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radiotracers to support the development of

new heterodimeric theragnostic agents
selective for the tumor microenvironment
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Tumor Microenvironment (TME) targets that can be used for imaging or/and therapy
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Development of novel heterodimeric radiopharmaceuticals for the design of tumor
microenvironment-selective theragnostic agents for cancer diagnosis and therapy

Radionuclide @ Fbroblast Acthvaior
Gallium Lutetium
(68Ga) (177Lu)
2 2
DIAGNOSIS THERAPY

Carbonic anhydrases IX/XII
(CAIX/CAXII)
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Development of novel heterodimeric radiopharmaceuticals for the design of tumor
microenvironment-selective theragnostic agents for cancer diagnosis and therapy

H H Fibroblast Activation
Radionuclide @ oblast Activati
Gallium Lutetium
(°*Ga) (*"7Lu) % -FAPI-CAI
DIAGNOSIS
Before
advancing to
therapeutic
studies Carbonic anhydrases IX/XII

(CAIX/CAXII)

THE TUSCANY HEALTH ECOSYSTEM - SPOKE 1 3 —



Finanziato Ministero

. )
- Ui "Universits i e e
AI M i | dall'Unione europea dell’Universita It omani =r° ; Thiscany Health Ecosystem

NextGenerationEU e della Ricerca

Why test monomeric tracers first?

Fibroblast Activation
Protein (FAP)

In vitro cell model selection

* identify cell lines with target expression

(Risk reduction: avoid testing in unsuitable model)

Baseline performance of &
monomeric radiotracers

» test affinity, selectivity and specificity

Carbonic anhydrases IX/XII
(CAIX/CAXII)

(Reference data: benchmark for heterodimers)

v
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Why test monomeric tracers first?

- Fibroblast Activation
= Protein (FAP)

In vitro cell model selection
* identify cell lines with target expression

(Risk reduction: avoid testing in unsuitable model)

J

Carbonic anhydrases IX/XII
(CAIX/CAXII)
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NextGenerationEU

FAP expression evaluation

100kDa - | [ R\

35KDA -| bt ot et St e et st | GAPDH orten (0
Y| o, Bon 8e Hon Mo 7oy 2o, S ~
0 ~C, 6 Cx o A N
Western blot I
“Results confirmed by CAIX expression evaluation
and flow cytometry
7OkDa - -ii CAIX Glycosylated* Carbonic anhydrases IX/XII

(CAIX/CAXII)

55kDa -
CAIX

35kDa - *-—ﬂ--- GAPDH
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CELL MODEL SELECTION | e ee (5 e inend
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FAP expression evaluation

100kDa - = w FAP

35KDa | et et bt it it e | GAPDH el

YUy 2 Bon 285 S0, 0| M, RalBs,
% “Q, 96.,"C AR V.
Western blot TR
“Results confirmed by CAIX expression evaluation
and flow cytometry
7OkDa - -ii CAIX Glycosylated* Carbonic anhydrases IX/XII
55kDa ) CAIX (CAIX/CAXII)
35KDa -| s - | [ GAPDH
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@ 72, /?Ooq >&&o ", 72:’o i 042:%7

—— THE TUSCANY HEALTH ECOSYSTEM - SPOKE 1 6



Finanziato Ministero

. )
- Ui "Universits i e e
AI M i | dall'Unione europea dell’Universita It omani =r° ; Thiscany Health Ecosystem

NextGenerationEU e della Ricerca

Why test monomeric tracers first?

68Ga -FarI
= Fibroblast Activation
. . / — f".jﬁ'j-?ji\g N Protein (FAP)
In vitro cell model selection BECASN

* identify cell lines with target expression

(Risk reduction: avoid testing in unsuitable model)

Baseline performance of &
monomeric radiotracers

» test affinity, selectivity and specificity

Carbonic anhydrases IX/XII
(CAIX/CAXII)

(Reference data: benchmark for heterodimers)

v
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Why test monomeric tracers first?

68Ga -rari
= Fibroblast Activation
f?\ Protein (FAP)
BLCISE
Baseline performance of (o,
monomeric radiotracers 68Ga-cal
* test affinity, selectivity and specificity m %& oo anhydrases b
(Reference data: benchmark for heterodimers) (CAIX/CAXII)

o
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Radiolabelling with ©8Ga

NextGenerationEU

OPTIMIZED RADIOLABELING CONDITIONS 58Ga -Fari
& &[®8Ga]GaCl; in Nacl l
/] s Ne
ﬂ/ (pH=4.5),
J\é\k/,,j HEDPES 1.5M @éf@\(

