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Principles of medicinal chemistry

Prof. Dr. Tihomir Tomasic¢, University of Ljubljana, Faculty of Pharmacy, is a professor for the
field of pharmaceutical chemistry at the Faculty of Pharmacy, University of Ljubljana. He is
the lecturer of courses Pharmaceutical Chemistry I-lll, Eutomers and Drug Design and
Synthesis at the Uniform master’s programme of Pharmacy. He is a member of the European
Federation for Medicinal Chemistry (EFMC) and Slovenian Pharmaceutical Society. He was a
visiting research fellow in the laboratory of Prof. Dr. Gerhard Klebe at the University
of Marburg in Germany, at the company Xention Ltd. in UK and a postdoctoral fellow
at the company Inte: Ligand GmbH in Austria, where he worked under the supervision of
Prof. Dr. Sharon Bryant. He has a broad scientific network with many national/
international collaborations with researchers from USA, Hungary, Switzerland, Sweden,
Netherlands, Italy, Lithuania, Argentina and Serbia. His research is focused on the
discovery of bioactive molecules by computer-aided drug design methods, hit expansion
and hit-to-lead optimization, especially in the field of antibacterial, anticancer and antiviral
agents. He is a project leader of several national and bilateral project and is very active
in COST actions (MuTalig, Stratagem, Innogly).

The lecture has the following learning objectives:

1. Students are able to understand the basic principles of medicinal chemistry.

2. Students are able to assess the druggability of different organic compounds.

3. Students are able to recommend the possibilities for optimization of lead molecules.

4. Students are able to apply the methods of rational drug design to the field of
radiopharmaceutical agents.

Summary of the lecture:

Medicinal chemistry, sometimes also named pharmaceutical chemistry, is one of the crucial
fields of pharmacy dealing with the design, synthesis and biochemical evaluation of active
ingredients and studies their action on molecular level. This definition is broad and at least in
part overlaps with pharmacology, especially when discussing the molecular action of
compounds and their metabolism. Especially in English speaking countries the term medicinal
chemistry is often synonymous with drug design. The four-hour lecture is only capable of
introducing this field of pharmacy to the listeners and will comprise of several topics in
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medicinal chemistry, for detailed knowledge additional literature is suggested at the end of
this presentation.

The idea for the new active ingredient starts with the decision for a validated target for a
certain disease and the search of “hits”, a compounds with a certain affinity and desired
activity on selected target relevant for a certain disease. The most important targets are
biological membranes, proteins (enzymes, receptors, ion channels, etc.) and nucleic acids.
Their structure and drugs that bind to these targets will be presented in some practical
examples. Drug-target interactions that contribute to binding affinity will be presented
together with approaches used in hit-to-lead and lead optimization stages, such as prodrugs,
bioisosteres and design of mimetics (e.g. peptidomimetics, glycomimetics).

Discovering new compounds or in previous time herbal, animal and mineral material, which
may improve individual’s health is as old as human history. The advances in organic synthesis,
testing methods and later in other related scientific disciplines enabled fast growth in
medicinal chemistry in last half of the century. Hits are generated by classical methods
(screening/high throughput screening of natural products, synthetic compounds, observation
of side effects of currently used drugs, drug repurposing, serendipitous discoveries, etc.) or by
modern computer-aided drug discovery methods (structure- and/or ligand-based virtual
screening, de novo design, fragment-based design, etc.). Hits are evaluated (Lipinski’s rule of
five as a measure of drug-likeness will be presented and discussed) and with a bit of luck one
or more lead compounds are discovered. Lead compounds are natural, semisynthetic or
synthetic compounds with a certain pharmacological and biological activity, usually also with
some undesired properties, that are a useful starting points for structural optimization.

Lead compounds are optimized to increase their activity and selectivity, reduce toxicity and
also influence pharmacokinetic properties (bioavailability, predictable metabolism) of
compounds. Pharmacophores should be identified, chemically reactive functional groups
removed or replaced by less reactive moieties. Structures may be simplified especially in larger
molecules, while in small molecules additional interactions with the active site may be
achieved with further substituents. If the information about the binding conformation of a
ligand is known, the increased rigidity of a derivative (cyclization, binding of sterically hindered
functional groups) may yield a molecule with increased selectivity for certain type or subtype
of target proteins. The binding of different moieties on the scaffold may influence the polarity
of derivatives and the possibility to form interactions (ionic, H-bonds, nonpolar interactions...)
with molecular target.

With the synthesis and evaluation of large number of structurally similar compounds on a
certain target, the structure-activity relationship (SAR) may be stated. It defines the influence
different substituents have on the biological activity of a compound. Quantitative structure-
activity relationship (QSAR) is a process by which a biological activity of a molecule on specific
target may be expressed as a mathematical equation in which the activity depends on various



POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025
Module t PHARMACY
IV. Drug design, Advanced therapy medicinal products and Microbiology

physicochemical properties (lipophilicity, electronic properties and steric effects). Therefore,
in a given system we may predict the activity of a derivative that has not yet been synthesized.

The principles currently described may be used in the design of new radiopharmaceutical
agents. However, we have to take into account also the physicochemical properties of
radionuclides. The possibilities and drawbacks in preparing selective technetium
radiodiagnostics will be presented.

Take home messages:

* Be aware that the term medicinal chemistry is sometimes understood specifically for drug
design and development.

e “Hits” and “lead compounds” only rarely possess appropriate physicochemical and
pharmacological properties to be used as drugs. Different steps of lead optimization are
needed to improve their properties and to understand the SAR of compounds.

¢ In silico methods in drug design facilitate the generation of “hits”, but every restrained used
in the process reduces the chemical space.

e All the methods of drug design are also applicable to the field of radiopharmaceutical agents.

e You should always keep in mind the restrictions posed by the physical and chemical
properties of an individual radionuclide.

References (further reading):

1. Lemke TL, Williams DA. Foye's principles of medicinal chemistry. 7th ed. Lippincott Williams
& Wilkins, 2013.

2. Patrick GL. An introduction to medicinal chemistry. 6th ed. Oxford, UK: Oxford University
Press; 2017.

3. AHFS Drug information 2019, American society of health-system pharmacists, USA, 2019.

4, Scientific journal: Nature Reviews Drug Discovery, Chemical Reviews, Journal of Medicinal
Chemistry

5. Volkert WA, Hoffman TJ. Therapeutic radiopharmaceuticals. Chem Rev 1999, 99, 2269—
2292.

6. Jurisson SS, Lydon JD. Potential technetium small molecule radiopharmaceuticals. Chem
Rev 1999, 99, 2205-2218.
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7. Willmann JK, van Bruggen N, Dinkelborg LM, Gambhir SS. Molecular imaging in drug
development. Nat Rev Drug Disc 2008, 7, 591-607.

