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Abstract

Glioblastoma (GBM) is the most aggressive form of malignant brain cancer. Here, we synthesized two chimeric
peptide-based radiopharmaceuticals (Comb-1 and Comb-2) targeted to the membrane-bound form of heat shock
protein 70 (mHsp70), which is overexpressed in GMB tissues, for future theranostic applications. The design
concept features a DOTA chelator for coordination to different radiometals tethered directly or via a PEG linker
to a chimeric peptide. The latter combines the Hsp70-targeting ability of the TPP peptide sequence with the blood-
brain barrier (BBB) penetration of another 7-amino acid sequence (D-PepH3) derived from the dengue virus capsid
protein (DEN2C). The two compounds were successfully radiolabelled with Gallium-67, suitable for single
photon emission computed tomography (SPECT) imaging, or with Lutetium-177 for - therapy. Further, the
in vitro properties of the ligand, including lipophilicity (LogD74), human serum albumin (HSA) binding, and
stability in human serum were evaluated. The presence of the TPP sequence affected the half-life of the
combinatorial peptides. Cytometry assays performed with a fluorescent analogue of Comb-2 confirmed the
binding to mHsp70-expressing U87-MG cells. In an in vitro model, all tracers demonstrated the ability to cross
the BBB, indicating that conjugation of the mHsp70-targeting peptide to the PepH3 sequence did not impair its
translocating properties. Biodistribution experiments of ©’Ga-labeled compounds were performed in naive female
CD! mice and showed brain uptake 2 min p.i., as well as renal excretion. For the best performing compound
[’Ga]Ga-Comb-2 (0.60+0.17 %IA/g (injected activity per gram)), the biodistribution experiment was also
performed with perfusion of the organs after the sacrifice, and the results showed retention of radioactivity in the
brain (0.144+0.05 %IA/g). Further metabolic studies in murine urine and blood were performed after

biodistribution, confirming the stability of the chimeric tracers.

Introduction

The most aggressive form of malignant brain cancer is glioblastoma (GBM).!!-3! Standard treatment options
include maximal resection, followed by external beam radiation therapy, chemotherapy with temozolomide, or a
combination of both.*3] However, for most patients, these are just palliative treatments that offer no cure.
Considering this unfavorable prognosis and a very poor median overall survival of less than 2 years from
diagnosis, new imaging and treatment options are urgently needed.?*] Molecular imaging and targeted
radionuclide therapy (TRT) represent valuable tools to address that goal. TRT with high-affinity ligands that
exhibit high selectivity for the target can result in minimal negative impact on healthy tissue. This can be a crucial
advantage for aggressive tumors like GBM, which is known for its resistance to standard therapies due to high
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tumor heterogeneity.[l To date, various approaches to radionuclide therapy for gliomas are in the S%rll%sltg%@% gsf’é‘g O%”l“l”He
development, targeting classical receptors such as the somatostatin receptor (SSTR) type 2, the prostate-specific
membrane antigen (PSMA), and the chemokine receptor CXCR4, among others.[>°1 The majority of the targeting
agents are based on monoclonal antibodies,!'%!?] while some are also peptide-based compounds.['*14l Ongoing
Phase I and I/II clinical trials are targeting the large neutral amino acid transporter 1 (LATIL, [3'T]I-TLX101)!3],
SSTR2 (['7Lu]Lu-DOTA-TATE)!'®], gastrin-releasing peptide receptor (GRPR) ([!”’Lu]Lu-NeoB)!!'”], and
carbonic anhydrase XII (['7’Lu]Lu-6A10 Fab-fragments)!!8]. In this context, new radiolabeled peptides
specifically designed to address cancer-specific targets expressed in GBM cells could prove highly beneficial.
One of the possible targets in GBM is the membrane-bound form of the heat shock protein 70
(mHsp70).l"1 The physiological functions of the intracellular form Hsp70, a molecular chaperone expressed
ubiquitously in healthy and cancer cells in response to stress, include the folding and refolding of proteins to
enable the (re-)gain of their functionality, as well as their targeting for degradation by the proteasome.l?l Hsp70
is overexpressed in a variety of different cancers, increasing their resistance to several stress factors (e.g. hypoxia)
and to apoptosis, and its overexpression can often be correlated with elevated tumor growth and cell migration,
leading to poor prognosis.l2-211 In cancer cells, the cytosolic Hsp70 can be transported to the nucleus, translocated
to the cytoplasmic membrane (mHsp70), or even be transported to the extracellular space.[?% 22231 Screening of

thousands of patient samples of several cancer types revealed that about 50% of the samples were positive for

mHsp70, while control samples of healthy tissue were negative.l?3-3!1 This makes mHsp70 a potential target for

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

tumor imaging and therapy.[?! Moreover, Lobinger et al. stained 37 samples from glioma patients with different

WHO grades and showed that all samples were positive for mHsp70, whereas the healthy brain tissue controls

Open Access Article. Published on 03 June 2026. Downloaded on 6/4/2026 1:46:46 AM.

were negative.[2!

(cc)

Notably, Multhoff and coworkers identified both an antibody (cmHsp70.1) and a tumor penetrating
peptide (TPP, previously TKD) targeting mHsp70.24 33341 The latter is a 14-mer peptide sequence, derived from
the extracellular oligomerization domain of mHsp70, TKDNNLLGRFELSG (TPP, 450-463 AA), which was first
reported to have the same ability to activate natural killer (NK) cells, most likely via binding to mHsp70.33 331
Further in vitro studies revealed that carboxyfluorescein(CF)-labeled TPP exhibited specific binding to different
mHsp70-positive tumor cells and a fast internalization in mHsp70-positive breast cancer cells.?*] Biodistribution
studies in several mHsp70-positive tumor-bearing mice revealed tumor accumulation of CF-labeled TPP, with the
kidneys being the only organ with distinct off-target accumulation, suggesting renal excretion.l**] Most

importantly, the high specific accumulation of TPP together with the exclusive expression of mHsp70 in tumor
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cells, has already been exploited in the development of radiotracers, including the positron emissioDrbpﬁl?(%i‘g‘%lgggg O%”l“l”He

(PET) tracer [3Zr]Zr-DFO-PEG,4-TPP (Figure 1),1371 which showed specific mHsp70-expression-dependent

tumor accumulation in mouse models bearing subcutaneous breast (4T1) or colorectal (CT26) tumors.[37]
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Figure 1. Previously reported structure of a 3°Zr-labelled radiotracer featuring the TPP peptide targeting mHsp70.37]

