratio on PAR was examined. When the amount of thiol groups 

was reduced by using the same concentration and the amount of polymer was increased, the 

PAR ratio was 2. 

 

The PDS-POEGMEMA-FMA polymer used in this conjugation contained 4 dyes. 

The PAR value of the C3 conjugate was 2 and this represented that each Tmab carried 8 

dyes. When this amount of dye was considered as drug, DAR (Drug to antibody ratio) value 

can be supposed as 8. Considering this fact, the DAR value used in the market was 

approximately 3.5, so the PAR value of obtained conjugate was 2 and it was a promising 

value. 

 

Although the PAR value was 3.5 in the C1 conjugate, the method in the C3 conjugate 

was chosen for further experiments. This is due to the fact that if there are more thiols in the 

C1 conjugate, the increased amount of thiol can change or decrease the activity of the Tmab. 

If the part of the Tmab to bind to the HER2 receptor is also thiolated and one conjugation 

from this part is also present, the binding of Tmab to the HER2 receptor may be prevented. 

This means that the active targeting feature of the conjugate is lost or decreased. When the 

antibody-drug conjugates used in the market were examined, it was found that when they 

tried to bound more drugs to the antibody, the activity of the antibody decreased as the DAR 

increased. Therefore, the main purpose of this thesis is to increase the DAR by increasing 

No Conjugate Tmab # SH Polymer DMAc 

(µL) 

PBS 

(pH 6.5) 

(mL) 

PAR 

1 C1 1 12 8 6 0.128 3.5 

2 C2 1 12 8 6 1 2.5 

3 C3      1 6 16 6 0.128 2.0 
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the amount of drug contained in the polymer and by keeping PAR low without affecting the 

activity of the antibody. 

 

4.8. Purification and Characterization of Tmab-Polymer Conjugates 

 

Purification was carried out for two free products. Firstly, ultra centifuge filter was 

used to remove free polymer. UV or fluorescence spectroscopy were performed to verify 

that free polymer was removed from conjugates and free Tmab. Secondly, purification was 

carried out by using AKTA AVANT instrument via the hydrophobic interaction 

chromatography column (HIC) to remove free Tmab. The hydrophobic filler material of the 

HIC column interacts differently with proteins having various surface hydrophobicity. The 

working mechanism of HIC is based on the differences in the surface hydrophobicity of 

proteins. Therefore, it is possible to differentiate the proteins in different hydrophobicity 

with this method. To create these different proteins, proteins are loaded with buffer solutions 

containing a high amount of salt, and proteins are attached to the column, then proteins are 

removed from the column with buffer solutions containing low amounts of salt. In the 

removal step from column, the first protein collected is the one with the less hydrophobic 

surface, and the protein collected at the latest is the one with the higher hydrophobicity. 

 

Our goal was to find that a method allows free Tmab and conjugates to be connected 

to the column and then allows them to separate from the column in a specific order. Firstly, 

free mab was tried with this method, and free mab didn’t bind to column and was collected 

in the column wash step, and its moleculer weight (Mn) was analyzied by SEC-MALLS as 

144.7 kDa (Figure 4.17).  

 

 
Figure 4.17. The purification result of free mab and its SEC-MALLS’s result. 

Free Tmab
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Free Tmab, Mn (kDa) = 144.7
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After free mab, the method was used for conjugate reactions and free Tmabs was 

removed from the column in the column wash step, only the conjugates were attached to the 

column and removed from the column with pure water in the elution step (Figure 4.18).  

 

 

 
 

Figure 4.18. Purification via column chromatography of C3. 

