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Introduction - .

Molecular Imaging — a multidisciplinary field
Positron emission tomography (PET)
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Introduction

Selection of important PET nuclides

radionuclide T
E....in keV nuclear reaction chemist

cyclotron covalent, mainly
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. Introduction - .
Molecular imaging with PET

Time-actvity curves

Computer Aided
Reconstruction

v
activity

o —

3D-Bild

Importance of PET in medical diagnostics

Primay diagnostics

Functional diagnostics
e.g. tumours e.g. tumour hypoxia
OH HO '°F
HO 0 ~ _>_/
Hgé@/OH N/
18F

['8F]fluoromisonidazol (['8F]FMISO)
2-['8F]fluoro-2-desoxy-D-glucose (['8F]FDG)
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Introduction -

Importance of positron emission tomography in pharmacological research and drug
development: Dose optimisation and measurement of target occupancy for
verification of therapeutic efficiency through companion diagnostics

Pre treatment Treatment
50— =
o Olaparib (Lynparza): 2 !
" inhibitor of poly-ADP-ribose polymerase o _g d
O 3 (PARP) for treatment of BRCA-mutated @ é e | 2
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Reiner et al. Neoplasia 2012, 14, 169-77 Individualisation of tumour
therapy through target-

directed molecular imaging
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. Introduction -

Extracellular matrices

Pericellular matrices

Basement membrane g
Collagen IV network "y Hemidesmosomes
7 7/

o _ “Intermediate
Sl filaments

igated in almost all pathogenetic

ic tumour diseases

barrier or migration path for cells

rvoir for growth factors

* Mechanical properties have an influence on cell growth and
differentiation processes
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Development of radiotracers for novel imaging
targets for functional characterisation of
tumours using PET
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Matrix-modifying enzymes

Cysteine cathepsins Transglutaminase 2
, 2,

ey
~41 1
A

Lysyl oxidases

5

S




. Introduction ¢ Cathepsins . .

Cysteine cathepsine and tumour progression

» 11 different cathepsins with cysteine residues in the active site identified in humans:
L,V,S, K,B,C,H O, F,W, X

Basemement
membrane
extracellular
invasive tumour cells: ® &l matrix
cathepsins B and L activate other matrix =

proteases @ e
L

.......

tumour-associated
macrophages:
cathepsin S

cleaves cell adhesion
molecules (Cadherin E
and VCAM)

(particularly cathepsin B)l

Epithelial cell %3 Macrophage @ Lymphocyte
Tumour cell (@ Mast cell ‘active cathepsin

invasive tumo@ neutrophile )
cell granulocyte Cell adhesion
molecul

Adapted from: Gocheva & Joyce Cell Cycle 2007, 6, 60-64

* Increased activity in tumours is associated with reduced sensitivity to radiotherapy and chemotherapy
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Cathepsins

Radiotracer development

Inhibitor-based tracer design

Azadipeptide nitriles: highly potent inhibitors, stable against proteolytic degradation

rR
OH (0]
F(CH,),Br
or
(o} | (o]
ZN CHal | _N
OJLN Noy"? NaH OJLN Noy "2
H § | DMF H o |
1 2 R =CHyF
3R=H
K; (nM)
cpd.
cathepsin L cathepsin S cathepsin B cathepsin K
1 0.36 £ 0.03 0.86+0.02 0.38+0.03 0.16 £ 0.01
2 0.73+0.06 0.79+0.06 2.4+0.1 0.17 £ 0.01
3 0.68 + 0.06 0.46 £ 0.05 22+04 0.085 + 0.01
9 Loser et al. Angew. Chem. Int. Ed. 2008, 47, 4331-4
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Cathepsins

Radiolabelling: Fluorine-18

10

~N
OJLN Noy"~Z CH4CN "N 'I‘
H o | 115 °C o

Radiosynthesis via ['®F]fluoroethyl nosylate, optimised procedure

NO,
0\.9
>s< 0. ,©/
\0/\/ ;’S\\
5 [o)gae}
O.N

Kozo!
['®FIF[K,CO, 90 °C 18
HaCN

OH Q.0

18
@,3on F
O,N

——
052003 JL '!l

> Two-step, one-pot radiosynthesis

» Radiochemical yield (RCY, d.c.) 23.6+2.2 % (n=17)
» Mean synthesis time 143+4 min (n=17)