One major challenge in delivering drugs to the brain is crossing the blood-brain barrier (BBB). The BBB is a tight
cell layer that controls the influx of all substances from the bloodstream into the brain parenchyma, making the
delivery of drugs (including radiopharmaceuticals) to the brain a major challenge. 33491 Various strategies have
been employed to address this major issue, utilizing both passive and mediated mechanisms for permeation across
the BBB.*1-441 Amongst the latter, the use of BBB shuttles constitutes an elegant strategy for targeting the brain,
including receptor-mediated transcytosis (RMT), carrier-mediated transcytosis (CMT), and adsorptive-mediated
transcytosis (AMT).[*>47] In this context, chimeric cell-penetrating peptides (CPPs) are engineered molecules that
combine sequences from two or more different peptides to create a novel agent with enhanced or combined
functions.[*8] Chimeric CPPs can aid the transportation of drugs (including tumor-targeting peptides) that are
unable to pass the BBB by conjugating them to a brain-targeting peptidic vector.[48-4]

Despite the intensive ongoing research, there is still a lack of such peptide-based tracers suitable for the
TRT of GBM that combine, simultaneously, the ability to cross the BBB and target GBM cells.[*3] This becomes
evident in the aforementioned TRT trials of GBM patients, where the peptide derivatives are delivered via
intratumoral/intracavitary injection. Therefore, in this work, we designed chimeric radiotracers that combine the

Hsp70-targeting ability of the TPP sequence with the BBB penetration of another 7-amino acid sequence, named
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PepH3 (Scheme 1). PepH3 is derived from AA 63-69 of the 100 AA-long dengue virus capsid prot ﬁnlg]?(%i‘gﬂ?/%@gg O%”l“l”He
and it is able to cross the BBB via AMT, while also featuring a high in vivo stability.3%-311 Tt should be noted that
in our work, to improve the stability of the PepH3 peptide in human serum and in vivo, we opted for the unnatural
D-PepH3 sequence.’? Importantly, our radiotracers featured a chelator for labeling with different radiometals,
suitable for PET (e.g. Ga-68) or single photon emission computed tomography (SPECT) imaging (e.g. Ga-67), as
well as therapy (e.g. Lu-177). Further, the properties of gallium-67 and lutetium-177 labelled compounds,
including lipophilicity determination, human serum albumin binding (HSA), and stability in human serum, were
assessed in vitro. The binding of one of the chimeric compounds labeled with the luminescent fluorescein 5-
isothiocyanate (FITC) to the mHsp70 protein was evaluated by cytometry in human glioblastoma U87-MG cells.
Moreover, the ability of the radiotracers to translocate across an in vitro BBB cellular model and to accumulate

in the brain of healthy, naive CD1 mice was also investigated. Metabolism studies complemented the ex vivo

biodistribution and provided important information on the in vivo stability of the compounds.

Results and Discussion

Synthesis and Characterization of the Peptide Conjugates

With the goal of combining the mHsp70-targeting ability of TPP and the BBB-penetration of D-PepH3 into one

radiotracer, the combinatorial compounds Comb-1 (DOTA-D-PepH3-TPP) and Comb-2 (DOTA-PEGe-D-

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

PepH3-TPP) (Scheme 1) were synthesized via manual and automated solid-phase peptide synthesis (SPPS). In

our nomenclature, the number 2 always indicates the use of a PEGg linker, while the compounds with the number

Open Access Article. Published on 03 June 2026. Downloaded on 6/4/2026 1:46:46 AM.

1 contain either a shorter linker version (based on glutamate, as in compounds TPP-1 and PepH3-1) or no linker

(cc)

at all (Comb-1). The design of all TPP-containing compounds included the TPP sequence at the C-terminus of
the construct, since modifications at the N-terminus of TPP are known to be tolerated and do not interfere with
the affinity to mHsp70.3637] In both combinatorial compounds, the D-PepH3 sequence was incorporated in a
bridging fashion between the DOTA (or DOTA-PEG) moiety and the TPP peptide. This design considered that
D-PepH3 would most likely retain its BBB-translocation capabilities even when incorporated into a more complex
peptide sequence, as it is derived from the central part of the DEN2C sequence.’ In fact, we also performed an
in silico assessment of the BBB-translocation capabilities of the peptides using a predictive method that relies on

the peptides’ physicochemical properties (Table S1).13 Our results suggested that PepH3-1 and PepH3-2 have a
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high translocation capability (translocation score>0.80), followed by the chimeric tracers Combo-1 &P?o(fo‘%@P Sﬂég o%?ﬁj

2, whereas TPP-1 and TPP-2 exhibit poor translocation capability (Table S1).
Aimed at discerning the contribution of each peptidic building block, four other compounds (PepH3-1, PepH3-
2, TPP-1, TPP-2, see Scheme 1), containing only one of the two peptide sequences and with/without the PEG

linker, were synthesized following the same procedure.

a i i i i
[ W e
o
WO -
FS T H™ oH
0 g )
a
DOTA
Comb-2
'\-':__ - i i i
[T - "'u.-___'\'l gy PE".._-.,Eln'uel"'" o
wa L, 4@ o
LR -.H.I [
o -
o
o
. WO | f i | f
Wl R 'H--._.“- -
[ &
b N7 o b
a b w  HOOTO
&
DGlu linker
TPP-2
o
-] i ¥
ol oM
HO -
H ¥ o o a i | | ] f | |
H - - S
-q:hl- . it '] a o ey I
H
o
PEG linker
a
] o~
g ] oH
wa AT u:-"""f“"
s ~H M e
:j." - H o
D=y-Gihu linkar
PepH3i-2
° H
*
L T R el T e M N e N [
N n
Wi - a 8
[ N L. ¥
& P
4 )

L}
Scheme 1 - Structures of the chimeric compounds Comb-1, Comb-2 reported in this work, combining the mHsp70-targeting
abilities of TPP with the BBB-penetration of D-PepH3, and of the control tracers featuring only one of the two peptidic
domains and with/without the PEGg linker.
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Additionally, fluorescent derivatives (FITC-TPP-2, FITC-Comb-2, Fig. 2) were designed by %‘SP%R%EY%@?ESO%TTS
DOTA chelator with fluorescein isothiocyanate (FITC) to be used in flow cytometry analysis. We chose FITC as
a fluorophore because it is a bright, widely used, and well-established tag that has been used in previous studies.7!
After synthesis and purification (>95%) by Reversed-Phase High-Performance Liquid Chromatography (RP-
HPLC), all peptide conjugates were characterized by High-Resolution Electrospray lonization Mass Spectrometry
(HR-ESI-MS) (Figures S1-36). The compounds containing the DOTA chelator were labeled with [¢7Ga]Ga or

['"Lu]Lu. After optimizing the reaction conditions, specifically temperature and time, the corresponding

radiopeptides were obtained with high radiochemical purity (=95%) (Figures S37-49).
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Figure 2. Structures of the fluorescent compounds FITC-Comb-2, and FITC-TPP-2 reported in this work.

