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ABSTRACT

Monoclonal antibodies have great potential for the treatment of cancer through Im-
munotherapy. However, certain immunotherapies, like PD-L1 inhibitors, are dependent of
specific biomolecule expression in tumour sites. Hence, biopsies followed by histochemistry
are required, which are invasive and may be aggressive depending on the anatomical loca-
tion of the tumour and not translate its anatomical-functional heterogeneity. In this regard,
Nuclear Medicine imaging may provide alternative diagnostic means. Medically relevant
radiometals have been utilized, such as the isotope 11lIn- emitting y radiation, suitable for
SPECT (Single-Photon Emission Computed Tomography) imaging.

In this work, PD-L.1 Inhibitor monoclonal antibodies, such as Atezolizumab (human)
and its murine equivalent 6E11 were conjugated with a chelator DTPA which allowed to
their labelling with the radionuclide 11n. From the resulting complexes, in vitro stability
studies were performed in cell mediums, indicating that both conjugates remained stable
with the radionuclide after 48 h.

Flow cytometry and cellular uptake assays were also performed, resulting in high
binding and cellular accumulation in high PD-L1 expressing cancer cells, which is indicative

of the potential of these antibodies as imaging agents for PD-L1 expression.
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RESUMO

Anticorpos monoclonais possuem um grande potencial para tratamento oncolégico
através de Imunoterapia. No entanto, alguns tipos de imunoterapia, tais como inibidores de
PD-L1, sao dependentes da expressdo de biomoléculas especificas nos tumores. Assim, bi6p-
sias seguidas de histoquimica sdo necessdrias, sendo estas invasivas e podendo ser agressi-
vas, consoante a localizagdo anatémica do tumor para além de ndo traduzir a sua heteroge-
neidade andtomo-funcional. Deste modo, a imagem em Medicina Nuclear pode providenciar
métodos alternativos de diagnodstico. Radiometais clinicamente relevantes tém sido utiliza-
dos, tal como o is6topo 1In- que emite radiagdo y, utilizada em SPECT (Single-Photon
Emission Computed Tomography).

Neste trabalho, anticorpos monoclonais inibidores de PD-L1, tais como o Atezoli-
zumab (humano) e o seu equivalente murino 6E11 foram conjugados com o quelante DTPA,
que permitiu as suas radiomarcagdes com o radionuclideo 11In. Dos complexos resultantes,
estudos de estabilidade in vitro foram executados em meios celulares, indicando que ambos
os conjugados se mantinham estdveis com o radionuclideo apés 48 h.

Citometria de fluxo e estudos de uptake celular foram também realizados, apresentan-
do resultados que revelaram um elevado grau de ligacdo e acumulacdo celular em células
cancerigenas com elevada expressdo de PD-L1, o que é indicativo do potencial destes anti-

corpos como agentes de imagem para expressao de PD-L1.
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INTRODUCTION

1.1 Context

Cancer, or malignant tumors and neoplasms, are inclusive terms for a group of diseases
where some of the body’s cells grow uncontrollably beyond their usual boundaries, invading
and affecting adjoining parts of the body and spreading to other organs. There are various
types of cancers, with particular physiological and biological characteristics, hence, a faithful
diagnosis is essential for appropriate and successful treatment as every cancer type requires
a specific treatment [1-3].

Depending on the type and stage of the disease, patients may undergo a combination
of therapeutic approaches, such as surgery with chemotherapy, radiation therapy, immuno-
therapy, targeted therapy or hormone therapy [4]. Among these treatments, immunotherapy
has been showing promising results over the past few years. Immunotherapy principle is
based on the inhibition of immune checkpoints ligand-receptor interactions, repealing the
immune-suppression exerted by tumor cells, and as a consequence leading to the recognition
and destruction of the tumor cells by the immune system [5-7]. Programmed Cell Death Pro-
tein 1 (PD-1) plays a vital role in inhibiting immune responses and promoting self-tolerance
through modulating the activity of T-cells. Programmed Cell Death Ligand 1 (PD-L1) is a
transmembrane protein that is considered to be a co-inhibitory factor of the immune re-
sponse, combining with PD-1 to reduce the proliferation of PD-1 positive cells and induce
apoptosis [8].

The patient’s selection for immunotherapy not only predicts early responses but can
also reduce side effects. Currently, the assessment of cancer immune checkpoints inhibitors
expression, such as PD-1 and PD-L1, is acquired through biopsy followed by immunohisto-
chemistry. However, these biopsies, are invasive and may be aggressive depending on the
anatomical location of the tumor, as well as not translating its anatomical-functional hetero-

geneity, leading to flawed measurements.



Finding alternative methodologies that can provide a faithful assessment of these can-
cer immune checkpoints can play a pivotal role in the future of immunotherapy. In this re-
gard, the combination of immunology and radiopharmacology has potential for the devel-
opment of new diagnostic strategies. Whole-body PD-L1 expression assessment can be pos-
sible using nuclear medicine techniques, such as administering a radiolabelled monoclonal
anti-PD-L1 antibody to patients and acquiring images with a gamma camera or a positron-
emission tomography (PET) scanner [5, 9, 10].

Molecular imaging allows the non-invasive pathophysiological processes, which can
inform proper decision-making in preclinical and clinical scenarios, which can help research-
ers accelerate the development of immune cell therapies, enhancing therapeutic efficacy and
reducing adverse effects. Molecular imaging technologies have improved with the develop-
ment of new contrast agents, imaging agents, ligands, and probes. Molecular imaging tech-
niques, such as fluorescence imaging, bioluminescent imaging, computed tomography, MR
imaging, ultrasound, single photon-emission computed tomography (SPECT), and positron-
emission tomography (PET) can be used effectively to track stem cells and immune cells for
cancer treatments [11-16].

Monoclonal antibodies (mAbs) can specifically target tumor-cell antigens, as shown in
figure 1.1, which has led to their use in the delivery radioisotopes to tumor sites. Monoclonal
antibodies can be labelled with specific radionuclides, depending on the radionuclide physi-
cal properties, and intended use. Using radiolabelled mAbs with imaging techniques, such
as SPECT or PET provides critical data that are essential for predicting side effects as well as
determining an optimal antibody dose and treatment. All the parameters obtained from
these data are useful for guiding therapy responses, predicting toxicity and identifying pa-

tients most likely to benefit from treatment [17].

PD-L1 expressing PD-L1 expressing
tumor cell tumor cel

Anti-PD-L1

Inactive T cell therapy
PO-1 ’ l Active T cell
l PD-1
— -
L) — !
N ) 7
POt PD-L1

Figure 1.1. — Scheme of immunotherapy for PD-1/PD-L1. Adapted from [18].