8. Chaturvedi S, Mishra AK, Small Molecule Radiopharmaceuticals — A Review of Current
Approaches, Frontiers in Medicine 2016, 3, doi: 10.3389/fmed.2016.00005.
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Radiolabelling of blood cells

Aljaz Socan, PhD, MSc Pharm, University of Ljubljana, Faculty of Pharmacy, has more than 15
years of experience in radiopharmacy. He graduated at Faculty of Pharmacy, University
Ljubljana where he also completed her postgraduate doctoral study in radiopharmacy. He
started his career in 2004 as radiopharmacist at the Department of Nuclear Medicine at the
University Medical Centre Ljubljana. In 2009, after completing defined programme
of eductation he received the European Postgraduate Specialisation Certificate in
Radiopharmacy, governed by European Association of Nuclear Medicine (EANM). In 2012 he
succesfully finished Slovenian Specialisation in Radiopharmacy. Since 2013 he is head of
Radiopharmacy at the Department of Nuclear Medicine at the University Medical Centre
Ljubljana. For more than ten years he is active member of organising committee and a
lecturer, covering pharmaceutical packaging and cell radiolabelling, on Postgraduate
European Radiopharmacy Course, Module 1: Pharmacy, organised at Faculty of Pharmacy in
cooperation with ETH, Zirich. He is involved in several national and international research
projects. His research mainly focuses on work on stem cell radiolabelling and
developement and aplication of new approaches on cell radiolabelling.

The lecture has the following learning objectives:

1. Students are able to understand role of blood cells and their biodistribution.
2. Students are able to explain and discriminate different radiolabelling approaches.
3. Students are able to recommend clinical applications of radiolabelled autologous cells.

4. Students are able to assess factors affecting cell radiolabelling and quality of radiolabelled
cells.

5. Students are able to integrate requirements for radiolabelling and quality control of
autologous cells.

Summary of the lecture:

Different nuclear medicine techniques allow non-invasive monitoring of the fate of autologous
cells for medical research and the diagnosis of disease. Several blood cellular elements and
other cells can be radiolabelled with different radionuclides and radiolabelling approaches for
varies clinical applications (Table 1).

Regardless on the nature of the cells, radionuclide used or clinical application it is necessary
to maintain both - cell viability and sterility and to avoid the operator’s exposure to biological
and radiation hazard during cell manipulation and radiolabelling. Manipulations and
radiolabelling procedures of cells require strict aseptic conditions and should follow the
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European Association of Nuclear Medicine (EANM) guidelines on current Good
Radiopharmacy Practice (cGRPP) in the Preparation of Radiopharmaceuticals and
Pharmacopoeial recommendations (1), European Pharmacopoeia (2) and local regulations.
The use of an open or closed vial system on a laboratory workbench is not an alternative to a
controlled aseptic environment. Cross contamination or mix-up of blood should be prevented
at all times. Preparation of radiolabelled cells must be performed successive or by different
people in different locations. All surfaces should be properly cleaned, decontaminated and
disinfected prior to use, after all procedures are completed, and whenever surfaces are overtly
contaminated. During radiolabelling approved written procedures should be followed at all
times. All materials used should be identified and certified for human use. Whenever possible
radiochemical purity should be checked and radiolabelling efficiency (percentage of
radiolabelling of cells) calculated. Before release, radiolabelled blood should be checked for
aggregation of clumping of cells and for presence of particulate contamination. At regular
intervals the integrity of the cells should be ascertained by use of suitable proceduresi.e. using
trypan blue. Prior to administration control of patient identity should be performed (1- 4).

Table 1: Applicatons of radiolabelled blood cells in routine Nuclear Medicine clinical practice.

BLOOD CELLS (TYPE) RADIOLABEL CLINICAL APPLICATION
. . . . ¢

mixed leukocytes 111)n_ and 9™ Tc-radiolabelled | O" q'uantltat.Ne 'maging o

infection and inflammation
Granulocy.ltes or 111 radiolabelled guant}tatlve . |mag|ng of
neutrophils infection and inflammation

I h i
lymphocytes 1ln-radiolabelled ymp _ocy.te mg_ratory patterns

and kinetic studies

abnormal platelet deposition
platelets 1ln-radiolabelled platelet kinetic and survival

studies

Gl bleeding,

99mT H
c-radiolabelled . . .
cardiac and vascular imaging

red blood cells
red cell survival studies,
51Cr-radiolabelled blood volume and red cell
volume
heat- I
eat-damaged red blood ?mTc-radiolabelled spleen imaging

cells (spherocytes)
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RED BLOOD CELLS

Red blood cells (RBC) are the most common type of blood cell. Their main function is delivering
oxygen from lungs to body tissues. Erythrocytes are continuously being produced in the red
bone marrow of large bones. They develop from committed stem cells through reticulocytes
to mature erythrocytes and live a total of about 120 days. The aging of erythrocyte undergoes
changes in its plasma membrane making it susceptible to recognition by phagocytes and
subsequently they are destroyed in the spleen, liver and bone marrow (5).

Radiolabelling with *°"Tc

Radiolabelling approaches may be in vivo, in vitro and combined in vivo/in vitro. The basic
mechanism of the radiolabelling of RBCs with **™Tc is in all approaches the same. The RBCs
are “pre-tinned” by stannous ions for 10-30 min before *°™Tc-pertechnetate is added to the
cells. The stannous ions diffuse into the cell and get firmly bound to cellular components. The
pertechnetate (*°™Tc) diffuses freely across the cell membrane and becomes reduced in the
presence of stannous ions in the cell and subsequently binds to the beta chain of haemoglobin.
At physiological pH stannous ions are likely to hydrolyse and precipitate and are rapidly
removed from the blood by the reticuloendothelial system. To prevent hydrolysis and
precipitation, stannous ions are thus usually in a complex of a weak chelator, such as
pyrophosphate or medronate. The amount of stannous ions required for optimal
radiolabelling is in the range of 10-20 ug per kilogram of body weight.

In vitro radiolabelling

In vitro radiolabelling of RBCs gives by far the highest labelling efficiency and the most stable
labelling over time. It may be used for the determination of red cell and blood volume. It may
also be employed in patients who are taking drugs, which may interfere or inhibit stannous
ion transport through the cell membrane such as heparin, hydralazine etc, resulting in lower
labelling efficiency (Table 2).

A small volume of anticoagulated blood (heparin or ACD) is incubated with an aliquot of a
reconstituted stannous agent. Any excess of Sn?* is oxidized by addition of 0.1% sodium
hypochlorite and may be removed by centrifugation. The cells are separated and incubated
with ®®™Tc-pertechnetate for 5-20 minutes with occasional mixing. After incubation unbound
activity is washed away by addition of a few ml of saline and centrifugation. The cells are
separated and re-suspended in saline before re-injection.

