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Barium Tagging for Ovpp: The BOLD Project
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1. The challenge

* “The Big C”: Age-Standardized Rate (World) per 100 000, Incidence, both sexes, in 2024

Cancer is a leading cause of death
worldwide, accounting for nearly
10 million deaths and 21 million

new diagnoses annually. ARG SREATDII00
I 255.8-461.3 I Not applicable
N 1832-255.8 No data
I 142.418322

https://gco.iarc.who.int/en o 20



https://gco.iarc.who.int/en

Current chemotherapy: platins and nitrogen mustards

* Nucleophilic substitution reaction (S,2) of DNA
e Carbon electrophiles (inversion)
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Current chemotherapy is not enough

O
High toxicity

| / ~70%
: N Ve develop resistance
1in2 However, ...
cancer patients receives —

platinum-based therapy

Around 70% of patients either exhibit intrinsic resistance or
eventually develop resistance to these drugs, limiting their
long-term effectiveness

URGENT NEED TO DEVELOP NEW CHEMOTHERAPEUTIC AGENTS WITH
MORE ACTIVITY AND ABLE TO OVERCOME CISPLATIN RESISTANCE




3. On the road: Cisplatin as starting point
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Even worse: cholangiocarcinoma
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Annual mortality rates for CCA (per 100,000 inhabitants)
in the periods 2000-2004 (2002), 2005-2009 (2007)
and 2010-2014 (2012)
<2 deaths
W 2-4 deaths
B >4 deaths
Not applicable

Annual mortality rate associated with cholangiocarcinoma

Netherlands | | Norway Finland Czech Republic | | Hungary
2002: 1.78 2002: 1.09 2002: 2.65 2002: 1.52 2002: 1.98
2007: 1.83 2007: 1.64 2007: 2.87 2007: 1.65 2007: 1.12
2012: 2.33 2012:2.18 2012: 2.42 2012: 1.88 2012:2.03
Denmark Sweden Lithuania Austria Croatia
2002: 1.19 2002: 2.08 2002: 1.47 2002: 3.68 2002: 1.61
2007: 1.49 2007: 2.22 2007: 1.32 2007: 3.79 2007: 2.01
2012: 1.87 2012: 2.49 2012: 1.71 2012: 4.04 2012: 2.75

Canada

2002: 1.71

%00%: %.05
012:2.71

USA

2002: 1.56
2007: 1.71
2012: 2.05

Mexico

2002: 1.05

2007: 1.14
2012: 1.17
0

R
Venezuela

Puerto Rico
2002: 1.11
2007: 1.00

2012: 1.35 |

Belgium
2002: 1.74
2007: 2.06
2012: 2.59

4 2002: 1.70
2007: 2.48
2012:3.10

| Germany
2002: 2.16
2007: 2.66
2012: 3.2

France

2002: 0.85
2017: 0383
0.

1 Banales JM, et al. Nat Rev Gastroenterol Hepatol. 2020
2Bertuccio P, et al. J Hepatol. 2019

Colombia
2002: 1.10
2007: 1.43
2012: 1.42

Brazil

2002: 1.31
2007: 1.43
2012: 1.47

Chile
2002: 0.74

2007: 0.96
2012: 1.13

7>

Switzerland

2002: 1.78 2002: 2.19
2007: 2.39 2007: 2.58
2012: 2.94 2012: 2.85
Portugal Italy Israel
2002: 2.21 2002: 1.48 || 2002: 1.36
2007: 2.32 2007: 1.71 || 2007: 1.76
2012: 2.76 2012:2.01 || 2012:1.92
Argentina | Spain Australia
2002: 0.32 | | 2002: 1.65 2002: 2.04
2007: 0.32 | | 2007: 2.19 Thailand 2007: 2.47
2012: 0.45 2012: 2.80 Incidence >6 2012: 2.88

Japan
2002: 6.52
2007: 6.19
2012: 5.85

o)
South Korea
Incidence >6

China
Incidence >6

Taiwan
Incidence >4

Hong Kong
2002: 4.33
2007: 4.31
2012: 436

New Zealand
2002: 1.89
2007: 2.59
2012: 2.43




2. The BOLD solution (I)

* We have obtained diverse families of fluorescent polyheterocycles that can
interact with metals

* Can we apply this expertise to the synthesis of novel chemotherapeutic agents?

