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ARTICLE INFO ABSTRACT

Keywords: Targeted tumour therapy has proved to be an efficient alternative to overcome the limitations of conventional
Targeted tumour therapy chemotherapy. The upregulation of the bombesin receptor 2 (BB2) in several malignancies and the advantages
Bombesin

offered by peptide drug conjugates over antibody drug conjugates in terms of production and tumour targeting
motivated us to synthesise and test bombesin conjugates armed with the tubulin binder monomethyl auristatin E.
The widely used Val-Cit-PABC was initially included as cathepsin cleavable self-immolative linker for the release
of the free drug. However, the poor stability of the Val-Cit-conjugates in mouse plasma encouraged us to consider
the optimised alternatives Glu-Val-Cit-PABC and Glu-Gly-Cit-PABC. Conjugate BN-EVcM1, featuring Glu-Val-Cit-
PABC, combined suitable stability (tp, in mouse and human plasma: 8.4 h and 4.6 h, respectively), anti-
proliferative activity in vitro (ICsgp = 29.6 nM on the human prostate cancer cell line PC-3) and the full release of
the free payload within 24 h. Three conjugates, namely BN-EGcM1, BN-EVcM1 and BN-EVcM2, improved the
accumulation of MMAE in PC-3 human prostate cancer xenograft mice models, compared to the administration
of the free drug. Among them, BN-EVcM1 also stood out for the significantly extended survival of mice in in vivo
acute efficacy studies and for the significant inhibition of the growth of a PC-3 tumour in mice in both acute and
chronic efficacy studies.

Peptide-drug conjugates
Thiol-maleimide conjugation
Cleavable linkers

Prostate cancer

Breast cancer

1. Introduction [1]. However, despite the primary goal of improving the safety of che-

motherapeutics, ADCs are not devoid of side effects, most of which are

From the beginning of the 21st century, targeted cancer therapy has
emerged as a valid alternative to conventional chemotherapy. The first
FDA approval in year 2000 of the antibody drug conjugate (ADC)
gemtuzumab ozogamicin (Mylotarg®) by Wyeth/Pfizer encouraged an
increasing number of biopharmaceutical industries and research groups
to invest in this technology. Currently, 13 ADCs are approved by FDA
and/or EMA in oncology, six for treating haematological malignancies
and seven against solid tumours. About 70 are in clinical development

off-target, off-tumour toxicities [2]. Furthermore, they exhibit unfav-
ourable properties such as poor tumour penetration and immunoge-
nicity. The manufacturing costs are high and antibodies with unspecific
conjugation sites afford batches containing a mixture of ADCs with
heterogenic drug-to-antibody ratios (DAR). The conjugation of a cyto-
toxic payload to peptides to obtain peptide drug conjugates (PDCs) is a
promising way to overcome these drawbacks: their synthesis and
manufacture are generally straightforward, cheap and afford conjugates
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with well-defined stoichiometries, preserved affinities for the target and
improved accumulation at the tumour site [3]. Unfortunately, PDCs still
have to find their way into the market. So far, only three products are
approved for treatment: 7’Lu vipivotide tetraxetan (Pluvicto®) for
castration-resistant prostate cancer, melphalan flufenamide (Mel-
flufen®) for multiple myeloma and 1771 1-DOTATATE (Lutathera®) for
gastroenteropancreatic neuroendocrine tumour [4-6]. Nevertheless,
many others are currently undergoing clinical trials, such as BT8009,
BT5528, BT1718 by Bicycle Therapeutics [7-11], PEN-221 by Tarveda
Therapeutics [12-14], %*Cu SAR-Bombesin by Clarity Pharmaceutical
[15] and several more exploiting ”’Lu for theragnostic purposes
[16-21]. Although the majority of the mentioned PDCs are radiophar-
maceuticals, radioligand therapy (RLT) still raises serious concerns for
patients: because of the released radioactivity, the administration must
take place in special controlled areas by healthcare professionals who
are qualified and authorised to handle radiopharmaceutical products.
Patients must avoid close contact with family members, children and
pregnant women and sleep in separated rooms for several days after
treatment. On the other hand, less stringent precautions would suffice
for operating with conjugates that do not carry radioactive payloads. For
this reason, we decided to focus on PDCs that exert their activity through
cytotoxic payloads, such as daunomycin and monomethyl auristatin E
(MMAE). The former is an anthracycline that intercalates DNA and
subsequently inhibits topoisomerase II, whereas the latter is a potent
microtubule targeting agent (MTA) and is the payload of the marketed
ADCs Adcetris® (brentuximab vedotin — Seagen/Takeda), Polivy®
(polatuzumab vedotin — Genentech), Padcev® (enfortumab vedotin —
Astellas/Seagen) and Tivdak® (tisotumab vedotin — Seagen) and of both
BT5528 and BT8009. In all of them, MMAE is conjugated to the targeting
agent through the Val-Cit-PABC cathepsin B labile self-immolative
spacer.

The BB2 receptor, a GPCR part of the bombesin receptors family, is
overexpressed in prostate, breast, ovarian and small cell lung cancers,
among others [22-26], and has gained attention throughout the years as
a putative target for selective tumour therapy. Previous studies
involving bombesin derivatives as targeting ligands have mainly focused
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on the production of radioconjugates as diagnostics or theragnostics, a
handful reaching clinical trials [15,18,27-29]. However, the advanta-
geous conjugation of potent cytotoxic agents to bombesin was barely
considered. We have previously attached several bombesin derivatives
to daunomyecin to identify the most suitable homing peptide for targeted
therapy of prostate and breast cancer models overexpressing the BB2
receptor, both in vitro and in vivo [26]. Two compounds, namely L5 and
L6, inhibited the tumour growth by about 30 % compared to the control
group and significantly reduced the doubling time in mice xenografted
with a human prostate cancer PC-3 cell line. To note, L6 featured a novel
homing bombesin derivative developed by our group.

In this work, we describe the in vitro and in vivo antiproliferative
activity, stability and payload release kinetics of novel bombesin-based
conjugates armed with MMAE. A first set of bioconjugates including the
widely used Val-Cit-PABC spacer was produced after evaluating the af-
finities of L5-and L6-related peptides. These structures were further
optimised by incorporating a PEG4 module and the novel spacers Glu-
Val-Cit-PABC or Glu-Gly-Cit-PABC to obtain more potent compounds
with enhanced pharmacokinetic properties (Fig. 1). The second gener-
ation of PDCs complied with the expectations, demonstrating suitable
stability in human and mouse plasma, improved distribution of the
cytotoxic payload in the tumour in mice bearing a subcutaneously
inoculated PC-3 human prostate tumour and significant prolonged sur-
vival and tumour growth inhibition in similar mice models.

