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1. Introduction 

Worldwide cancer is the second cause of death exceeded only by 
cardiovascular diseases [1]. Ovarian cancer is the fifth cause of death in 
women and the principal of gynaecological cancer [2]. The number of 
ovarian cancers diagnosed in 2018 worldwide was estimated nearly of 
300.000 with a number of deaths of about 185.000 [3]. The poor 
prognosis of ovarian cancer patients is due to a late diagnosis of the 
tumor. Around 63% of ovarian cancer cases are diagnosed at stage IV, 
which corresponds to a five-year survival rate of 27.6%, while tumor 
diagnosed at stage I has a survival rate of 92.4%. Indeed, the disease 
remains quite asymptomatic until it metastasizes [4]. The term ovarian 
cancer includes more than 30 different types of cancer, among which 
85–90% are epithelial ovarian cancers [5]. The most common subtype of 
epithelial ovarian cancers is the serous carcinoma. The serous subtype is 
in the 90% of cases of high-grade tumors. For high-grade serous 
epithelial ovarian cancer (HGSOC), the standard line of treatments are 
surgery and platinum-based chemotherapy, however recurrence 
commonly occurs and in most cases the treatment of the relapse fails. In 
order to improve prevention, detection and treatment, a molecular 
characterization of ovarian cancer needs to be ameliorated. In this 
perspective, the role of Peptidyl-prolyl cis-trans isomerase 
NIMA-interacting 1 (Pin1) in HGSOC has been studied, demonstrating 
that its inactivation restrains tumor growth [6]. Pin1 is an enzyme made 
up by 163 amino acids, which has as target sequence a phosphorylated 
Ser/Thr-Pro motif and it is responsible for its enzymatic conversion 
between cis and trans conformation. Pin1 contains two important 

domains, the WW (two tryptophans conserved) and the PPIase domains. 
Both domains are involved in proline conversion but only the PPIase 
exerts catalytic activity [7]. The conformational changes due to Pin1 
activity play a role in different cellular processes. In fact, the sequential 
events of the cell cycle process are regulated by the phosphorylation and 
dephosphorylation of various cell cycle-regulatory proteins and their 
post-phosphorylation modifications. Pin1 proved to negatively regulate 
cell cycle progression of normal cells delaying cell mitosis and arresting 
G2 phase by binding to different cell cycle-regulatory proteins including 
Wee1, cyclin D1, Cdc25C, Cyclin E, Myt1 and p27 [8]. Our group and 
others demonstrated that the inhibition of Pin1 is a promising strategy 
for cancer treatment since it is up regulated in cancer cells and cancer 
stem cells [8–11,38]. Furthermore, since cancer stem cells are a major 
cause of drug resistance, the inhibition of Pin1 is a powerful strategy to 
mitigate resistance arising from traditional chemotherapies [6]. Indeed, 
in 1998 Juglone was proved to work as Pin1 inhibitor and since then, 
different molecules have been studied both as covalent or non-covalent 
Pin1 inhibitors mainly targeting the PPIase domain, but few inhibitors 
bonding the WW domain were also developed [7]. Unfortunately, most 
of Pin1 inhibitors reported in literature showing anticancer activity, 
display unfavorable characteristics. For example, Juglone, arsenic 
trioxide, KPT-6566 and sulfopin are not suitable for in vivo application 
for Pin1 inhibition because of their lack in specificity and/or cell 
permeability [12–15]. Researchers are still trying to develop new potent 
Pin1 inhibitors by adopting drug discovery approaches focusing over the 
achievement of selective and preferably non covalent inhibitors 
[16–19]. Among the different classes of Pin1 inhibitors, compound C17 
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developed by Guo et al. was chosen for this work [19]. Indeed, C17 is a 
potent non-covalent inhibitor of Pin1 with a nanomolar enzymatic ac-
tivity, invalidated by its low solubility and, more importantly, by a very 
low activity on cancer cells, probably due to an unfavorable interaction 
with cellular membrane receptors [18,19]. Beside these limiting factors 
arising from cells interaction, C17 is one of the most potent non covalent 
inhibitor developed, given that further modifications of the molecular 
structure, to ameliorate the in vivo activity, decrease the inhibitory 
power over the enzyme. In order to improve the pharmacological pa-
rameters of drugs, drug delivery systems can be exploited. Different 
types of nanoparticles constituted by a matrix encapsulating drugs can 
be used to improve important parameters such as solubility, cell 
permeability and stability. In cancer therapy, carriers can be inorganic 
such as metals or silica, or organic such as polymers or lipids. However, 
it is preferable to choose biocompatible carrier materials to avoid their 
toxicity related effect. In this work, a biocompatible polymer Pluronic 
F127® has been used to develop a nano formulation of C17. Pluronic 
F127® was chosen since it is approved by FDA, and being biocompatible 
it has been utilized to develop drug delivery systems applied from 
phytopharmaceuticals [20,21] to cancer therapies [22–24]. Polymeric 
formulation of C17 anticancer activity has been tested on different 
ovarian cancer cell lines and patient derived tumor organoids (PDTOs), 
which represent a more relevant human model [25–28,39,40]. 