1.2 Motivation

Cancer is one of the leading causes of death worldwide, accounting for nearly 10 million
deaths in 2020 [2]. Still, cancer survival has almost doubled in the last 40 years [19] because
of research efforts in prevention, early diagnosis, and treatment options. The most common
cancers are breast, lung, colon and rectum and prostate cancers. Around one-third of deaths
from cancer are due to tobacco use, high body mass index, alcohol consumption, low fruit
and vegetable intake, and lack of physical activity. The incidence of cancer rises dramatically
with age, most likely due to a build-up of risks for specific cancers that increase with age.

Traditional cancer treatments include chemotherapy, radiotherapy, and surgery.
However, these are commonly associated with unpleasant side effects such as nausea, fa-
tigue, hair loss, or more severe issues like nephrosis. New research is constantly looking for
novel and more refined ways of treating or managing cancer.

Unlike the traditional treatments, immunotherapy is an innovative treatment that dy-
namically modulates the immune system to attack cancer cells in multiple targets and direc-
tions. Immunotherapy is mainly used to strengthen the immune system by regulating the
immune microenvironment, so that immune cells can attack tumor cells [20]. In some cases,
this alternative therapeutic approach may provide a more efficient treatment, and with fewer
side effects; and it can even be combined with other treatments for synergic effect [21].

Programmed death-1 (PD-1) is a cell surface receptor that functions as a T cell check-
point and plays a central role in regulating T cell exhaustion, which is caused by cancer.
Binding of PD-1 to its ligand, programmed death-ligand 1 (PD-L1) that is present in some
tumor cells, activates downstream signalling pathways and inhibits T cell activation. Anti-
PD-1/PD-L1 therapy has become paramount in cancer therapy, demonstrating increasing
beneficial evidence associated with immunotherapy in several cancers (e.g. melanoma, lung,
renal cells and lymphoma). Increased evidence on immunotherapy benefits suggests that
expression of PD-1/PD-L1 in tissue biopsies is a valuable biomarker for immune checkpoint
therapies [22-24].

Nowadays, its expression can only be determined through immunohistochemistry
analysis of tissue samples, shown in figure 1.2, requiring invasive methods such as surgical
resection or biopsy to obtain tumor material. This can, not rarely, be difficult to perform (due
to lesion location and recurrent/metastatic disease). Moreover, checkpoint molecule expres-

sion can be very heterogeneous [25, 26].



Figure 1.2. — Immunohistochemical analysis of PD-L1. Adapted from [27] .

While PD-1 is expressed by immune system T-cells, PD-L1 is expressed by tumoral
cells. Therefore, some research groups have already been focusing their work on PD-L1 and
have been developing strategies to label anti-PD-L1 monoclonal antibodies (mAbs) with ra-
dionuclides (both single photon emitters and positron emitters). The intention is to image the
tumor cellular behaviour rather than imaging the immune system, being Figure 1.3. an ex-
ample where mice were utilized. Radio-immune-imaging appears to be a promising tool for
improving personalized medicine in this field of oncology and immunotherapy [28]. Evi-
dence demonstrates that outcomes are better for patients whose tumors have increasing lev-
els of PD-L1 [29].



Figure 1.3. — Imaging PD-L1 expression in subcutaneous CHO xenographs. Adapted from [30] .

Atezolizumab (MPDL3280A) was the first monoclonal antibody targeting PD-L1 to be
approved for clinical use. Its safety profile and promising efficacy have led to approval for
the treatment of advanced NSCLC (Non-small cell lung cancer) and urothelial bladder can-
cers [31].

Other PD-L1 targeting mAbs can also be of interest for radiolabelling purposes, namely
6E11 (Genentech), a murine mAb which has the advantage of binding not only with PD-L1
positive human cell lines, but also murine cells.

When considering the radioisotope to use for the labelling of mAbs, indium-111 (111In),
a gamma emitter, with a half-life of 2.8 days, is especially suited for this purpose since anti-
bodies tend to have long biological half-lives. 11In is a commercially available radionuclide
commonly used in clinical routine for SPECT imaging [32].1!1In forms complexes in which
indium is present in the +3-oxidation state, and the open-chain DTPA derivative chelating
agents are generally used in 111In nuclear medicine applications. DTPA derivates are capable
of coordinating to 111In at room temperature, which can be essential since the antibodies can
be degraded at high temperatures [33]. The following Figure 1.4. represents the mentioned

coordination.



o -,_D'D_,_x
O
"in-DTPA
Figure 1.4. — Molecular structure of 111In and the chelating agent DTPA

(11In-DTPA).

The developed project was intended for diagnosis, once it utilized the radionuclide

In, which is only used for diagnostic procedures as it doesn’t destroy cancer cells.

1.3 Objectives

1.3.1 General aim

This project aims to radiolabel two monoclonal anti-PD-L1 antibodies (Atezolizumab,
MPDL3280A; and 6E11) with Indium-111 (111In-DTPA-MPDL3280A; and 1In-DTPA-6E11)

to assess in vitro the PD-L1 expression in tumor cell lines.

1.3.2 Specific aims

A) To optimize the conjugation of a radiometal chelator to the antibodies;
B) Radiolabel the resulting conjugated antibodies with 111In;
C) Evaluate the cellular binding and uptake of the antibodies in PD-L1-1 positive and nega-

tive cell lines.



1.4 Document structure

The present dissertation is composed of 5 chapters, including bibliographic references. The

content of each chapter is briefly described bellow:

Chapter 1. Introduction- Provides context to the studied subject and the main objectives of
this work;

Chapter 2. State of the Art- Presents a review of the literature with the intention of summa-
rizing the past advances on the subject;

Chapter 3. Materials and Methods- Describes the experimental methodology applied in the
various steps of the study;

Chapter 4. Results’ Presentation and Discussion- Reports and discusses the obtained results;
Chapter 5. Conclusion and Future Work- The main conclusions are summarized as well as

this work’s future perspectives.






2

STATE OF THE ART

The present research work aims at proposing an approach for addressing viability of mono-
clonal antibodies as radiopharmaceuticals for cancer immunotherapy. The purpose of this
chapter is to briefly introduce the main concepts and previous discoveries that serve as the

basis for this thesis.

2.1 Introduction

This state of the art presents existing research and recent updates on the topics of immuno-
therapy and nuclear medicine in cancer treatment, highlighting the role of the discovered

monoclonal antibodies and radionuclides for molecular imaging.

2.2 Immunotherapy in Cancer

Immunotherapy is often perceived as a relatively recent advance. However, one should be
looking for the beginnings of cancer immunotherapy under different names as far as in the
Antiquity [34].

Known as the father of immunotherapy, William B.Coley, first attempted to harness
the immune system for treating cancer in the late 19th century. William B.Coley, in 1909, not-
ed a number of cases in which patients with cancer went into spontaneous remission after
developing Streptococcus bacteria into tumors, particularly in sarcoma and melanoma pa-
tients [35].