» Radiochemical purity 98-99 % (HPLC, DC)

» Molare activity 11.8+3.6 GBg/umol (n=9)

Loser et al. ChemMedChem 2013, 8, 1330-44

Radio-HPLC
1000+ -0.010
2 8001 SN L 0.005
o .
Z' 6001 L
3 “'“’|) 0-660
%400- 0
[@Flg(-). o | --0.005
N
K222/ k\ J‘L N\ //
S
AN S A ' e
CHaCNy 5 Ao 15 “20 25 30
90 °C tr (min)
12% vs. 74%
Radio-TLC
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Cathepsins

Radiopharmacology
Dynamic PET imaging

NMRI mice with
subcutaneous human MeH,
NCI-H292 tumours 0

(xenograft model)

1 min 5 min 60min 120 min ©/\ NS

Currently pursued approaches for cathepsin imaging in e

L C-labelled
‘o Time ?ﬁtm" consequence of unfavourable warhead-thiol reactivity: gﬁﬂjz abele
' psin-mediated tumour
0.8 ﬁ-}“ - Radiolabelled dipeptide alkynes as irreversible inhibitors € confirmed by PET imaging
s t~  (Behring et al. J. Med. Chem. 2023, 66, 3818.51) blockade with inhibitor
£E0.64 ; c . .
>k B Cathepsin-activatable cell-penetrating peptides (Kuhne |
L 0.4f C  etal. Proc. 351 Eur. Peptide Symp. 2018, 52-55) ompd. Radiopharm. 2019, 62, 448-59
<

A [ tun

. L . 11 & [®F2-BSH/ *
.. etention of radiotracer in the 5
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ol ng blood residence time

0. 0!
0 20 40 60 80 100 12
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Loser et al. ChemMedChem 2013, 8, 1330-44 wiincrss Qg



Extracellular matrix:

Highly organised substance outside the cells

Cell-matrix interaction are implicated in almost all pathogenetic
proceses, particuarly neoplastic tumour diseases
Context-dependent migration barrier or migration path for cells
Reservoir for growth factors

Mechanical properties have an influence on cell growth and
differentiation processes

|

Proteases Fibrous proteins Glycoproteine Glycosamino-
e.g. cysteine ol . . glycans and
cathepsins Vg * Collagene * Fibronectin
Vsis oF « Elastin « Laminin proteoglycans
bo Fibrillin
J
|
Lysyl oxidases > < Degradation/structural
: N .. ificati lul
Transglutaminases Modification of ren::'f'nfzgon by extracellular
, and other Enzymes amino acid side chains y
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. Introduction ¢ Cathepsins < Lysyl oxidase -

Lysyl oxidases rlle o

+0, + +
CH +H20 C\ H202 NH3

—_—
Lysm AIIysm
_I,_, Lysyloxidase ...|_.
Physiological function:

Cross-linking of structural proteins (collagen, elastin) in connective tissues

Cu-dependent amine oxidases

5 Homologues: lysyl oxidases (LOX) and lysyl oxidase-like 1-4 (LOXL1-4)

Primary
tumour
~ EMT o jo_ly -
ieitsls] e~ * Restructuring of the tumour-
Stroma /

Intravasation

associated extracellular matrix
* Increased expression under

Restructuring of the der extracellular hypOXiC con d itiOnS

matrix by lysyl oxidases (and other K f h g

matrix-modifying enzymes) = ey enzymes o yPOXIa'
induced tumour metastasis

l Extravasation

i ! 35;1195 Erler et al. Nature 2006, 440, 1222-1226
@ Ele] we aRe Levental et al. Cell 2009, 7139, 891-906

MET 8*1® Taken and adapted from: G :
ranchi et al. ChemMedChem 2009, 4, 1590-1594
uu: Secondary tumour Jones et al. Adv. Therap. 2020, 3, 1900119

Colonisation DRESDEN ﬁ
13 Review: Baker et al. Nat. Rev. Cancer 2012, 12, 540-552 - ey

concept

Current review including inhibitor development and imaging: Loser et al. ChemMedChem 2023, 18, e202300331 -d



. Introduction ¢ Cathepsins < Lysyl oxidase -

Lysyl oxidases — development of radiotracers

Starting from collagen a1(l) N-telopeptide derivatives

-\

N-terminus
telopeptide .