In vivo radiolabelling

This is the simplest and least time consuming radiolabelling technique. An injection of a
reconstituted solution of stannous agent is followed by injection of *°™Tc-pertechnetate 20-
30 min later. The major disadvantage of this radiolabelling approach is a generally lower and
more variable labelling efficiency. This may be due to insufficient Sn* incorporation into the
cells which results in reduction of ®*™Tc-pertechnetate outside the RBC. Reduced *°™Tc is then

37



POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025
Modue t PHARMACY
IV. Drug design, Advanced therapy medicinal products and Microbiology

not able to diffuse across the red cell membrane, resulting in a high background activity. Low
labelling yields may also be a consequence of low haemoglobin concentration and/or low
haematocrit.

In vivo/in vitro radiolabelling

More variations of in vivo/in vitro radiolabelling approach are in use. In all approaches the
intravenous administration of a stannous agent is followed by withdrawal of an aliquot of pre-
tinned blood 15-30 min after application. The excess of Sn?* not incorporated into cells may
be removed by centrifugation before *°™Tc-pertechnetate is added to the cells. Alternatively
blood may be taken into a shielded syringe containing an anticoagulant and the required
amount of ®®™Tc-pertechnetate.The blood is then mixed with the *°™Tc-pertechnetate and
allowed to incubate for 5-20 min at room temperature with occasional mixing. The unbound
activity is washed away by centrifugation before reinjection. Radiolabelled blood may
alternatively also be re-injected without removal of unbound activity. With the later approach
where no washing step is involved one can expect lower radiolabelling efficiency and higher
background activity, depending on the complexity (number of washing steps avoided) of the
procedure.

HEAT-DAMAGED RBC (spherocytes)

When radiolabelled RBCs are damaged by heat, they will be recognized by phagocytes and
subsequently destroyed in the spleen, liver and bone marrow. This mechanism enables the
use of heat-damaged °°™Tc-RBCs for spleen imaging studies. Radiolabelled RBCs are damaged
by incubation in water bath at 49.5 °C for 15 -20 min before reinjection. To sufficiently
denature RBCs but preventing burst of RBCs, the temperature and incubation time are critical.
Localization in liver indicates presence of cell destruction formatting bursting fragments.

Radiolabelling of RBCs can be affected by patient medication (Table 2). Drugs may interfere
directly by reaction with Sn?*, preventing accumulation of Sn?* in the cells, or indirectly by
affecting the RBC membrane or reduce the haematocrit and/or haemoglobin concentration.
For more detailed information see (3, 6-8).

The usual administered activity of >®™Tc-RBCs for adult patients is within the range of 500 —
1050 MBgq. For children the activity may be adjusted according to body weight, with a
minimum activity of 80 MBq in order to obtain images of sufficient quality (9). Only when in
vivo radiolabelling approach is employed, breast feeding should be interrupted and the
expressed feeds discarded due to the presence of free *°™Tc-pertechnetate, which
concentrates in the mammary gland. The total fractional activity ingested by the baby from in
vivo radiolabelled RBCs is estimated to be 3 — 5 times higher than the activity in milk from in
vitro radiolabelling. After in vitro radiolabelling breast feeding can be continued (10).

General recommendations for application of radioactive drugs are applicable for
administration of radiolabelled RBC. Use of a teflon catheter or cannula should be avoided for
administration of SnZ* compounds, because Sn?* can react with the catheter (11). To prevent
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reaction of ®™Tc-pertechnetate with traces of Sn%* the stannous agent in the cannula and
9mTc-pertechnetate should not be given through the same system.

Radiolabelling with chromium-51 (*1Cr)

Radiolabelling of RBCs with chromium-51 is carried out in vitro: chromium-51 in the form of
sodium chromate is incubated with whole blood containing ACD for approximately 10 -15 min.
Chromate ion freely diffuses into the RBCs, where it is reduced to chromic ion (Cr3*). Cr3*
bound to beta globin chain of the haemoglobin molecule is retained in the cell. The labelling
process is stopped by adding ascorbic acid which reduces the chromate outside the cells to
chromic ion. Alternatively free chromate is washed away by centrifugation.

Due to to limited number of Nuclear Medicine centers performing in-vitro radilabelling with
chromium-51, production and availability of chromium-51 radiopharmaceuticals was
discontinued in Europe in 2019.

NON IMAGING STUDIES

Basic principal in all non-imaging studies using radiolabelled RBC is the same: a known quantity
of radiolabelled RBCs is added to an unknown volume of blood in the body. Radiolabelled
blood is allowed to mix, and a known quantity of the mixture is then removed and quantitated
(counted in a gamma counter). The ratio of the quantity measured after mixing (number of
counts per mass) to the quantity added is the base for calculation of the unknown volume
(3,12,13).

RBC mass and volume determination For RBC mass and volume determination one part of the
radiolabelled blood is injected to the patient and the other part is used for a standard for
further calculations. When complete mixing of re-injected radiolabelled blood has taken place
(after 30 min or longer if the patient has splenomegaly), blood samples are taken for counting
in a gamma counter. The red cell mass and plasma volume are calculated by using the dilution
equations. The true blood volume is then obtained by summing up the red cell mass and the
plasma volume. The total body haematocrit can be calculated by dividing the red cell mass by
the true blood volume.

RBC survival

For RBC survival and sequestration studies >'Cr-RBCs are reinjected to the patient and blood
samples are obtained 3 times a week for 2 to 4 weeks after injection. To eliminate the need
for decay correction the samples are counted at the end of the study. For the >'Cr survival
curve activity of the blood samples over time can be plotted on a semilog paper to linearize
the curve. The patient’s RBC effective half-life is calculated from the curve, the normal being
25 to 35 days. In case of a significant splenic sequestration of RBCs a significant and
progressive increase in splenic uptake relative to the other expected site of RBCs, like blood
pool or liver may be present. >!Cr-RBC uptake is monitored using thyroid uptake probe
positioning over spleen, liver and heart.
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The usual administered activity of >*Cr-RBC for RBC mass and volume determination is 0.8 —
1.5 MBqg and 2.0 - 4.0 MBq for survival and sequestration studies.

LEUCOCYTES AND PLATELETS

White blood cells (WBC) or leukocytes are cells of the immune system defending the body
against both infectious disease and foreign materials. Several different and diverse types of
WBC exist. They are all produced and derived from a multipotent hematopoietic stem cell in
the bone marrow. WBC are found throughout the body, including the blood and lymphatic
system. One primary technique to classify WBC is to look for the presence of granules, which
allows the differentiation of cells into two categories: granulocytes (neutrophils, basophils and
eosinophils) and agranulocytes (lymphocytes, monocytes and macrophages) (5). Platelets or
thrombocytes are a component of blood involved in the cellular mechanisms of primary
haemostasis leading to the formation of blood clots. Platelets are not true cells. They gemmate
from big leukocytes called megakaryocytes (5)

Platelets or thrombocytes are a component of blood involved in the cellular mechanisms of
primary haemostasis leading to the formation of blood clots. Platelets are not true cells. They
gemmate from big leukocytes called megakaryocytes (5)

Radiolabelling of WBC and platelets

Non-selective lipophilic 1'!In and **™Tc complexes, which label all cells indiscriminately are
used for radiolabelling of WBC and platelets. Generally radiolabelling efficiency is higher when
11In complexes are used (80-90%) compare to **"Tc-HMPAO, where radiolabelling efficiency
is normally 50-80%. Availability, low radiation exposure and better imaging characteristics are
major advantages when *°™Tc-HMPAQO is used for radiolabelling. The clinical results using *'!In
or ®™Tc-HMPAO WBC are similar, but when *™Tc is used for radiolabelling, scans can be
completed sooner, mostly with 1 h and 4-6 h imaging times. In-111-leukocytes are preferred
for the investigation of inflammation in the kidneys (3,13,14).

