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Willilam Coley (1862 — 1936) —
‘o e | y

 V 18.in 19. stoletju so ob kirurskem zdravljenju
raka puscali odprte kirurske rane in namerno
ustvarjali gnojne rane, ga bi gnojenje unicilo
tumor

o Leta 1891 je ameriski kirurg William Coley
porocal o zdravljenju neoperabilnih bolnikov z
rakom s toksiCnim pripravkom Streptococcus
pyogenes — zaradi porocCil o bolnikih z rakom, Ki
so ozdraveli po streptokokni okuzbi kirurSke rane
(erizipel).

Do leta 1963 so to zdravljenje uporabljali za
zdravljenje sarkomov (po Coley-u 51%
uspesnost, kasnejse analize — 20% uspesnost, |.
1963 FDA zavrne terapijo kot neuspesno in z
veliko nezeljenimi ucinki.




Lloyd John Old (1933 — 2011) —
oce tumorske imunologije

 Vodja raziskav na ,Memorial Sloan Kettering
Cancer Center”

« S sodelavci je uvedel bacillus Calmette-
Guerin (BCG) v imunoterapijo tumorjev

» odkril je povezavo med glavnim
histokompatibilnim kompleksom (MHC) in
levkemijo

o odkril je povezavo med virusom Epstein-Barr
(EBV) in nazofaringealnim karcinomom

o odkril je dejavnik tumorske nekroze (TNF)

o z odkritiem TL, Lyt (CD8) antigenov je
opredelil koncept diferenciacijskih antigenov
celiCne povrsine

* neodvisno od dveh drugih skupin odkril p53




Steven A. Rosenberg (1940)

* Predstojnik kirurgije na
Nacionalnem institutu za raka v
Bethesdi v Marylandu

o ZacCetnik razvoja tumorske
Imunoterapije s citokini (IL-2) in
adoptivne imunoterapije s tumor-
infiltrirajoCimi limfociti T (TIL).

Vaccine Therapy Cell- Transfer Therapy




Kaj je rak?

Rak je splosno ime za obsezno skupino razlicnih
bolezni, katerih glavna znacilnost je nenadzorovana
razrast spremenjenih, rakastih celic, ki pa nastanejo
zaradi nepopravljive spremembe v celicnem jedru,

mutacije genov




Zdravljenje: kirursko, obsevalno,
citostatsko, tarcno, imunolosko

Odvisno od vrste In razsirjenosti raka

2

3

Teorlja: rakaste celice nenehno nastajajo,
99,999...% jih normalno uniCi imunski sistem




Protitumorski imunski odzivi

Vsaka tumorska celica o . = L o
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A lhan. Osnove medicinske imunologije. MF 2023
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 Inhibitorni receptorji celic NK prepoznajo molekule MHC razreda | v
kompleksu s peptidom, kar zagotavlja, da celice NK ne napadejo zdravih

gostiteljskih celic

» Celice NK se aktivirajo ob stiku z okuzenimi celicami, pri katerih je
izrazanje molekul MHC razreda | zmanjSano.



Mastanek molekule MHC | in prepoznava okuZene celice
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Mehanizmi, s katerimi se tumor izogne
Imunskemu odzivu

e Tumorske celice neucinkovito
predstavljajo tumorske antigene

* Indukcija anergije ali delecije tumorsko
specifiCnih limfocitov T

* Imunoregulatorni limfociti T
CD4+CD25+

* Imunoregulatorne nadzorne toCke

(CTLA 4, B7-H1, B7-H4) — normalno

sluzijo imunoregulaciji ob (kronichem)

vnetju

* |zlo€anje imunosupresivnih citokinov,
imunostimulacija tumorjev
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Mehanizmi periferne tolerance

* mehanizmi intrinzine periferne celicne T tolerance: ignoranca,
anergija, apoptoza, fenotipski obvod,;

* mehanizmi ekstrinzi€ne periferne T celiCne tolerance: tolerogene
dendriticne celice, regulatorne celice T

IZnoranca anergija fenotipski obvod klonska delecija z apoptozo
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CTLA-4 in PD-L1/PD-1 pot za izogibanje
adaptivnemu imuskemu odzivu

Discovery Med 2018;12:101
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Delovanje imunoterapl

Stimulacija obstojece Tarcno uniCevanje

Imunosti: tumorjev

1. Vnetna : citokinska th, e 1. cepiva proti onkogenim
BCG instilacija (rak virusom, tumorska cepiva
mehurja), onkolitiCni (dendriticne celice, mMRNK),
virusi CAR-T, CAR-NK