In vitro Evaluation of Compounds’ Lipophilicity, Stability, Serum Albumin and Target Binding

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

The hydro/lipophilic nature of all compounds was assessed through the determination of the octanol-PBS partition

coefficient at pH = 7.4 (logD; 4) by the shake flask method. The results (Figure 3A) show that all six compounds

Open Access Article. Published on 03 June 2026. Downloaded on 6/4/2026 1:46:46 AM.

were hydrophilic with LogD;4 values in the same range as the reported radiolabeled benchmark compounds

(cc)

["Lu]Lu-PSMA-617 (-4.44+0.15) and [*®*Ga]Ga-DOTA-TATE (-2.81+0.11).5%%7], Nevertheless, ['"’Lu]Lu-
Comb-1 and ['7"Lu]Lu-Comb-2 show higher lipophilicity with respect to the non-combinatorial derivatives,
which might be beneficial for brain uptake.[*®

A balanced HSA-binding is one of the key parameters to achieve sufficient tracer bioavailability, as it
influences both circulation time and tissue penetration.’* 3% [177Lu]Lu-Comb-1 (60.5+3.5%) and
['"7Lu]Lu-Comb-2 (66.0+5.6%) showed a 1.8- to 2.2-fold increase in HSA-binding in comparison to the non-
combinatorial compounds ['77Lu]Lu-PepH3-1, ['"’Lu]Lu-PepH3-2, ['7’Lu]Lu-TPP-1, and ['”’Lu]Lu-TPP-2
(29.6+2.9% — 34.0+4.2%) (Figure 3B). All six peptides showed high stability in medium, with more than 90%

intact compound after 24 h of incubation (Figure 3C, Table S2 and Figure S50).
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Further in vitro stability studies were performed in human serum (Figure 3D, Table S3, an[()io}]?i%ufggg%lggde Online

CO00011H

All compounds remained >90% intact after 10 min at 37°C, and the first signs of instability were detected only

after 1 h of incubation. It should be noted that the main evidence of instability was given by the appearance of a

new peak in the RP-HPLC chromatograms at t = 1.8 min, likely corresponding to free Lu-177. After 24 h, the

differences between the compounds were more pronounced. While ['77Lu]Lu-PepH3-1 (81.5% intact compound

after 24 h) and ['"’Lu]Lu-PepH3-2 (95.3% intact compound after 24 h) showed a favorable stability profile, and

were highly improved with respect to the natural L-PepH3 sequence,l®?! the four TPP-containing peptides

["Lu]Lu-TPP-1, ['Lu]Lu-TPP-2, ['"7Lu]Lu-Comb-1, and ['”Lu]Lu-Comb-2 were almost completely

dissociated, and featured half-lives between 90 min-2 h (Figure 3D).

A B
T ["LulLu-PepH3-1
1 100 - I ['"LulLu-PepH3-2
0 [ LulLu-TPPA
< 5 B [77LulLu-TPP-2 66.045.6
g = ® 7 "LulLu-Comd-1 60.5£35
2 = B ['""Lu]Lu-Comb-2
9 a3 -2.51£0.14 2 g0 .
-2.68+0.07 -é 33.143.1 34.0+4.2
-+ I [7LulluPepHa-1 B 40 318431 59 642.9
4.13+0.06 - B ["77Lu]Lu-PepH3-2 (‘5 = __
5 - -4.50£0.14 [ [""Lu]Lu-TPP-1 T 20
-4.0920.07 -4.46£0.12 B [77LulLe-TPP-2
[ ["7LulLu-Comb-1 0
B ["7Lu]Lu-Comb-2
C D
DMEM GlutaMAX™ Human Serum
100 4 ° ° = —g 100 -
— 90 -L_‘* i L — — & — 90 —_—
£ 80 § 80 \i \ -
= 70 o 70 Te=a N
g .
g %01 & [7LuLu-PepH3-1 é 80 9 e ["TLuLu-PepH3-1
E 50— "LuLu-PepHs-2 £ 509 —s—[""Lu]Lu-PepH3-2
8 409 [MLulLu-TPP-1 S 40— ["LulLu-TPP-1
G 30—e— [MLylLu-TPP-2 G 30 1—e—[""LuLu-TPP-2
£ 204 ["Lu]Lu-Comb-1 £ 204 ["""Lu]Lu-Comb-1
= 10 {—e—[""LujLu-Comb-2 = 10 {—e—[""Lu]Lu-Comb-2 N e
0 T — f— 0 T —f——
0 1 2 24 0 1 2 24
Time [h] Time [h]
E F
100 1 100 -
= 80 - 80 1
S =
— &2
2 »
8 60 1 % 60 A
(8]
> o
s 40 4 Z 40 4
® ‘®
o [=]
- 20 4 o 20 4
I
0 0
isotype cmHsp70.1 FITC-TPP-2 FITC-Comb-2
Antibodies Peptides

Figure 3. In vitro evaluation of the reported !7’Lu-labeled radiotracers, including: (A) lipophilicity (logD7 4). (B) HSA binding,
as well as stability in (C) cell culture medium and (D) human serum determined by radio RP-HPLC. (E) Cytometry analysis
of mHsp70 expression in human glioblastoma U87-MG cells with antibody FITC-cmHsp70.1 (50 ng/mL). AF488 (50 ng/mL)
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was used as a negative isotype control. (F) Cytometry analysis of FITC-TPP-2 and FITC-Comb-2 to determine bindifig &ficle Ontine
the peptides (5 uM) to U87-MG cells. Both analyses (E) and (F) were performed with 30 min incubation (37‘%?'5%@6%. 65C000LLH

To investigate whether the ability of the TPP peptide sequence to target mHsp70 is preserved in these new
constructs, the binding of the FITC-labeled compounds (FITC-TPP-2 and FITC-Comb-2) to mHsp70-expressing
human glioblastoma U87-MG cells was tested (Figure 3E-F, Table S4).371 The flow cytometric analysis of cells
incubated with FITC-TPP-2, and FITC-Comb-2 showed binding of both compounds to U87-MG cells.
Interestingly, FITC-TPP-2 showed a lower percentage of positive cells staining (46.2%=+2.5), whereas more than
75% of cells showed binding of FITC-Comb-2 (77.5%+4.4). Since we hypothesize that the PepH3-2 moiety
enables the conjugates to cross the cell membrane and reach the intracellular space,!® FITC-Comb-2 can feature
increased binding compared to FITC-TPP-2, whose binding is limited to cell surface HSP70. The TPP-2 binding
intensity matched the HSP70 expression level, as confirmed by staining the cells with the HSP70-targeting
antibody FITC-cmHsp70.1. FITC-cmHsp70.1 showed much higher positivity (28.7%+6.0 compared to unstained
cells) than the non-specific isotype control (11.2%+2.5 compared to unstained cells) (Figure 3E).