 

The number of polymer bound in the purified conjugates was determined by the 

equation obtained from the calibration curve drawn by the FMA after purification. BCA 

analysis was performed to determine the amount of protein in the conjugates.  
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5. CONCLUSION 
 

 

In this thesis, antibody polymer drug conjugates were synthesized by using 

copolymers that contained different amounts of PEG, FMA and DTX and thiolated Tmab in 

the presence of PBS. For this purpose, PDS-POEGMEMA-FMA and PDS-POEGMEMA-

DTX-FMA copolymers with different weight percent of FMA and DTX were synthesized 

by using RAFT polymerization method. In general, PDS-POEGMEMA-DTX-FMA 

copolymers had DTX 5 - 20 % by weight. Initially, conjugation was accomplished between 

PDS-POEGMEMA-FMA copolymer and thiolated Tmab and this conjugation was used to 

optimize reaction condition and purification method. After the reactions, the results showed 

that two polymers were bound to one molecule of Tmab (PAR = 2). This optimized reaction 

conditions will be further used to conjugate PDS-POEGMEMA-DTX-FMA copolymer to 

the thiolated Tmab.  
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APPENDIX A: ADDITIONAL DATA 
 

 

 
 

Figure A. 1. 1H NMR spectrum of PDS-CDTPA molecule. 
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Figure A. 2. 1H NMR spectrum of PDS-POEGMEMA polymer. 
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Figure A. 3. 1H NMR spectrum of PDS-POEGMEMA-FMA copolymer. 

S S

S

N

S
S

O

O

N

414

O
O

OH

O

O
O

O
O

O 4.5

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5

29
.5

8

1.
41

1.
00

7.67.88.08.28.48.68.8

a

b

c

a

b
c



48 

 

 
 

Figure A. 4. 1H NMR spectrum of PDS-POEGMEMA-DTX-FMA copolymer (PS2). 
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Figure A. 5. 1H NMR characterization of PDS-POEGMEMA-MA-GFLF-DTX copolymer. 

2.6 78

4.5

H
O

H

O
H O

H

H

O

O
O

O
O

O

O
O

OH
O N

O

O

O
NH

O

O

O

HN

NH

HN

O

O
O

S

CN

O

O
S

S

N

10
S

S

1.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
60

.5
8

2.
00

8.08.18.28.38.48.58.6

a

a

b

b

c

c


	ACKNOWLEDGEMENTS
	ABSTRACT
	ÖZET
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF ACRONYMS/ABBREVIATIONS
	1. INTRODUCTION
	1.1. Cancer
	1.2. Targeted Drug Delivery
	1.2.1. Passive Targeting
	1.2.2. Active Targeting

	1.3. Antibody-Drug Conjugates (ADCs)
	1.3.1. History of ADCs
	1.3.2. Structure and Mechanism of ADCs
	1.3.3. Choice of Antigen and Cytotoxic Agent
	1.3.4. Conjugation and Linker Chemistry for ADCs

	1.4. Antibody Drug Conjugate for Breast Cancer
	1.5. Reversible Addition-Fragmentation Chain-Transfer Reaction (RAFT)

	2. AIM OF STUDY
	3. EXPERIMENTAL
	3.1. Materials
	3.2. Instrumentation
	3.3. Synthesis of 2-(pyridine-2-yldisulfanyl) ethanol
	3.4. Synthesis of 2-(pyridin-2-yldisulfanyl) ethyl 4-cyano-4- ((((dodecylthio)) carbonothioyl) thio pentanoate (PDS-CDTPA)
	3.5. Synthesis of PDS-POEGMEMA copolymer
	3.6. Synthesis of PDS-POEGMEMA-DTX copolymer
	3.7. Synthesis of PDS-POEGMEMA-FMA copolymer
	3.8. Synthesis of PDS-POEGMEMA-DTX-FMA copolymer
	3.9. Synthesis of Tmab-thiol
	3.10. Conjugation of Tmab-PDS-POEGMEMA
	3.11. Conjugation of Tmab-PDS-POEGMEMA-FMA

	4. RESULTS AND DISCUSSION
	4.1. Synthesis of 2-(pyridin-2-yldisulfanyl) ethanol
	4.2. Synthesis of PDS-CDTPA
	4.3. Synthesis of PDS-POEGMEMA Polymer
	4.4. Synthesis of PDS-POEGMEMA-FMA Copolymer
	4.5. Synthesis of PDS-POEGMEMA-DTX-FMA Copolymer
	4.6. Synthesis of PDS-POEGMEMA-DTX Copolymer
	4.7. Tmab-PDS-POEGMEMA-FMA Conjugation
	4.8. Purification and Characterization of Tmab-Polymer Conjugates

	5. CONCLUSION
	REFERENCES
	APPENDIX A: ADDITIONAL DATA