2. Results
2.1. Binding affinity and selection of bombesin derivatives

Based on the homing peptide sequences that we had previously
identified as suitable for tumour targeting [26], we assessed the affinity
of seven bombesin analogues with or without Cys at the C-/N-terminus,
to be later exploited for conjugation to MMAE. The results of the radi-
oligand competitive binding assay on the three bombesin receptors are
reported in Table 1. Our main interest was to find affine and selective
analogues for the BB2 receptor. It is evident that the presence of Nle and

b
o
05 B JCH R R R U’Jt\gbt
BN-VcM1 I”}*u{v"}ﬂ;" HE;N% Y CrY LRy
" 0 he

)LNH

lIN \/\N o’ 0
H NH@\/}L Q ‘ o

BN-EGcM1: R = -H
BN-EVcM1: R = -CH(CH;); (S)

HO

Fig. 1. Evolving generations of bombesin conjugates. The observations on tumour growth inhibition and stability led to the optimised structures of BN-EGeM1 and
BN-EVcM1. Daunomycin is depicted in red, MMAE in pink. The spacers (Aoa)-Leu-Arg-Arg-Tyr, maleimidocaproyl Val-Cit-PABC and maleimidocaproyl Glu-Gly/Val-

Cit-PABC in purple, orange and blue, respectively.



J. Gomena et al.

Table 1
Sequences and binding affinities of novel bombesin analogues towards the three
bombesin receptors BB1, BB2 and BB3.

Peptide  Sequence Affinity ICso (nM)
BB1 BB2 BB3
ITAO1 Ac-D-Phe-GlIn-Trp-Ala-Val-Gly-His- >10000 >10000  >10000
Sta-Nle-Cys-NH,

ITA02 Ac-D-Phe-Gln-Trp-Ala-Val-p-Ala-His- >10000 >10000 >1000
Sta-Nle-Cys-NH,

ITAO03 Ac-D-Phe-Gln-Trp-Ala-Val-Sar-His- >10000 >10000 >1000
Sta-Nle-Cys-NH,

ITA04 Ac-D-Phe-GlIn-Trp-Ala-Val-Gly-His- >10000 >10000 10.1
Sta-Leu-Cys-NHy

ITAO8 Ac-Cys-D-Phe-GlIn-Trp-Ala-Val-Gly- >10000  20.5 >1000
His-Sta-Leu-NH,

FP3 Ac-D-Phe-GIn-Trp-Ala-Val-Gly-His- >10000 3.14 1.11
Sta-Leu-NHy

FP4 Ac-D-Phe-GIn-Trp-Ala-Val-f-Ala-His- >10000 >10000  >10000
Sta-Nle-NH,

Cys at the C-terminus (ITA01-04 and FP4) significantly hampered the
affinity towards all the receptors, whereas the Sta-Leu bond seems
crucial for the binding to BB2. Notably, the addition of the N-terminal
Cys improved the selectivity towards this receptor: compared to FP3, the
ICs of ITAO8 for BB2 only diminished by about six times, whereas the
binding to BB3 is nearly lost. As a result, we generated a first set of PDCs
based on ITAO8 and the widely used VeMMAE linker-drug system
(BN-VcM1 - BN-VcM1S).

2.2. Synthesis and characterisation of the first generation BN-conjugates

2.2.1. Design, synthesis and binding affinity
Conjugate BN-VcM1 was obtained via a thiol Michael addition
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between the N-terminal Cys of ITAO8 and the maleimide of VEMMAE
(Fig. 2). BN-VeM2 and BN-VeMS3 only differ in the substitution of Gly!'?!
to either p-Ala or Sar, reported to improve the selectivity for BB2 [30]
and reinforce the Glyu—His12 bond [31,32], respectively. Two more
PDCs were produced: one based on FP4 (BN-VcM4), and another based
on a scrambled version of ITAO8 (BN-VcM1S). While BN-VeM1 and
BN-VcM3 maintained the selectivity towards BB2, with ICsq values in
the low nanomolar range (41.8 nM and 36.3 nM, respectively), the af-
finity for any receptor dropped in the case of BN-VcM2 (Table 2).
BN-VcM4, containing an identical substitution, reported the same un-
satisfactory binding. Therefore, we proved that p-Ala is not an appro-
priate replacement to Gly!! in analogues including the C-terminal
Sta-Leu/Sta-Nle dipeptide. On the other hand, as expected, the scram-
bled BN-VcM1S lost both the affinity and selectivity that characterise
the parent peptide ITAO8 and BN-VcM1.

Table 2
BN-VcMMAE conjugates affinities towards bombesin receptors and sequences of
their homing peptides.

Conjugate Peptide Sequence Affinity ICso (nM)
BB1 BB2 BB3
BBN-VcM1 Ac-Cys-D-Phe-GlIn-Trp-Ala-Val-Gly- >10000 41.8 5533
His-Sta-Leu-NH,
BBN-VcM2  Ac-Cys-D-Phe-GIn-Trp-Ala-Val- >10000 5288 5250
fB-Ala-His-Sta-Leu-NHy
BBN-VcM3  Ac-Cys-D-Phe-GlIn-Trp-Ala-Val-Sar- >10000 36.3 3598
His-Sta-Leu-NHy
BBN-VcM4  Ac-Cys-D-Phe-GIn-Trp-Ala-Val- >10000 2181  >10000
fB-Ala-His-Sta-Nle-NH;
BBN- Ac-Cys-Val-Sta-D-Phe-GIn-Gly-Leu- >10000 4745  >10000
VeM1S Ala-Trp-His-NH,
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Fig. 2. Thiol Michael addition between the thiol of Cys® in ITA0O8 and the maleimide in VeMMAE to generate conjugate BN-VeM1. The same reaction was used to

obtain all the conjugates.
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2.2.2. Cytotoxicity on PC-3 and MDA-MB-231

The antiproliferative activity of the VcMMAE conjugates was
assessed on cell lines reported to overexpress the BB2 receptor: the
human prostate cancer cell line PC-3 and the human breast cancer cell
line MDA-MB-231. Surprisingly, despite the different affinities, all the
five conjugates reported similar half-maximal inhibitory concentrations
(ICsp) on both cell lines (Table 3). The greater efficacy on PC-3 correlates
with the higher expression of BB2 compared to MDA-MB-231 [26].
Moreover, it is worth noticing that the extension of the incubation time
for further 72 h reduces the ICsg by about seven times on PC-3 and five to
six times on MDA-MB-231, independently from the renewal of the
treatment. Given that the same trend was observed for the MMAE
treatment, we deduced that it is due to the mechanism of action of the
drug that affects actively proliferating cells and therefore leads to
increased potency the more cell divisions are allowed to occur upon drug
exposure.