It should be noted that FITC is pH-sensitive, and since our FITC-labeled probes are internalizing, this

may impact the fluorescence redouts. However, FITC is brightest at neutral pH and mainly quenched in acidic

vesicles (lysosomes). We report the percentage of FITC-positive cells using a fixed gating strategy and consider

any pH-dependent modulation of fluorescence intensity to be too small to affect our qualitative classification of

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

cells as positive or negative in this study. If anything, pH-based quenching would lead to an underestimation of

positive cells, further elevating FITC-Comb-2 as the most promising ligand. In any case, previous studies have

Open Access Article. Published on 03 June 2026. Downloaded on 6/4/2026 1:46:46 AM.

not shown fluorescence quenching with TPP-FITC conjugates.7 60!

(cc)

In vitro Evaluation of Blood Brain Barrier Translocation

Aimed at assessing the ability of the novel conjugates to translocate the BBB, we used an advanced in vitro model
established with murine brain endothelial cells (b.End3). The latter form functional barriers and express tight
junction proteins in culture, thus, mimicking BBB characteristics in this type of model.l°-63] As described
previously by us, this model was established by growing bEnd.3 cells in fibronectin-coated transwell filters,
enabling the growth of a tight monolayer of cells (Figure 4A).[61 After formation of the cell monolayer, the
radiopeptide derivatives [©’Ga]Ga-PepH3-2, [¢’Ga]Ga-TPP-2, [*’Ga]Ga-Comb-1, and [*’Ga]Ga-Comb-2 were

added to the apical site for 5 h. Additionally, ['2*I]I-ioflupane (['ZI]I-DaTSCANT™) was used as a positive control
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for BBB translocation. Ioflupane is an approved radiopharmaceutical that can bind to dopamine %%P?B?&%f/% 2?
the brain and is indicated for the diagnosis of Parkinsonian syndromes in clinical settings since 2000.1641 The
translocation efficiency was determined by the amount of radiolabeled compound detected in the basolateral
medium as a % of the total content recovered (apical + basolateral media) (Figure 4B). To assess whether the
integrity of the BBB was affected by the radiotracers, we performed a post-translocation integrity assay. To this
aim, the permeability of the BBB model to fluorescently labeled dextran with a 4 kDa molecular weight (FD4)
was measured. No decrease in the integrity of the cell model (integrity > 85%) was observed, indicating that the
compounds did not disrupt the monolayer in the BBB in vitro model.

All radiotracers tested efficiently crossed the in vitro BBB model (Figure 4B), in line with previous

studies on peptide-based radiotracers.’ As expected, ['2*I]I-ioflupane presented the highest translocation level,
which is significantly higher than that of the peptide conjugates (p<<0.0001 for all values). The translocation ability
of [7Ga]Ga-PepH3-2, [’Ga]Ga-Comb-1, [’Ga]Ga-Comb-2, and [*’Ga]Ga-TPP-2 was comparable, while a
small but statistically significant difference was observed for [¢7Ga]Ga-PepH3-2 compared to the other
compounds. This means that conjugation of the mHsp70-targeting peptide TPP to the PepH3 sequence had a
negligible impact on the BBB-translocating properties of the chimeric radioconjugates.
Concerning the possible role of the charged [7Ga]-DOTA unit in facilitating PepH3 translocation, previously
reported studies with a radiopeptide with a neutral metal moiety, [7Ga]-NODAGA-PepH3, showed similar
translocation ability to the [¢’Ga]Ga-DOTA-D-PepH3-2 radiopeptide (27% and 22%, respectively) after 5 h
incubation.% Therefore, we can exclude a substantial impact of the positively charged metal chelating group on
the BBB translocation properties of the tracers.

To follow up on these results and to explore the comparable BBB translocation of the [¢’Ga]Ga-TPP-2
construct to the other PepH3-based compounds, we evaluated mHSP70 expression in bEnd.3 cells by flow
cytometry and found that these cells also express mHSP70, although to a lower extent than U87 cells (Table S5,
Fig. S52). We hypothesize that this target expression in the endothelial cell model could lead to radiotracer binding
and internalization, eventually allowing its translocation. It should be noted that it is extremely difficult to discern
the BBB translocation capabilities of peptides that rely on AMT mechanisms (e.g., PepH3) vs. receptor-mediated
pathways (as possible for TPP via mHSP70 binding). The mechanisms by which peptides interact with the
endothelial cell membrane and translocate the BBB are diverse, with subtle differences, particularly for active

mechanisms, and they often overlap in standard assays.
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Ex vivo Biodistribution Studies

To further analyze the BBB penetration ability and the pharmacokinetic properties of the ’Ga-labeled compounds,
biodistribution experiments were performed in naive female CD1 mice. In addition to the tracers tested in the
BBB assay, [°7Ga]Ga-PepH3-1 was included as well, to further analyze the effect of the linker length (Glutamate
vs. PEGg linker). The mice were injected intravenously with the respective radiopeptide and sacrificed 2 min post-
injection (p.i.) to assess the initial brain uptake at the first blood passage, and after 60 min p.i.. The results are
presented in Tables S6 and S7 and displayed in Figure 4C. As expected, at 2 minutes post-injection (p.i.), the
tissue distribution was at an early stage, resulting in high accumulation in blood and major organs. The pronounced
activity accumulation in the kidneys (> 20% IA/g, injected activity per gram) suggests the urinary tract as the
predominant excretion pathway for all tested compounds.