Neutral lipophilic complexes rapidly diffuse across cell membranes and once inside the cell,
the complex either dissociates and allows *!In to bind to intracellular proteins (*''In-oxine or
1n-tropolone) or breaks down to more hydrophilic complex which is unable to cross the cell
membrane and is thus trapped in the cell (**™Tc-HMPAO). In case of radiolabelling with *In-
oxine, 1In also binds to transferrin present in the plasma. Therefore the cells have to be
washed thoroughly to remove plasma before radiolabelling. In case of radiolabelling with
either *!In-tropolone or ™ Tc-HMPAO, radiolabelling can take place in the presence of small
amounts of plasma. It is desirable to perform labelling of WBC in the presence of plasma in
order to maintain normal cell function. Cells labelled in the absence of plasma show slower
clearance through the lungs, indicative of loss of elasticity. To maintain normal function even
20% plasma is sufficient (14)

Because of non-selective approach, the cells need to be separated prior to radiolabelling. The
separation of WBC and platelets from RBC in the blood can be achieved by sedimentation of
anticoagulated blood. 30-50 ml of blood is taken into a 60 ml syringe containing an anti-
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coagulant. The anti-coagulant of choice is acid-citrate-dextrose (ACD) in concentration 1.5
parts of ACD to 8.5 parts of whole blood. Erythrocyte sedimentation may be accelerated by
the use of sedimentation agents such as 6% hydroxyethyl starch (Hespan). Alternatively 6%
dextran or methylcellulose may be used. Normally 3 ml of Hespan per 30 ml of whole blood is
used. Hespan may be added to ACD in syringe before blood is taken. Sedimentation time is
generally 45-60 min and may be affected by different factors such as number of cells and
certain disease states. Sedimentation may be carried out in the syringe placed upward in a
suitable holder or in an Universal tube. After sedimentation the upper layer containing WBC
and platelets is transferred into a sterile Universal tube. To separate WBC from platelets, the
plasma is centrifuged at low speed e.g. 150 g. Platelet rich plasma is removed before
radiolabelling agent is added to the pellet containing WBC and small amount of RBC. The
mixture is incubated at room temperature. Incubation time varies depending on radiolabelling
agent used. Generally it is longer when #™Tc-HMPAO is used. After radiolabelling the cells are
re-suspended in saline or diluted plasma and free fraction of radiolabel is washed away by
centrifugation. Radiolabelled cells are re-suspended before reinjection with saline or diluted
plasma. Plasma is prepared from plated rich plasma by centrifugation at higher speed e.g. 500-
700 g.

To ensure optimal viability of radiolabelled cells, the labelling should be completed as quickly
as practical and the cells should be injected within 3 hours of removal.

Platelet reach plasma removed from the WBC may also be used for separation of platelets.
This is achieved by additional centrifugation step at higher speed where platelets are
centrifuged in the pellet and plasma can be removed. Radiolabelling procedure of the platelets
is the same as for leucocytes.

The recommended dose for In-WBC is 18.5 MBq and for *"Tc-HMPAO-WBC 400 MBq
(range of 185-450 MBq). For children the activity may be adjusted according to body weight,
with a minimum activity of 40 MBq of *°™Tc-HMPAO-WBC in order to obtain images of
sufficient quality (9). Breast-feeding should be interrupted and the expressed feeds discarded
when #®"Tc-HMPAO-WBC is used for imaging (10). Cell radiolabelling could be affected by a
patient drug therapy (Table 2). For more detailed information see (3,6).

There is great interest in radiolabelling stem cells and imaging infection and inflammation
using PET. Short half-life which does not allow sufficient time for imaging of leukocyte
migration and monitoring of the fate of transplanted stem cells and stability of the
radiolabelled cells are the main limitations for radiolabelling with positron emitters.
Nevertheless ®Cu with half-life of 12.7 h, which can react with a wide variety of chelator
systems including DOTA, was reported to be a promising radiolabel (14,15).

Factors affecting radiolabelling

Many factors affect radiolabelling of cells. They can result from patient him / herself or can be
introduced by operator / facilities used for radiolabelling. The most frequently radiolabelling
efficiency is affected by presence of disease in patient and / or patient’s medication (Table 2).
Other factors, which may affect the labelling efficiency are plasma concentration, types of cell
collected, method of radiolabelling, choice of sedimentation agent, choice of anticoagulant,
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stability of cell chelator, concentration of ligand and radionuclide, concentration and number
of cells and volume of ingredients, pH, temperature, cell damage (needle for blood collection
and transfer, transport, manipulations...) and poor operator technique or inter-variability. Low
labelling yields for RBC labelling have been reported when stannous agent is administered
through a Teflon cannula (3,4).

Radiolabelling efficiency

The percentage of radioactivity incorporated into the cells is usually described as
radiolabelling efficiency. It should be determined as the last step before radiolabelled cells are
re-suspended and re-injected: the radiolabelled cells are separated from the labelling medium
by centrifugation. The activity of the labelled cells is measured before and after separation.
Labelling efficiency is then calculated:

] ] o radioactivity on separated cells
% Radiolabelling ef ficiency = — — % 100%
total activity before separation

Nevertheless a high radiolabelling efficiency is not necessarily indicative of a good labelling
procedure or viable cells. Regardless on the radiolabelling efficiency it is important to obtain
a viable population of cells for reinjection.

Cell viability

It is essential that radiolabelled cells remain viability when they are re-injected to the body.
They may be damaged from the harvesting and/or radiolabelling procedures. Cell viability is
most frequently assessed by Trypan blue exclusion assay. Trypan blue is a stain which is
incorporated into dead cells, whereas live cells are not coloured. Equal volumes (0.1 — 0.2 ml)
of radiolabelled cell suspension and 0.4 - 0.5% Trypan blue are gently mixed in appropriate
tube and incubated at room temperature for 5 minutes. The mixture is applied on a
haemocytometer slide and cells counted under a light microscope. The percentage of viable
cells is the number of viable cells divided by the number of dead and viable cells. Usually it
should be >95%.