The inactivity of the conjugates on cells that do not express bombesin
receptors was demonstrated on the Chinese hamster ovary cells CHO-K1
(Table S3, Supplementary Materials).

2.2.3. Stability in human and mouse plasma

A crucial parameter to investigate when developing conjugates for
targeted cancer therapy is their stability. Parenteral injection is the
preferred route of administration, so, conjugates must remain intact in
circulation until the tumour environment is reached. Conjugates BN-
VcM1 - BN-VcM4 were thus incubated in both human and mouse
plasma for 24 h at a concentration of 5 pM. No substantial differences
were observed among the metabolic stabilities of the conjugates. Despite
satisfactory half-lives (t(,)) in human plasma, ranging from 8.2 h (BN-
VcM1) to 12 h (BN-VcM4), all the four conjugates were impressively
labile in mouse plasma, releasing the free MMAE within minutes (tgy)
~7-8 min), therefore, hampering a further preclinical assessment of
their activity in vivo (Fig. S21, Supplementary Materials). To our
knowledge such a poor stability of the Val-Cit linker has never been
recorded in similar conjugates [8,33,34]. We attributed the premature
hydrolysis of the linker to the action of the extracellular carboxylester-
ase 1c (Ceslc) [35,36].

This event, together with the apparent lack of affinity-dependent
cytotoxicity of the conjugates, encouraged us to optimise their struc-
ture. To this aim, we included a polyethylene glycol (PEG4) moiety
before the N-terminal Cys of the peptides and switched to spacers based
on the Glu-Val-Cit (EVc) and Glu-Gly-Cit (EGc) tripeptides. On the one
hand, Jamous et al. advised on the optimal length of the PEG4 linker to

Table 3

Half-maximal inhibitory concentrations obtained by treating PC-3 and MDA-
MB-231 cells with VeMMAE-conjugates and free MMAE for 72 h or 72 + 72 h.
Values are reported as mean + SD, n = 3. In the case of BN-VcM1S, n = 1.

Compound 72h 72 4 72 h (single 72 + 72 h (double

treatment) treatment)
PC-3 MDA- PC-3 MDA- PC-3 MDA-
(ICs0, MB-231 (ICso, MB-231 (ICso, MB-231
nM) (ICs0, nM) (ICs0, nM) (ICsp,
nM) nM) nM)
BN-VcM1 717.6 888.2 + 101.0 202.4 + 92.1 + 154.9 +
+ 60.9 76.7 + 8.6 20.0 7.4 37.6
BN-VcM2 850.0 1127.9 161.8 235.5 + 152.5 220.8 +
+13.8 + 94.5 + 45 12.3 +85 10.2
BN-VcM3 938.5 1279.3 167.6 268.2 + 142.8 228.4 +
+37.2 +139.4 +23 36.1 +43 9.6
BN-VcM4 851.9 1282.1 131.5 218.4 + 120.6 175.9 +
+ +287.1 +79 39.3 +17.0 12.0
277.1
BN- 828.0 642.7 182.6 163.0 296.6 173.7
VcM1S
MMAE 34+ 373+ 09 + 0.5+ 0.7 + 0.3+
0.7 22.2 0.2 0.1 0.1 0.1
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obtain bombesin derivatives with improved pharmacokinetic properties
[37]. On the other hand, EVc and EGc spacers are reported to have su-
perior stabilities in the bloodstream thanks to their resistance to Ceslc
and human neutrophil elastase mediated degradation [36,38]. As pep-
tide carriers, we used the N-terminal pegylated versions of ITAO8 and
[Nle14]BBN(6—l 4), supposedly an agonist of BB2 [30,39-41]. For both,
variants carrying a Trp®/Bta® substitution, reported to improve the
biodistribution of bombesin derivatives while minimising the accumu-
lation in the pancreas [42], were also synthesised (Fig. 3). All the new
peptides were conjugated to MMAE via Cys thiol-maleimide Michael
addition.

2.3. Synthesis and characterisation of second generation BN-conjugates

2.3.1. Synthesis of BBN-EGcMMAE and BBN-EVcMMAE conjugates

The synthesis of both EGeMMAE and EVecMMAE spacer-drug mod-
ules started by the solid phase peptide synthesis (SPPS) of
maleimidocaproyl-Glu(OtBu)-AA-Cit-OH on a 2-chlorotrityl resin
(Fig. 4). The protected peptides were cleaved off the resin and elongated
at their C-terminal free carboxylic acid by coupling to the amino func-
tional group of p-aminobenzyl alcohol, using EEDQ as coupling agent,
for 24 h under argon atmosphere. The primary alcohol was then acti-
vated as p-nitrophenyl carbonate by a 3 h reaction with bis p-nitrophenyl
carbonate under nitrogen. The reaction between the secondary amine of
MMAE and the carbonate afforded a carbamate bond between the drug
and the spacer. Finally, the t-butyl protection of the glutamic acid was
removed in TFA/H0/TIS (95:2.5:2.5 v/v/v%) and a Michael addition
between the thiol of the N-terminal Cys of each bombesin analogues and
the maleimide on the spacer-drug module was performed. Purification
via RP-HPLC afforded >98 % pure compounds.

2.3.2. Binding affinity of second-generation BN-conjugates

The affinity of the optimised set of conjugates for BB2 was measured
using a radioligand displacement assay on PC-3 and MDA-MB-231 cell
lines, naturally expressing the receptor. The results are reported in
Table 4. Furthermore, the measurements were repeated on the first-
generation conjugates, revealing consistent results with the first exper-
iment, performed on CHO-K1 cells (Table S4, Supplementary Mate-
rials). Similarly to this group, the optimised conjugates showed affinities
in the low nanomolar range, on both cell lines (Table 4). By and large,
the ICs¢ values were lower for PDCs featuring a Sta'®-Leu'*-based
bombesin analogue (the lowest on both PC-3 and MDA-MB-231 by BN-
EVcM1: 59.4 + 8.88 nM and 69.5 + 10.3 nM, respectively) compared to
the more conventional sequences based on [Nle14]BBN(6—l 4) (the
highest on PC-3 by BN-EVcM3: 101.2 + 9.8 nM, on MDA-MB-231 by
BN-EVcM4: 106.1 + 10.3 nM). Moreover, compounds were slightly
more affine for PC-3 cells than MDA-MB-231, in line with the reported
higher expression of BB2 by the former cell line [26]. We deduced that
the insertion of the PEG4 module and the modification of the linker and
the peptide sequence did not affect the binding to BB2. As a result, we
expected retained biological activities.