2. Limfocitna: celice LAK, o 2. Monoklonska protitelesa,
celice TIL iInhibicija kontrolnih tocCk, ex

VIVO ekspandirani specificni
limfociti T — adoptivna
celicna T terapija




Prve ideje cepiv: cepiva i1z tumorskih

celic

* Avtologna celiCna » Alogenska celi¢na
cepiva - oslabljene cepiva - celiéne linije

tumobrslk(_ekcgllce iz tumorskih celic

omnika. bolnikov:
- celoten antigenski repertoar, . ..

specifiten za bolnikov tumor -standardizirana, Siroko dostopna

- polivalentni protitumorski - uporabna pri vecjem stevilu

iImunski odziv bolnikov
- variabilna imunogenost tumorjev - Canvaxin, Melacin

med bolniki




Cepiva z dendriticnimi celicami

DC so antigen. “Loading” s tumorskimi
predstavitvene celice, antigeni:
klj_uch za nav_zkrlzno - peptidi, proteini, eksosomi, heat
aktivacijo naivnih CD8+ shock proteini, apoptotske celice,
limfocitov T celiéni lizati
Zrele DC: CD34+ prekurzorji iz - transfekcija s cDNA ali mRNA
kostnega mozga ali periferne krvi +
citokini - fuzija DC s tumorsko celico
Nezrele visoko fagocitne DC: periferni
monociti + GM-CSF in IL-4 patogen @

povriinski receptor
PRR (TLR)

imunski odziv
Thi
MHC 11 /
dendriti¢na uaivna

colica = celica T
TCR

J
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Survival of castration-resistant prostate cancer patients treated
with dendritic—tumor cell hybridomas is negatively correlated

with changes in peripheral blood CD56”"8"tCD16™ natural killer
cells
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Tarcne imunoterapije je omogocil izum
priprave monoklonskih protiteles

L.1975 sta Georges J.F. Kohler in
Cesar Milstein iznasla nacin za
proizvodnjo monoklonskih
protiteles

Cepljenje misSi s Cloveskimi
proteini in zlitje limfocitov B z
mielomskimi (malignimi) celicami.
Pri tem nastanejo zdruzene,
hibridomske celice, ki tvorijo
protitelesa (zaradi Ig genov
limfocitov B) in se neprestano
razmnozujejo (zaradi genov
tumorskih celic). Za to odkritje sta
leta 1984 prejela Nobelovo
nagrado za medicino.
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za tkivne Kulture

Iz: A lhan. Osnove medicinske imunologije. MF 2020



Monoklonska protitelesa kot
tarcna zdravila

Monoklonska protitelesa so
lahko izjemno ucinkovita
tarCna zdravila

Po aplikaciji v telo se vezejo
na doloCen protein, ki opravlja
pomembno funkcijo. Z vezavo
bodisi inaktivirajo ciljno
funkcijo (na primer aktivacijo
skozi receptor CTLA-4 in PD-
L1/PD-1 ) bodisi unicijo
populacijo celic, ki ima na
povrsini tarcni protein za
monoklonsko protitelo (na
primer tumorsko celico CD20 —
B limfocit)

misje
(100%)

SRS

hlmnnm humanizirano humano
Yo misje) (10%: misje) { 100%)




Name

Antigen Format Indications (Year of First Approval)

Antibody-Drug Conjugates (ADCs)

Gemtuzumab
0zogamicin

CD33 Humanized ADC Acute myeloid leukemia (2000)

Hodgkin’s lymphoma and Anaplastic

Brentuximab vedotin CD30 Chimeric ADC large-cell lymphoma (2011)
Trastuzumab HER2 Humanized ADC Breast cancer (2013)
emtansine
Inotuzumab CD22 Humanized ADC ~ Acute lymphoblastic leukemia (2017)
ozogamicin
Polatuzumab vedotin CD79B Humanized ADC B-Cell Lymphoma (2019)
Enfortumab vedotin Nectin-4 Human ADC Bladder cancer (2019)
Trastuzumab HER2 Humanized ADC Breast cancer (2019)
deruxtecan
Saci tgzumab TROP2 Humanized ADC Triple negative breast cancer (2020)
govitecan
Moxetumomab CD22 Mouse ADC Hairy-cell leukemia (2018)
pasudotox
Ibritumomab Mouse IgG1-Y90 or .
Huxetan CD20 Inl11 Non-Hodgkin’s lymphoma (2002)
lIodine (I131) i k .,
tositumomab CD20 Mouse IgG2-1131 Non-Hodgkin’s lymphoma (2003)
Blinatumomab CD19, CD3 Mouse BiTE Acute lymphoblastic leukemia (2014)