Table 2: Drugs affecting radiolabelling of blood cells

calcuim channel agranulocytosis hydralazine oxidation of stannous
blockers(nifedipine) ions
captopril bone marrow methyldopa oxidation of stannous

suppresion ions
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sodium valproate

bone marrow

calcium channel

nterfering with

suppresion blockers stannous ion,
decreased uptake
metronidazole leukopenia cyclosporin Interfered
incorporation into the
cell
allopurinol leukopenia propranolol decreased labelling

prednisolone

adherence to
nylon

chlorothiazide

efficiency

decreased labelling
efficiency

alcohol adherence to furosemide decreased labelling
nylon efficiency
Aspirin adherence to digoxin decreased labelling
nylon efficiency
lignocaine agranulocytosis prazosin decreased labelling
efficiency
Ibuprofen agranulocytosis adriamycin decreased labelling
efficiency
adriamycin agranulocytosis sulphasalazine changes in cell

cyclophosphamide

agranulocytosis

cephalosporins

membrane

changes in cell
membrane

vincristine agranulocytosis omeprazole changes in cell
membrane
azathioprine agranulocytosis quinine changes in cell

membrane

Take home messages:

* Be aware of dangers of working with blood samples to personnel o Hepatitis B vaccination
(local regulations) o Needle stick policy

* Maintain both - cell viability and sterility and avoid the operator’s exposure to biological and
radiation hazard during cell manipulation and radiolabelling.

43



POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025
Modue t PHARMACY
IV. Drug design, Advanced therapy medicinal products and Microbiology

e Work in aseptic conditions following the EANM guidelines on current Good Radiopharmacy
Practice (cGRPP) in the Preparation of Radiopharmaceuticals and PhEur, Monograph 5.19
Extemporaneous preparation of radiopharmaceutical preparations]| .

* The use of an open or closed vial system on a laboratory workbench is not an alternative to
a controlled aseptic environment.

e Cross contamination or mix-up of blood should be prevented at all times.

* Preparation of radiolabelled cells must be performed successive or by different people in
different locations.

e Avoid the use of needles where/whenever possible

* Have a proper waste disposal policy

References (further reading):

¢ Guidelines on current good radiopharmacy practice (cGRPP) in the preparation of
radiopharmaceuticals. (http://www.eanm.org/scientific_info/guidelines/)

¢ The European Pharmacopoeia. Monograph 5.19. Extemporaneous preparation of
radiopharmaceutical preparations.

¢ Ellis BL, Sampson CB. Radiolabelling of blood cells - theory and practice. In: Sampson CB, editor.
Textbook of radiopharmacy theory and practice. 3rd ed. Amsterdam: Gordon and Breach Science
Publishers; 1999; p. 83-104.

¢ Solanki KK and Dondi D. Radiolabelled autologous cells: methods and standardization for clinical
use. IAEA, 2015

¢ Aberts B et al.Molecular biology of the cell, 5th ed., 2008

¢ Sampson CB. Complications and difficulties in radiolabelling blood cells: a review. Nucl Med
Commun 1996;17:648-58.

e Sampson CB. Adverse reactions and drug interactions with radiopharmaceuticals. Drug Safety
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Microbiology in pharmacy

Assist. Prof. Misa Korva, PhD, assistant at Institute of Microbiology and Immunology, Faculty
of Medicine and Research Fellow at Laboratory for diagnostic of zoonoses, Institute of
Microbiology and Immunology, has graduated from Faculty of Biotechnology, University of
Ljubljana, Slovenia in 2007 and continued her studies in field of Medical Microbiology, under
the supervision of prof. dr. Tatjana Avsi¢ Zupanc. As a young researcher she has joined the
Laboratory for diagnostics of zoonoses at the Institute of Microbiology and Immunology, Faculty
of Medicine, University of Ljubljana, Slovenia. She has defended her doctoral thesis, on the
pathogenesis of hemorrhagic fever with renal syndrome, in 2011. As a teaching assistant she is
involded in the lectures on Emerging pathogens, Biological warfare and Virology at Biotechnical
and Medical Faculty. As a post-doc research fellow she has been involved in clinical diagnostics
and research of zoonotic vector-borne diseases, mainly viral haemorrhagic fevers and
arboviruses. Her research is focused on genetic variability of hantaviruses, TBE, Zika, CCHF and
Ebola viruses with the relation to their host-vector-man relationship. She has been working as
a coordinator of an intervention response team for diagnostics of highly pathogenic biological
angents in the BSL3 laboratory at Institute of Microbiology and Immunology. In 2013 she has
joined the European Mobile Laboratory Project (IFS/2011/272-372) and was deployed to
Guinea in May 2014 as a part of the international Ebola outbreak response team. She has been
involved in several international and national research projects and has published 26 SCI
publications.

The lecture has the following learning objectives:

1. Students are able to distinguish biology traits of different microorganisms important
for the field of radiopharmacy.

2. Students are able to understand the role of most structural components of
microorganisms, important in their identification.

3. Students are able to explain the roles of different new techniques used in
microbiology.

4. Students are able to list most important new developments in emerging infections and
the role of microbiology in their surveillance.
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Summary of the lecture:

Brief overview of microorganisms and their biology

Microbiology is the scientific discipline studying biology of microorganisms. Medical
microbiology specifically covers medical aspects of microorganisms (bacteria, viruses, fungi
and parasites), infections of humans by these microorganisms, pathogenesis and
pathophysiology of these infections and their laboratory diagnostics. One of the most
important goals of microbiological laboratory diagnostics is not only determining the causative
microorganism (aetiology) of infections but also provide information on susceptibility of the
involved microorganisms to antibiotics or other antimicrobial substances.

Biologic basis of microorganisms is different between viruses, bacteria, fungi and parasites so
brief introduction covering these differences will be made explained to allow participants to
better understand different measures available in the aseptic work and biological safety at
work.

Laboratory techniques used in microbiology

Classical techniques in microbiology involve cultivation of microorganisms (i.e. bacteria and
fungi) from various materials taken from patient or environment by different techniques and
media. If there is a more than one morphological type of bacterial or fungal colony on primary
media plate, cultivation of microorganisms is followed by picking the pathogens and make
isolation of pure colonies on a new separate plate. After having enough growth of pure colony
identification of bacterial colonies is performed either by biochemical methods or by mass
spectrometry (MALDI TOFF). Despite relatively high cost of equipment, in recent years the
later method has almost entirely replaced the biochemical identification of bacteria in
microbiological laboratories and becomes a standard method in identification of bacteria. The
method is fast, accurate and less expensive than traditional, biochemical methods. Recent
refinements of these methodologies also show promise to provide at least some crude
information about the antibiotic susceptibility of some medically important bacteria by
detecting specific proteins involved in antibiotic resistance.

In the last twenty years a lot of progress has also been made in other laboratory methods
which do not involve cultivation of microorganisms such as molecular methods for specific
amplification and detection of nucleic acids from the microorganisms. Direct detection of
viruses, parasites, fungi and many bacteria today is predominantly performed by detection of
their specific DNA or RNA nucleic acids. By automation, standardization and integration of the
processes involved in molecular diagnostics many manufacturers today provide fast, efficient,
automated and very sensitive platforms which require less trained personnel and very little
hands on time.
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Although the price point of many of them is still prohibitive for many users, the indication of
future developments is very clear. In the medical microbiological diagnostics the trend would
be in direction to highly reliable, highly specific and very rapid (up to 20 minutes) tests which
will be available as close to the point of patient care as possible. However, non-cultivation
methods should not entirely replace the classical methods, involving cultivation. Without
isolates of microorganisms, studies of antimicrobial resistance, epidemiological typing of
outbreaks or vaccine predictions, are impossible or are at least technically demanding,
expensive or inconclusive.