2.3.3. Plasma stability of second generation BN-conjugates

Conjugates BN-EGecM1 and BN-EVcM1 were used as models to
evaluate whether the optimised spacers could improve the mouse
plasma stability of the VcMMAE-based compounds (BN-VecM1 — BN-
VcM4). Therefore, the new conjugates were tested using the same
conditions as the first set: compounds were incubated in human and
mouse plasma at 37 °C at a concentration of 5 pM and aliquots were
collected at the beginning of the assay (tg) and after 0.25, 0.5, 1, 2, 4 and
24 h. The LC-HRMS analysis revealed preserved stability in human
plasma, significantly improved half-lives in mouse plasma, and a
negligible loss of free payload too. A direct comparison of conjugates
BN-VcM1, BN-EGeM1 and BN-EVcM1, differing only in the spacer and
the presence or absence of PEGy, confirmed the successful optimisation
strategy (Fig. 5A and B, Table 5; Table S5 and Fig. S21, Supplementary



J. Gomena et al.

European Journal of Medicinal Chemistry 277 (2024) 116767

Conjugate BBN analogue Di- or
Tripeptide
S BN-VcM1 Cys-D-Phe-GIn-Trp-Ala-Val-Gly-His-Sta-Leu-NH, . >~
— A D X o _ 5 L e o . /N
2 g BN-VcM2 Cys-D-Phe-GIn-Trp-Ala-Val-BAla Hls Sta-Leu-NH, lJ(NJ" _CH(CH,), Val-Cit
L S BN-VcM3 Cys-D-Phe-GIn-Trp-Ala-Val-Sar-His-Sta-Leu-NH, Y
o BN-VcM4 Cys-D-Phe-GIn-Trp-Ala-Val-BAla-His-Sta-Nle-NH, e
BN-EGcM1 Cys- -D-Phe-GIn-Trp-Ala-Val-Gly-His-Sta-Leu-NH, Hosg?
u - 4-D- -Bta-Ala-Val-Glv-His-Sta-Leu- o )
BN-EGcM2 Cys D-Phe-GIn-Bta-Ala-Val-Gly Hls Sta-Leu-NH, . S H Glu-Gly-Cit
- S | BN-EGcM3 Cys- -Asn-GIn-Trp-Ala-Val-Gly-His-Leu-Nle-NH, ({N#J
5 .c‘E BN-EGcM4 Cys- -Asn-GIn-Bta-Ala-Val-Gly-His-Leu-Nle-NH, \8\&
(;313 % BN-EVcM1  Cys- 4-D-Phe-GIn-Trp-Ala-Val-Gly-His-Sta-Leu-NH, Ho-g©
O [ BN-EVcM2 Cys- -D-Phe-GIn-Bta-Ala-Val-Gly-His-Sta-Leu-NH,
0 Y -CH(CH Glu-Val-Cit
BN-EVCM3  Cys-PEGA4-Asn-GIn-Trp-Ala-Val-Gly-His-Leu-Nle-NH, L (CHs), u-vak
BN-EVcM4 Cys- -Asn-GlIn-Bta-Ala-Val-Gly-His-Leu-Nle-NH, 5

Fig. 3. The two new sets of MMAE-conjugates. The self-immolative spacer is depicted in green, MMAE in pink. Amino acid substitutions in the sequence of the
bombesin analogues are highlighted in different colours. Bta: benzothienyl alanine; Sar: sarcosine, N-methyl glycine; Sta: statine.

Materials, for all the half-lives and MMAE release).

The stability in human and mouse plasma of all the remaining
optimised conjugates was later tested too. The half-lives of conjugates
carrying a bombesin derivative based on [Nle14] BBN(6-14) were
shortened to about 2-3 h, as opposed to those with an analogue based on
ITAO08, which generally showed tu;) > 5 h, and consistency among
conjugates with the same spacer (Table S5 and Fig. S21, Supplementary
Materials).

2.3.4. Cytotoxicity of second generation BN-conjugates

The cytotoxicity of the new set of eight conjugates was assessed on
the PC-3, MDA-MB-231 and CHO-K1 wt cell lines. All in all, the anti-
proliferative activity on PC-3 and MDA-MB-231 was spacer-dependent:
the four EGeMMAE-conjugates showed decreased activity compared to
the four EVcMMAE-conjugates (Table 6). None of the conjugates resul-
ted active on the BB2 negative cell line CHO-K1 wt (Table S3, Supple-
mentary Materials). Surprisingly, while conjugates with the EGc linker
were only slightly more active than the first set of VcMMAE-conjugates,
the conjugates that included the EVc linker displayed about more than
thirty times higher activities on PC-3 cells. Especially, conjugates BN-
EVcM1 and BN-EVceM2 showed ICsg values as low as 29.6 + 2.3 nM and
29.3 4 2.9 nM for an incubation of 72 h, and 3.5 + 0.9 nM and 4.0 £+ 1.3
nM when the treatment was extended for 72 more hours. This difference
reflects the greater ability to release the free payload by EVCMMAE
conjugates compared to the EGEMMAE set, as shown below. Moreover,
we ensured that the observed cytotoxicity was not caused by a prema-
ture release of the MMAE from the conjugates before entering the
cellular compartment by testing the stability of many conjugates in
DMEM containing 10 % FBS over 72 h. Although the detected fraction of
conjugates decreased over time, the only metabolite that we identified
was the intact conjugate with a partially hydrolysed thiosuccinimide,
whereas no free MMAE was detected (Table S5 and Fig. S21, Supple-
mentary Materials). Since not only this well-known ring opening reac-
tion is a cause of minor changes, but is also reported to stabilise the
structure of the PDCs [43-45], we concluded that it would not affect
their antiproliferative efficacy.

Given the big gap of antiproliferative activity between conjugates
carrying the same homing peptide but a different spacer, we were

interested in delving into the causes of this event. Therefore, we inves-
tigated the efficiency of the release of MMAE in a lysosomal
homogenate.

2.3.5. MMAE release in lysosomal homogenate by VcMMAE-, EGcMMAE-
and EVcMMAE-Conjugates

The cleavage of the self-immolative cathepsin-labile spacers, which
allows the release of the free MMAE in the lysosomes, was assessed by
incubating conjugates BN-VcM1, BN-EGcM1 and BN-EVceM1 in rat liver
lysosomal homogenate at 37 °C, sampling at ty and after 0.25, 0.5, 1, 2,
4, and 24 h (Fig. 5C). MMAE was quantified by LC-HRMS with the aid of
an internal standard. A nearly full release of the payload was witnessed
in the case of the well-established maleimidocaproyl Val-Cit-PABC
spacer already after half an hour, and maleimidocaproyl Glu-Val-Cit-
PABC, after 24 h. To note, the latter released ca. 90 % of the drug
after 4 h. On the other hand, only 4 % of the drug could be detected after
24 h incubation of the EGc-linker based BN-EGeM1 in lysosomes. While
this proved the higher ICs( values of this class of conjugates compared to
those that include EVEMMAE, we were surprised to witness a consid-
erable difference in the release of the drug between two conjugates with
comparable in vitro antiproliferative activity (BN-VecM1 and BN-
EGcM1). We hypothesize that other factors, like the absence of the PEG
linker in the set of VeMMAE-conjugates, confer unique physicochemical
properties, thus influencing solubility, internalisation, and intracellular
pathway of the conjugate.