Concerning brain uptake, the mean values at 2 min p.i. were all ranging between 0.37+0.05 %IA/g for
[’Ga]Ga-PepH3-2 and 0.60+0.17 %IA/g for [*’Ga]Ga-Comb-2, with no statistically significant differences
between them. In line with the observed translocation in the in vitro BBB model, [¢’Ga]Ga-TPP-2 (0.56+0.1
%IA/g) showed brain accumulation comparable to the PepH3-containing compounds. In general, our results are
in line with those previously reported by Neves et al.. 5% Moreover, brain uptake values in healthy or subcutaneous
tumor-bearing mice of other reported peptide-based radiotracers designed to cross the BBB were between 0.340.0

and 0.9+1.1 %IA/g.1%] In addition, the small molecule ['®F]FET, which is routinely used for PET imaging of

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

cancer, including patients affected by GBM, [6-67] showed brain uptake below 1% (0.99+0.24 %IA/g, 5 min p.i.)

in a mouse model bearing subcutaneous S 180 tumors.[® This comparison suggests that our values (0.37+0.05 to

Open Access Article. Published on 03 June 2026. Downloaded on 6/4/2026 1:46:46 AM.

0.60+0.17 %I A/g) are also compatible with BBB crossing.

(cc)

At 60 min p.i. (Table S7), radioactivity levels confirmed clearance of the tracers from the brain, and
major retention in the kidneys of [7Ga]Ga-Comb-1 and [’Ga]Ga-Comb-2 (91.88+20.63 and 110.90+16.80
%IA/g, respectively), which should be considered for future therapeutic applications. High kidney retention is a
common feature of several radiolabeled peptides, often related to tubular reabsorption. Although a dose-limiting
issue in clinical applications, there are well-established strategies to reduce renal reabsorption.[®] Anyway, similar
uptake has been observed with the commonly used PSMA ligands,[7”] which does not necessarily exclude our
tracers from possible clinical imaging use.

For the best-performing compound in terms of brain uptake [¢’Ga]Ga-Comb-2, the biodistribution
experiment (2 min p.i.) was also performed with perfusion, to exclude the fraction of the radiotracer associated

with the blood vessels in the brain. In the perfusion protocol, after sacrifice the blood volume of the animal is

11
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exchanged with PBS, before the removal of the organs. Therefore, the activity can be measured excglg?:\ﬁ%lyo%%gggg O%”l“l”He
the organ tissue itself. This lengthy procedure results in reduced activity values, particularly in highly vascularized
organs. Accordingly, brain uptake was reduced from 0.60+0.17 %IA/g before perfusion to 0.14+0.05 %IA/g at 2
min p.i. after perfusion (Figure 4C). The statistical analysis of this value showed that it is significantly different
from the brain uptake of [¢’Ga]Ga-Comb-2 without perfusion (p<0.05). Nevertheless, the activity left in the brain
is still relevant, especially when compared to the peptide-free fac-[*™Tc(CO);]-pyrazol-diamine chelator
([*™Tc]TcPz3), which served as a negative control in the studies performed by Neves et al. 5% (brain uptake of

0.09+0.01 %IA/g, 5 min p.i.). Therefore, the obtained results suggested that [€’Ga]Ga-Comb-2 was able to cross

the BBB.
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Figure 4. (A) Scheme of the BBB-translocation assay. (B) BBB-translocation of the reported [¢7Ga]Ga radiotracers (185

kBg/mL) after 5 h incubation in vitro. Statistical analysis: one-way Anova with Tukey test, *:p<0.05, **:p<0.01, ***:p<0.001,
ik n<(0.0001. (C) Ex vivo biodistribution of the investigated [¢’Ga]Ga-labelled compounds (2.7-4.1 MBq) in naive CD1

mice, 2 min p.i.. Data are expressed as %IA/g, mean + SD (n = 3). The exact values calculated for this diagram are given in

the SI (Tables S6 and S7). (D) Selection of radio-RP-HPLC chromatograms from stability studies on blood and urine samples

from mice sacrificed for biodistribution studies 2 min p.i..
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Ex vivo Stability Studies View Article Online
5 S DOI: 10.1039/D6SCO0011H

To further investigate the stability of the compounds in vivo, radio-RP-HPLC measurements were performed on
blood and urine samples from mice sacrificed for biodistribution studies. While urine samples from three mice
were collected, combined, and filtered before injection, the blood sample with the highest radioactivity was used
after protein precipitation and filtration. The results are displayed in Figure 4D and Figure S53. The PepH3-
containing compounds [¢’Ga]Ga-PepH3-1, [*’Ga]Ga-PepH3-2, [¢’Ga]Ga-Comb-1, and [¢’Ga]Ga-Comb-2
showed a high stability in both blood and urine at 2 min p.i. [¢7Ga]Ga-Comb-2 revealed only a small additional
signal at a retention time of tg = 3.0 min in blood, which is most likely attributable to free [’Ga]Ga3*. The intact
[¢’Ga]Ga-PepH3-1 exhibited a very defined signal at tz = 11.8 min in the radio-RP-HPLC quality control.

Of note, [’Ga]Ga-TPP-2 formed several metabolites (Figure 4D), revealing in vivo stability issues, as
already noted in the in vitro human serum study. In urine, the retention time shifted to tg = 10.3 min, and thus, to
a more hydrophilic region compared to the signal of the intact compound at tg = 12.6 min. In blood, the signal of
the intact compound was observed, together with several signals of shorter retention time, suggesting the
formation of a more hydrophilic species. While it is still reasonable to assume that the uptake in the brain was
partly due to the intact [¢’Ga]Ga-TPP-2, the value could also be influenced by the formed metabolites. Overall,
the in vivo results indicated that the combination with the D-PepH3 sequence in [¢’Ga]Ga-Comb-1 and

[¢’Ga]Ga-Comb-2 significantly stabilized the L-TPP sequence.

Conclusions

In summary, we have synthesized two chimeric radiotracers that can be radiolabeled with nuclides suitable for
imaging and therapy. The performed in vitro and in vivo experiments demonstrate that the compounds can both
target brain cancer cells and translocate the BBB. Our results provide a sufficient basis for further investigation
and optimization of the combinatorial peptides. For example, ongoing work involves conjugating the PepH3
peptide to CXCR4-targeting peptidic vectors for brain cancer imaging and treatment. In the future, dynamic
PET/MRI or PET/CT imaging would help further assess brain uptake of the compounds and identify the optimal
time point for maximal brain uptake in future biodistribution experiments. These efforts could lead to the

development of radiopharmaceutical compounds for GMB theranostics.
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General

All reagents and solvents were purchased from commercial suppliers and used without further purification.
ESI-MS spectra were recorded on an expression CMS mass spectrometer (4dvion Ltd., Harlow, UK) with a
quadrupole analyzer and an electron spray ionizer. To obtain high-resolution ESI-MS (HR-ESI-MS) of end
products, an Exactive Plus Orbitrap Mass Spectrometer from Thermo Fisher Scientific (Massachusetts, USA) was
used. Simulated spectra were calculated with the free enviPat webpage, provided by EAWAG (Diibendorf,
Switzerland).