QN

HEAT (100°C)  ° ’\/L{

Oy H ' .
10 min 0 The precursors were synthesized by:
Radiotracer Radiochemical Apparent Radiochemical LogD, , Stability in I BII:\](_].YIE? ISLIJ-IJ}I ,!!EN!E{TEEQUE,%EIN‘ZEB A
Conversion Molar Activity Purity FBS (37°C 2H) | PURIENZL | Crgisrg p Ear e s
(%) (MBg/nmol) (%) Yy,

68Ga-FAPI 91+0.9% 24 +1.20 97.610.1% -2.81 >98%
(n=4) MBg/nmol (n=6) +0.03
(n=4) (n=3)

68Ga-CAl 80.9+2.1% 64.2+9.7 95.7 £ 0.7% -3.85 95%
(n=10) (n=2) (n=2) +0.13
(n=6)
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Why test monomeric tracers first?

Fibroblast Activation
Protein (FAP)

Baseline performance of
monomeric radiotracers

» test affinity, selectivity and specificity

(Reference data: benchmark for heterodimers)

o
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/N vitro test of ©8Ga-FAPI

Blocking essay

Method

80KBq/well

©GalFap  O-LMMFAPI

(block)

In vitro cell-expressed FAP

Incubation time= 60min
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68
-FAPI
G a Fibroblast Activation

J; Protein (FAP)
BECASH :

Western blot
_ (+] )
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/N vitro test of ©8Ga-FAPI

Blocking essay
Method
80KBq/well
ool OLEM
¢ 4

In vitro cell-expressed FAP

Incubation time= 60min

Result

% 1.2
§A 1.0 B unblocked .
<3 B blocked
2L 0.8
> Q
z 'é 0.6+ o
= x ns
o< 0.4
Q
§ 0.2+

0.0-

PSN-1 us87 NF
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/N vitro test of ©8Ga-FAPI

80K

Blocking essay

Bg/well

[68Ga]-FAPI

(x103Bg/cell)

S O o ke
A g

68Ga-DOTA-FAPI-04 uptake

o
i

Method

0.1 pM FAPI
(block)

In vitro cell-expressed FAP

Incubation time= 60min

Result

B unblocked
B blocked

ns

O
?
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Internalisation essay

Method

Radiotracer
binding at the
membrane

* Gly—HCl buffer to
remove the
membrane-bound
’SR o d" fractiorll before lysis

i geleiaeegii el * Cell lysis using NaOH

*@ Buffer to assess the

cytoplasm

internalized fraction

Incubation time= 60min
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68Ga -FAPI

T

Fibroblast Activation
Protein (FAP)

Western blot
© =]
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Blocking essay Internalisation essay 68G g -rari
Fibroblas't Activation
MethOd MethOd (g Protein (FAP)
JSER
Radiotracer
SOKBC]/WEH binding at the
0.1 M FAPI pndngat « Gly—HCl buffer to

[*Gal-FAPI remove the

(block)
&% G‘ membrane-bound
4‘ fraction before lysis

* Cell lysis using NaOH

§
iN Radiotracer internalized
@ — @ =9 Buffer to assess the
cytoplasm

internalized fraction
In vitro cell-expressed FAP Incubation time= 60min

Incubation time= 60min

Result Result
£ 127 1207 B Surface binding
% i
: 10 B unblocked - 21004 o w
33 08 B blocked 2 204 Bl Cell internalization
23 | © Western blot
i "’8 0.6 i, * % g 607 e e
I~ | = i ]
2 0.4 5 40 100kDa -| ilﬁl ] rar
© _ o — I
o 0.2 x 20 35KD2 | |t et et et et It et o | GAPDH
0.0- 0- | %) &/\"9 '?Ooq )05‘*0&074/_&[ 7&0“7#&04:&4"7
PSN-1  U87 NF PSN-1 US7 NF PR S
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/N vitro test of ©8Ga-FAPI

Internalisation & Blocking essay

80KBq/well

[686a§M1 01 4MFAp
= ¢

In vitro cell-expressed FAP

Incubation time= 60min

THE TUSCANY HEALTH ECOSYSTEM - SPOKE 1

Radiotracer
binding at the
membrane

i Radiotracer internalized% .

cytoplasm

Incubation time= 60min

Finanziato
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Gly—HCl buffer to
remove the
membrane-bound
fraction before lysis
Cell lysis using NaOH
Buffer to assess the
internalized fraction
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/N vitro test of ©8Ga-FAPI

80KBq/well
Selpp O
¢ 4

In vitro cell-expressed FAP

Incubation time= 60min
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Internalisation & Blocking essay 58Ga -ran | .
Fibroblast Activation
MethOd Protein (FAP)
BECASH
Radiotracer
binding at the .
membrane Gly—HCl buffer to
remove the
P membrane-bound
s - ’; fractlorll before lysis
i Radiotracer internalized ° Ce” |y5|5 US|ng NaOH
9 Buffer to assess the
£ cytoplasm . . .
internalized fraction
Incubation time= 60min
Result o Normal Fibroblast
© 0.7
B unblocked & | iy
5 __ 06
B blocked < = 05
QL
&g % . Western blot
oL 0.3
L O
S 2 o2 & )
0.2
52 _ -]
Q 0.1 100kDa -| i‘ﬂ : FAP
R 0.0 l
3 <& ‘.\}OQ 35KDE -| |t et et el It st e | GAPDH
N
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68Ga-FAPI shows specific in vitro binding,
with the degree of uptake and blockade
correlating with the level of protein
expression in the cell lines.