2.3.6. Ex vivo biodistribution of BN-EGcM1, BN-EVcM1, BN-EVcM2,
BN-EVcM4 and free MMAE

Considering the results discussed so far, we aimed to compare how
conjugates with different homing peptides and spacers performed in
vivo. Therefore, the biodistribution of conjugates BN-EGcM1 and BN-
EVcM1 was tested to directly compare the linker chemistry, whereas
BN-EVcM2 and BN-EVcM4 were included for a comparison in terms of
targeting capabilities. Only one EGcMMAE-conjugate took part in the
experiment because of the demonstrated superior antiproliferative ac-
tivity and MMAE release efficiency of EVCMMAE-conjugates. Despite the
poorer plasma stability compared to the other three conjugates, BN-
EVcM4 was involved to evaluate any difference in tumour targeting
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carbonate, DIPEA in dry DMF, N, atm., 3 h, RT; d) MMAE, HOBt, DIPEA in DMF,
DMF 1:1, pH 6, RT (immediate).

between agonists, such as the peptide carrier of BN-EVcM4, and an-
tagonists of BB2 (all the others). The biodistribution of the mentioned
PDCs was compared to that of free MMAE in PC-3 bearing mice. Com-
pounds were injected intraperitoneally (i.p.) and the levels of MMAE
were measured in blood, heart, kidney, liver, lungs, pancreas, and
tumour after 1, 6 and 24 h and quantified as percentage of injected dose
per gram of tissue (%ID/g) (Fig. 6). The four conjugates were all able to
deliver a higher amount of drug to the tumour environment than the free
MMAE, up to 7.8 times at the 6 h time point in the case of BN-EVcM1
(Fig. 6F and G). On the other hand, no drug could be detected in any
tissue 24 h after the administration of BN-EVcM4, probably because of
the poorer circulation half-life (Fig. 6D). As a matter of fact, the blood
concentration of the conjugate was already very low at the 1 h time point
(0.35 % ID/g), suggesting a fast clearance (Table S6, Supplementary
Materials). The highest levels of released MMAE were found after 1 h in
the liver and the kidneys for all the conjugates, in line with the expected
metabolism and excretion route. However, they decreased substantially

o/n, RT; e) TFA/TIS/H,0 95:2.5:2.5 v/v/v%, 10 min, RT; f) 0.1 M NH4OAc/

6 h and 24 h post injection (Fig. 6A-D and Table S6). Notably, MMAE
was cleared from every organ except for the kidneys, the liver, and the
tumour site 24 h after the treatment with BN-EGecM1, BN-EVcM1 and
BN-EVcM2, indicating the preferential accumulation of the conjugates
in the malignant tissue (Fig. 6A-C). One of the major limitations of
bombesin derivatives is the considerable distribution to the pancreas,
especially at early time points, due to the high expression of the BB2
receptor and the cross-reactivity between the human and murine ho-
mologues [31,46-49]. Nevertheless, among our four conjugates, only
BN-EVcM4 accumulated extensively in the pancreas (%ID/g at 6 h: 10.1
% intact conjugate and 3.55 % released MMAE, Table S6), likely as a
consequence of its agonist nature. This undesired event, together with
the fast excretion of BN-EVcM4, strengthens the claim that BB2 antag-
onists might be better than agonists for tumour targeting, motivated us
to discard this conjugate and continue the in vivo investigation with
BN-EGcM1, BN-EVcM1 and BN-EVceM2.
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Table 4

Affinity of the optimised conjugates on the BB2-expressing human cancer cell
lines PC-3 (prostate) and MDA-MB-231 (breast). Values are reported as mean +
SD,n = 3.

Compound Sequence Affinity ICso (nM)
PC-3 MDA-MB-
231
BN- Cys-PEG4-D-Phe-Gln-Trp-Ala-Val-Gly- 68.3 £ 729 +
EGcM1 His-Sta-Leu-NH, 2.56 0.31
BN- Cys-PEG4-D-Phe-Gln-Bta-Ala-Val-Gly- 711 + 76.9 +
EGcM2 His-Sta-Leu-NH, 5.38 2.88
BN- Cys-PEG4-Asn-Gln-Trp-Ala-Val-Gly-His- 83.2 + 79.3 +
EGcM3 Leu-Nle-NH; 13.4 9.18
BN- Cys-PEG4-Asn-Gln-Bta-Ala-Val-Gly-His- 80.7 + 82.4 +
EGcM4 Leu-Nle-NH, 8.34 7.11
BN- Cys-PEG4-D-Phe-Gln-Trp-Ala-Val-Gly- 59.4 + 69.5 +
EVeM1 His-Sta-Leu-NH, 8.88 10.3
BN- Cys-PEG4-D-Phe-Gln-Bta-Ala-Val-Gly- 58.2 + 70.4 +
EVcM2 His-Sta-Leu-NH; 1.59 9.94
BN- Cys-PEG4-Asn-Gln-Trp-Ala-Val-Gly-His- 101.2 + 97.4 +
EVcM3 Leu-Nle-NH, 9.8 5.55
BN- Cys-PEG4-Asn-Gln-Bta-Ala-Val-Gly-His- 93.6 + 106.1 +
EVcM4 Leu-Nle-NH, 7.12 10.3

2.3.7. Invivo acute efficacy study

The tumour growth inhibition of BN-EGcM1, BN-EVcM1 and BN-
EVcM2 was firstly assessed on mice bearing a subcutaneously inocu-
lated PC-3 human prostate tumour by a single i.p. administration of 2
mg/kg conjugates (MMAE-content) and compared to free MMAE (1 mg/
kg). In all the treated groups, except that of BN-EGeM1 and the control,
the animal body weight decreased in the days following the treatment.
The toxicity was regarded as moderate because the average body weight
loss did not reach the critical 20 % reduction (Fig. 7A) and the general
condition of mice based on behavioural indicators (activity, state of coat
and stool, paleness etc.) did not change significantly. However, the body
weight recovered over time.

