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Global spending on medicines in 2010, 2022, and a forecast fo
(in billion U.S. dollars)
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Details: Worldwide; as of November 2021 © Statista 2023 &

In 2022, approximately 1.48 trillion U.S. dollars had been spent on medicines
That number is expected to increase to over 1.9 trillion by the year 2027.

Spending on medicines has increased everywhere globally.



Nominal and inflation-adjusted per capita spending on retail prescription drugs, 1960-2021
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Top 15 Largest Pharmaceutical Companies in the World for 2025

Ranked by revenue from pharmaceutical drug and vaccine sales
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1995 2000 2005 2010 2015 2020 attraversata dalle Alpi Dinariche. La capitale, Zagabria, si frova
nell'entroterra e si contraddistingue per il centro storico medievale
chiamato Gornji Grad (Citta Alta) e per |z presenza di diversi musei
Dubrovnik € la principale citta lungo la costa, caratterizzata da
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Slovenia / Prodotto interno lordo

61,75 miliardi USD (2021)
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208 61,75 miliardi La Slovenia € un Paese dell'Europa Centrale noto per le sue
N uso montagne, le stazioni sciistiche e i laghi. Sul Lage di Bled, un lago
1995 2000 2005 2010 2015 2020 glaciale alimentato da sorgenti di acqua calda, |a citta di Bled
custodisce un isolotto sormontato da una chiesetta e un castello
medievale arroccato sulla scogliera. A Ljubljana, capitale della
Slovenia, facciate barocche si mescolano con l'architettura
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Top 200 Drugs by Retail Sales in 2023

Compiled and Produced by Ryan E. Williams and Hayden M. Leatherwood from the Njardarson Group (The University of Arizona)
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Top 200 Drugs by Retail Sales in 2023

Compiled and Produced by Ryan E. Williams and Hayden M. Leatherwood from the Njardarson Group (The University of Arizona)
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THE TOP SELLING MEDICINES OF
PHARMA GIANTS Q2 2025

H1 2025 Revenue
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The World's Biggest Players
in Pharma

World's biggest biopharma companies ranked by Rx sales
and R&D spend in 2020 (in billion U.S. dollars)

M R&D Spend Rx Sales

Roche € 11.3 47.5
Novartis €) 8.5 47.2
AbbVie &£ 5.8 443
Jolrsoh s & 96 43.1
B”Sto's':;'gfgg £ 92 41.9
Merck & Co. &£ 9.2 41.1
Sanofi ) 5.9 35.8
Pfizer &£ 8.9 35.6

* Rx sales = prescription drug sales, R&D = research and development
Source: Pharmaceutical Executive

1010, statista %a
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Figura 1 - La distribuzione delle imprese Biotech italiane per categoria dimensionale

Distribuzione delle 5.869 imprese Biotech italiane per categoria dimensionale

497 191
imprese imprese

9T
imprese

-\ 4210

imprese

Microimprese

P Piccole imprese
B Medie imprese

B Grandi imprese

Criteri di classificazione delle imprese *

Fatturato annuo Numero addetti
Microimpresa =2 milicni di EUR =10
Piccola impresa =10 milicni di EUR =50
Media impresa =50 milioni di EUR =250
Grande impresa =50 milioni di EUR =250

* Per le imprese che non rispecchiano entrambi i requisiti di fatturato e
addetti, lo categoria di oppartenenza é stata determinata dal fatturoto



Tabella 1 - La distribuzione delle imprese Biotech italiane per categoria dimensionale
nelle macroaree e macrocategorie biotecnologiche