Although the idea of unleashing the host immune system to eradicate cancer could
trace back to a century ago, [36, 37] significant advances have been achieved in recent inves-

tigations. In more recent years, immunotherapy has revolutionized cancer treatment and



rejuvenated the field of tumor immunology, aiming to boost natural defences to eliminate
malignant cells. Several types of immunotherapy, including adoptive cell transfer (ACT) and
immune checkpoint inhibitors (ICIs), have obtained durable clinical responses, but their effi-
cacies vary, and only subsets of patients can benefit from them [38].

The major categories of cancer immunotherapy include oncolytic virus therapies, can-
cer vaccines, cytokine therapies, adoptive cell transfer and immune checkpoint inhibitors. A
new class of monoclonal antibodies (mAbs) [39], immune checkpoint inhibiters (ICIs) are
now entering medical practice and have become one of the most relevant immunotherapies,

as shown in Figure 2.1.
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Figure 2.1. — The major categories of immunotherapy, adapted from [38] .
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2.2.1 Monoclonal antibodies

Several monoclonal antibodies have been studied and evaluated throughout the years with
the purpose of developing anti-cancer drugs. Some of the performed studies found in litera-

ture include a variety of antibodies that had been tested and approved by the Food and Drug

Administration (FDA). Some of those are listed in the Table 2.1.

Table 2.1. — List of mAbs approved for therapy.

Mechanism action =~ Monoclonal antibody

HER-2 Trastuzumab

Avelumab

Atezolizumab

Durvalumab

Cemiplimab

Nivolumab

Pembrolizumab

Cetuximab

Bevacizumab

11

Clinical indications
Metastatic breast cancer [40,
41]

Urothelial carcinoma and
Merkel Cell carcinoma [42]
Non-small cell lung cancer,
Melanoma, Hodgkin lym-
phoma, Bladder cancer, Kid-
ney cancer, Breast cancer [43—
45]

Bladder cancer [42]

Cutaneous squamous-cell
carcinoma [42]

Melanoma, Lung and Renal
cancers [42]

Melanoma, Various [42]
Metastatic colorectal carcino-
ma [46]

Colorectal cancer, Non-small
cell lung cancer, Renal cancer,
Glioblastoma and Ovarian

cancers [42]



The FDA has approved 10 ADCs (antibody-drug conjugates) for cancer treatment and more

than 80 ADCs are under clinical investigation (Table 2.2).

Table 2.2. — List of Preclinical mAbs.

Mechanism action =~ Monoclonal antibody

G250, CAIX, MN G250

Anti-CAIX
Carbonic anhy-
drase IX
2t

-
PD-L1 6E11

Clinical indications
Renal cell carcinoma (RCC)
[47, 48]

Several cancer types [49]

Rheumatoid Arthritis [50]
Multiple cancer types [51, 52]
Breast, colon, lung, and pan-
creas tumors [53]

Colon and rectum, Prostate,
Ovary, Lung, Thyroid or Liver
tumors [54, 55]

murine Non-small cell lung
cancer, pancreatic ductal ade-

nocarcinoma [56, 57]

Amongst the mAbs used in clinical application, Atezolizumab has been of great rele-

vance. It is a high-affinity human IgG1 monoclonal antibody that binds selectively to PD-L1

and prevents the binding of PD-L1 to PD-1, which enhances the magnitude and quality of

the tumor-specific T-cell responses, resulting in improved antitumor activity [58, 59].

Tecentriq (Atezolizumab, from Genetech), has been approved by the U.S Food Drug

Administration (FDA) for various conditions [60] either as a single agent or in combination

with other chemotherapeutic agents. Some of it’s features are listed in Table 2.3.
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Table 2.3. — Tecentriq effectiveness for corresponding tumors.

Clinical indications Effectiveness

- Tecentriq was approved for patients with locally advanced

or metastatic urothelial carcinoma regardless of PD-L1

status [61];

- In a clinical study, the ORR was 23.5% of 119 patients [62,

Bladder cancer 63];

- For patients who had high levels of PD-L1 expression, the

ORR was 28.1% and the response lasted a median of 29.7

months [62, 63].

- FDA approved the medication used in combination with

W SEEEe e a el IR S Avastin (Bevacizumab), paclitaxel and carboplatin (chemo-
cancer (NSCLC) therapy) for the initial treatment [64, 65].

- Tecentriq received approval from FDA to treat patients

Small cell lung cancer with extensive small cell lung cancer, in combination with

carboplatin and etoposide chemotherapy [66].

- Tecentriq was approved to be used in combination with

Cotellic and Zelboraf for the treatment of patients with

G e R EET W H W BB metastic melanoma [67].

anoma)

Additionally, 6E11, a murine monoclonal antibody clone against PD-L1 that is the in
vitro equivalent of atezolizumab, has been earning some interest for its application in immu-

notherapeutic research, with some significant results observed in mouse models (Table 2.4).

Table 2.4. — 6E11 investigation results for the correspondent tumors.

Pancreatic tumor High uptake was noted in the spleen and liver
(about 3-4 fold higher vs.tumor) as well as blood

and lungs [68]

Abdominal tumors For abdominal tumors such as pancreatic tumors,
co-injecting unlabeled antibody at a dose that
reduces radiolabeled antibody accumulation in

the spleen may facilitate tumor visualization [69]

Non-small cell lung cancer In the non-small cell lung cancer model, Christen-
sen et al. [70] observed similar uptake of 6E11 in
spleen, liver and lungs, with notably lower 6E11

levels in blood
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In recent years, several types of immuno-therapies have been developed for cancer
treatment, deeply changing paradigms and needs of clinicians, radiologists and nuclear phy-
sicians. This new era of personalized medicine for patients with cancer opens new challenges
for nuclear medicine and molecular imaging: to deeply understand new clinicians’ needs
about treatment evaluation imaging and to possibly propose new imaging and therapeutic

tools by radiolabelling monoclonal antibodies [71].

2.3 Nuclear Medicine

The origins of nuclear medicine go back to 1895, the year x-rays and the concept of ionizing
radiation were discovered. X-rays were reported by Roentgen, a German physics professor,
when he was studying light emissions generated by electrical discharges. Only a year after,
1896, x-rays were utilized in medicine. Radioactivity was only discovered by Becquerel in
1896, who demonstrated that radiation emitted by uranium was similar to x-rays but, unlike
x-rays it could be disturbed by a magnetic field, concluding then that it consisted of charged
particles [72].

Marie Curie, who worked with her husband, inspired by Becquerel, revolutionized
the concept of radioactivity by showing that the intensity was independent of the form of
uranium, and rather was proportional to the amount, confirming that it was a property of
the element itself. The unit of radioactivity, Curie (Ci) was named after Marie Curie [72]. A
consummate experimentalist, Rutherford (1871-1937) discovered alpha and beta rays, pro-
posed the laws of radioactive decay, and postulated the nuclear structure of the atom [73].