* Requirements:
* High potency -binding constants (K)
* Favorable photophysics

* Biological probes
* Application to dynamic cancer phototherapy

* Low toxicity
* Good ADMETox profile



2. The BOLD solution (Il)
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2. The BOLD solution (ll)

Design criteria:

* Increasing the number n of electrophilic positions (chlorine atoms) of the reagent by
making n>2.

 Inclusion of intercalating (n—stacking) moieties.

 Inclusion of basic centres to make the molecule accessible in vivo to organic cationic
transporters.

« Generation of fluorophores that could facilitate the monitoring of the distribution of the
molecules within cellular organelles, thus combining chemotherapeutic activity of these
molecules and their use as molecular probes.

Aurkines Cl Cl
—=C G =G Gj —C G
—C Es G — G Ez C— —G E C—
-G c— e Gy —c. S
N/
-inter+1,2-intra 2’-inter+1,3-intra 2’ 4’-inter+1,3-intra /Pt\
Cl Cl



Cell death
2h

LUMO: -2.38 eV

HOMO: -5.83 eV

Chem. Eur J. (Hot Paper) 2021, 27, 6213-6222

SINTERNATIONALAFFLATION FLEBLISIHED LADER THE PATENT COOFERATION TREATY (FCT)

(19 Werld Insclicctual Property
Orpamization
nicrat el Bornsin

W

(43) hntermational Poblic ation Date

O VU T 0 A P
() Istermational Publication Nember

WO 2024/115550 Al

06 Jume 2024 (06,06.2024) WIPO I PCT

{51 Betcrnational Patess Clawiloation
COTF 100 (20 ) Lol P 5w
CNTF 15 | 06 0| 0D W
4K TR0 m COTD L2116 (N 01

(215 Reternationsl Application Nasher:
PCTEPDN 2R 40

(223 betcvmational Filiag Dule
Nevemher QL2902 )
(2%) Flllez Languoege! Cagiah
{26) Publication Langsage rpi=h
{3 Priorey Data:
NI Wo Novernbagr 212 1% 1 N2y S

(71 Appiicants: UNIVERSIDAD DEL FARS VASCORL
SKAL HERRIKO UNIBERTSITATEA [ESTES) Ba-
noe Semm. wne F=H0 LEXOA - VIZCAYA (BN
ADMINESTRACHOIN GENERAL DE LA COMLUNY
DAD AUTONOMA PE EUSKADI [ESTS). Dooentia
Sl stk | B0 Viigwks - Caslels, A
UNIVERSIDAD DE SALAMANCA (ESES) Paew o

Cscucies, | 100 Sabvmanca (TS

v |ES)

(T2 deveotore: ODRMOZOLA GEMENO, Mike!, UNIVE RS
1AD Dl PAIS  VASOOTLSKA HIERE
NIBERTSITATEA. Eaficw Recondd, OTRL Bame

Serrstas, W E480490 Lo Voidava (ES) RIVIL-
LA DE LA CRLZ, b NIVERSIDAD DEL PAK
VASTOTUSKAL HERRIKD UNIDIRTISITATEA ]

S0 Surcm, s'r E4300
ES) RIBEIRO GUIMARAES, Amsls

NIVERSIDAD DUEL PAIS VASCOT LSS AL HERRILO
UNIBERTSITATEA, Edfcw Rectomado, OTRL Barme
Sumrica. 'n, 4R8N Lewoa, Viecs u (ES) COSSIO MO
RA, Fernande Podrn, | NIVERSIDAD DEL PALS VAS-

mado. OTRI

Kie

> 1
Lo

(A8 SAAL THRRINO UNINETISITATEA. Baibon
Rocwrade, OTRL Bamieo Samcm, on E-L48030 Loa
Viecnna 1E5) OLAIZOLA REBE, brene, ADMINIS.
TIACTON GENERAL DU LA COMUNIDAD ALTONO-
MA L SKAIN Deogstta - San Schassan. 1. DAOMM