Analytical and preparative RP-HPLC was carried out on Shimadzu Corp. Instruments (Kyoto, Japan) equipped
with two LC-20AD gradient pumps, a CBM-20A communications module and a Smartline UV detector 2500
(A=220 nm, A =254 nm) from Dr. Ing. Herbert Knauer GmbH (Berlin, Germany). For analytical RP-HPLC a
flow rate of 1.0 mL/min and for preparative RP-HPLC a flow rate of 10 mL/min was used. Quality controls of
peptidic ligands were performed on a MultoKrom® 100-5-C8 column (150 x 4.6 mm, 5 pum particle size, CS
Chromatographie GmbH, Langerwehe, Germany). Different gradients of A (H,O+0.1% TFA) and B
(MeCN + 5% H,0 and 0.1% TFA) were used as eluents for all RP-HPLC operations, except for the work with
67Ga-labeled compounds, where A (H,O +0.1% TFA) and B (Methanol) were used as eluents at a Nucleosil 100-
5 C18 column (250 mm x 4.6 mm, 5 um) from Macherey-Nagel (Diiren, Germany). All compounds are >95%

pure by HPLC analysis.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

An Alpha 1.2 freeze-dryer from Christ (Osterode, Germany) connected to a RZ-2 rotary vane pump from

Open Access Article. Published on 03 June 2026. Downloaded on 6/4/2026 1:46:46 AM.

Vacuubrand GmbH & Co. KG (Wertheim, Germany) was used to freeze-dry products. Human glioblastoma

(cc)

U87-MG cells were purchased from ATCC (HTB-14) and cultivated in DMEM GlutaMAX™ from Thermo
Fisher Scientific (Waltham, United States) with 10% FBS purchased from FBS Zellkultur (Berlin, Germany) or
Thermo Fisher Scientific (Waltham, United States) and 1% penicillin (10 000 units) /streptomycin (10 mg/mL) in
0.9% NaCl, purchased from Sigma-Aldrich Co. (St. Louis, United States) as supplements. The murine brain
endothelial cell line b.End3 was purchased from ATCC (Virginia, USA) and cultivated in DMEM from Thermo
Fisher Scientific (Waltham, United States) with 10% FBS purchased from Thermo Fisher Scientific (Waltham,
United States). Cells were cultivated at 37°C in a humidified 5% CO, atmosphere in a cell cabinet. They were

handled under sterile conditions in laminar workflow stations.
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["""Lu]LuCl; in 0.04 M HC1 was purchased in radiochemical grade EndolucinBeta® n.c.a. (40 GBq/ggr)lgrgggggg / ‘é‘g O%”l“l”He

Isotope Technologies Munich SE (Munich, Germany) and was used without further purification. [’Ga]Galium
citrate in water was purchased from Curium Netherlands S.V. (Le Petten, Netherlands) and was transferred to
[¢’Ga]GaCls in 0.1 M HCI before further use. All radioactive samples were measured on a 2480 Wizard y-counter

from PerkinElmer Inc. (Waltham, USA), or a Hidex Automatic y-counter from Hidex Oy (Turku, Finland).

Peptide Synthesis and Purification

The compounds were acquired using manual solid-phase peptide-synthesis (SPPS) at the 2-CTC resin or a
combination of manual and automated SPPS (at LibertyBlue™ from CEM Corporation) at the ProTide Rink
amide or the Fmoc-Gly-Wang-ProTide resin. Manual coupling steps were performed in DMF in a SPPS reactor
equipped with a polyethylene frit for at least 2 h at rt. Here, the coupling reagents TBTU (1.5 eq.) and HOAt
(1.5 eq.), as well as the base DIEA (6.0 eq. or more to ensure a pH of 9-10) were added. The resin was swollen
for at least 1 h at rt in DMF before the reaction, and 1.5 eq. of the respective Fmoc-protected amino acid were
used for the coupling. Fmoc deprotection between the coupling steps was realized with 20% piperidine/DMF for
5+10+15 min at rt. When coupling DOTA(fBu);, 3.0 eq. of the chelator and the coupling reagents and 9.0 eq. of
DIEA were applied. Coupling of FITC-isomer 1 (2.5 eq.) was performed with 8.0 eq. DIEA and no coupling
reagents.

During automated SPPS, DMF was used as a solvent, DIC (0.5 M, 10 eq.) in DMF as activator and Oxyma/DIEA
(0.5M/0.1 M, 5 eq./2 eq.) as Activator base. The Fmoc-protected amino acids (0.2 M, 10 eq.) were coupled at
90 °C for 2 min. For Fmoc-Arg(Pbf)-OH the coupling was performed two times in a row. Fmoc deprotection was
achieved using 20% piperidine/DMF for 1 min at 90 °C.

Cleavage off the resin after the completion of the peptide was achieved by adding a TFA/TIPS/H,0 (95/2.5/2.5)
mixture for 1 h+ 1 h at rt. To ensure the deprotection of all amino acid residues, the cocktail was stirred for at
least 2 h at rt. Then, TFA is evaporated under a nitrogen current, the crude peptide is dissolved in a mixture of
H,0, MeCN, and DMF, to achieve a clear solution, filtered, and purified by RP-HPLC. After evaporating the

HPLC solvents under reduced pressure and lyophilization, the product was obtained in high purity (=95%).

Radiolabeling
For the complexation with lutethium-177, each compound (1 pL, 1 mM in DMSO) was added to 10 uL of sodium

acetate buffer (1 M, pH 5.5) in a Protein LoBind Eppendorf tube (Merck KGaA (Darmstadt, Germany):
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EP0030108116). Depending on the planned experiments, a varying amount of ['7’Lu]LuCl; in 0.04 M Oﬁl()(gg%@?gg O%”l“l”He
added (about 20-55 MBg/nmol). After the volume was adjusted to 80 pL, the reaction mixture was heated to 80-
90 °C for 15-20 min. Subsequently, 20 pL of the radiolysis quencher sodium ascorbate (0.1 M in PBS) were added
and the final volume was adjusted to 100 uL. with 0.04 M HCI. Quality control was performed via radio RP-HPLC
(10-40% or 10-50% MeCN (2% H,0, 0.1% TFA)/H,0 (0.1% TFA) v/v in 15 min) on a MultoKrom® 100 RP 18
column (125 x 4.6 mm, 5 pm particle size)) purchased from CS - Chromatographie Service GmbH (Langerwehe,
Germany).