S o 3 . - A Piccole Medie Grandi
Microimprese Piccole imprese Medie imprese Grandiimprese Totale Microimprese imprese imprese imprese
Agroalimentare e zootecnia 2687 699 342 106 3834 T0% 18% 9% 3%
Produzione disementi o 348 29 141 46 764 46% 30% 18% 6%
alimenti
Prodotti ferrmentati 2339 470 201 [510] 3070 TE% 1% 7% 2%
Biomedico e sanitario 192 93 83 69 436 L6% 2% 19% 16%
Diagnestica Biotech 145 B2 33 =] 259 S56% 24% 13% T%
oobem o dlpreaet e 47 3 50 50 78 26% 7% 28% 28%
Industria e ambiente 1331 179 72 17 1599 B83% % 5% 1%
Depurazione. trattarmento acque 142 52 17 1 212 B67% 25% 8% 1%
Fabbricazione di prodotti
chirmici 4£2 33 26 10 nz 37% A% 23% 9%
Produzione di bio-energia 81 28 12 1 123 B66% 23% 9% 1%
Ricerca e sviluppo sperimentale o6& a3 8 & Ta2 93% 5% 2% 0%
Totale 4210 aT 4597 191 5869 T2% 17% 8% 3%




Figura 5 - La distribuzione delle imprese Biotech sul territorio per macroarea

biotecnologica
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Monoclonal and polyclonal Antibodies:

- What They Are
- How They Are Made
- Where They Are Used

- How Much They Cost
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How are they used in research?

Fluorophore / Enzyme

Fluorophore / Enzyme Seconidary antibody

Primary antibody

Primary antibody

Immuno- fluorescence

Direct Indirect
immunofluorescence assay immunofluorescence assay

Stained using :/y
suitable dye Straliied @
using cell ©
== (|8 ow cytometry
(&
[~]
Washed and ~
diluted using ®
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P& 1 Side Scattering
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Microbiome Data Analysis

Immunoblotting
separation gel blotting tank

antigen semoles Rnsier peplicas

wmma) | Immunoblotting
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How are they used in research?

=YY Y.‘Y Y &\’L\&\iﬁ ELISA
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Immuno-histochemistry
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Cell lysates Antigen-antibody Antigen-an tibody-bead Antigen-antibody-bead Dewnstream
(total protein) complex complex complex applications
(with other proteins) (no other proteins) (Western blot)

Immuno-precipitation




Glossary

Antibody
(anti-foreign body) is a protein produced by a white cell (B lymphocyte).

Antigen

(antibody generating substance) is any agent, such as a chemical or microorganism
that is recognized by the antibody. Not all antigens are immunogens (e.g hapten).

Immunogen:
Any substance to which an animal responds by making antibodies. Allimmunogens

are antigens.



Immunogenicity

Ability of a molecule to induce an immune response
Proteins, peptides, carbohydrates, nucleic acids, lipids

Must be larger than 3000-5000 daltons -

Antigen Rational Design

Carbohydrate ’ .
(h apte n) @ Antigen < Peptide Synthesis
2 Foreign small . =t
molecule
Carrier protein Chemical linker Conjugate
Carrier protein Carbodiimide
e.g. BSA Thyroglobulin, KHL Glutaraldehyde

MBS-Heterobifunctional reagents



Glossary

Epitope :
the part of a target to which an antibody binds, also known as an antigenic

determinant

Antigen binding site

relatively small region of an antibody that binds to the antigen.




What are epitopes?

antibodies

Different portions of a target that can be 4\ variable

recognized by different antibodies regons

antigen =

Each individual antibody only recognizes a
single epitope

epitopes

Antigen binding site - relatively small region of an antibody
that binds to the antigen.




Polyclonal Antibodies
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| Multiple | clone
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origin

Polyclonal antibodies

React with various epitopes on a
given antigen

Monoclonal Antibodies

YooY
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TSingIe clone origin

Y

Monoclonal antibodies
React with a specific epitope on a

given antigen



Polyclonal antibodies

@ Inject antigen @ Antigen activates @ Plasma B cells @ Obtain antiserum
into rabbit. B cells. produce polyclonal from rabbit containing
antibodies. polyclonal antibodies.