Vioca Gasclz, Ana (55 OLAIZOLA REBE, Paula

ADMINESSTRACION GENERAL DE LA COMUNIDAD

ALTONOMA DI LSN palia = Som Sehosin
L LA00 Viseess Gasye Al 108 RODBIGLES,
Pedree ADMINISTRACION GENERAL DE LA €O
MUNIDAD AUTOMN DE EUSKADE, Doosesian -
San Setentin, | 00 Ve, Ganist Alna 1ES)

CABALLERO CAMING, Javier. ADMINISTRACION
GENERAL DE LA COMUNIDAD ALUTONOMA DEEL-
SKAN, Domostsay - Sem Seboptian A0 YVion
Gamcizr, Alne (550 BANALES ASLRMENIN, Jews
ML ADMINISTRACKON GENERAL DE LA COMUNI
DAD AUTONOMA DE EUSKADI, Duewisi « Sen So-

b an A0 N rone, Gaskerr, AlnatE5) ASENSIO
MARTIN, Maitnc. LNIVERSIDAD DEE SALAMAN
CA, Putlo de Facaclis, 1 EJ0008 Salimenca (ES) BRIZ

SANCHEZ, Ovcar. UNIVERSIDAD DE SALAMANCA
e de Dacoelas |E-V00E Salemenca 1E5) HERRAKZ
AGUNLAR, Elsa, UNIVERSIDAD DE SALAMANCA
Pule de Escclis, 1. E-3008 Sl GARCIA
MARIN, Josd Juam UNIVERSIDAD DE SALAMANCA
00 e Usco s U-SN0K Salamanca (IS

i
-

Agent: ARG INTELLECTUAL PROPERTY LAW,
S Avds de Burngos 16D B o ELROMOR, E28100

Madnd (TS

(81) Devigeased Statew lons selbvrine tadeaind v oy
S 0F sl v asaied \ AG AL AM
AD, AT, A AL DA BB BG DIL BN DR BW Y. 82,
CA.C CLONCOCOCR.CUCYCZ. DI I DX. DM
DO, DL OC EE EG ZS FLGE GD, GE (L GM G

INCHRC DU D B INC BOUER S T I )0 I KE L N
KH. KN KPP KR KW KZ LA LCLK LR LS LU LY
MA, MD, MG MK, MN, MU, MW, MX, MY MZ NA
NG, NLNMO.NZ. OM W | NG ML P T.OA,RD
S B RW_ SA SU SDLSE SG SKSL ST SV SY. N,

T™, TN TR, TT. TZ. VAL UG, US, 1Z. V. VN, WS

r. N, W

1%4) Deshpnated Stabes /wnlens coborm o vt iy

v Jvesronon ah ARFFD (BW, O\

GH, CM KT R LS M SC SD,SL. ST
S T4 LG, ZM ZW) = {AM, A2 BY KG, K2
LU, TL ™M Deropoom tAL. AT, BE, DG, O3 CY, CZ
DX ES FLFR GB GROHRE HU IE IS L1

LV, MO, ME ME, MT_NL.NO PL PT, RO, RS, SE
SESKOSM TRYOAMIBE BLCF OG CLOM GA,ON
GO OW AM ML ME XL SA TD. TG

Pubilbdved:
N ster oo soove O sy e 23
p— O T LAY ' N (LY 1% Ay Lt Y [
™ o N raad i W A vl uy of
(S 1Y “wat Py A

15) Take: MOLYLELECTIOMMILIC METALATED HETEROCYCLES DERIVED FROM 2PYRI

AIPYRIDINE AND USI FREOE AS CHEMOTHERAPEL

(87) Adsiract: The peoiosd neslion is dinooiod 0 00w Cotnpes
J<pynanela lomadscal | 2alpyndsg, o ther obtiem