For the complexation with gallium-67 the received [¢’Ga]gallium-citrate (CURIUM NETHERLANDS B.V., The
Netherlands) was first transformed to [7Ga]GaCls by ionic exchange using a Sep-Pak® Classic Silica column
(690 mg, 50-105 um, Waters™, Milford, USA) and eluting with 3 mL 0.1 M HCI in 0.5 mL fractions.[’!] The
respective amount of 0.1 M NaOAc buffer (pH = 5) was added to the needed activity of [¢’Ga]GaCl; (about 0.1-
2.2 MBg/nmol), to reach a pH of 4-5. The respective amount of DOTA-bearing compound was added, to achieve
a concentration of 50 uM. The reaction mixture was heated for 15 min (80-95 °C), and quality control via radio
RP-HPLC (10% MeOH/H,0 (0.1% TFA) v/v for 5 min, 10-100% MeCN/H,0 (0.1% TFA) v/v in 20 min) was

performed on a NUCLEOSIL 100-5 C18 column (250 mm x 4.6 mm, 5 um) from MACHEREY-NAGEL (Diiren,

Germany).

In silico Predictive BBB-translocation

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

To calculate the theoretical capabilities of the peptides to cross the BBB, we have applied a previously described

predictive model.[>3] Initially, we calculated the physicochemical properties of each peptide and the sum of squares

Open Access Article. Published on 03 June 2026. Downloaded on 6/4/2026 1:46:46 AM.

(S), with lower S indicating greater capacity to cross. Then, to better compare with the current BBB-penetrating

(cc)

peptides, we calculated the relative translocation capacity using positive and negative controls (with translocation
factor (cross) of 1 or 0, respectively). The crossing capacity is reported as high (cross>0.80); moderate

(0.50>cross>0.80); or low (cross<0.50).

Lipophilicity (LogD-4)

The octanol-PBS partition coefficient at pH = 7.4 (logD;4) was determined as follows. A mixture of 500 pL PBS
(pH 7.4) buffer and 500 uL octanol was transferred to a Protein LoBind Eppendorf reaction tube (Merck KGaA
(Darmstadt, Germany): EP0030108116). Further, 0.5-1 MBq of the [!7’Lu]Lu labelled compound were added (the

added volume did not exceed 10 pL). The samples were vortexed for 3 min at 3000 rpm and centrifuged for 5 min
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at 9000 rpm. Afterwards, 200 pL of the octanol phase and 200 pL of the PBS phase were carefu%lgm&%c%@ . OO0

For very hydrophilic compounds, with logD;4 < -3, the measurement was repeated with only 20 uL of PBS
withdrawn, to avoid exceeding the linear measurement window of the y-counter. The activity of the separated
octanol and PBS phases was measured using the y-counter (Perkin Elmer Inc. Langerwehe, Germany). For each
compound, the experiment was repeated with a total of eight samples. The logD; 4 was determined for each sample
via the following equation. The mean value was obtained using at least 5 of the 8 measured samples.

cpm(octanol)
cpm(PBS)

logD; 4 = log
Human Serum Albumin (HSA) Binding
After radioactive labeling with ['7’Lu]Lu and quality control via radio RP-HPLC, the compounds were diluted in
PBS (pH 7.4) buffer to obtain stock solutions with an activity concentration of 20 MBg/mL. Additionally, a stock
HSA solution was prepared by dissolving HSA in PBS buffer to reach a concentration of 777.8 um. Thus, 6
samples containing ['7’Lu]Lu labelled compound at a concentration of 2 MBq/mL were prepared for each peptidic
derivative, by adding 25 puL of the respective stock solutions to 225 pL of the HSA/PBS solution in Protein LoBind
Eppendorftubes (Merck KGaA (Darmstadt, Germany): EP0030108116), in order to obtain a compound:HSA ratio
of about 1:10000. Thereby, a final HSA concentration of 700 uM was achieved, which is equivalent to the
physiological HSA concentration in the blood (30-50 g/L, 452 — 753 puMm).l"?1 In parallel, 6 control dilutions of
each compound were prepared by adding 25 pL of the stock solutions to 225 pL. PBS. All samples were then
incubated for 30 min in the cell incubator (37 °C, 5% CO,). Thereafter, each sample was transferred in a
centrifree® centrifugal filter unit (Merck Millipore Ltd, Corck, Ireland), and centrifuged at 3200 rpm for 40 min.
The filter and the filtrate were disassembled and measured separately in the y-counter. The HSA-binding was
calculated using the cpm-values and the following equations. Thereby, the total HSA binding was corrected by

the non-selective binding to the ultrafiltration vial using the controls.

n( lAPBS(filter) l )

A iltrat A [[t

non specific binding [%] = Mpps(filtra il) * Apps(filter)
AHSA (fllter)

Ansa(filtrate) + Aps, (Filter) — oM specific binding [%].
100% — non specific binding [%]

™M
=3

HSA binding (corr.)[%] = ”

Stability Studies
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For the stability studies, the ['7’Lu]Lu-labeled peptides were transferred to Protein LoBind El’é’oeﬁl%?f&vg%gééégo%”ffﬁ
(Merck KGaA (Darmstadt, Germany): EP0030108116), diluted with the respective medium and incubated in a
cell safety cabinet (37 °C, 5% CO,) for the respective amount of time. For the stability in DMEM GlutaMAX™,
one vial for the 4 time points was prepared (28 uL (12 MBq) compound + 372 uLL DMEM, 1:13 v/v). Samples of
100 pL were taken at each time point, and 75-80 pL were immediately injected to perform the RP-HPLC
measurement. For stability in human serum (H4522 from Sigma-Aldrich, US), 1 vial was prepared for each of the
3 time points (30 pL (6-9 MBq) compound + 300 uL DMEM, 1:10 v/v). Samples of 100 pL were taken at each
time point and transferred to a new Protein LoBind Eppendorf tube, where 125 pL cold MeCN and 50 pL cold
EtOH were added to precipitate serum proteins. The tubes were centrifuged for 5 min at 5000 rpm, the supernatant
was transferred to centrifugal filters (VWR International GmbH (Darmstadt, Germany): 516-0231) and
centrifuged again for 5 min at 5000 rpm. Then, 50 pL of the filtrate were injected to perform RP-HPLC

measurement. The gradient used for all measurements was 10-50% B over 15 min. Integration of the resulting

HERM signals was used to determine the percentage of intact compound.