(a1),02

lysyl e
oxidase

C-Terminus

spontaneous | -H,0

radiolabelled
N-Telopeptide derivatives B3

o
m
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Lysyl oxidase

Development of radiotracers

Substrates of lysyl oxidase — N-telopeptide derivatives of type | collagen a1 chain
Trapping of radiolabelled peptides in the ECM and imaging by PET

NH,
HQ
replacement o 1 o o o OH
Pyroglutamate 0=‘(Nj\[fﬂ\_)LN HJLN/\“H\)LN N N H‘ﬁ"‘\'(lf“‘j”" n\ﬁNITQ
H 5 { H i H i H P H i H H i H
i LU E e A T R
0“ OH
18F HO HO N-Telopeptide of the a1(l) chain (type | collagen)
[8F]Fluorobenzoyl \@\r])\
o]
D K NH,

° OH
[0} [0} (o] (o}
HO

HO HO modified N-telopeptide

(N-terminally acetylated derivative k_,/K,,=2 M-'s"*)

3 HO OH
o) o o o o 0 o r Ho[E°
H H H H H N
2. /@)LN/\H,N\)LN/\H,N\:)LN_JLN N\)'LN/\n,N\)LN/\n,N\)LNHZ @YH HN I
F H lo} H o E v H lo} H lo} H o ) [¢] (o) NH
HO. ano o OWV\NHz
°  DPK peptide oy K
(N-terminally acetylated derivative k_,/K,,=110 M-'s"'*) HO .
cyclohexapeptide
DRESDEN ﬂ
15 *Nagan & Kagan, J. Biol. Chem. 1994, 35, 22366-71 EANESRY
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. Introduction ¢ Cathepsins < Lysyl oxidase -

Cyclic peptide as potential LOX substrate -

Derivation of 3D structure by CD and NMR spectroscopy and

MD simulations

HO Cyclohexapeptide

100-
kS
£
‘:U 0. ........... L PN
£
o
_g;‘ __ 2.5 mM sodium
© hosphate pH 7.4
S -1001 phosp P
é -- 5 mM sodium
= phosphate pH 7.4 +
trifluoroethanol (1:1)
-200 T T T .
180 200 220 240 260

A (nm)

CD spectrum of cyclohexapeptide

16 Wodtke et al. Org. Biomol. Chem. 2015, 1878-96

Solution structure of

cyclohexapeptide as calculated
from NMR-supported MD

simulations

cyclo( Ser pro Lys(FBz) Asp Glu Lys)

AS/T > -2 ppb/K
Unrce™ 8 Hz
{’Nncm. <6 Hz
dun

d|IN
dyp

dnw (i, i+1)

don (i i+1)

dw (i, i+1)

dus (i, 1)

dwx (1, #1)
A i, i+3)




Lysyloxidase

Development of radiotracers

Substrates of lysyl oxidase — N-telopeptide derivatives of type | collagen a1 chain
Trapping of radiolabelled peptides in the ECM and imaging by PET

HO
replacement o (OH o OH
H H O o o] o) o 0
Pyroglutamate o=(Nj\n’N\:)LN N\_)LN/\“H\_)LN N My H\)LN H\)LN H\)LN\,qu
H o : H : H : H : H H o H o ; H NH
j E 0 2

18,
[**F]Fluorobenzoyl F@\r')\ "o He N-Telopeptid der a1(l)-Kette (Typ I-Kollagen)