1L TS SIS I © OF s iant 0 oeher chomethempouns

35 basod om poly Clectophiby mctalaied Meteroes des do

AMOENTS

o T

25 Wl o 10 ORI (s o I mti IS ApeRls. W per s ler

APCIES, SICh as cispiann



2. The BOLD solution (ll): platinum complexes
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2. The BOLD solution (lll): a new design
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J. Hepatology 2025, 83, 1077-1091, DOI
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: 10.1016/j.jhep.2025.04.034
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https://doi.org/10.1016/j.jhep.2025.04.034

2. The BOLD solution (lll): chemical synthesis

Pd(PPhs), Ar
~ "N T 7 mol% ~ "N -
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The BOLD solution (IV): results in naked DNA

4,60nm 2,70 nm
AFM 4,00 250 CO
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2.00 _
Non-tl'eatEd 2.50 e N7\ 4
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The BOLD solution (IV): results in plasmids
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The BOLD solution (IV): results in cells

CCA cells

Comet assay NHC: Normal human cholangiocytes

HUCCT1

Tail Moment Length

*kkk .
3+ 3 -
L E”q? *kkok .
GC.)qé’Z- g% Fkkk Fhkk |
O 1 ip 5.
g ° — T £
=3 < o [Ci=
© O 14 —— == g ©°
=T 1 - 1 — O 14 -
© O
-~ "N — e
N \
Cl \ \N N / 0 T 0 T O T

oy e o v X N
Aurkine 18 Pt 0‘y P 9’&( 9’&( X O\QQ Q& Q&g’
7/ N\ Kol v Q : ;
crc ¥ ¥



The BOLD solution (IV): results in cells (xenographts)
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The BOLD solution (V): computational studies

Jaraary 12, 304 Yolurrw 86, pubn scy org/jcim

Heterocyclic bidentate

aromatic skeleton.
JOURNAL OF
CHEMICAL INFORMATION "
AND MODELING Additional

reactive site

. "‘i \.\" ". ‘ ) :.

“:\"14‘\7»-\ y 4 .' | & l iy bl
‘ X . > ! Vo S A

' ! : v. ) ’ - a I

Y ‘ Platinum (I1)

dichloride ——
metallic centre

Diaqua Aurkine East H,Q

cl HO
TSc cl
+16.0
(+25.8)
+30.9 (+35.9) +12.0 (+14.1) 0.0 (0.0) +11.6 (+13.9)
A ey

Journal of Chemical Information and Modeling 2026, 66, 668-683 DOI: 10.1021/acs.jcim.5c01654



The BOLD solution (V): computational studies

& Aurkinel6

DNA intercalation 3-'inter+1,2-intrastrand

Intercalation or
covalent bond
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DNA structure
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3. The BOLD solution: dynamic phototherapy
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From BOLD to Chemotherapeutic photosensitizers
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Cholangiocarcinoma models: intrahepatic CCA + extrahepatic CCA

- -

X - 7
CCLP-1 (lCCA) SNU-1196 (eCCA) Dr. Pilar Acedo Mar@ Rosado
Nufiez Rodriguez
University College London
P
CCLP-1 SNU-1196
} 'S Lineage Bile duct  Bile duct
<
' Disease CCA CCA
N 4 CCA type iCCA eCCA
«.. - A < T Ponulatinon  Caleasian . Fast Asian

CCA cells cultured in DMEM media supplemented with 10% FBS and 1% penicillin-
streptomycin. Incubated at 372C in a humidified atmosphere with 5% CO,




Counts
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ROS: 75%-80%
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MTT assay

ILDH lamp (blue light):
7min 35s = 5J/cm2

Very low toxicity Very low toxicity
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JCP-490
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MTT assay

Metabolic activity (%)
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Conclusions

* BOLD G1-G4 generation-derived from 1-(pyridin-2-

vl)benzo[a]imid-azol[5,1,2-cd]indolizine molecules are efficient
molecular probes in cancer cells.

* These molecules exhibit promising properties in photodynamic
therapy of cancer.

* Batochromic absorption shifts are still necessary for the treatment of
internal tumors.

* Aurkines are very promising new chemical entities for the
treatment of platinum-resistant cholangiocarcinoma.

* These molecules show very low toxicity in normal cholangiocytes

The situation is serious, but not hopeless
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