rX Y
Sl NA O
memory B cells s - —
P 8
secreted
antibodies

antigen

plasma B cells



Polyclonal antibodies Animals immmunized

Goat/Sheep

=

Mouse/ rat

Rabbit




1. An animal, such as a 2. Booster injections are 3. Blood is harvested 4. The serum is further

goat or a rabbit, is given to the animal every from the animal and processed to purify the
injected with an 23 w?eks until the proper centrifuged to isolate the  polyclonal antibody
immunogen plus titer of antibody is serum, which contains the  population.
adjuvant. reached. antibodies.
Animal Maximum blood volume (milL)
Rabbits 15 b
Mice 0.3
Rats 2
Guinea pigs 5
Table 5 Maximum blood volumes to be collected from animals during
experimentation a Hamesters 0.3
Sheeps 200-600 b
Goats 150-400 b

Horses 500-7000 b



Freund's adjuvant

is a solution of antigen emulsified in mineral oil and used as
an immunopotentiator (booster).

- non-metabolizable oils (paraffin oil and mannide monooleate).

- The complete form, Freund's Complete Adjuvant,(CFA or FCA) is composed of inactivated and dried
mycobacteria (usually M. tuberculosis);

- theincomplete form (IFA or FIA) lacks the mycobacterial components (hence just the water in oil
emulsion).

- It is named after Jules T. Freund.

Freund’s Adjuvant is designed to

1- provide continuous release of antigens necessary for stimulating a strong, persistent immune
response.

2- The mycobacteria in Complete Freund’s attracts macrophages and other cells to the injection site which
enhances the immune response.

For this reason, the Complete Freund’s Adjuvant is used for the initial injections.



@ Inject antigen @ Antigen activates @ Plasma B cells @ Obtain antiserum
into rabbit. B cells. produce polyclonal from rabbit containing
antibodies. polyclonal antibodies.

secreted

_ antibodies
antigen

plasma B cells



Advantages Of ._ J Polyclonal antibodies
. ‘ React with various epitopes on a
POlyClOHal Antisera L 4 given antigen

Antiserum recognizes many different epitopes on the target

Can usually be used for many different research procedures

Immunohistochemistry, immunofluorescence, immunoprecipitation,
ELISA, precipitation assays

Can be affinity purified to eliminate the non-specific binding antibodies



. — Polyclonal antibodies
Dlsadvantages Of " React with various epitopes on a
Polyclonal Antisera @ 4 given antigen

Antiserum is composed of a mixture of antibodies with different
specificities - not all recognize the target of interest

Antiserum is composed of a mixture of high and low affinity antibody
populations

Quantity of antiserum is limited by amount of serum and life of
immunised animal.



A Perspective of Monoclonal Antibodies

1. What are monoclonal antibodies?

2. What are the principles involved in their production?

3. How do they differ from conventional antisera?



Georges Kohler

(1946-1995)

Cesar Milstein

(1927-2002)

Naticre Vol 256 Awugitest 7 I975

Continuous cultures|of fused cells

secreting antibody of predefined specificity

YooY
Yy Yy

Single clone origin




The Nobel Prize in Physiology or
Medicine 1984

Niels K. Jerne
Georges J.F. Kohler
César Milstein

Share this

n v

The Nobel Prize in Physiology or
Medicine 1984

Photo from the Nobel Foundation Photo from the Nobel Foundation Photo from the Nobel Foundation

archive archive. archive
Niels K. Jerne Georges J.F. Kdhler César Milstein
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physiology or Medicine 1984 was
awarded jointly to Niels K. Jerne, Georges J.F. Kohler
and César Milstein "for theories concerning the
specificity in development and control of the
immune system and the discovery of the principle
for production of monoclonal antibodies."
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Definition of A Monoclonal Antibody

Mabs comprise identical antibody

molecules.

They only recognise a single
antigenic determinant.

They are secreted by a clone of
hybrid cells in culture.