0 o j o o o } 0
4( Ho' Ho' 0”7 NH;
0 0oH

HO HO modified N-telopeptide

(N-terminally acetylated derivative k_,/K,,=2 M-'s"*)

3 HO oM
o [o] o (o] [o] (o] [o] ] F. H °
H H H H H
2. /@)LN/\H,N\)LN/\H,N\E)LN_%LN N\)'LN/\n,N\)LN/\n,N\)LNHZ @YH HN I
F H lo} H o E v H lo} H lo} H o ) (o] (o) NH
HO ano o OWV\NHz
°  DPK peptide {JNJ%NH

(N-terminally acetylated derivative k_,/K,,=110 M-'s"'*) HO .

cyclohexapeptide
DRESDEN ﬂ

17 *Nagan & Kagan, J. Biol. Chem. 1994, 35, 22366-71 Sl
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Lysyl oxidase

Regioselective labelling of peptides with fluori

a-NH,:

Site of labelling
Labelling with fluorine-18
18F-Fluorobenzoylation with ['F]SFB Y
Problem: selective labelling at N-terminus should be achieved®

* Method for regioselective labelling 18F-fluorbenzoylation was (Agent for 18F labelling:
developed
& N-Succinimidyl 4-['8F]fluorobenzoate
(o)
K NS0 (['®FISFB)
¥ f ¥ : o
o
oyt 8 2 LR e 0 3 2 3
__{”o=“o Ho \Ho,/ Hop Ho,*“ooN (o)
@ olo % SV "o 18 o 1
q 9 A b R-NH, —- » RN
A
X B H 1o
g -
Kﬁ L o
\|/ 2 \]/ o
oF Ho Pu o H © J::S Q H Q 0H Q H @ O
18F-Fluorbenzoylation :WON?LHLg”?uﬂ’\gNE)Lm ey ONEJLHI{;”JLu o”zﬂuj;of“g o
e X, g {IVC
oo X A
v % K
Cleavage on NH;
and deprotection o, oH o oH
m»wwﬁ»{»mmﬂ;g
6 o 1” o ; Hoo H o [/ H g
HO"™O

Kuchar et al. Amino Acids 2012, 43, 1431-43
Kuchar et al. Front. Chem. 2018, 6, 121
Loser et al. Amino Acids 2019, 51, 219-44

18

HzN\)L er \)LN’\n’

ne- -18

€-NH,: enzymatic conversion by lysyl oxidase
No labelling!

HO

o BAT ARG,

N-Telopeptide precursor for labelling

Hz

~

o7 jH
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. Introduction ¢ Cathepsins < Lysyl oxidase -

Evaluation of the 18F-labelled telopeptide-derived
lysyl oxidase substrate in A375 tumours (murine xenograft model)

Time-activity curves

NH,
07 oH
HO
['°F]4
NH,
[o] H © H 9 0 H O W0 W oo
" /©)LNENJNEN?L@H(;NJHENJNENJNH:
] HOy~
0
['5F15

['oF6

[Fl5 [Fl6

DRESDEN
co t

9 Kuchar et al. Front. Chem. 2018, 6, 121



Lysyl oxidase

Evaluation of the 18F-labelled telopeptide-derived
Lysyl oxidase substrate in A375 tumours (murine xenograft model)

Pharmacological blocking and non-functional analogues confirm
lysyl oxidase-mediated tumour uptake

e > Non-functional analogues
Lys — Orn Lys — Nle
QJQN/YH\)?\N/\WH Y ON __0 N{n\ﬁN/\n’n\/&N/\n’n\)oLNH; attenutated no enzymatic
105 o Mot sfo Ho Ho enzymatic conversion
Y ['8F]5 conversion

Pretreatment with lysyl oxidase inhibitor: o/ \, o o Hz of \y o o (f
p-aminopropionitrile (BAPN; 100 mg/kg) J@)‘QPQNJ\&—/)LH o"vﬁ)wz /@/“(Hﬁﬁ”ﬁl—/ﬂﬂ oNv[‘?NHz
F 3 E\fo 5 F 3 E\fo 5