&

US7MG Result Normal Fibroblast

(O]
X 030 <
£ B unblocked g % xrx
S 025 xxx S o6 —
QL QL
S & 0.5 a5 04
oy T2 03
0.10- '
% = g < 02
] 005 Q 01l
1
© i (4] il
8 0.00 . . 3 0.0 " &
: ? . >
> v & v
2 @ e @
3 N RS &
& @ & @
< N S &
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AIM

Why test monomeric tracers first?

Baseline performance of
monomeric radiotracers

» test affinity, selectivity and specificity

(Reference data: benchmark for heterodimers)

o
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Carbonic anhydrases IX/XII
(CAIX/CAXII)
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/N vitro test of ©8Ga-CAll

Uptake essay
Method
80KBq/well
[68Ga]-CAl Measures the amount of

radiotracer captured by

i the cells
@ &

In vitro cell-expressed CAIX

Incubation time= 60min

Result

Il)
o
® @

8
0.6
o

o
i

68Ga-DOTA-CAI uptake
(x103Bq/
o
£

irqv1B

RCC4 HT-29 HCT-116 U87
e e ©

o
<
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Western blot

70kDa -l:i CAIX Glycosylated*
55kDa -

| CAIX
35kDa | |t St bt St St St [ G APDH

Carbonic anhydrases IX/XII
(CAIX/CAXII)
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/N vitro test of ©8Ga-CAll

Uptake essay
Method
80KBq/well
[68Ga]-CAl Measures the amount of

radiotracer captured by

i the cells
@ &

In vitro cell-expressed CAIX

Incubation time= 60min

Result

.
<

= 0.81

Bg/ce

o

o o
i

(x10

o
i

irqv1B

RCC4 HT-29 HCT-116 U87
e e ©

68Ga-DOTA-CAI uptake
o
o

THE TUSCANY HEALTH ECOSYSTEM - SPOKE 1
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Blocking essay
Method

80KBg/well 5 5uM CAI (block)
[68Ga]-CAl

In vitro cell-expressed CAIX

Incubation time= 60min

Result

% 1.04
8= 0.8 B Unblocked

(O]
=< 06 B Blocked
Om
<7 0.4
E o
©
S 0.0-
° us87

©
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Western blot

70kDa -I:i CAIX Glycosylated*
55kDa -

‘ CAIX
35kDa -| Pt |t G St St S ot | | GAPDH

Carbonic anhydrases IX/XII
(CAIX/CAXII)




Finanziato 3, Ministero ThE
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dall’'Unione europea 57 dell’Universita Lallad Tuscany Health Ecosystem
RESILI

in vitrotest of €8Ga-CAll £} | darunione eur Roliufivesi

68Ga-CAl

did not show any specific in vitro
binding in a cell line expressing the
target.

'¢

Result Result

B Unblocked
B Blocked

- “j_-_i[ 111
0.0-

RCC4 HT-29 HCT-116 U87 U87
) e o P

x10-3 Bg/cell)

(

S © 9o oo
e LR

68Ga-DOTA-CAI uptake
03
o
S28!
68Ga-DOTA-CAI uptake

14
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Finanziato , Ministero . *’Vk.
dall’Unione europea dell’Universita d d_omam O+ %{sfﬂn\, Health Ecosystem
bt i nza ?*k . :

in vitrotest of €8Ga-CAll £} | darunione eur JIIE o

Does %8Ga-CAl

Intrinsically exhibit good affinity for
CAs outside of a biological context?