Flow Cytometry
Preparations for the cytometry experiments began by trypsinizing the U87-MG or bEnd.3 cells and washing them
with PBS containing 1% FBS. Incubation was performed with 5 uM of the compounds in PBS (0.1% FBS for

peptides, 1% FBS for the Mouse Anti-HSPA1A Recombinant Antibody (clone cmHsp70.1, Creative Biolabs, Cat

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

No: HPAB-0243-YC), the AF488 isotype control (B434947, Biolegend)) at 37 °C for 30 or 60 min. After

subsequent washing, the cells were resuspended in PBS with 1% FBS and stained with DAPI. Measurements were

Open Access Article. Published on 03 June 2026. Downloaded on 6/4/2026 1:46:46 AM.

performed at the NovoCyte 2060R and processed with the NovoExpress 1.6.0 software from Agilent Technologies

(cc)

Inc. (Santa Clara, California, USA). The flow cytometry gating strategy was performed according to a
standardized sequential workflow. Briefly, cell population was selected by gating on forward and side scatter,
followed by doublet discrimination to isolate single-cell events. Viable cells were identified by exclusion of DAPI-

positive events (dead cells).

Brain Blood Barrier Model
Cell Culture
Murine brain endothelial cells, bEnd.3 (American Type Culture Collection, CRL-2299™) were cultured in

Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine serum (FBS) (all from Gibco,
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Thermo Fisher Scientific) in a humidified atmosphere of 5% CO, at 37 °C. The cells were tested foDr 6}1&/8?&%%@?‘55 O%”l“l”He

using the LookOut® mycoplasma Polymerase Chain Reaction (PCR) Detection kit (Sigma-Aldrich, Merk). To
obtain the in vitro BBB model, 200 pl of a cell suspension with 5000 cells were seeded in the apical side of
fibronectin-coated tissue culture Polyethylene Terephthalate (PET) inserts (pore size of 1 pm) for 24-well plates
(Corning, Merk), and 500 pl of complete culture medium were added to the basal side of the inserts. The cells
were grown for 10 days, and the media of both the apical and basal sides were changed every other day. On the

day of the translocation assay, the integrity of every filter was checked after the translocation assay was performed.

BBB Translocation Assay

For the translocation assay, the filters were washed two times with PBS and one time with assay medium (DMEM
FluoroBrite™ (+ 10% FBS)). Afterwards, 500 pL of assay medium was added to the basolateral side, while the
200 pL of solution containing 185 kBg/mL of the ’Ga-compound under investigation, diluted in assay medium
was added to the apical side. Incubation was performed for 5 h at 37 °C in a humidified 5% CO, atmosphere.

Afterwards, each apical and basolateral side was transferred to a centrifuge tube and measured in a y-counter.

BBB Integrity Assay

To evaluate the integrity of the BBB in vitro model, the fluorescent probe fluorescein isothiocyanate-dextran with
a molecular weight of 4 (FD4, Sigma-Aldrich) was used. During the incubation of the radioactive probe, 2 h
before the end of that incubation, 2 pL. FD4 were added to the apical side to obtain a final concentration of 25
pg/mL in DMEM Fluor bright. After the measurement in the y-counter the fluorescence was measured (ex. 493
nm/ em. 560 nm) in a microplate reader (Varioskan Lux multimode, Thermo Fisher Scientific). Empty inserts
were used as control. The integrity of the cell layer was determined by the following calculation and was aimed

to be at least 90%, for the translocation values to be considered valid.

Fi — Fi (cells)
Fi (FD4) — Fi(DMEM)

Integrity % = 100 — 100 -

Fi: fluorescence intensity of basal side of controlled filter

Fi (cells): fluorescence intensity of basal side of filter only incubated with medium
Fi (FD4): fluorescence intensity of total FD4 initially added to each filter transwell
Fi (DMEM): fluorescence intensity of medium only

Biodistribution and In Vive Stability Studies
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Animal experiments were performed by certified personnel only, accredited by the National AuthorDité?sl 8]?613‘%‘%%%55 O%”l“l”He
Geral da Alimentacdo e Veterinaria - DGAV) and with the research project approved by the local ethical
committee and the respective National Authority. They were performed in agreement with National and European
Union directives regarding ethics, care, and protection of animals used for experimental and other scientific
purposes. The animal housing was also approved by the DGAV and consisted of a temperature- and humidity-
controlled room with a 12-hour light/dark schedule.

For biodistribution experiments, naive, 8-week-old female CD1 mice were injected intravenously in the tail vein
with 100 pL of a NaCl 0.9% (m/v) solution containing 2.7-4.1 MBq of the [¢’Ga]Ga-labeled compounds. The
mice were sacrificed by cervical dislocation at 2 min p.i. and weighed, subsequently, urine and blood were
collected and the main organs were removed, rinsed, weighed and measured for radioactivity in a Hidex AMG
Automatic y-counter. The resulting organ activities were expressed in percentage of injected activity per gram of
tissue (%IA/g). In the experiment with perfusion, the blood volume of the animal was exchanged with PBS before
the organs' removal.

For in vivo stability studies, the urine samples of three mice treated with the same compound were combined after
y-counter measurement. The combined samples were centrifugated at 2 000 g for 10 min prior to be analyzed by
RP-HPLC. For the blood samples, the one with the highest remaining activity was chosen. The sample was

prepared by centrifugation at 2 000 g for 10 min to separate the blood serum followed by precipitation of the

serum proteins using cold EtOH in a 2:1 (v/v) ratio (ethanol/serum) and centrifugation at 2 000 g for 5 min. Radio

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

RP-HPLC analysis were used for the evaluation of the in vivo stability, using the same experimental procedure

reported above for the radiochemical purity assessment of the [©’Ga]Ga-bearing compounds..

Open Access Article. Published on 03 June 2026. Downloaded on 6/4/2026 1:46:46 AM.

(cc)

Associated Content

Supporting Information

The Supporting Information is available free of charge at....

It includes details on the synthesis and characterization of peptide-based radiotracers, as well as RP-HPLC
chromatograms and (HR-) ESI-MS spectra of quality controls and radioactive labeling. Additionally, it provides

data on stability studies, cytometry analysis, in silico prediction of BBB translocation, biodistribution, and
metabolic studies.
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