/\///N OH [18F]5a OH [18F]5b
H,N - Tumour

-~ Tumour BAPN 0.8; : —
e Muscle

1.0-
= Muscle BAPN ~ _ 06
= <
» T >'04
0.54pr 7
' 0.2;

0.04
['®F15b

0 10 20 30 40 50 60
t(mln) DRESDEN W
20 Kuchar et al. Front. Chem. 2018, 6, 121 m "t

['®F15 ['®F15a

o
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Cysteine cathepsins

Development of radiotracers for novel imaging
targets for functional characterisation of
tumours using PET

¥

Matrix-modifying enzymes
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Transglutaminase 2
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Introduction ¢ Cathepsins ¢ Lysyl oxidase Transglutaminase -
Transglutaminase (TGase) 2

* TGases catalyse the formation of isopeptide bonds _ o
Posttranslational modifications of
GIn residue primary amine/ o  Lysresidue cross-linked protein glutamine residues:

iy 0 0 nlk)j\g/\/\/NHz M «  Cross-linking

R—NH . .
. ? _TGase2 Ca* a)J\/\/U\ + NH, + (Poly)amination
X

H20 « Deamidation

yl!

é-’i{\' increased expression and activity
pdb: 1KV3 of TGase 2 was observed in a

. ,open“ conformation db: 2Q3Z
»Cclosed confor variety of tumours and correlates P

. . : [Ca?*] high
[Ca?*] low W|tl_1 n_1etasta5|s and resistance to [GTPJ/[GDP] low
[GTPJ/[GDP] hig radiation and chemotherapy - Acyltransferase activity
* Function as G-protein und GTPase » Protein-disulfide isomerase and kinase
z « Funktion als adapter protein activity ““525” r\ - e ]

10N canpus I ‘



Introduction ¢ Cathepsins ¢ Lysyl oxidase Transglutaminase -

Ne-Acryloyllysine-derived inhibitors as starting point for
TGase 2-directed radiotracers

(o]
HNJ\/ HNJJ\/
z TGase 2
TGase 2
(o] IC — 3 1 uM 0 N \N | |C50 = 0014 IJM
L, o=t AL
H OH N N
o H 70
Marrano et al. Bioorg. Med. Chem. Lett. 2001, 9, 1923 Wityak et al. ACS Med. Chem. Lett. 2012, 3, 1024
o o o m TGase 2
©A0)LH’ \[ENI\)I\O 0o HzRON;der I\)LOHINHR +
o o NH 0 0o
o} 4-Methylumbelliferon
»
Ko K»=78 900 M s-1 fur TGase 2-catalysed hydrolysis ke Kinaot ~ k_y + Kinget
E+l El > Bl K=—7—
k_1 +1
3000 0.025- K[ = Kj(1+ [S])
—— [I]=0 k — Kinact'[1] ~ Kinact . [I]
— []=3uM 0.020- obs T K[ Ky K.,=8,6 uM
o 2000} — [I]=6 uM _ ~
E —— []=12 uM 1,,’0.015- [S]=30 uM
) — [1=24 M £0.010-
g 10T = [1]=30 uM <0 k. .o/ K=3368 M-1s"
0.005-
0
+ L + L . L + L + 0.000 T T 1
0 200 400 600 800 0 10 20 30
time (s) [71 (pM)
(vi = vs) - (1 — ekobs't)
’s RFU — RFU, = vg - t+ Kore Wodtke et al. ChemBioChem 2016, 17, 1263-81 ”ffi'if” 7N\ e — |
Wodtke et al. Anal. Biochem. 2020, 595, 113612 v gl



Introduction ¢ Cathepsins ¢ Lysyl oxidase

Transglutaminase -

Structure-activity relationships

24

RYRAR® k.. /K (M's1) i H
=== .o | [ 0(FimaceliJ=1 101 * = + 3,269
H Mﬂiﬁ & 4‘M n=5,5=0.03, R’:n,;n
2-F 4,490 (520) E \.\.
< 4F 4-Br
3-F 2,400 (210) s i, o0
4-F 1,910 (60) zal
4-C1 1.050 (90)
+2 X [} o 02 ]
4-Br 1,880 (380) o
44 1,080 (2) Regression analysis of Ig(!ﬁmal}(,):f(ap),

Substituents in red were not considered
for regression analysis.