EGFR
inhibitors khue inhibitors
Sus*tdning Evading
Aerobic glycolysis proliferative growth Immune activating
inhibitors signaling suppressors anti-CTLA4 mAb

Deregulating Avoiding
cellular immune
energetics

Proapoptotic Resisting Telomerase
cell replicative
BH3 mimetics death edmrils Inhibitors
Genome
instability &
mutation
Selective anti-
infl t dr
et | inflammatory drugs

Inhibitors of Inhibll:ou of
VEGF signaling HGF/c-Met

This figure illustrates some of the many approaches employed in developing therapeutics targeted to the known and
emerging hallmarks of cancer.

EGFR indicates epidermal growth factor receptor; CTLA4, cytotoxic T lymphocyte-associated antigen 4;
mAb, monoclonal antibody; HGF, hepatocyte growth factor; VEGF, vascular endothelial growth factor;
PARP. polv{ADP ribose) polymerase.




Protitelesa proti CD20 (limfocitom B)

* Pripravki anti-CD20 se vezejo na CD20, ki je na limfocitih B (na normalnih in
maligno spremenjenih). S tem unicCujejo limfocite B, zato jih uporabljamo za
zdravljenje levkemij in limfomov, zraslih iz limfocitov B.

Multiple sclerosis MOGSD NMOSD

Zaradi hkratnega uniCenja zdravih, L e P

netumorskih limfocitov B je zagasno N BRI e
preprecen tudi bolnikov protitelesni T e
Imunski odziv, zato lahko zdravilo |

uporabimo tudi kot imunosupresiv.
B cell Plasma cell LI gl cli “d';"d*d‘ = Anti-NMDAR
plasma cell Ff
Identification of the Chimeric mouse/ Rituximab is % f_) | 5_‘!W
idiotype, a cancer- human mAb administered in : * -

g M i 5 5 s Antibody- }: Anti-dsDNA =
specific target in i technology is combination with independent fopa
B-cell lymphoma dme” J chemothera L 2l

z lp - I - gy Glutamate. | NMDAR
: 3 3 5 Myasthenia gravis
B-cell cloning & . Rituximab is y 2
DOIDS Discovery of the theumatai d arthritis
production of the CD20 antigen on B produced and i o

first mAbs in cells administered to " D Bcell  Plasmoblast Plasma cell

a.!!mm.ﬁuangﬂ;_"es, patients e S
% . (_) H f_) \j }WD:HR
\ T T ienré;elcsindent el L}flﬂr‘_)

1970 1980 1990 2000
Hybridoma ‘ Anti-idiotype mAbs US FDA approval of US FDA approval of o R
techn.ology . | | are produced and situximab for Bocell next generation ‘"
allowing unlimited | = administered to lymphoma anti-CD20 mAbs ACh' ACHR
_mAb production | | patients ofatumumab and

obinutuzumab

' Nature Reviews Drug Discovery volume 20, pages179-199 (2021)



Celice CAR-T (ang. Chimeric antlgen
receptor T cells) )

Bolnikove limfocite T se odvzame iz krvi, jin v
inkubatorju okuzi z vektorskimi virusi, ki prinesejo v
limfocite T nov gen (CAR), ki omogocCa
prepoznavanje bolnikovega tumorja.

Tako pripraviljene “umetne limfocite T” se v
iInkubatorju (,umetna bezgavka“) dodatno razmnozi
(2 tedna) in nato injicira v bolnika z namenom, da
celice CAR-T napadejo in unicijo tumor.

Sinteticni receptorji CAR so oblikovani na osnovi enoverizne
Imunoglobulinske molekule tako, da limfocitom T omogocijo prepoznavo
specificnih tarcnih molekul na povrsini tumorskih celic. Za razliko od
receptorjev TCR, so receptorji CAR sposobni prepoznave povrsinskih
antigenov neodvisno od molekul poglavitnega histokompatibilnostnega
kompleksa (MHC).