Very early, on day 14 after cell inoculation (day 5 after treatment),
three animals treated with free MMAE had already lost 20 % of their
body weight, and they had to be sacrificed (Fig. 7B). Even if the free
MMAE was administered at halved doses than the drug content of PDCs,
it caused consistent toxicity, that led to the sacrifice of the last animal of
this group on day 38 after cell inoculation, resulting in a median survival
of 24.5 days (Table 7). This median survival was lower than that of the
control group (33 days), which animals were sacrificed mostly due to
reaching the pre-defined cut-off tumour volume of 2000 mm?®. On the
other hand, the three groups of mice treated with the PDCs showed
significantly prolonged survival, both compared to the control and to the
MMAE groups. The median survival of mice treated with BN-EVcM1
was exactly 2-fold higher than that of mice treated with MMAE (49 vs.
24.5 days). Moreover, the BN-EVcM1 group revealed significantly
higher survival compared to mice treated with BN-EVcM2, suggesting a
superior therapeutic index.

>
w

-~ BN-VcM1
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Free MMAE also gave the worst tumour volume inhibition. It was
significantly different than the control only on day 14, while in the
following days the tumour volume was even higher than the control
(Fig. 7C). The BN-EVcM2 group, which had the worse survival among
the PDCs, revealed an unsatisfactory antitumor activity too, with a
significant effect only on day 21. The tumour volume of mice in the BN-
EGcM1 group was significantly reduced compared to the control group
from day 14 to day 28, whereas the antitumor effect of BN-EVcM1 was
significant in comparison to the control throughout the whole

Table 5

Direct comparison of the half-lives in mouse and human plasma of conjugates
BN-VcM1, BN-EGeM1 and BN-EVceM1, having the same targeting peptide and
payload, differing in the spacer. McVc-PABC: maleimidocarpoyl-Val-Cit-p-ami-
nobenzoyl carbamate; McEGc-PABC: maleimidocarpoyl-Glu-Gly-Cit-p-amino-

benzoyl carbamate; MCcEVc-PABC: maleimidocarpoyl-Glu-Val-Cit-p-
aminobenzoyl carbamate.

Conjugate Spacer Stability

Human plasma (t %, h) Mouse plasma (t Y, h)

BN-VcM1 McVe-PABC 8.2 0.12

BN-EGcM1 McEGc-PABC 5.1 7.2

BN-EVcM1 McEVc-PABC 4.6 8.4
Table 6

Half-maximal inhibitory concentrations of the optimised conjugates and MMAE
on PC-3 and MDA-MB-231 cell lines (72 h or 72 + 72 h incubation). Values are
reported as mean + SD, n = 2 or 3.

Compound 72h 72 + 72 h (single 72 + 72 h (double

treatment) treatment)
PC-3 MDA- PC-3 MDA- PC-3 MDA-
(ICso, MB-231 (ICso, MB-231  (ICso, MB-231
nM) (ICs0, nM) (ICs0, nM) (ICso,
nM) nM) nM)
BN- 428.3 884.7 + 110.3 163.6 + 835+ 1314 +
EGcM1 +71.4 2.4 + 6.6 12.1 2.4 171
BN- 586.3 943.3 + 142.5 170.8 + 116.5 130.4 +
EGcM2 +23.0 105.7 +5.0 15.1 + 39 22,5
BN- 830.4 1260.0 248.5 270.1 + 200.0 216.7 £
EGcM3 +19.9 +73.0 +1.2 24.2 +10.2 9.0
BN- 782.2 1255.5 215.5 267.5 £ 165.4 217.2 £
EGcM4 + + 3225 +1.3 51.9 +77 36.8
149.8
BN- 29.6 + 525.6 + 4.8 + 42.3 + 35+ 43.3 +
EVcM1 1.8 119.3 0.5 0.1 0.9 0.1
BN- 29.3 + 298.9 + 6.0 + 41.0 + 4.0 + 399 +
EVcM2 2.4 23.0 0.5 0.5 1.3 0.8
BN- 64.1 £ 343.8 + 18.2 £ 60.1 + 12.6 + 52.7 +
EVcM3 0.8 7.5 2.2 6.0 0.3 6.7
BN- 539 + 500.6 + 15.6 + 48.7 + 11.8 £ 46.4 +
EVcM4 1.9 61.3 1.3 6.5 0.5 2.7
MMAE 7.21 £ 10.1 + 0.4+ 0.2+ 0.3+ 0.2 +
1.0 5.0 0.2 0.01 0.1 0.04
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-~ BN-VcM1
- BN-EGcM1

2 100 2 100
% = BN-EGcM1 %
= -+ BN-EVcM1 =
o o
o (5]
S 50 S 50
bt bt
E E
ES ES
0 0
0 4 8 12 16 20 24 0 4 8

Time (h)

Time (h)

- BN-EVcM1 S 10000
§ - BN-VcM1
© 5000 = BN-EGcM1
- BN-EVcM1
0 T T T T !
12 16 20 24 [ 8 12 16 20 24
Time (h)

Fig. 5. Stability of conjugates BN-VecM1, BN-EGecM1 and BN-EVeM1 in mouse (A) and human plasma (B), respectively. (C) MMAE released from conjugates upon
incubation in lysosomal homogenate. Data points are reported as mean + SD, n = 2.
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experiment.

On day 38, when the last animals in the control and MMAE groups
were sacrificed, the tumour volume was reduced by 15.9 %, 26.3 %,
34.2 %, and 65.2 % by MMAE, BN-EGcM1, BN-EVcM2 and BN-EVcM1,
respectively.

2.3.8. In vivo chronic efficacy

In a follow-up experiment we investigated the chronic efficacy of the
compounds by four treatments at reduced doses of both the conjugates
(0.5 mg/kg MMAE-content) and the free MMAE (0.2 mg/kg). Mouse
weight gradually decreased in all groups, but no severe weight loss
occurred. However, free MMAE-treated mice showed the highest
bodyweight decrease upon treatment. These reductions regularly
recovered in a couple of days after the treatment.

The chronic treatment results were in line with the acute study,
showing the superior efficacy of BN-EVeM1 over the other conjugates
(Fig. 8A). BN-EVcM2 exhibited the lowest toxicity, but poorer efficacy
too (Fig. 8B). Interestingly, the chronic treatment with BN-EGecM1
caused skin rash as severe adverse event. Because of this and the quick
weight loss upon BN-EGcM1 treatment, mice treated with this conjugate
were terminated earlier than the rest of the groups.

BN-EVcM1 and BN-EVcM2 were both able to significantly inhibit
tumour growth compared to both controls and free MMAE. This effec-
tivity was observed both by tumour weight (Fig. 8C) and tumour size
(Fig. 8D) at the end of the experiment. BN-EVcM1 reduced the tumour
weight by 41.6 % and the tumour size by 59.8 %. BN-EVcM2 reduced
the tumour weight by 26 % and the tumour size by 48 %. Finally, when
comparing the normalized liver weights, no significant change was
detected compared to controls in any of the treatment groups (data not
shown).