Nuclear Medicine is a medical specialty that evaluates physiology and tissue metabo-
lism in vivo with tracer techniques. The tracers used for these studies are generally short-
lived radionuclides and are linked to chemical compounds that permit specific physiologic
processes to be imaged/or quantified non-invasively. The role of nuclear medicine has
changed dramatically in the last decade, due to advances in radiopharmaceuticals and imag-
ing technology. Radiopharmaceuticals are a class of pharmaceutical drugs containing radio-
active isotopes. Radiopharmaceuticals can be used as diagnostic and therapeutic agents.

Evolving areas of clinical utility include the increased role of nuclear medicine in
therapy; the introduction of Positron Emission Tomography (PET); and the development of
new radiolabelled molecules for the biological characterization of human tissues, which has
both clinical and research applications [74]. A wide range of radionuclides with different

characteristics have been used to radiolabel molecules, some are characterized in Table 2.5.
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Table 2.5.— Examples of radionuclides used in nuclear medicine.

Radionuclide  Half-life Energy (KeV) Emitter Source
12.7h 653 B+ Cyclotron
783 h 93.185 y Cyclotron
50.6 h 1460 B- Reactor
64.1h 2270 B- Reactor
_ 6.02 h 141 v Generator
67.9h 171.247 y Cyclotron
_ 46.3 h 702.810; 103 B-, ¥ Reactor
6.7d 176,497;113,208 B-, ¥ Reactor
_ 90.6 h 936.1070;137 B-, y Reactor
_ 73.1h 135.167 y Cyclotron
_ 8d 971 B-, v Reactor
78.4h 396 B+ Cyclotron

2.3.1 Molecular Imaging

Molecular imaging includes the field of nuclear medicine, which uses very small amounts of
radioactive materials (radiopharmaceuticals) to diagnose and treat disease. In nuclear medi-
cine imaging, the radiopharmaceuticals are detected by cameras that work with computers
to provide accurate imaging of living organisms [75]. Molecular imaging has two basic ap-
plications. The first is diagnostic imaging, which is used to determine the location and extent
of targeted molecules specific to the disease being assessed. The second is therapy, which is
used to treat specific disease-targeted molecules [76].

Molecular imaging techniques depend upon molecular mechanisms operative in vi-
vo. The techniques used include Positron Emission Tomography-Computed Tomography
(PET-CT), Magnetic Resonance Imaging (MRI), and Single Photon Emission Computed To-
mography (SPECT). The most used techniques in nuclear imaging are SPECT and PET,
schemed in the Figure 2.2.
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Figure 2.2. — Illustration of PET and SPECT. Adapted from [77].

SPECT imaging instruments provide three-dimensional (tomographic) images of the
distribution of radioactive tracer molecules that have been introduced into the patient’s
body. The 3D images are computer generated from many projection images of the body rec-
orded at different angles. SPECT imagers have gamma camera detectors that can detect the
gamma ray emissions from the tracers that have been injected into the patient. The cameras
are mounted on a rotating gantry that allows the detectors to be moved in a tight circle
around a patient who is lying on a pallet [78] as well as planar images.

PET is a rapidly developing nuclear imaging technique, with a clinical role that now
exceeds almost 15 years [79]. PET scans also use radiopharmaceuticals to create three-
dimensional images. The main difference between SPECT and PET scans is the type of radio-
tracers used. While SPECT scans measure gamma rays, the decay of the radiotracers used
with PET scans produce small molecules called positrons. A positron is a particle with
roughly the same mass as an electron but oppositely charged. These react with electrons in
the body and when these two particles combine, they annihilate each other. This annihilation
produces a small amount of energy in the form of two photons that shoot off in opposite
directions, and with equivalent energy (511 keV). The detectors in the PET scanner measure
these photons and use this information to create images of internal organs. [78]

Theoretically, almost any radionuclide can be chemically attached to a molecule, but
the choice will depend upon the application. Although justification of a particular choice is
usually not included in published reports, implicit are those factors extensively discussed
decades ago [80]-[82], including (1) decay type, (2) physical half-life, (3) availability and (4)
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ease of labeling. In general, radionuclides with short physical half-lives are preferred for im-
aging to minimize the radiation exposure. However, a too short half-life may not provide
sufficient time for radiolabeling. Furthermore, the half-life must be a good match to the time
between administration and imaging that is required to reach an adequate target/nontarget
ratio that can vary over a wide range depending upon the application.

The half-lives of many of the metallic radionuclides, including zirconium-89 [83] (78 h half-
life) for PET, and indium-111 [84] (67 h half-life) for SPECT, more closely match the time re-
quired for antibodies to clear circulation and accumulate in target tissue than non-metallic
radionuclides such as fluorine-18 (119 min half-life).

HlIn is a commercially available radionuclide commonly used in clinical routine for
SPECT imaging, that decays 100% by electron capture leading to emission of two low energy
gammas (171, 245 keV), making indium-111 a suitable radionuclide for SPECT imaging. Be-
cause a strong and stable bond does not form directly between radiometals and mAbs, re-
searchers use bifunctional chelating agents. DTPA and DOTA are the frontrunners for indi-
um chelation, because of their availability and stable coordination of the 111In ion. Both per-
fectly coordinate indium with its preferred coordination number of 8. DTPA and DTPA de-
rivatives, including CHX-A"-DTPA, form very stable square antiprism-like structures with
MIn using N30s5 bonds, and have been utilized in several radiopharmaceuticals approved
for clinical use [94].

Radiolabeling of antibodies with In-111 has now been accomplished to the point that it
is highly reproducible, achieves excellent labeling efficiency, and does not damage the anti-
body. The use of lIn for radio immunodetection is advantageous because of the excellent
imaging characteristics of the 1'In, moderate radiation dose, ease of labeling, and appropri-
ate half-life. The liabilities of the 1In method include slightly greater cost of the radionu-
clide, slow clearance of background sites, and a shelf life requiring it to be ordered on a
weekly basis [86].

Table 2.6. highlights the differences between PET and SPECT imaging.
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Table 2.6. — Strength and weakness of the main available imaging modalities used in molecular imaging,
adapted from [87] .

Imaging Modality Electro magnetic radiation Advantages Disadvantages

spectrum

Positron Emission Tomog- High energy gamma rays  High sensitivity, shorter time scan, PET cyclotron or generator

raphy (PET) enable quantitative analysis needed, relatively low
spatial resolution
Single Photon Emission Lower energy gamma rays Many molecular probes available, can Relatively low spatial reso-
Computed Tomography image multiple probes simultaneous- lution, high radiation to
(SPECT) ly, may be adapted to clinical imaging subjects due to longer
system tracer  half-lives, non-
quantative  tool, longer

scanning time

2.3.1.1 Radiolabelling

The use of radionuclide labels allows the study of the pharmacokinetics of monoclonal anti-
bodies, to control the specificity of their targeting and to monitor the response to an antibody
treatment with high accuracy. Since radiolabelling procedure might damage and reduce the
immunoreactive fraction and/or affinity to an antibody, the methods for the radiolabelling
must be the suitable ones minding the utilized antibody [88].