Genska modifikacija T celic

* 1. Uporaba himerno spre.menjenih « 3. Uporaba himernih receptorjev za
TCRreceptorjev — CARs; izogibanje tumoski supresiji; IL-4/IL-7
Eksodomena TCR je spremenjena v himerni receptor, rezistenca na npr.
fragment BCR — omogoc¢a MHC rampamycin

neodvisno prepoznavo (lahko tumoriji

prenehajo z izrazanjem MHC) 4. UtiSanje/izrazanje novih genov;,

CCRA4 receptor, utiSanje endogenega

« 2. Uporaba kostimulativnih signalov; TCR (nove metode CRISPR-CAS9
povecCanje specificnosti, ON/OFF cinkovi prsti,...)
switch.
A B
- I. generacija . 1. V. v,

CAR

zunajcelicni del

transmembranski del

- cmi cm2 4 p
T TAM ITAM IL-12 « ML2RBE -~
znotrajcelicni del " " t Y, JAK




Zdravljenje z gensko spremenjenimi
|ImeCItI T — CAR-T

-~

Tumor-specifini antigeni, ki se
izrazajo na povrsini krvnih rakov
(CD19, CD22, CD123) ali solidnih
tumorjev: EGFRVIII,HER2, Mezotelin

Vektorski virus — virusi so mikroorganizmi, ki
vstopajo v naSe celice in nekateri od njih
(retrovirusi) vgradijo svoje gene v genom
nasih celic.

Ce v retroviruse vgradimo gen za nov celiéni
receptor (CAR), potem ob okuzbi ¢loveSke
celice retrovirus vgradi v genom Cloveske
celice tudi vstavljen gen CAR.

S tem dobimo modificitan limfocit T, ki ima
dodaten receptor za prepoznavo tumorja.

e A

Tudi nezeljeni u€inki: citokinski vihar (cytokine release syndrome CRS), mozganski edem,
nevrotoksi€énost, masovno uni€enje aplazija normalnih tarénih celic (napr limfocitov B).
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Anti-CD19 CAR T cell therapy for refractory
systemic lupus erythematosus

Andreas Mackensen "2 Fabian Miiller?#, Dimitrios Mougiakakos"?*#, Sebastian Béltz(24,
Artur Wilhelm @24, Michael Aigner*?, Simon V6lkl*2, David Simon 2%, Arnd Kleyer (24,

Luis Munoz?#, Sascha Kretschmann'?, Soraya Kharboutli*?, Regina Gary"?, Hannah Reimann'2,
Wolf Rosler'?, Stefan Uderhardt®>#, Holger Bang®, Martin Herrmann©24, Arif Biilent Ekici ¢,
Christian Buettner®, Katharina Maria Habenicht?, Thomas H. Winkler©7, Gerhard Krénke ©248
and Georg Schett (2485

Systemic lupus erythematosus (SLE) Is a life-threatening autoimmune disease characterized by adaptive Immune system
activation, formation of double-stranded DNA autoantibodies and organ Inflammation. Five patients with SLE (four women
and one man) with a median (range) age of 22 (6) years, median (range) disease duration of 4 (8) years and active disease
(median (range) SLE disease activity Index Systemic Lupus Erythematosus Disease Activity Index: 16 (8)) refractory to several
iImmunosuppressive drug treatments were enrolled in a compassionate-use chimeric antigen receptor (CAR) T cell program.
Autologous T cells from patlents with SLE were transduced with a lentiviral anti-CD19 CAR vector, expanded and reinfused at a
dose of 1x 10 CAR T cells per kg body weight Into the patients after lymphodepletion with fludarabine and cyclophosphamide.
CAR T cells expanded In vivo, led to deep depletion of B cells, Improvement of clinical symptoms and normalization of labora-
tory parameters Including seroconversion of anti-double-stranded DNA antibodies. Remission of SLE according to DORIS cri-
terla was achleved In all five patients after 2 months and the median (range) Systemic Lupus Erythematosus Disease Activity
Index score after 3 months was 0 (2). Drug-free remission was maintained during longer follow-up (median (range) of 8 (12)
months after CAR T cell administration) and even after the reappearance of B cells, which was observed after a mean (+s.d.)
of M0+ 32 d after CAR T cell treatment. Reappearing B cells were nalve and showed non-class-switched B cell receptors. CAR
T cell treatment was well tolerated with only mild cytokine-release syndrome. These data suggest that CD19 CAR T cell transfer
Is feasible, tolerable and highly effective In SLE.
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