4CH, 3,810 (270)
~ Substituents with low electron density are preferred

~ Substituents in the ortho position appear to be

Kinaed Ky . Kinact Ky

Re Kinaeil Ky (M5 ) o T s
H 6,520 (m] H n=5,s=0.03, R*=0.989
F 2,040 (120) ?': i
NO, 8,460 (710) g:”
COOH 1,750 (290) .
COOCH, 2,650 (150) sl " " 1}
CONH, 2,700 (20) o
CFy 2,700 (90) Regression analysis of Ig(k,../K)=f(g,).

i . Substituents in red were not considered
» Substituents with electron forregression analysis.

withdrawing effect (-M) are
preferred -

s
» Studies on covalent 7"‘/ 3 "

docking indicate possible

56 compounds synthesised and kinetical characterised for TGase 2inhibition

Covalent protein-ligand docking for explanation of SAR

Determination of membrane permeability (PAMPA assay)

Selectivity profile against other TGase isoforms for selected compounds

~ In ortho position, the pyridine nitrogen atom has
no effect, whereas in meta and para position, the
inhibitory potency is significantly increased

~ Similar to the nitro group, the pyridine nitrogen
atom in meta position forms contacts with
Arg317 whereas the nitrogen in para position
might interact with Asp306

= Nitro group seems to compensate the effect of
the pyridine nitrogen atom

Wodtke et al. Léser J. Med. Chem. 2018,

R” Kinaedl K (M5} R”

~ ,
/@ 2,980 (80) s
N .

@
1(Q‘ 6.520 (40) 1(@ 4,050 (40)
AN = ; NO,
H(Q 10,500 (100) YJCNr 8,460 (710)
NO,
/@ 2,970 (80) ﬁ 7,700 (130)
o e i

61, 4528-60

Ko K (M5}

Regression analysis of Ig(k, /K }=f(v).

tert-Butyl 6,140 (140)
Phenyl 4,560 (220)
NO, 10,200 (100)

2-Fluoroethoxy 3,020 (160)

» Inhibitory potency from
hydrogen to iodine
directly correlates with
the differential van der
Waals radii (v)

» Studies on covalent docking reveal a more favourable
spatial occupation by iodine compared to methyl

DRESDEN
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'

SCIFNGF AND R
KNDVATION CAMPUS TG ‘

-
™s

e



Transglutaminase

Inhibition of hTGase 2 by fluorinated N:-acryloyllysines

(o] (0]

HN HN Z
N N RN N
H R3 H o

(0]

Inhibitory potency against hTGase 2 —

9 000
E
< 6000 Q\*{ )i: h
e ol e,
< E .
S 3000+
=
o
1 ﬂ ﬂ ﬂ H C-H acidity problematic with
0 C - regards to '8F fluorination
I L I I I I I I I T I I I
25 Woditke et al. Léser J. Med. Chem. 2018, 61, 4528-60 7\ i —
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Transglutaminase

Fluorine-18 labelling of TGase 2 inhibitors

One-step radiolabelling

o
HNJ\%
OULO
N
H
)
10

10 Ag. SnCly 0

11

muj

Conclusion:

» Alternative precursor required
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Radio-TLC

HNJ\%
["®FIF-
NTTNO, K222 o N
o @ S
130° ['8F]8; 15 %
18F8 .
Problems: [°F1 after 20 min
« Separation of 10 and ['8F]8 difficult
— Reduction after '8F-labelling
* base-induced side reactions at the benzylic CH, group:
oxidation and cyclisation
Radio-HPLC
€ --- wlo Ar
g 20 - A Hnié
£ -
s L 9
515_ HN (\N N7 iee P ON O g™
0 §10-
N NP "é'
73 T 'g 51
NN T< 3

-2
o
o

tg (min)