While radiolabelling is preferably fast, mild, efficient, and reproducible, especially
when applied for human use in a current Good Manufacturing Practice compliant way, it is
crucial that the obtained radioimmunoconjugate is stable and shows preserved immunoreac-
tivity and in vivobehaviour. Radiometals and chelators have extensively been evaluated to

come to the most ideal radiometal—chelator pair for each type of antibody derivative [89].

2.3.1.1.1 Chelation

Chelation is a type of bonding of ions and molecules to metal ions. It involves the formation
or presence of two or more separate coordinated bonds between a polydentate (multiple
bonded) ligand and a single central metal ion [90].

Advances in nuclear imaging adequate methods for labelling compounds with a va-
riety of radionuclides [91]. Radionuclides have been used to label bioactive molecules includ-

ing oligomers, often by isotope substitution. While labelling by isotope substitution essential-

18



ly guarantees that the properties of the biological will not be altered, the labelling process is
usually nontrivial. With few exceptions, biologicals cannot be radiolabelled with metallic
radionuclides in this matter but require the preliminary covalent attachment of a chelator, a
chemical structure capable of binding a metal [92]. The conjugation of chelators to antibodies
is executed to permit the coordination between the antibody and the radionuclide, since the
chelating agent will bind to radiometal ions [93].

Various types of chelators have been studied to this date; amongst them, MAGS3,
DOTA and DTPA derivatives, have been some of the most explored in radiopharmaceutical
development. When labeled with 9MT¢, mercaptoacetyltriglycine (MAG3) is a clinical radio-
pharmaceutical for imaging kidney function [95]. Because of its ability to stabilize chelate
99mTc, MAG3 has also been modified into a bifunctional chelator for the labeling of biologi-
cals. A NHS (N-Hydroxyl succinimide) activated MAG3 bifunctional chelator (Figure 2.3) (S-
acetyl NHS-MAGS3) has been used for the labeling of amine derivatized oligomers with
99mTc. To avoid the harsh conditions of boiled water temperature and alkaline pH of benzoyl
deprotection, S-acetyl NHS-MAG3 was synthesized in which an acetyl replaces the benzoyl
group. As a better leaving group, acetyl can be more easily removed at neutral pH and room
temperature [96]. Like most chelators useful with 9°mTc, MAG3 can also form stable complex

with 186Re and 188Re, because of similarities in the chemistry of technetium and rhenium.
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Figure 2.3. — Structure of the conjugated NHS-MAGs3.
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1,4,7,10-Tetraazacyclododecane-N,N“,N“*“,N“““-tetraacetic acid (DOTA) is a good
chelator for trivalent metals, such as In3+, Y 3+ and other metals of the lanthanide series [97]
and can be readily modified into a bifunctional chelator, although by first activating a car-
boxylate with a carbodiimide as with DTPA, DOTA itself may be conjugated. Alternatively,
DOTA bifunctional chelators may be prepared by derivatization of one of the carboxylates,
and their NHS or SCN activated derivatives. The DOTA chelator structure is shown in Fig-

ure 2.4.
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Figure 2.4. — DOTA chelator.

DOTA is a macrocycle with a 12-membered tetraazide macrocycle ring and due to its
rigid structure, its radiometal complexes tend to be kinetically inert to dissociation and are
also characterized by high thermodynamic stability [98, 99].

Although the active DTPA ester formed in situ by reacting with a carbodiimide such
as EDC [1-Ethyl-3(3-dimethylaminopropyl) carbodiimide Hydrochloride)] has been used for
the conjugation of DTPA to biologicals [100], DTPA in the form of a bifunctional chelator has
proved to be more used. As the simplest bifunctional form of DTPA, the cyclic DTPA anhy-
dride has been widely used[101]. However, unlike °mTc-MAGS3, the 2™Tc within the DTPA
chelator is susceptible to oxidation once the excess Sn (II) used in the labeling is removed.
Furthermore, the labeling efficiency is usually low because DTPA is a poor chelator for 9mTc
[102].

As such, DTPA, schematized in Figure 2.5, has seen more use for attaching trivalent
metals such as 1In, [103] or even lanthanides such as Y [104]. The labeling kinetics of
DTPA for In is typically fast, and an almost quantitative labeling efficiency is usually
achieved even at neutral pH and room temperature. This method of labeling is therefore

suitable for biologicals sensitive to excessive heat and acidity.
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Earlier there was a concern that the use of the cyclic DTPA anhydride could cross link
two biologicals because of the two anhydride groups [105]. However, no direct evidence of
cross linking has been reported. A plausible explanation is that the cyclic DTPA anhydride is
normally added at a five-fold molar excess or higher. The excess anhydride is also often nec-
essary to compensate for the hydrolysis of the anhydride that will occur in aqueous solution
in competition with conjugation. Another concern to the use of the cyclic anhydride is the
possible compromised chelation stability because of the loss of one carboxylate to the conju-

gation [106]. The following Figure 2.6 represents the DTPA derivative used in the project.
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Figure 2.6. — Scheme of p-SCN-Bn-CHX-A"-DTPA molecular structure, adapted from [107].
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MATERIALS AND METHODS

All commercially acquired chemical reagents and solvents were of pro-analysis quality and
were used without any additional purification. MPDL3280A was from Zecentrig, 6E11 from
Genentech, p-SCN-Bn-CHX-A”-DTPA from Macrocyclics and [MIn]InCl3 from Mallinck-
rodt.

3.1 MPDL3280A and 6E11 purification and conjugation with a
DTPA derivate

3.1.1 Excipient removal for MPDL3280A and 6E11

10 mg of MPDL3280A (144 612.59 g/mol) was diluted with H20 to 4 mL. The solution was
inserted in an Amicon ultra® Centrifugal Filter (Merck [108]) (previously washed with NaCl
0.9%); and the filter went through centrifugation at 3 000 rpm for 30 minutes. After that, the
solution went through a second wash with H20, under the same conditions.

The purification of 6E11 was performed in parallel, and the procedure followed the exact

same steps.

3.1.2 Conjugation of DTPA to MPDL3280A and 6E11

The antibodies obtained from 3.1.1 were placed in a 5 mL eppendorf tube and diluted in a
sodium bicarbonate buffer (0.1 M and pH=9.5) to 2,5 mL. 330 pL of p-SCN-Bn-CHX-A"-
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DTPA (0.01 M, H20) were added (in a molar ratio of 1:50 mAb:chelator). The solutions were
then left to stir for one hour at room temperature.

To remove the unbounded DTPA, the solutions were centrifuged in an Amicon ultra®
filter (previously washed with NaCl 0.9%) at 3 000 rpm for 30 minutes. After that, the solu-
tions were washed twice with Ammonium Acetate (0.1 M, pH 5.5) and twice with H20.