3. Conclusion
Motivated by the discovery of two promising bombesin-based Dau-

conjugates for the treatment of prostate cancer [26], we decided to
generate new PDCs carrying the potent tubulin inhibitor monomethyl

auristatin E (MMAE) to improve the efficacy. The unspecific anti-
proliferative activity on the human cancer cell lines PC-3 and
MDA-MB-231 and the impressive lability in murine plasma of this first
set of compounds demanded structure optimisation. Therefore, the
second generation of MMAE-conjugates included the reinforced
Glu-Gly-Cit-PABC or Glu-Val-Cit-PABC self-immolative spacers and a
PEG4 module. The modifications provided more stable compounds to be
tested in vivo on murine models. Moreover, BN-EVcM1 — BN-EVcM4
displayed enhanced cytotoxicity on both PC-3 and MDA-MB-231 cell
lines, with an ICsy as low as 29.6 + 1.8 nM on PC-3 in the case of
BN-EVcM1, supported by the full release of MMAE within 24 h in a
lysosomal homogenate. The biodistribution of BN-EGecM1, BN-EVcM1
and BN-EVcM2 on PC-3 bearing mice showed an improved accumula-
tion of the payload at the tumour site 1, 6 and 24 h post-injection
compared to the free MMAE. This was reflected by the enhanced
tumour growth inhibition by the three conjugates compared to both the
control and free MMAE in both the acute and chronic antitumor efficacy
studies. BN-EVeM1 significantly inhibited the PC-3 tumour growth
compared to the control, by 65.2 % and 59.8 % in tumour size,
respectively. BN-EVcM2 also gave a significant reduction of the tumour
size in the chronic study, by 48 % compared to the control. Moreover,
MMAE revealed far greater toxicity than the PDCs, both after single and
repeated administrations.

In conclusion, we report the design and optimisation of PDCs based
on bombesin analogues as targeting devices and armed with MMAE as
cytotoxic payload. We ascertained the superiority of Glu-Gly-Cit and
Glu-Val-Cit as compared to Val-Cit spacers for the in vivo investigation of
antitumor conjugates, which we included in the conjugates to treat
prostate cancer. Two of them, namely BN-EVcM1 and BN-EVcM2,
significantly inhibited the growth of a s.c. inoculated PC-3 human
prostate cancer in mice and successfully improved the safety of free
MMAE, significantly extending the survival of mice. Therefore, we
highlight their outstanding targeting ability and efficacy in the treat-
ment of tumours overexpressing BB2 receptor. Although our conjugates
demonstrated satisfactory accumulation at the tumour site, sufficient to
provide significant antiproliferative effects, the biodistribution of
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Fig. 7. Effect of MMAE-conjugates (2 mg/kg MMAE content, black arrow) and free MMAE (1 mg/kg, red arrow) on subcutaneous PC-3 human prostate cancer
xenograft model in acute in vivo efficacy study. (A) Animal body weight change (% to the start of treatment, average + SEM). (B) Animal survival in percentage. (C)
Tumour volume (mm?®, average + SEM), eight animals per group. Statistical analysis for the survival data performed using Log-rank (Mantel-Cox) test, while
Mann-Whitney test was applied for the tumour growth inhibition. *, ** and *** represent significance at p < 0.05, p < 0.01 and p < 0.001, respectively. Dotted line
in body weight graph (A) represents the body weight when treatment was applied (zero changes). * Black, purple and light green in survival graph (B) indicate
significant difference compared to the control, free MMAE and BN-EVcM2 groups respectively. * Purple, red, dark green and light green in tumour volume graph (C)
indicate significant difference of free MMAE, BN-EGcM1, BN-EVcM1 and BN-EVcM2 groups compared to the control.

Table 7

Survival of animals bearing subcutaneous PC-3 human prostate cancer under
single treatment with MMAE-conjugates (2 mg/kg, MMAE content) and free
MMAE (1 mg/kg).

Group Median survival (days) Log-rank (Mantel-Cox) test (p-value)

vs Control vs MMAE vs BN-EVcM2
Control 33 - - -
MMAE 24.5 0.1858 - -
BN-EGcM1 42 0.0021 0.0005 -
BN-EVcM1 49 0.0167 0.0047 0.0209
BN-EVcM2 42 0.03 0.0077 -

bombesin-based conjugates still remains a notable weakness. Strategies
focused on the improvement of tumour accumulation may be key to
achieve clinically relevant activities.

4. Experimental section

4.1. Synthesis of the conjugates — conjugation of the peptides to spacer-
MMAE via thio-michael addition

Intermediates Mc-Glu-Gly-Cit-PABC-MMAE, Mc-Glu-Val-Cit-PABC-
MMAE, or the commercially available VcMMAE (1 eq) and each
bombesin analogue (1.2 eq) were dissolved in a 1:1 mixture of DMF and

NH4O0Ac buffer (pH 6), RT. Every reaction immediately reached
completeness and was directly purified via RP-HPLC. Column: Daisogel
ODS-RPS C18 column (250 x 10 mm, 10 pm). Eluents: HoO + 0.1 % TFA
(A) and HoO/MeCN 20:80 v/v% + 0.1 % TFA (B). Method: 30-85 %
eluent B gradient in 50 min, flow rate: 6 mL/min. The desired fractions
were lyophilised to afford conjugates as soft white solids with >95 %
purity:

Detailed synthesis procedures of the peptides and spacer-MMAE
modules, RP-HPLC chromatograms and ESI-HRMS spectra of the
tested peptides and conjugates are reported in the Supplementary
Materials.

4.2. Biological and biochemical evaluation

4.2.1. Receptor binding affinity

Binding characteristics of bombesin receptors and conjugates on
membrane preparations from PC-3 and MDA-MB-231 cancer cells were
determined by ligand competition assays using *I-labeled [Tyr*]-
bombesin (Code No: NEX258, Revvity Inc., Waltham, MA, USA), as re-
ported previously [50,51]. Binding of bombesin conjugates to cancer
cell membranes was measured in displacement experiments based on
competitive inhibition of 12°I-[Tyr*]-bombesin binding using various
concentrations of peptide conjugates (10 pM-10 pM). ICsp was defined
as the concentration of bombesin conjugate causing 50 % inhibition of
1251 [ Tyr*]-bombesin binding.
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Fig. 8. Chronic effect of PDCs and free MMAE on tumour growth. (A) Change in bodyweight of mice during the experiment. The red arrows indicate treatment days.
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4.2.2. In vitro cytotoxicity

Handling information for the cell lines used in the assay are reported
in the Supplementary Materials.