\ 4

Characterization of ®8Ga-CAl Binding
to CAs enzymes

Result Result )
) | Y,
s 10 g 10
$= 0.8 §’=‘ 0.8- B Unblocked
_ O ()
SI g- 0.67 =z %_ 0.6- . Blocked
<% 0.4 s
8 S g 8 0.4+
g 0.0 & 0.0
RCCA  HT-29 HCT-116 U87 3 Us7
é o o p
14
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Chafactef/za Z-/'On Of6863—CA / . Y . : L dellUniversita 1 : lllalll *o + Tu cany Health Ecosystem
.. .. S
Binding to CAs enzymes

NextGenerationEU e della Ricerca

: : Ga-DOTA-CAI
Molecular dynamics analysis DOTA-CAI

Performed by o © Y : »)\. gﬁfr
C

\/\)k/ @, e \/\

university of CA Il /‘/\/ L4 1 f ~P \‘\A AT
: / groningen o3 ” \f r
(PDB: a 71 4 : a ~

3HS4)

* Ligand-enzyme

' 1 ”
N~ A
interactions remain CAXIl ’/v TEE\ )k/r{? e \ \'\5\/\)'\/({
stable across l ‘ (PDB: &g Y 3 ®
different CA isoforms. 1JDO) o7 L
¢ Gallium complexation .
does not affect these ;fl > o l
interactions. :

CAIX s f . e

@ b =
. —@ o )
(PDB. & ‘ @ L @
5FL4) " e Lezend  ©
egen
) Charged (negative) Polar -~ Distance —= Pi-cation
W) Charged (positive) ») Unspecified residue — H-bond — Salt bridge
Glycine Water —* Halogen bond Solvent exposure
Hydrophobic Hydration site — Moetal coordination
Metal ¥ Hydration site (displaced®—* Pi-Pi stacking
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Characterization of¢Ga-CA/

Binding to CAs enzymes

Performed by
"?o, UNIVERSITA NEUROFARBA

\"C DEGLI STUDI
SCO OG MACDE
EINO

FIRENZE

Finanziato
dall’Unione europe
NextGenerationEU

dell’Universita

=~ @ della Ricerca

L

f o

omanl ?O+ Tuscany Health Ecosysten:

Carbonic anhydrase inhibition assay

DOTA-CAI Precursor NatGa-DOTA-CAI
Lo A T, |
P N GNP N,
0 N ON \ o \g/\ Gi-— |
OZ\NH o \NJN\)kOH ()A\NH \N_/ V’u‘(m
o & 2
c g Ki (nM)?
ompoundas
P hCAl | hCAIl | hCAIX | hCAXIl
DOTA-CAI 3218.3 1105 A1.7 32.4
NatGa-DOTA-CAI | >100000 307.8 25.1 51.0
AAZ 250.0 12.1 25.6 5.7
SLC-0111 5080.0 960.0 45.0 A5

THE TUSCANY HEALTH ECOSYSTEM - SPOKE 1
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: F 0 SONH, )kN/[\S>\6 NH2 i
: :
1 1
1 1
1 1
1 1
1 1
| :

&

Acetazolamide
(AAZ)

H

Standards

* high affinity
clear isoform-
selective profile
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Finanziato

.t .y
Chafactef/za Z-/'On Of68 Ga - CA / ‘:, T:' dall’Unione europea fs‘ .,I.“L. . donlalli ;42:* %Lll_i(];:‘an\" Health Ecosystem
. . - NextGenerationEU > ) RIPRESA E RESILIENZA : .
Binding to CAs enzymes

Binding assays and size-exclusion chromatography
METHOD*

(500kBq) %8Ga-CAl were incubated with

. o Elutions of 100ul / \
CA enzyme for 50 min at 35°C l N o ENZYME BOUND RADIOTRACER

(total volume= 100ul) X molecules larger than the pore
[ 1 size (proteins, nucleic acids, and
enzymes) are excluded from entering

the microspheres and are therefore
' ! eluted first.

CPM

FREE RADIOTRACER
Smaller molecules (®8Ga-CAl) can
enter the pores of the microspheres.

T T T ' T T T ™ Their path through the column is
0 0102030405060708 longer and more convoluted, resulting

“\%\ Volume (m|) in later elution. /

Load (100ul)
ﬁ

Sephadex G25 Column*

LEGEND
3& CA Enzyme
@5 5Ga-CAl

THE TUSCANY HEALTH ECOSYSTEM - SPOKE 1 17



Finanziato Ministero

o .y
Characterization of ¢¢Ga-CA/ : % | dall'Unione europea dell’Universita l Italiadomani "Oﬁ- e
3 ) i NextGenerationEU e della Ricerca e ENzA ?*k . .