3.1.3 Characterization of the conjugates

3.1.3.1 QTOF analysis

The conjugated antibodies were characterized through the technique Intact mass determina-
tion by X500B QTOF with Twin-spray ion source was performed by the ITQB/iBET lab,
supported by Professor Mdrio Eusébio’s group from FCT-NOVA.

The sample was subjected to an ultrafiltration clean-up procedure using 10 kDa cutoff
filtration units with water/0.1% FA (LC-MS grade). The data was acquired in positive TOF-
MS (Time of Flight Mass Spectrometer) mode using a X500B QTOF with Turbo V ion source

(Sciex) mass spectrometer connected to the ExionLC AC UPLC system.

3.1.3.2 Determination of concentration using Nanodrop

Preparation of the sample solutions was performed by initially using 33.2 pL of the
MPDL3280A solution (1200mg/mL) diluted with H20 to 500 pL. From this first solution (4
mg/mL), 5 more were obtained through dilution in order to obtain concentrations as depict-
ed in Table 3.1.

Table 3.1.— Concentrations of the MPDL3280A solutions.

Solution Concentration (mg/mL)

4
2
1
0.5
0.25
0.125

The resulting solutions were then analysed by Nanodrop. The Nanodrop 2000 spec-
trophotometer from 7hermo Fisher Scientific[109] is a full-spectrum, UV-Vis spectropho-
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tometer used to quantify and assess purity of DNA, RNA, protein and more. With the re-
sults from Nanodrop, a calibration curve, presented in the following chapter, was obtained.

3.2 Radiolabelling of MPDL3280A-DTPA and 6E11-DTPA

3.2.1 Radiolabelling of the conjugates

3.2.1.1 Radiolabelling procedure

The radiolabelling procedure was based on a protocol found in the literature [110].

In a 1.5 mL eppendorftube containing 0.25 puL of Sodium Chloride (NaCl) 0.2 M and
0.03 pL Ammonium Acetate (NH4OAc) 3 M, at pH=7, 0.2 mg of the DTPA-containing mAb
was added. 16 pL of 1In (2.8 days of semi-life) in the form of Indium Chloride [11In]InCl3
was added to the solution. It was confirmed that the pH value was 7 by the means of a pH

tape. The mixture was kept at room temperature for 1 h.

3.2.1.2 Radiochemical yield

The control of the radiochemical yield was performed by iTLC, with a stationary phase of
silica-gel chromatography layer and sodium acetate (0.1 M, pH=5) as eluent [110].

The yield was calculated through the ratio between the measured radioactivity at the
sample application point of the layer and the total measured radioactivity, presented in

equation (1):

Radiolabelling yield = Radioactivity at the application point

- — — - - - X 100 1
Radioactivity at the application point+Radioactivity at the solvent front @
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3.2.1.3 Purification of the radiolabelled conjugates

After the radiolabelling, the conjugates went through a purification step with the purpose of
removing the unbounded [MIn]InCl3 by ultrafiltration with an Amicon Ultra 10 K centritu-
gal filter device, using PBS 0.1 M. The mixtures were centrifuged for 30 minutes and 3 000

rpm.

3.2.14 In vitrostability studies

Different eppendorfs containing 20 puL of radiolabelled mAb solution were added 40 uL of
cell culture medium RPMI, DMEM, and NaCl 0.9%.

The mixtures were incubated at 37°C and analysed by iTLC at different time points: 1 h, 24 h
and 48 h.

3.3 Biological Evaluation Studies

3.3.1 Cell lines

Two human cell lines of non-small cell lung (H2444) and triple negative breast cancers
(MCE-7); and five murine cell lines of Lewis lung cancer (LLC), melanoma (B16F10), triple
negative breast cancer (E0771) and multiple myeloma (MM) (MOPC315 and MOPC315.BM)
were used.

H?2444, MCF-7, E0771, LCC and B16F10 cell lines were thawed and maintained in
RPMI; and MOPC315 and MOPC315.BM in DMEM, both media supplemented with 10%
Fetal Bovine Serum and 1% of penicillin/streptomycin at 37 °C and 5% CO2. Cells were split

every two or three days.

3.3.2 Flow Cytometry

To assess PD-L1 expression, the seven cell lines (human and murine) were collected and
plated. Cells were centrifuged and incubated with an FC-block (perform the saturation of the
Fc antibody receptors to block unspecific binding) anti-human and anti-mouse, respectively
for 10 min at 4 °C. After blocking, the cells were washed with PBS and then the viability dye
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Invitrogen (Thermo Fisher Scientific) was added to exclude dead cells from the analysis. Af-
ter a third washing, the antibodies, were added separately to the cell lines and incubated for
twenty minutes at 4° C- MPDL3280A and MPDL3280A-DTPA were added to the human cell
lines, and 6E11 and 6E11-DTPA to the murine ones. Control studies were performed in par-
allel using protein PD-L1 BV711 which was added to all cell lines. Cells were washed and
1:100 IgG anti-human APC (Allophycocyanin) and 1:200 IgG anti-mouse PE were added to
the human and murine cell lines, respectively.

After washing the samples, cells were filtered and analyzed on a FAS Fortessa x20
(BD Biosience). Compensation was used using beads. Data was analyzed using the Flow]Jo

software.

3.3.3 Cellular uptake assays

Cellular uptake studies were performed based on a protocol found in literature [111].

Initially, the cells were plated in quadruplicate in 24-wells cell culture plates at a con-
centration of 2.5x10% cells/well for MCF7 and LLC cells lines, 1.25x10° cells/well for H2444
cell line, and 0.6x10° cells/well for MOPC315 cell line, in 500 uL of complete culture media,
and incubated at 37 °C and 5% COz.

The following day, the cell culture medium was removed, and the adherent cells incu-
bated with approximately 20 KBq of 111In labelled antibodies in 500 pL (humified atmos-
phere with 5% COz2 at 37°C). At each of the 5 time points (1h, 2h, 4h, 20h, 24h), the superna-
tant was removed and the cells were washed twice with cold PBS. The cells were then lysed
with 1 M NaOH and the lysates transferred to tubes and measured with a ATOMLAB Wipe

Teste Counter (Biodex) to assess cell associated activity.
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4

RESULTS’ PRESENTATION AND DISCUSSION

The Champalimaud’s Foundation Radiopharmacology Research Group has been studying
and developing new radioligands (radiopharmaceuticals as biomarkers) from the bench to
the clinical applications, following the radiopharmaceutical and radioprotection regulations

to search for continuing improvement of diagnosis and therapy in oncology [112].

4.1 Synthesis and characterization of DTPA-containing mAbs

The first step of the experiment consisted in conjugating the antibodies Atezolizumab and
6E11 with a diethylenetriaminepentaacetic acid (DTPA) derivate (p-SCN-Bn-CHX-A”-
DTPA). This would allow the radiometal 11In to bind to the antibody through chelation with
the DTPA.