Disinfection and sterilization

Sterilization means the complete elimination or destruction of all microorganisms including
their spores by a chemical or physical means. This is an absolute not a relative term.
Sterilization could be achieved by dry or wet (steam) heat. The steam sterilisation is referred
as autoclaving and involves treatment of materials with steam heat under sufficient pressure.
This is most effective and economical way of sterilization in medical applications as long as
materials are thermally stable. Gas or gamma ray sterilization is an option for thermally labile
materials such as plastics. Due to importance of the absence of any living microorganism in
the materials, sterility control (efficiency of sterilisation process) is mandatory in any
sterilization procedures. Chemical, biological indicators are used and physical parameters
should be strictly followed and recorded as directed.

Disinfection is a procedure of treatment that eliminates many or all pathogenic
microorganisms with the exception of bacterial spores. Reducing or eliminating the
microorganisms is possible with heat or chemical agents called disinfectants. Although
physical measures such as heat are often more effective, they are often not an option for heat-
labile surfaces or objects. Many factors influence the efficiency of disinfectants such are: type
and level of contamination, concentration of disinfectant, duration of treatment, humidity,
temperature, pH and presence of organic matter. Examples of most resistant microorganisms
to disinfection include: bacterial spores (genus Bacillus), Mycobacterium tuberculosis,
hydrophilic viruses without envelope (i.e. rhinoviruses), some fungi (Cryptococcus and
Candida).

Antisepsis is a process involving the destruction or inhibition of microorganisms in or on living
tissue thereby limiting or preventing the harmful effects of infection.

Sanitization is the process of reducing microbial contamination to an acceptable “safe” level.
The process of cleaning objects without necessarily going through sterilization.

15
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Blood borne pathogens as a microbiological risk to personnel in radiopharmacy

Blood borne pathogens are microorganisms that can cause disease in humans through contact
with human blood. Most important pathogens from this group include hepatitis B (HBV),
hepatitis C (HCV) and human immunodeficiency virus (HIV). In working healthcare
environment the most frequent means of acquiring these diseases is through needle sticks or
sharps related injuries during medical or laboratory procedures. Many different profiles of
workers are at risk for exposure to blood borne pathogens including service personnel such is
cleaning and technical staff. Sharps related injuries are common in the healthcare settings and
employers must mandatory implement an exposure control plan tailored to the specific
worksite with clear details on employee protection measures. These measures encompass
personal protection equipment, training, regular medical check-ups, mandatory hepatitis B
vaccination and post-exposure evaluation care plan.

Take home messages:

* Microbiology is covering microorganisms with different biological properties
important in their function, including bacteria, viruses, fungi and parasites.

* Microbiology plays an important role in different fields of pharmacology such as:
production of vaccines, antimicrobial drugs and antiseptics and clean room
maintenance.

* Microbiology has undergone extensive change in recent years due to introduction of
new sophisticated methods such as MALDI TOFF and massive next generation
sequencing (NGS).

References (further reading):

e Angeletti S. Matrix assisted laser desorption time of flight mass spectrometry (MALDI-
TOF MS) in clinical microbiology. J Microbiol Methods. 2017 Jul;138:20-9.

e Patel R, Karon BS. Advances Afoot in Microbiology. Onderdonk AB, editor. J
ClinMicrobiol. 2017 Jul;55(7):1984-8.

e Rutala WA, Weber DJ. Disinfection, sterilization, and antisepsis: An overview. Am J
Infect Control. 2016 May 2;44(5 Suppl):el-6.

* Deuffic-Burban S, Delarocque-Astagneau E, Abiteboul D, Bouvet E, Yazdanpanah Y.
Blood-borne viruses in health care workers: prevention and management. J ClinVirol.
2011 Sep;52(1):4-10.
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From gene engineering to modern
biologicals

Assoc. Prof. Tomai Bratkovic¢, PhD, is a professor of Pharmaceutical Biology and the head of the
Department of Pharmaceutical Biology at the Faculty of Pharmacy, University of Ljubljana. He
gained his PhD in pharmaceutical sciences in 2007, and was later a short-term research fellow at
the Francis Crick Institute, London, UK (January-February 2017) and a visiting professor at the
Faculty of Biology, University of Belgrade, Serbia (September-December 2017). He teaches
undergraduate courses in Pharmaceutical Biotechnology and Cell Biology. He has supervised 3
PhD students and mentored more than 45 undergraduate students in preparation of diploma or
master’s theses. His research interests include the study of molecular interactions, both
peptide/protein and RNA. His group uses phage-displayed peptide libraries to screen for
biologically active ligands; they have been developing peptide enzyme inhibitors and affinity
ligands for antibody purification. More recently, he has entered the field of RNA biology, focusing
on the functional analysis of small non-coding RNAs, especially small nucleolar RNAs. In the period
between 2011 and 2016, he worked as an expert in the biological substances group at the
European Pharmacopoeia (European Directorate for the Quality of Medicines, Strasbourg,
France). He has authored more than 40 research and review papers.

Learning objectives:

1.  Tounderstand the basic principles of recombinant DNA technology.

2. To integrate the understanding of unique properties of biological drugs with specific
production processes, analytics, administration route, and storage requirements.

3.  Todistinguish between innovative biologicals and biosimilars.

4.  To understand IgG structure, pharmacokinetics, and pharmacodynamics. To compare the
properties of intact antibodies, antibody fragments and synthetic peptides as targeting moieties
for radionuclide delivery.

5.  Toimplement the biotechnological knowledge into the field of radiopharmaceuticals.

Lecture summary:

Pharmaceutical biotechnology is a relatively young and fast-growing field in which the principles
of biotechnology are applied to the development of drugs. The use of recombinant DNA
technology revolutionized the production of modern biological medicines, initially used for
protein replacement therapy, and lately allowing for targeted modulation of biochemical
pathways and cell functions perturbed in disease. Furthermore, genetic/protein engineering
allows for fine-tuning the pharmacokinetics and pharmacodynamics of protein therapeutics, as
exemplified by recombinant insulins with different length of action, and fusion proteins, such as
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chimeric antibodies in which murine variable fragment involved in antigen binding is grafted onto
a human antibody scaffold for enhancing effector functions and decreasing immunogenicity.
Biological drugs include, but are not limited to, recombinant enzymes, hormones, cytokines,
monoclonal antibodies, synthetic peptides, vaccines and gene therapy products.