Binding to CAs enzymes

Binding assays and size-exclusion chromatography

?& CA RESULTS
I -1X-XIl

-+ [%8Ga]Ga-CAl

-+ CAll 14 uM + [%8Ga]Ga-CAl
+ CAXIl 14 uM + [%8Ga]Ga-CAl
-+ CAIX 14 uM + [(8Ga]Ga-CAl

Volume (ml)

THE TUSCANY HEALTH ECOSYSTEM - SPOKE 1 18
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Chafactef/za Z-/On Of68 Ga - CA / , ) '} dall’'Unione europea 1 ! l}lalll ;E; %Lll_iiny Health Ecosystem
Binding to CAs enzymes '

NextGenerationEU

Resul
Carbonic anhydrase es¢u B Binding assays and size-exclusion

inhibition assay chromatography

CA I I l ‘ - [68Ga]Ga-CAI

0 -+ CAIl 14 uM + [*8Ga]Ga-CAl
Ki (nM)? + CAXII 14 uM + [3Ga]Ga-CAl
Compounds hCA | hca Il hCAIX | hCAXII «+ CAIX 14 uM + [¥Ga]Ga-CAl
DOTA-CAI 3218.3 1105 41.7 32.4
NatGa-DOTA-CAI | >100000 307.8 25.1 61.0
o AAZ 250.0 12.1 25.6 5.7 * l ﬁ CA XI I l ’
SLC-0111 5080.0 960.0 45.0 4.5 0

0.0 02 04 06 08 10 1.2 14 16 1.8 2.0 22 24 26 238 3.0
Volume (ml)

i

&CA X B
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Characterization of8Ga-CA/ : © % | dall'Unione europea dell’'Universita 1 | Olll‘llll O« Mt y Health Ecosyster
. . i NextGenerationEU e della Ricerca ot ENzA *

Binding to CAs enzymes

Set-u . : :
Carbonic anhydrase P Binding assays and size-exclusion
inhibition assay ¢ chromatography
Incubation conditions: Obtained Incubation conditions:

CAIll commercially

CA Xl - Recombinantly =
produced in-house —

@ 5Ga-CAl
for experimental use

LEGEND

?& CA Enzyme

@ 5Ga-CAl

Temperature (°C) = ﬁ CAIX | @ TSNy  Temperature (°C) =37°C
+ PBS with 0% EtOH D i o PBS with 6% EtOH

(introduced during radiotracer
purification)

THE TUSCANY HEALTH ECOSYSTEM - SPOKE 1
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Characterization of ¢¢Ga-CA/ O .

dall’'Unione europea Universita

. . NextGenera tionEU “5g” e della Ricerca
Binding to CAs enzymes

Carbonic anhydrase Set-up Binding assays and size-exclusion
inhibition assay ¢ chromatography

Different incubation

conditions may affect

enzyme aggregation

o

 Temperature (°C) =RT  Temperature (°C) =37°C
e PBS with 0% EtOH  PBS with 6% EtOH

(introduced during radiotracer
purification)

THE TUSCANY HEALTH ECOSYSTEM - SPOKE 1
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Characterization of %8Ga-CA/ “,,.: | dallUnione europea s Wil ;0); g TN
3 ) i NextGenerationEU e della Ricerca i nzA *k - .
Binding to CAs enzymes
Obtained \
commercially

Istituto di Bioscienze e BioRisorse

. . . — 0% EtOH, RT — 0% EtOH, RT
Protein Aggregation g ’ — 6% EtOH, 37 °C
. *~ Monomer peak
Assessment
By Size-exclusion : | ™~ Monomer peak
chromatography (SEC) X 7 l’
o Aggregated species
Performed by v — 6% EtOH, 37 °C

. » Aggregated species B Tame (i)

| - B - ) L S
Time (min) /
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CNR - IBBR
Istituto di Bioscienze e BioRisorse




Finanziato Ministero . . *‘V’.
dall’'Unione europea 5 dell’'Universita Italiadomani ?O ; %ﬁf_m\, Health Ecosystem
& )

PIAND NAZIONALE
DI RIPRESA E RESILIENZA

NextGenerationEU della Ricerca

CONCLUSIONS FUTURE DIRECTIONS

U87MG
A tumor cell line expressing both s

FAP and CAIX has been identified

Optimize binding assays to preserve structural #

In vitro studies showed 8Gar  \/ Y 4 integrity of CAIX/XIl and minimize F’i
promising results for the » A aggregation. oy
monomeric 8Ga-FAPI & - P -
radiotracer.
L

%8Ga-CAl did not show CAIX-specific or
saturable binding in vitro Design and evaluate heterodimers

: . : : 68Ga -cal selective for FAP and CAIX, derived
Despite stable ligand-enzyme interactions Py i {he Gl mernemE:
are confirmed by Molecular dynamics L) JPA——
and enzyme inhibition assays

Limited radiotracer binding attributed to
enzyme aggregation
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https://doi.orq/10.1002/ird3.62

Background

Multivalency approach

Multivalency refers to the ability to hit multiple targets using a single
radiotracer, because of the simultaneous presence of several ligands in

the same molecule.

This results in a cumulative binding strength, known as AVIDITY,
which is significantly greater than the sum of individual ligand-receptor
interactions.