Before conjugation, an ultracentrifugation process was performed for MPDL3280A
and 6E11 using an Amicon ultra® Centrifugal Filter (Merck [108]) and washed with H20,
with the purpose of removing the excipients that might be present in the sample and that
could interfere with the conjugation of the chelator.

The resulting mAbs were then reacted with an excess of a DTPA derivate (50:1), p-
SCN-Bn-CHX-A”-DTPA, in sodium bicarbonate buffer (pH=9.5) and at room temperature
for 1 h. The thyocianate group of p-SCN-Bn-CHX-A”-DTPA allows the formation of thiourea
bonds with free amine groups within the mAbs [113], [114].

The unbounded DTPA was removed by ultrafiltration and washed with PBS 0.1 M.

Figure 4.1 schematizes the reaction of conjugation of the mAbs to the chelator.

27



-
NaHCO0,;0.1 M pH = 9.5,
Room temperature, 1h "
~NH, H s

Figure 4.1. — Scheme of the reaction of conjugation of the mAb to DTPA.

In order to assess the conjugation of the DTPA derivative to the mAbs, a Q-TOF-MS
analysis was performed for both conjugates.

Specirum from PD-L1-DPTA 8 ULWii2 (sample 1) - PD-LT-DPTA 8 ul, ¥TOF WS (1000 - 5000) from 7.621 19 8.186 min
Input m/z: 2400.0 to 3400.0 Da, Input spectrum isotope resolution: 2500 Mass (Da)
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Figure 4.2. — Mass spectrum presenting the range of DTPA molecules attached to MPDL3280A.
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The mass spectrum showed in Figure 4.2. confirms the conjugation of the DTPA de-
rivative to MPDL3280A. Various species were observed in the spectrum with a constant
mass difference of 590-595 Da. This is consistent with the addition of p-SCN-Bn-CHX-A"-
DTPA molecules (595 Da) to the antibody (145661 Da). Thus, the number of conjugated
DTPA molecules per mAbs varies, ranging between 1 to 8, which is to be expected due the
various binding sites available in the antibody structure [115].

Similarly, for 6E11, the conjugation of DTPA was also successful. However, a higher
amount of conjugated DTPA was observed as seen in Figure 4.3, ranging from 5 to 9 chelator

molecules per mAb.

Spectrum from Sample 6E110TPA_1612 A wiff2 (sample 1) - Sample 6E110TPA_1612 A. +TOF MS (1000 - 5000) from 7.398 to 7,689 min
Reconstruction, Input m/z: 2456.4 10 3376.7 Da. Input spectrum isotope resolution: Very low (1000)
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1495420
2000 {
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1800
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1600
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*150776.0
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Figure 4.3. — Mass spectrum presenting the range of DTPA molecules attached to 6E11.
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4.1.1 Concentration of the conjugates

In order to determine the concentration of the DTPA-containing mAbs solutions a Nanodrop
equipment was used. A calibration curve was initially obtained using sample solutions of
MPDL3280A (Figure 4.4), with the purpose of finding if the spectrophotometer was reliable

for concentration measures.

Calibration curve

y =1,2599x - 0,0695

Concentration (mg/mL)

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5

Protein concentration (mg/mL)

Figure 4.4. — Calibration curve for the samples the correspondent concentrations.

When measuring the sample of MPDL3280A-DTPA a value of 2.239 mg/mL was ob-
tained from the spectrophotometer. When applied in the equation of the calibration curve

(equation (2)), the result was 1.83 mg/mL.:

y = 1.2599x — 0.0695 )
y = 1.2599 x 2.239 — 0.0695 & y = 1.83

From the equation, we obtained the exact value of the sample.
The degree of variation between the measured value and the value calculated through
the calibration curve is not significant, which indicates that the spectrophotometer could

provide feasible results, and could be used for further direct measurements.
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4.2 MPDL3280A-DTPA and 6E11-DTPA labelling with 111In

4.2.1 Radiolabelling procedure

The radiolabelling of the of the DTPA-containing mAbs was performed based on a proce-
dure found in literature [110]. Briefly, the mAbs were reacted with 111InCl3 in a mixture of
NaCl 0.9% and sodium ammonium acetate at pH = 7, at room temperature for 1 h, repre-
sented in Figure 4.5.

11yncl,

NaCl 0.2 M,
NH,0Ac3 M pH =7.0,
Room temperature, 1h

HN HO o HN

,,,////N
N [o]

o M OH o
p— }OH
HO o

OH

Figure 4.5. — Scheme of the reaction of radiolabelling of the mAb-DTPA with 111In.

The control of the radiolabelling yield was done by iTLC [110], with results of ap-
proximately 75% and 60% for MPDL3280A-DTPA and 6E11-DTPA, respectively. In parallel,
a similar radiolabelling procedure was also performed using MPDL3280A without conjugat-
ed DTPA. iTLC analysis showed no significant labelling of the mAbs with 1In, which indi-
cates that the radiometal is bound to the mAbs through DTPA chelation.
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Figure 4.6. — Scheme of TLC layers of 11InCl3 labelled mAb-DTPA, free 111InCl3 and 11InCl3 labelled mAb.

In order to optimize the radiolabelling yield slight modification to the procedure were
performed, using MPDL3280A-DTPA. These included variation of temperature, pH and lig-

and concentration (Table 4.1).

Table 4.1.— Radiolabelling yield of the conjugate MPDL3280A-DTPA with the variations 1-3.

Variation Temperature (°C) pH mADb quantity  Yield

(mg) )

40 0.2 75
room 7 0.4 80
room 6 0.2 75

The results shown on Table 4.1 indicate that no significant improvement of the radio-
chemical yield was observed. Hence, it was required to purify the radiolabelled mixture in

order to remove the unreacted 1111n.
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4.2.2 Purification of the radiolabelled conjugates

Purification of the radioconjugates was performed by ultrafiltration with the use of an
Amicon Ultra 10 K centrifugal filter device and washed with PBS 0.1M.

After the purification, iTLC was done to evaluate the radiochemical purity of the la-
belled mAbs. Results obtained showed a > 95% purity degree for both 111In-MPDL3280A
and 11In-6E11-DTPA.

4.2.3 In vitro stability studies for 111In-MPDL3280A-DTPA and !11In-
6E11-DTPA

In vitro stability studies were performed to assess if the radiolabelled complexes were stable
in different challenging media, including 0.9% NaCl and cell culture media RPMI and
DMEM.