Wodtke et al. J. Med. Chem. 2021, 64, 3462-78

DRESDEN
conce pt

" )
- Qg

o . ——

™ s

=



Fluor-18-labelling of TGase 2 inhibitors

One-step radiolabelling

Side reactions:

o

NP

11

\ CH;CN
110 °C

HN
CF5C00°

Q [”’F]F @ QMA
8 QLR

\ "Neumaier's

method"’ N
o]

e

Chromatogramme (semiprep. HPLC)

C %)
HN N0 SN o

0 6, 2
Demethylation 2.5410 QL J{(\N}L Q. ‘l’
2 W N o
"\'_/CNlN/ E /I \l/
I §2.0x10°6- ~ XYY
Methoxylation /@ > N Wl
2 ® BN
£ 1.5x10°6] I
Anionic polymerisation g
2 1000000
1 o
. HN Yo @1\ ‘E
N . . O o 3 5000001
E W«/\I o
i

— Wasonm

— yftrace

A

r4000

3000

+2000

(Nwvw) W 0€Zsqy

1000

0 T T T v
N N . 0 5 10 15 20
©\/“\ R—N (CHs)s, N(CHj),, OMe, 18F t (min)

Wodtke, et al. Loser J. Med. Chem. 2021, 64, 3462 'Richarz et al.Org. Biomol. Chem. 2014, 12,8094-8099
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@ Front Line, a

.8

Radio-TLC

['8F]8; 84 %
after 10 min

84.1%

Radiosynthesis data (mean £ SEM)

Labelling yield 74 +13 %

Radiochemical yield (d.c.) @ 33+14 %

97 £ 0.5 % (radio-TLC)
Radiochemical purity
97 + 0.6 % (radio-HPLC)

Synthesis time 136 £ 24 min
Molar activity 16.8-158.0 GBg/umol
Absolute activity 140-707 MBq
n 22

j —=DR

DRESDEN
conce pt



Introduction ¢ Cathepsins ¢ Lysyl oxidase Transglutaminase -

Interaction of [8F]8 with TGase 2 in vitro

E+l Mgy e g ['*F18 O\
-1
Classical enzyme inhibition experiment Radiotracer experiment O\/IOL (\"
[El<<[l] < > [E]>>[1] N
Ramglﬁﬁt,g}omtonngy enzyme- ea;alysecimtwe direct detectloE-of the radlolabelled
hTGaSkBsialg £env ﬁ) ‘ ‘ od enzyme-inhib&or co pI' ; My o o
(stationary phase: ; | free inhibitor (@dl@ c .r) necessary
silica gel; solvent: RIFEE P I | .| * large excess ogenzyme|over inhibftor1Case 6 @ PHE.5
ethyl acetate) | \ | I | kinett: anczlysgi (pseudo-irstTGase 2 @ pH 6.5
bound ['8F]8 ‘! ¢ I tion= o0.4- !
unpoun © L
\@z @1 : : ; 0.2 !
‘ \ § I‘ 5 I i
[18F18 bound ~ ’ é é é _§ L . S coeneeee
to hTGase 2 ™ ™ '“‘ LR 5 0 1000 2000 3000 4000
t(min) 0 5 10 15 20 25 30 30 only buffer t (s)
> , : L
K. tI_KI (M-1_s,-1) K. t”.(l (M-1_s:) Confirmation of inhibitory potency of
e fluorimetric [18F]8 by radiometric assay method
6.5 4 070 £ 590 3850 + 240 - _
» Inhibitory potency is dependent on
hTGase2 7.4 9760 - o ]
the pH value (indicates involvement
8.0 9 660 - o _ _ S
of an ionisable amino acid residue in
hTGase6 6.5 7 14

binding of 8)

"Conditions: 3 mM CaCl,, 500 uM TCEP, 1 uM TGase and < 0.2 yM ['éF]8



. Introduction ¢ Cathepsins ¢ Lysyl oxidase Transglutaminase -

Reactivity of ['®F]8 in cell lysates

Densitometric Western blot analysis of cell lysates
8

g A375...malignant melanoma cell line
.§ 61 MeWo...malignant melanoma cell line
é o MDA-MB-231...breast cancer cell line
3 NCI-H292...lung, mucoepidermoid carcinoma cell line
:2: 2 A375hS100A4...A375 cells overexpressing human S100A4 protein
o-
vﬁg\% s@‘\ © 3@"?’ 0;239 6\@‘;‘
“9\» = ’g\o;s‘