The day following the incubation, cells were treated with serial di-
lutions of each compound, starting at 2000 nM for the conjugates and
100 nM for MMAE, and incubated for 72 h. Then, either the experiment
was terminated, or the incubation continued for further 72 h after in one
case replacing the supernatant with fresh medium or, in the other case,
repeating the treatment. In each case, at least two independent experi-
ments were performed, with three replicates per concentration. Wells
treated with 0.05 % DMSO served as control. Cell-free wells containing
medium served as blanks. At the end of the treatments, 100 pL of me-
dium were replaced with 20 pL CellTiter 96® Aqueous (Promega, Italy)
and the plates incubated for 90 min (37 °C, 5 % CO3). The absorbance at
A = 490 nm was measured using a Victor? 1420 Multilabel Counter
(PerkinElmer) and the cell viability was calculated as the absorbance
corrected by the background signal, divided by the corrected absorbance
of untreated control wells. The half-maximal inhibitor concentrations
(ICsp) were extrapolated by fitting the data using non-linear regression
through Prism (GraphPad Software).

4.2.3. Stability of the conjugates in human and mouse plasma and cell
culture medium

Stability of the conjugates in mouse and human plasma and DMEM
+10 % FBS was evaluated after incubation of the samples at 37 °C and a
concentration of 5 pM up to 24 h (plasma) or 1 pM up to 72 h (cell
culture medium), in duplicates. At established sampling points (to, 0.25,
0.5, 1, 2, 4 and 24 h) aliquots of each sample were quenched with 1 %

10

formic acid in MeCN (2 x volume excess), to stop the reaction precipi-
tating plasma proteins or large FBS components. Samples were then
centrifuged for 10 min, at 14000 rpm, 4 °C, and the supernatants diluted
1:1 with dH»O prior analysis. Samples were analysed using a LC-HRMS
system constituted by a Vanquish Flex connected to an Orbitrap QEx-
active Focus (Thermo Scientific). Chromatographic separation was
conducted using an Aeris peptide column (3.6 pm, XB-C18, 50 x 2.1
mm) (Phenomenex), at 40 °C, with a flow rate of 0.4 mL/min and a
gradient composed of 90 % water/10 % acetonitrile, 0.1 % formic acid
(eluent A) and 0.1 % formic acid in acetonitrile (eluent B). Analyses
were performed using a HESI source in positive full scan mode (m/z
range: 450-3000). Management of sample analysis was carried out using
Chromeleon 7.2.8 (Thermo Scientific).

4.2.4. MMAE release in rat liver lysosomal homogenate

The payload release was assessed according to a previously pub-
lished protocol [26]. Details are reported in the Supplementary
Materials.

4.3. In vivo experiments

General Laboratory Practice are reported in the Supplementary
Materials.

4.3.1. Biodistribution in PC-3 bearing mice

The biodistribution of BN-EGecM1, BN-EVcM1, BN-EGecM2, and BN-
EVcM4 was compared to that of free MMAE. A single treatment was
administered intraperitoneally (i.p.) in a dose of 2 mg/kg per mice.
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Animals were split into three groups, and samples were obtained 1 h, 6 h
and 24 h after treatment. Samples included blood, tumour, and organs
such as liver, kidneys, heart, lungs, and pancreas. Detailed procedures
regarding sample collection from animals are reported in the Supple-
mentary Materials.

Frozen organs and primary tumours were pooled based on treatment
groups. Tissue samples were weighed accurately, collected and homo-
genised in sterile distilled water (1:2 w/v) using gentleMACS™ Dis-
sociator (Miltenyi Biotec, Bergisch Gladbach, Germany). Homogenates
were centrifuged for 5 min at 600 g, 4 °C, and 200 pL aliquots of su-
pernatant were stored at —20 °C o/n into LoBind® tubes. The leftovers
were frozen for further analysis. The following day they were thawed at
RT and diluted in 40 pL of 5 % w/v ZnSO4 (ThermoFisher Scientific,
Waltham, Massachusetts, USA) and 600 pL of MeCN/MeOH 90:10 v/v%
containing [Tyr*IBBN as internal standard, for protein precipitation.
The tubes were vortexed vigorously and stored at —20 °C o/n. The
frozen blood samples were thawed at RT and treated likewise. The
samples were then centrifuged for 30 min, 10000 g, 4 °C and the su-
pernatant diluted with an equal volume of dH50 + 0.1 % formic acid.
The tubes were centrifuged again for 15 min, 10000 g, 4 °C and the
supernatants analysed by LC-HRMS to detect the levels of MMAE using
an UltiMate 3000 UHPLC system coupled to a Q ExactiveTM Focus,
high-resolution and high-mass accuracy, hybrid quadrupole-orbitrap
mass spectrometer.

4.3.2. In vivo acute efficacy study

Conjugates BN-EGecM1, BN-EVcM1, BN-EGecM2 and free MMAE
were involved in both acute and chronic in vivo efficacy studies.

A single treatment was administered by i.p. injection in a volume of
0.1 mL per animal, nine days after cells inoculation, when the average
tumour volume was 62 mm?®. The mice were randomized and assigned to
five groups consisting of eight animals for each treatment. The com-
pounds were dissolved in 5 % DMSO (Sigma-Aldrich, St. Louis, MO,
USA) in water for injection (Pharmamagist Kft., Budapest, Hungary).
The PDCs dose was 2 mg/kg MMAE-content, while free MMAE was
injected in a dose of 1 mg/kg of body weight. The mice in the control
group were treated with the solvent.

Animal body weight and tumour volumes were measured initially
when the treatment started and at periodic intervals. A digital calliper
was used to measure the longest (a) and the shortest (b) diameter of a
given tumour. The tumour volume was calculated using formula V =
ab? x m/6. The antitumor activity and the survival of animals were
monitored by humane end-off points, and the animals were sacrificed by
cervical dislocation when a 20 % body weight loss and/or a tumour
volume of 2000 mm? were reached.

4.3.3. In vivo chronic efficacy study

Treatments were administered i.p. with an injection volume of 0.1
mL per animal, eight days after the cells were inoculated, when the
average tumour volume was 93 mm?. The mice were randomized and
assigned to five groups consisting of seven animals for each treatment.
The treatments were dissolved in 5 % DMSO (Sigma-Aldrich) in water
for injection (Pharmamagist Kft.). The PDCs dose was 0.5 mg/kg MMAE-
content, while free MMAE was injected in a dose of 0.2 mg/kg of body
weight. The mice in the control group were treated with the solvent.
Four treatments were administered at days 8, 11, 16 and 23.

Animal body weight and tumour volumes were measured initially
when the treatment started and at periodic intervals. A digital calliper
was used to measure the longest (a) and the shortest diameter (b) of a
given tumour. The tumour volume was calculated using formula V =
ab? x /6. Antitumor activity was monitored.
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