Design and development of a biological medicine starts with the selection of optimal expression
system that includes an appropriate host organism and vector-harbored gene construct. The
vector, such as a plasmid or a modified virus, allows for autonomous replication and transcription
of the transferred genetic information. All the therapeutic recombinant protein drugs are
produced in a handful of hosts, whose main function is to provide the transcriptional and
translational machineries for gene expression. Simple non-glycosylated proteins are typically
expressed in the Gram-negative bacterium Escherichia coli. On the other hand, complex
recombinant therapeutics, especially multidomain proteins that are subject to post-translational
modifications (i.e. glycosylation, formation of disulfide bonds, amidation etc.), are produced using
eukaryotic organisms or cell lines, such as baker’s yeast (Saccharomyces cerevisiae), various insect
cell lines and Chinese hamster ovary cells. Due to multiple levels of structure, metabolic
instability, and complex production processes, protein therapeutics tend to be
microheterogeneous, and there is inherent variability between different production batches. This
prevents the concept of generic drugs to be applied to biologicals. Instead, copies of biologicals
are developed as biosimilar drugs, required to possess essentially the same clinical efficacy and
safety profile as reference drugs despite minor structural differences. Most protein drugs are
immunogenic, with anti-drug antibodies potentially affecting pharmacokinetics and
pharmacodynamics.

Monoclonal antibodies (mAbs) constitute the largest group of recombinant biological
therapeutics. mAbs typically display high specificity and high affinity for their targets, and have
predictable pharmacokinetics with good safety profiles. These properties, combined with tunable
effector functions, make them ideal for addressing various diseases, ranging from cancer, chronic
inflammatory and infectious diseases, and many other conditions for which there were few
therapeutic options until recently. mAbs also make good delivery agents when conjugated to
radionuclides for targeted therapy and as in vivo diagnostics. Yet, the large size of intact
antibodies limits tissue penetration, and the slow clearance rate leads to substantial radiation
delivered to non-target tissues or to low signal-to-noise ratio in imaging applications. Hence,
antibody fragments lacking all but the antigen-binding region, synthetic peptides or protein
binders (developed on the basis of small stable protein scaffolds using the principles of directed
molecular evolution) may represent a viable alternative. Whereas nonmetallic radionuclides (e.g.,
123]) can be coupled directly to surface-exposed tyrosine or histidine residues of the protein
delivery moiety, radiometals (e.g., ®8Ga, #Zr, or 'lIn) are typically introduced via bifunctional
chelating agents coupled to lysine or cysteine residues. The latter functionalization strategy allows
for site-specific conjugation which impacts less on the structural integrity of the protein.
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Take-home messages:

. Most modern biologicals are simple or complex proteins, some are synthetic peptides or
(viral vector-delivered) nucleic acids.

. Protein production requires endowing an expression host with the genetic information
specifying the amino acid sequence of recombinant product, and cultivating the host organism in
large fermenters.

° The choice of expression system is primarily dictated by the complexity of the recombinant
protein drug. Simple proteins can be efficiently produced in prokaryotic hosts, while complex
glycoproteins require the use of eukaryotic hosts.

° Common expression hosts include Gram-negative bacterium Escherichia coli and eukaryotic
cells, such as yeast (Saccharomyces cerevisiae or Pichia pastoris) and mammalian cell lines (e.g.,
Chinese hamster ovary (CHO) cells).

° Structural complexity of proteins requires orthogonal (i.e., complementary) analytical
techniques for characterization.

. A protein therapeutic is never considered a single chemical entity, but rather a mixture of
similar isoforms.

. Primary protein structure is typically determined by LC-MS/MS, secondary structure can be
analyzed by circular dichroism and/or infrared spectroscopy, and tertiary structure is determined
using nuclear magnetic resonance or X-ray crystallography. In addition, post-translational
modifications, biological activity and impurity profile need to be addressed.

. Protein therapeutics display inherent metabolic, physical and chemical instability. Both, the
production process (upstream processing conditions, isolation/purification and formulation) and
storage conditions affect protein quality, in turn determining efficacy and safety.

° Due to protein microheterogeneity there are no generic biologic drugs. Rather, the concept
of similar biological medicinal products (or biosimilars), which display essentially the same clinical
efficacy and safety as the reference biological, was introduced. In EU, all biologicals should be
registered through the centralized procedure as either innovative biological medicines or
biosimilars.

° All protein therapeutics are potentially immunogenic. Induction of anti-drug antibodies in
patients may increase drug clearance or directly negatively affect efficacy via drug neutralization.
. Second generation biopharmaceuticals have tailored pharmacokinetic or pharmacodynamic

properties, achieved by either protein engineering (at the level of encoding gene) or metabolic
glycoengineering (modulation of glycosyltransferase network in host cells). Some therapeutic
proteins are conjugated with polyethylene glycol chain(s) (so-called PEGylation) to make them less
immunogenic and to increase their hydrodynamic volume (thus limiting glomerular filtration), and
some are acylated to promote association with serum albumin.

. Monoclonal antibodies (mAbs) constitute the largest group of biologicals. mAbs are large
multidomain proteins composed of 4 subunits and have complex post-translational modifications.
° The first mAbs were of mouse origin as they were developed via hybridoma technology.
Later, chimeric and humanized mAbs, designed using genetic engineering were produced to limit
immunogenicity and augment antibody effector functions. Fully human mAbs can be developed
via the transgenic mouse platform or phage display technology.

° mAbs have predictable pharmacokinetics and typically display multiple mechanisms of
action.
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° mAbs make excellent targeting agents for delivery of cytotoxic drugs or radionuclides owing
to highly specific and high-affinity interactions with endogenous antigens.

. Antibody fragments, synthetic peptide ligands and specific binders based on small stable
protein scaffolds can be used in place of mAbs for targeted delivery. Their smaller size and faster
clearance rate are considered an advantage in targeted radiotherapy and radioimaging.

. Conjugation of antibodies with radionuclides is typically indirect (i.e., via bifunctional
chelating agents) and can be either random or site-specific.

Suggested further reading:

Crommelin DJA, Sindelar RD, Meibohm B (Eds.) Pharmaceutical biotechnology: Fundamentals and
applications. 5% Edition. Springer, Cham, Switzerland, 2019; ISBN 978-3-030-00709-6.

Manis JP. Overview of therapeutic monoclonal antibodies.
https://www.uptodate.com/contents/overview-of-therapeutic-monoclonal-antibodies (Accessed:
May 5 2023)

Wang L, Wang N, Zhang W, Cheng X, Yan Z, Shao G, Wang X, Wang R, Fu C. Therapeutic peptides:
current applications and future directions. Signal Transduct Target Ther 2022; 7(1): 48.

Skerlec K, Strukelj B, Berlec A. Non-immunoglobulin scaffolds: a focus on their targets. Trends
Biotechnol 2015; 33(7): 408-418.

Lin M, Paolillo V, Le DB, Macapinlac H, Ravizzini GC. Monoclonal antibody based
radiopharmaceuticals for imaging and therapy. Curr Probl Cancer 2021; 45(5): 100796.