> ['®F]8 shows selective

(and specific) binding to

hTGase 2 in cell lysates

" R *Preincubation for 5 min @10 M
[%F]8 hTG2 hTG6 A375 Mewo MDA~ MOV A37S - ASTS
MB231 H292  hS100A4 hS100A4
(78 kDa) (78 kDa) "
+ 2006 E‘?nzcselgtsn . '_Dn
Wodtke et al. J. Med. Chem. 2021, 64, 3462 i .




. Introduction ¢ Cathepsins ¢ Lysyl oxidase Transglutaminase -

Radiopharmacological investigations: Radioluminography of tumour tissue
sections

A375: TGase 2(+) A375: TGase 2(+) MeWO: TGase 2(-)
_ _CE_otroI __Blockade

(J 3
< s
Ly

E
£
°
E
2
210
A375 ([Ca?'|=3 mM)inthe  MeWo ([Ca?]=3 mM) & 0.5
2= eWo ([Ca m !

A3TS ([Ca*]=3 mM) presence of 8 (10 uM) ool LA L |':|I:‘| =
Expression level of TGase 2 o It.,f)v(\;_but_de“tnec;,t\?ble tracer  ccoammy | - |+ |+ |+ |+ | -]+
in A375 xenograft tissue: inding In VieWo:
45.5fmo|lmmg3 HNJ\/ Invasion of TGase 2 (+) SLRNCLULDN I I S T I R

Y benigne host cells 8 (10 uM) -l - - -] -]
| g(topM) | - | - | - | - |+ ]| -] -
N N\)
H
0
[18F]8 DRESDEN ﬂ e —
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Transglutaminase

Radiopharmacological investigations: biodistribution by PET

HNJ\%

. 0
. Q B':OCKade with O\§ Inhibitor of CYP3A4
Control (baseline) @\i O N etoconazol (K~10 nM)

s (50 mg/kg i.p.)

p :’.I - \ [18F]8

FanidativerenQiinaliPBxidative biotransformations:

Epl cyp U > Cy cYP
A
L.i ; h .-,l-_(.ﬁ.'f\.ﬁjf’mw M2oe* _ f |
Si _ 0
1SN
N

Si
Bl

Bl urinary bladder
Epi Epiphysis ossis
Ki kidney

Li liver

Si small intestine

» PET-CT (rescaled images) 60 min p.i.

Wodtke et al., submitted




Zusammenfassung

Summary
Development of matrix-modifying enzymes covering the follwoing aspects

» Synthesis of lead compounds, substrates, inhibitors and labelling precursors

« Biochemical characterisation of substrates and inhibitors

« Establishing and optmising radiolabelling with fluorine-18 and carbon-11

» Radiopharmacological investigations in vitro, in cellulo and in vivo (xenograft models in mice)

Cysteine cathepsins Lysyl oxidases Transglutaminase 2
R NH, Q
0 HNJI\%
0 “
JOL i AN /©)‘< N\)L _)LN H\)L)NH @\/E’L (\N/CNj\"’F
0~ "N N : H 57 2 NS
['*FJ2 (R=(CH,)."*F) ‘n/ [18F]5 RP.S
[''CI3 (R="1CHy)
Inhibitor-basied radiotracer design « Substrate-based radiotracer design  * Inhibitor-based radiotracer design
Target-mediated tumour uptake « Target-mediated tumour uptake « Target binding in vitro and in cellulo
evidenced (kinetics and blocking demonstrated by blocking studies and ~ demonstrated by multiple experiments
studies) non-functional analogues « 18F-Defluorination in vivo
Spontaneous thiol reaktivity as reason esoen PP

for complex pharmacokinetics identified @, =
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