This principle is inspired by natural systems, such as antibodies like
IgM, which achieve high avidity through multivalent interactions

37



Background

Multivalency approach

Bivalent Binding

Bivalent Binding: A heterodimer is able to bind
simultaneously to both target receptors through its
two different ligands. This mechanism exploits the
multivalent effect, leading to significant increases in
binding affinity. The linker design is crucial to allow
this simultaneous binding .

10.1007/500726-010-0546-y

Among the various factors contributing to the increase in AVIDITY typical of multimeric interaction, two of the key factors are:

Monovalent Binding

Monovalent Binding: A heterodimer, despite having
two different ligands for two distinct receptors, binds
only to one of the two receptors at a time. This can
occur due to structural limitations such as a linker that
is too short. Although not simultaneous, it can still lead
to improved affinity due to the increased local
concentration.

38
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Aim

Development of novel heterodimeric radiopharmaceuticals for the design of tumor
microenvironment-selective theragnostic agents for cancer diagnosis and therapy

Chemical synthesis of precursors conducted by:

UNIVERSITA
DEGLI STUDI

FIRENZE

Sulfonamides bind in a tetrahedral geometry of the Zn(ll)
ion, in deprotonated state, with the nitrogen atom of the
sulfonamide moiety coordinated to Zn(ll) and an
extended network of hydrogen bonds

________________ 0., NH//—
EHZNCJ'?SQ—;—: Linker I_i" HT\ J\ J

9]

[)l N

CA blndlng motif N

Radiclabeling chelator

Workflow

1) Radiolabelling
2) in vitro studies

3) in vivo studies

FAPI-04 Monomer

Q0C
;M \
A\ .!"-'cT _ _____ \‘ Cyan: for a
ooc_N SN covalent bond
l M W ® I formation
| N AR N5 | towards  the
I 0 T | binding
[ L J pocket of FAP

Quinoline: for target selectivity and retention
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Cell lines

abbreviation | Name

NF Normal fibrorbalst: hTERT immortalised human foreskin fibroblasts (VH25)
u87 human glioblastoma cell line

HT29 human colorectal adenocarcinoma cell line

RCC4 human renal cell carcinoma

786-0 human renal cell carcinoma

HCT116 human colorectal carcinoma cell line

CAF Cancer-associated fibroblasts (activated by VH25)

PSN-1 human pancreatic adenocarcinoma cell line

40



Finanziato

" A
C E LL M O D E L S E LECT| O N i | dalrUnione europea ot . d()l:lalll ; f ; Thecany Health Ecosystem
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Fibroblast Activation
Protein (FAP)

FAP expression evaluation

@ e

100kDa - w FAP

35kDa - H.-._.u-h-h---—- GAPDH

Uo | A B >

Western blot

7. A
/S/O/ 17 2

\O ‘S\¢
o 776\ 4/(:9 |\S‘ 7

L]
Normal Fibroblast u87 PSN-1
FibS/F1/P2 187 S(13/F1 /P2 PSM1S/F1/R2
=
2] I FibS g | 1 ug7s() = B PSH-1S
| FibUS 1 UET US(1) 1 PSN-1US
2] 8 =
Flow cytometry
= = s
2 H 3
[}
“ 2] B 2
2 8 &
o T T T T T T o T T T T = T T T T
107 102 10% 10% 10% 108 107 10% 1028 104 10% 1084 02 2 4 3 22
FAP FE-A FAP FE-A FAP PE-A
# Sample Gate Count Abs Count % P2 Mean X #  Sample Gate  Count Abs Count % P2 Mean X # Sample Gate Count  Abs. Count % P2 Mean X
1 FbS P2 21203 485 100,00% 240.235 1 UBTS() P2 2173 785 100,00% 63.991 1 PSN-1S P2 1672 264 100,00% 3.215.657
2 FibUS PZ 23707 575 100.00% 8478 2 UBTUS(N) PZ 22100 1027 100.00% 9.462 2 PSN-1US PZ 1451 219 100,00% 2.218.994
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CELL MODEL SELECTION ] i een ) dolfinharsta K

NextGenerationEU

CAIX expression evaluation

@ @

70kDa - -—i CAIX Glycosylated*™
Western blot 55kDa -
CAIX
35kDa - H-|--_-~l—- GAPDH
7 Y
8> g R, s, . &0)772% O ;:&’1’7
is CAIX expressed in the . - oiad
cell membrane? /i
Immunocytochemistry (ICC) A

Carbonic anhydrases IX/XII
(CAIX/CAXII)

—— THE TUSCANY HEALTH ECOSYSTEM - SPOKE 1 9
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CAIX expression evaluation

@ @

70kDa - v CAIX Glycosylated*
Waestern blot 55kDa -
CAIX
35KDa -| S e e | GAPDH
¢ Y
(S} P> &]ég ,?Ooq ><961 o &0)77;1\/,(\ Qq’% 042\:@/1/\7
us7 © HT-29 PSN-1@
ICC
Fixation with 4%PFA without
Tryton X100