Dewulf J, Adhikari K, Vangestel C, Van Den Wyngaert T, Elvas F. Development of antibody
immune-PET/SPECT radiopharmaceuticals for imaging of oncological disorders — an update.
Cancers 2020; 12(7): 1868.
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Methods for determining cell purity and
viability

Janja Zupan graduated in 2005 at the Department of Clinical Biochemistry (supervisor prof.
dr. Janja Marc) in the field of genetics of osteoporosis. Since November 2009 she has been
working as a Teaching Assistant at the Faculty of Pharmacy, Department of Clinical
Biochemistry. In 2011 she completed part of her research and PhD work at Institute of
Genetics and Molecular Medicine, University of Edinburgh, UK. She finished her PhD entitled
The influence of the proinflammatory cytokines on the RANK/RANKL/OPG in bone tissue of
osteoporotic and osteoarthritic patients in 2012. From 2014-2016 she worked at the Institute
of Biomedical Sciences, University of Aberdeen, UK at the Aberdeen Centre for Arthritis and
Musculoskeletal Health, where she gained knowledge in mesenchymal stem cells and
regenerative medicine. She finished this postdoctoral fellowship identifying a new population
of synovium-derived mesenchymal stem cells (Nature Communications 2017). After having
come back to her home university, she continues working on human mesenchymal stem cells
and regenerative medicine with the aim of better understanding of their role in different
degenerative disorders and different joint tissues.

Martina Gobec graduated at the Faculty of pharmacy, University of Ljubljana in 2008 and
continued her postgraduate education as a young researcher, enrolled in the programme of
Biomedicine, field Clinical biochemistry and laboratory biomedicine. In 2012, she successfully
defended her doctoral thesis, which was focused on the evaluation of serine protease
inhibitors as inducers of apoptosis. From 2013, she was employed as an assistant at the
Department of clinical biochemistry, and in 2021 became an associated professor for
Toxicological chemistry at the Faculty of pharmacy. Her research skills include vast
knowledge in cell culturing (cultivation of suspension and adherent cells, isolation of cell
populations) and extensive experience in various molecular techniques (spectrophotometry,
electrophoresis, western blot, flow cytometry, immunoassays, viability, and cytotoxicity
assays,...). Her current area of research is focused on the evaluation of targets in malignant
diseases and the identification of compounds that modify the effects of selected targets (the
focal points being the proteasome and the immunoproteasome). She published her research
as a (co-)author in over 40 original scientific publications.

The lecture has the following learning objectives:

1. Students are able to choose a method to differentiate between living and dead cells.

2. Students are able to determine cell viability after staining with trypan blue.

3. Students are aware of different techniques to determine cell viability and critically
evaluate their advantages and limitations.

4. Students understand the basics of flow cytometry.

Students are able to determine the ratio of different cell types in a sample after an

analysis on the flow cytometer.
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Cell counting, viability and purity

In vitro quality control is an essential part of the procedure of labelling white blood cells
(WBCs). In this segment, we will address the methods available for determination of cell
count, their viability and the purity of the WBCs.

Cell viability

Cell counting is a pivotal step prior in cell culture work. We need to determine the number of
viable cells to quantify the number of cells needed for further processing, seeding,
manipulation and cryopreservation. Cells are most commonly counted using a special
microscopic slide with a 0.1 mm deep chamber called a haemocytometer. The chamber has
imprinted a special microscopic grid as shown in Figure 1. The grid consists of nine 1x1
millimetre squares, separated from each other by a triple line. The four corner squares are
further divided into 16 smaller squares, and the central square is divided into 25 squares

(Figure 1).

side view

ool ] TN
cover slip— T0.1 mm] e
moat moat

Figure 1. Haemocytometer and the grid.

When preparing the cells, the cell suspension should be dilute enough that each cell can be
clearly distinguished and no two cells are clumped together. Ideally we want somewhere
between 100 to 150 cells on each big corner square. If the cells are too close together and
are overlapping, you can dilute the suspension further. If there are less than 50 cells per
square, the cells need to be centrifuged and resuspended in a smaller volume of phosphate
buffered saline (PBS). When counting the cells, we only count the cells that lie inside the
large corner square and cells that lie on the outer grid lines of the square as shown on Figure
2B.
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A B

Figure 2. Counting cells on a haemocytometer.When counting the cells we normally count
the cells in the four large outer corners, marked A, B, C and D (A). If there are many cells, only
the cells in the middle square E can be counted. Count the cells that lie inside the large corner
square, and cells that lie on the outer grid lines of the square (B).

The number of viable cells in 1 mL of the cell suspension can then be calculated using the
following equation:

number of living cells (all squares) X dilution factor x 10,000
C (cells/mL) =

number of squares counted

Cell death can occur through different mechanisms, ranging from regulated processes like
programmed cell death (apoptosis) to rapid and uncontrolled events like necrosis. A cell is
considered dead if it meets any of the following conditions:

e the integrity of the plasma membrane is compromised;
o the cell has broken into apoptotic bodies;
o fragments of the cell have been engulfed by neighbouring cells.

Dying cells not only lose their functionality but can also induce unfavourable reactions in
nearby cells. Hence, it's crucial to ensure that the labelling of white blood cells (WBCs)
doesn't impact their viability. Viability dyes are one of the most common means of assessing
cell death and are either fluorescent or coloured molecules, which discriminate between
living and dead cells. The most frequently used dyes include the so-called exclusion dyes,
which cannot cross intact plasma membranes (e.g. propidium iodide) and thus label only
dead cells. One of the most commonly used dye is Trypan blue, which capitalizes on the fact
that viable cells possess intact membranes impermeable to the dye, whereas the
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compromised membranes of dead cells permit the dye's entry, resulting in a blue stain. The
cell viability is calculated as the ratio of live cells compared to all cells multiplied by 100.

number of live cells

viability (%) = x 100

total number of cells

Staining with Trypan blue can be performed manually or automatically. However, the analysis
is performed on a small number of cells and therefore data can be lost. Analogous to this
assay is staining with a fluorescent excluding dye and performing the analysis on a flow
cytometer. In this method, thousands of cells are analysed and thus provide statistically more
relevant data.

Cell recovery test (purity)

The test consists of counting the cells that are obtained during different phases of the cell
separation and labelling process (i.e. after the centrifugation steps and at the end of
procedure) to verify that red blood cell and platelet contaminations are within an acceptable
range (Table 1).

Table 1. Acceptable limits for blood cell types during the preparation of labelled white blood
cells from blood sample to injection of labelled cells (range)

Basal (in In serum (after Labelled cells Other cell
peripheral RBC ready to be type to
blood) sedimentation) injected WBC ratio

WBC (103/mm?3) 4-15 30-150 70-350

Granulocytes (%) 45-95 60-100 80-100

Lymphocytes (%) 10-45 5-20 2-15

RBC (105/mm?) 4-6 0.05-0.5 0.05-0.5 <3

Platelets 140-400 50-200 50-200 <1

(103/mm?)

RBC-red blood cells; WBC - white blood cells
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