\Y/4 4\\‘-‘.'%/: ®
B cell Myeloma

\lvl’ & T’} /_ _\ —-y/
) *‘7 ;S
® @ @

Isolation of antibody-secreting B Fusion and generation of hybridomas

cells

N Y

5/ vrr
= T Ny
e~ PN

Expansion of selected hybridoma to preduce monoclonal antibodies



Immunize mice
Test the serum
Perform a fusion

Screen the fusion for
the right cells

Grow the
hybridomas

Harvest the antibody

Concentrate and
purify the product
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Immunization:

Antigen injection into
host animal
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Hybridoma selection:
Growth in HAT medium

4 //
+® QQ
/rQ N

B cell activation:
Proliferation & antibody
production

Screening:
Identify antibody-producing
hybridomas

How to make a monoclonal antibody
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Spleen extraction:
Removal of
activated B cells

@) Limiting
N Dilution
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Cloning: Single
hybridoma isolation

B cell % Myeloma cell

Cell fusion:
Formation of
hybridomas
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Monoclonal antibody
production: Expansion
& harvesting




Outline Of Monoclonal Antibody Production

Antigen

Antibody- Tumor cells
lsolate forming cells

immune cells
— ML
__H Fusion
LJ

Hybridomas % o

$o
'}:T < / AY

Immunization

-+ Hybridomas screened
* Clonal + ot * - for production of desired
Monoclonal =xPansien  AY  AY antibody
antibodies Antibody-producing

hybridomas cloned



How to make a monoclonal antibody

ImMmunize mice
Test the serum
Perform a fusion
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Immunization:
Antigen injection into
host animal

Screen the fusion for
the right cells

Grow the
hybridomas

Harvest the antibody

Concentrate and
purify the product
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Immunize the mice




Common Administration Routes in Laboratory Mice
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Immunize the mice - Inoculation

e The mice are aseptically inoculated with the antigen
combined with an adjuvant.

e Normal dose per mouse is between 50 and 100 micrograms
of protein.

e Inoculations are performed every 21 to 28 days.

sub-cutaneously

https://researchanimaltraining.com/articles/subcutaneous-injection-in-the-mouse/



Immunize the mice - Inoculation

Intraperitoneal (IP) Injection
Definition: Delivery of a substance directly into the peritoneal cavity —

Peritoneal cavity:

Potential space in abdomen between visceral and parietal peritoneum, usually
containing only small amount of peritoneal fluid (for lubrication)

https://researchanimaltraining.com/articles/intraperitoneal-injection-in-the-mouse/



Peritoneal cavity:

Potential space in abdomen between visceral and
parietal peritoneum, usually containing only small
amount of peritoneal fluid (for lubrication)

Common ||
Hepatic Duct | |

Cystic Duct |

‘‘‘‘‘



IMMUNIZE THE MICE




How to make a monoclonal antibody

Immunize mice
Test the serum
Perform a fusion

Screen the fusion for
the right cells

Grow the
hybridomas

Harvest the antibody

Concentrate and
purify the product
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Spleen extraction:
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Test the serum - Bleeding the mice

e Acapillary tube is applied to nicked vein

e Bloodis drawn into the tube.




Note: Eyes are not bulging here. Risk of not obtaining blood.

Freckle. Easily seen on
white mice, also visible on dark mice.

Facial Vein. Your target blood vessel, running
just along the bottom of the mandible (jaw).



Test the serum -In the Lab

Whole blood from the immunized mice is transported
to the lab.

The whole blood is spun down in a centrifuge to
separate the serum.

The serum is diluted in a series from 1:300
to 1:300,000. and tested by ELISA

4. Serum

Blood clots

PRIMARY ANTIBODY DILUTION
. Y Y W

12 14 18 116 132 164 c———

E 8 =

%

LABELED SECONDARY
ANTIBODY DILUTION

3
5

'l i ol =

1 2 2 3 4 6 7 8 9 10 n 12
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Test the serum - Decision time

Primary Secondary

antibody antibody

response response

P g |
IgG
First exposure Second exposure
to antigen to antigen
2 l
£
£ A fusion is done when
= . .
£ - thelgG levelis high
& L=~ - andthe IgM levelis low.
’ ¥
\
e’/ Newamom- ——— ———— S IgM
0 1 2 3 4 5 6 ‘7

When the serum titer of the mice has reached a plateau, an additional ELISA test
is performed to determine the predominant isotype present.
The two isotypes that are most common in mouse serum are IgG and IgM.