(no permealization)

—— THE TUSCANY HEALTH ECOSYSTEM - SPOKE 1 9




Results
Radiolabelling with %8Ga

DOTA-FAPI-04 Monomer |
Z

Radio-TLC EDTA 50mM Thin Layer iTLC-SA
Chromatography Paper
Radio-UPLC Gradient: Acetonitrile/Ammonium Acetate

nmol of Buffer used Time and MBq used for RCC% Apparent Molar Activity RCP% after purification LogD, ,
Precursor used temperature of reaction (By Radio-UPLC) (MBg/nmol) using C18 Cartridge
Reaction at the begining (By Radio-UPLC)
10 nmol 0.5mI| HEPES 1.5M + 10 min at 260 £ 9 MBq 91+0.9% 24 +1.20 MBg/nmol 97.6 £ 0.1 % (n=6) -2.81 £0.03
0.5 ML NaCl 5M 1007C (n=6) (n=4) (n=4) (n=3)
Stability of °3Ga-FAPI-04
(at 372C) — PBS (Radio-UTLC)
100- — FBS (Radio-TLC)
99
98 >98%
97 o
T g >96.4%
g 95 * The FBS sample (250ul) was vortexed
e gg: vigorously with 500ul acetonitrile and
gi' centrifuged for 5 min at 10,000 rpm. The
90 ' . supernatant was analyzed by radio-HPLC.
0 1 2
Time (h) a4




Results

Radiolabelling with %8Ga

Stability of 8Ga-CAl ‘
(at 377C) —— PBS (Radio-TLC)

— FBS (Radio-TLC)

100

99

98+
_ 971 >97 %
£ 96+

95
S 94- >94.6 %
®

93+

92+

91+

90 T 1

0 1 2
Time (h)

nmol of Buffer used
Precursor used

10 nmol 0.5m| HEPES 1.5M +
0.5 ML NaCl 5M

5 nmol

2.5 nmol

DOTA-CAlI Monomer

SO,NH;

2:0 Radio-TLC 1M NH4AcO/MeOH
1:1

GEGIGEEe  Gradient:
Acetonitrile 0,1% TFA
/ Water 0.1% TFA

OPTIMISATION OF CONDITIONS ==l

MBq used for reaction RCC%

temperature of

10 min at

Apparent Molar Activity RCP% after purification

(By Radio- (MBg/nmol) using C18 Carttridge
UPLC) at the begining (By Radio-UPLC)
211.8 + 33 MBq 88.7+1.1% 18.7+2.7 96.3+1.1%
(n=2) (n=2) (n=2) (n=2)
261Mbq 89% 46.5 94%
211.8+149MBq 809%2.1% 64.2+9.7 95.7+0.7%
(n=10) (n=10) (n=2) (n=2)

H_N —

Mobile Phase Stationary Phase

Thin Layer iTLC-SA
Chromatography
Paper

ACQUITY UPLC® BEH
C18 1.7um; (2.1mm x
50mm)

-3.85 +0.13
(n=6

~ ndependent

:Xperiments)

o, — P
\T*"’\" ' x S N LogD.,

{octanol /PRS)
=4 37 + 08

DOI: 10.1021/acs.molpharmaceut.5b00934
Mol. Pharmaceutics 2016, 13, 1137-1146 45



O 68Ga-DOTA-CAI uptake >

%8Ga-DOTA-CAI uptake

( x103Bg/cell)

( x103Bg/cell)

0.6+
0.5+
0.4+
0.3+
0.2+
0.1+

0.0-

0.8
0.7
0.6
0.5
0.4+
0.3
0.2
0.1
0.0-

in vitro test of ®8Ga-CAl

B Unblocked
SLC-0111 block
B AAZ block

ug7

B Unblocked
CAl block

68Ga-DOTA-CAl uptake oo

=)

68Ga-DOTA-CAI uptake

—

(x103Bqg/cell)

( x103Bg/cell)

0.7
0.6+
0.5
0.4+

0.8+
0.7+
0.6+
0.5
0.4+
0.3+
0.2+
0.1+

B Unblocked
SLC-0111 block

0.3

0.2

0.1- III

0.0- | ; .