The sample mixtures were incubated at 37°C, and an iTLC was performed for each

sample at specific time points: 1 h, 24 h, and 48 h (Figures 4.7 and 4.8):

Nacl DMEM RPMI

100%
95%

0%

Radiolabelling yield

Time (h)

Figure 4.7. — MPDL3280A-DTPA radiolabelling yield after 1h, 24h and 48h in the three mediums.
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85%

80%
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Figure 4.8. — 6E11-DTPA radiolabelling yield after 1h, 24h and 48h in the three mediums.

Results showed a suitable radiochemical stability of both 111In-labelled mAbs in the

different media, with values of >90% of radiolabelled compound after 48 h of incubation.

4.3 Biological Evaluation Studies
4.3.1 Flow Cytometry

Flow cytometry was utilized with the purpose of assessing the expression of the surface pro-
tein PD-L1, and to evaluate the binding capability of the mAbs to it. BV711 was used as con-
trol mADb, since it is known to bind effectively with PD-L1.

The studies were performed in high PD-L1 expressing human and murine cell lines:
H?2444 (human lung cancer cells) and MOPC315 (murine melanoma cells); and in low ex-
pressing PD-L1 cell lines: MCF7 (human breast cancer cells), E00771 Luc+ (murine breast
cancer cells), LLC (murine lung cancer cells), BI6F10 (murine melanoma cells) and MOPC315
BM (murine melanoma cells). MPDL3280A and MPDL3280A-DTPA were evaluated in the
human cell lines, while 6E11 and 6E11-DTPA were evaluated in the murine ones. Results are

reported in Figures 4.9 and 4.10.
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Figure 4.9. — PD-L1 expression in human cell lines binded to: a) Protein BV711 (control), b) MPDL3280A,
¢) MPDL3280A-DTPA.
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Figure 4.10. — PD-L1 expression in murine cell lines binded to: a) Protein BV711 (control), b) mAb 6E11,
c) 6E11-DTPA.

The control results with BV711 for the human cell lines, show a high expression of
PD-L1 for H2444 (95.3%) cell lines, while for MCF7 the expression was negligible (0.04%).
When incubated with MPDL3280A and MPDL3280A-DTPA, the expression of PD-L1 was
comparable to that of the control BV711, with values of 95.1% and 90.3%, respectively.

In the case of the murine cell lines, MOPC315 showed the highest PD-L1 expression
when incubated with BV711 (64.6%). E0771 Luc+ displayed a low expression of PD-L1
(19.2%), while for LLC, B16F10 and MOPC315 BM, the values were negligible (<5%). Inter-
estingly, when incubated with 6E11 or 6E11-DTPA, all of the murine cell lines showed a
slight increase in PD-L1 expression when compared with BV711. The highest value observed
for 6E11-DTPA was in the MOPC315 cell line (79.2%), while the lowest were for LLC (26.8%)
and B16F10 (20.7%).
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These results indicate that MPDL3280A and 6E11 display a suitable binding towards
PD-L1 expression in specific cell lines. Additionally, the results also demonstrate that the
presence of the chelator DTPA did not affect the binding of the antibodies.

4.3.2 Cellular uptake studies

The cellular uptake studies were performed to evaluate the binding of the 1In-labelled
mADbs to specific cell lines. The human and murine cell lines which presented higher and
lower expression of PD-L1 were used. Hence, for 111In-MPDL3280A-DTPA, the cell lines
used were H2444 and MCF7, with high and low expression of PD-L1, respectively; and for
H1In-6E11-DTPA, the cell lines used were MOPC315 and LLC, likewise.

Figure 4.8 shows the results of the cellular uptake in the different cell lines, at different
time points (1h, 2h, 4h, 20h and 24h).
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Figure 4.11. — Cellular uptake of mAbs to cell lines.

The results of the cellular uptake studies show a higher accumulation of radioactivity

in the PD-L1 higher expressing cell lines compared with the lower expressing ones. 11In-
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MPDL3280A-DTPA displayed the highest uptake in H2444 cell lines, with 10.48% L.D./10°
cells at 24 h post incubation. For 111In-6E11-DTPA, the uptake was lower, with 2.35%
1.D./106 cells at 24 h; however, it was still higher when compared with the low PD-L1 ex-
pressing LLC cell line (0.42% 1.D./10° cells).

These results are in accordance with the flow cytometry studies reported above, with
the higher PD-L1 expressing cell lines presenting a higher uptake of the radiolabelled mAbs,

compared with the low expressing ones.

37



\ 5
CONCLUSIONS AND FUTURE WORK

Cancer is one of the leading causes of death worldwide. The last few years have seen major
advances in the management of cancers, especially regarding targeted therapy and immuno-
therapy, which have changed the way this disease is now managed [116].

Immunotherapy uses a person’s own immune system to fight cancer. Many mono-
clonal antibodies are used to treat cancer, which are designed to interact with specific targets
[117]. The radiolabelling of antibodies allows for molecular imaging techniques, which are
therapeutic and/or diagnostic agents in the management of cancer [118]. In this context, the
aim of this work was to synthesise, radiolabel and perform preliminary biological studies for
the 1111n radiolabelled mAbs, MPDL3280A-DTPA and 6E11-DTPA.

The mAbs, MPDL3280A and 6E11 were successfully functionalized with a DTPA de-
rivative. QTOF-MS analysis confirmed a number of conjugated DTPA molecules ranging
between 1 to 8 for MPDL3280A-DTPA; while for 6E11-DTPA the values ranged between 5 to
9.

Both DTPA-containing mAbs were radiolabelled with 'In with suitable radiochemi-
cal yields and obtained with a high radiochemical purity (>95%). In vitro stability studies, in
different media; NaCl 0.9%, and cell culture media DMEM and RPMI, showed that the radio-
labelled mAbs were stable after 48 h of incubation.

Flow cytometry studies indicate that the mAbs are able to bind to PD-L1 expressed
in specific cell lines. Particularly, MPDL3280A and MPDL3280A-DTPA displayed high PD-
L1 expression in H2444 cells, while 6E11 and 6E11-DTPA showed significant expression in
MOPC315 cells. Additionally, the presence of the DTPA in the mAbs does not seems to inter-
fere with its binding capability. These results were further corroborated with the cellular
uptake studies performed with the 111In-labelled mAbs. 111In-MPDL3280A-DTPA and 11In-
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6E11-DTPA displayed higher cellular accumulation in H2444 and MOPC315 cells, respec-
tively, which had the highest expression of PD-L1.
Overall, these results demonstrate the potential of these 111In-labeled mAbs for the

targeting of PD-L1 expressing cancer cells.

5.1 Future Work

Although the work presented herein demonstrated promising results for these 111In-
labelled mAbs, further studies are still warranted, particularly by expanding on their biolog-
ical evaluation. Future studies include in vitro blocking assays and immunoreactive fraction
determination with the purpose of having a better assessment of binding of the antibodies to
the PD-L1. Finally, in vivo biodistribution studies in mice will also be performed in order to
evaluate the biological profile of the 111In-labelled mAbs and the uptake in PD-L1 expressing

tumors.
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