The mouse with the strongest, most specific response is chosen for the fusion.



How to make a monoclonal antibody

Immunize mice
Test the serum
Perform a fusion

Screen the fusion for
the right cells

Grow the
hybridomas

Harvest the antibody

Concentrate and
purify the product
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SUFFERING IN SILENCE

Caring for research animals can take a severe mental toll. Is anyone listening?

9 MAR 2023 - BY DAVID GRIMM
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Down to size: Mouse spleens illustrate the &

reducing effects of a promising drug for
Cooley’s anemia patients.




Schematic of Mouse Hybridoma Generation for
Monoclonal Antibody Production
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Spleen cells (HGPRT*)
{Antibody producing) Myeloma cells (HGPRT)

Cell death l Cell death
Proliferation
o Die in HAT because
Die in HAT because Survive in HAT they lack HGPRT
they have a limited life because they have
span HGPRT and contain

the unlimited potential
of cancer cells



What does HAT do?

HAT contains:
- Hypoxanthine
-~ Aminopterin
—  Thymidine

Myeloma cell fusion partners were selected for the loss of the ability to synthesize hypoxanthine-guanine
phosphoribosyl transferase (HGPRT)

HGPRT enables cells to synthesize purines using an extracellular source of hypoxanthine as a precursor.

Normally, the absence of HGPRT is not a problem because cells have an alternate biochemical pathway (termed the rescue
pathway) they use to synthesize purines. The rescue pathway allows myeloma cells to divide normally.

The rescue pathway is inhibited by aminopterin. In the presence of aminopterin, HGPRT is essential for survival.

HAT is selective for fused, (hydridoma) cells because:
- Unfused myeloma cells cannot grow because they lack HGPRT
- Unfused normal spleen cells cannot grow indefinitely because of their limited life span.

In hybridomas the spleen cell partner supplies HGPRT and the myeloma partner is immortal because it is a cancer cell,
overcoming the growth block of spleen cells.



How to make a monoclonal antibody

Immunize mice
Test the serum
Perform a fusion

Screen the fusion
for the right cells

Grow the
hybridomas

Harvest the antibody

Concentrate and
purify the product
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Hybridomas selection
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Hybridoma selection: Screening:
Growth in HAT medium Identify antibody-producing
hybridomas
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Perform a fusion - Growing the cells (hybridomas)

Cells are grownina 37°C
incubator.

Cells are keptin an atmosphere
of about 6% CO,.

The cells are fed after 7 days of
incubation.
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The cells are checked for growth
after 10 days of incubation.
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Hybridoma selection:
Growth in HAT medium

Hybridomas selection
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Limiting dilution
is a technique used to isolate single cell clones from a population, based on statistical
probability.

It involves diluting cells to a concentration where, on average, each well contains only one cell.

Workflow for Single-Cell Isolation by Limiting Dilution

Collection of
- individual cells
» @ prepared for dilution

Monitoring Growth: Identify wells with
colonies from single-cell origin

No Growth

Serlal D|Iut|on

‘J
‘, Stepwise dilutions to lower f_’“ W \\

Clonal
Colony

cell concentration.

Plating:
Dispensing
diluted cells into
individual wells.
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Advantages

Possible to select Mabs with the required

specificity.
Monoclonal Antibodies
- . A i \
Large quantities of antibodies can be x& y Il x&\
obtained easily. W( \Y\(/ \/f/

Single clone origin

Pure antibodies can be obtained more
easily.

Indefinite supply.



Disadvantages of Monoclonal Antibodies

1. Labour intensive.

2. Costly.

3. Longer time span.
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