RCC4 HT-29 HCT-116
e CIM
Y )y
’ ’% g
B

0.0
0

T I 1

I T
15 30 45 60 75 90
Time (min)
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Uptake essay

Method
80KBg/well

[68Ga]-CAl

— &
CAIX (in cells)

Incubation time= 60min

B)

Bound (cpm)

0O 10 20 30 40 50 60 70
nM

SATURATION ASSAYS

WITH 68Ga-CAl

Internalisation essay

e

Incubation time= 60min

s)

Bound (cpm)

- _'ﬁ?ﬁi'.'.ﬁ.i... i

x
.

o
o

cytoplasm

Blocking essay
Method

80KBa/well 5 5uM CAIl Precursor

* Ligand dissociation [63Ga]-CAl (block)

from cell surface using
gly—HCl buffer

e Cell lysis using NaOH
Buffer to assess the
internalized fraction

6 o
V26
@@
CAIX (in cells)

Incubation time= 60min

— Surface binding ) — Total binding
--= Cell internalization Nonspecific binding
15000+ 800+
E 600
10000+ S
T 400-
5
5000+
PPt 8 200- :
0 "I” T T T T T 1 0 T ! I T | 1
0O 10 20 30 40 50 60 70 0 1 2 3 4 5 6

nM



Characterization of ©8Ga-CAl
Binding to CAs

RESULTS

-+ CAIl 14 uM + [?8Ga]Ga-CAI

100uM Acetazolamide* + CAIll 14 uM + [(8Ga]Ga-CAl
~+ [68Ga]Ga-CAl

The specificity of the
& i binding has been l‘
8000- confirmed
6000

a
S 4000-
2000-

0__{% — T

0.0 0.2 04 0.6 0.8 10 12 14 16 18 20 22 24 26 28 30
Volume (ml)

*Acetazolamide is a reference compound with high selectivity for CA Il, IX and XII. »



Characterization of 68Ga-CAl
Binding to CA enzymes

—~ [%8Ga]Ga-CAl

RESULTS 4000000+ $5GajGa-CA

100uM Acetozolamide + CAll 50uM + [*8Ga]Ga-CAl
3000000- u zolami uM + [7Ga]

=
0. 2000000+
o

10000004

0'_. T 1

] 1 ] T T T 1 T T ] T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
Volume (ml)

—_[68Ga]Ga-CAIl
@ + [$8Ga]Ga-CAl

8000 100uM Acetazolamide + CAll 14 uM + [%8Ga]Ga-CAl
6000
a
S 4000
2000
— [*®Ga]Ga-CAl 0o
0 300+ ~— GAIl 50 uM + [F*Ga]Ga-CAl 0.00.20.40.60.81.0121.41.61.82022242.62.83.0
c Volume (ml)
g —— CAIl 14 uM + [®8Ga]Ga-CAl ~ B5Ga)Ga-CA
200+ _
:,’ ~+ CAIll 2 uM + [*8Ga]Ga-CAl w [%*Ga]Ga-CAl
S 15000001 T00uM Acetozolamide + CAll 2uM + [%8Ga]Ga-CAl
'-g 100+
TJ = 1000000+
o
2 o
0- i 1 T T T T I I 1 500000+
0.002040608101.2141.6 18 2.0 2.2 24 2.6 2.8 3.0
01— T T T T T T T T T T T T T 1
V0|ume (ml) 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

Volume (ml) e



Characterization of ©8Ga-CAl
Binding to CAs

RESULTS

% CA -« [%Ga)Ga-CAl
+ CAIl 14 uM + [®Ga)Ga-CAI
I =IX -XII -+ CAXII 14 uM + [®8Ga]Ga-CAl
ﬁ -+ CAIX 14 uM + [%8Ga]Ga-CAI

e= | [8Ga]Ga-CAl

Volume (ml) i ch nys
—~ ["FIAIF-CAI
50000+ ¥ CAll 14 uM + ["®FJAIF-CAI ‘CA Xl l’

40000- - CAXIl 14 uM + ['®F]AIF-CAI
-~ CAIX 14 uM + ['8FJAIF-CAI CA IX
% 30000- 3 L
© 20000-
100004
0' T T T T T T 1 - [68F]AlF-CAI
00 0.2 04 06 08 10 1.2 14 16 18 2.0 22 24 2.6 2.8 3.0

Volume (ml) .
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Characterization of8Ga-CA/ i} | dal'Unione europea dell'Universita iadomani ’Loi Toagany Hlealth Ecosystern
3 ) i NextGenerationEU e della Ricerca it Sienza **k T
Binding to CAs enzymes

& o6

Molecular dynamics analysis ? DOTA-CAI D)
Performed by - ;
. . CAl ¢ % 3
university of (PDB: 3HS4) = ‘£ 5 '
/ groningen kN g
B) ) : 7 hme.msec) : 7 » » - E)
. ‘ ‘ M,‘\; “
* Ligand-enzyme f I T “U 2
interactions remain CAXI © ’ .2
(PDB: 1JDO) - g =8
stable across "2
different CA isoforms. |
« Gallium complexation | o | ”
does not affect these C) F) -
interactions. i b ‘
I ‘ ]‘
(PDB: 5FL4) © L8 5 g
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