2. Materials and methods 

2.1. Polymeric formulation 

Powder of Pluronic® F-127 (Cat n◦ P2443) (F127) suitable for cell 
culture was purchased from Merck, Darmstadt, Germany. Chloroform 
(Cat n◦67-66-3) was purchased from Thermo Fisher Scientific, Wal-
tham, MA, US. Water was purified with Milli-Q® (Millipak® 0.22 μm) 
system. Compound 17 (C17) was synthetized in our laboratory as pre-
viously reported [19]. 

2.2. Polymeric formulation protocol 

The polymeric formulation protocol has been adapted from a pre-
viously reported thin film rehydration method [29], tested to obtain the 
higher content of C17. C17 (6 mg) was solubilized with F127 (24 mg) in 
chloroform (3 ml) to obtain a clear solution. Then the chloroform was 
removed by a rotary evaporation to obtain a thin film composed by the 
mixture of surfactant and C17. Thereafter the layer was hydrated by 
adding 6 ml of milli-Q water and sonicating for 15 min in bath sonicator 
and 10 min with probe sonicator (40% frequency, 2 mm tip). During 
both the sonication steps the sample was kept in an ice bath to avoid 
thermal damaging of the mixture. The obtained C17 polymeric water 
formulation is then referred as C17-F127-FP; when only F127 was used 
for the polymeric formulation protocol the sample was referred to as 
F127-FP. 

2.3. C17 solubility measurement and quantification 

The solubility of C17 was predicted by the “Chemicalize” software 
(Chemicalize.com; ChemAxon Ltd., Budapest, Hungary) and experi-
mentally determined by mixing 1 mg/mL of drug powder in milli-Q 
water for 1 h. The solution was then centrifuged at 10000 rpm for 10 
min to eliminate the insolubilized fraction and quantified. C17 was 
spectroscopically quantified using an Agilent 8453 spectrophotometer 
and a calibration plot, measuring its absorption at 286 nm (full scans of 
C17 solubilized in methanol at different concentrations are reported in 
Fig. 1S). The presence of F127 is not affecting the UV-VIS spectra of C17 
(Fig. 2S) and therefore the absorption at 286 nm was used to quantify 
C17 concentration of both the samples prepared for the solubility 
measurement and the C17-F127-FP. The encapsulation efficiency% (EE 
%) was calculated as the ratio of the encapsulated C17 over the total 

amount of inhibitor used in the protocol, multiplied by 100. Percentage 
of drug loading capacity (DL%) was calculated, with the following for-
mula, as lowest value by considering a total recovering of F127 from thin 
film, i.e. achieving a final concentration of 4 mg/ml. 

DL%=
weight of encapsulated C17

weight of encapsulated C17 + weight of F127
*100  

2.4. TEM analysis 

About 25 μL of sample was dropped on a 400-mesh holey film grid 
and stained with 1% uranyl acetate (2 min). Then the sample was 
observed with a FEI Tecnai G2 transmission electron microscope oper-
ating at 100 kV (Hillsboro, Oregon, US). The images were taken with a 
Veleta digital camera (Olympus Soft Imaging System). Measurement of 
particles size was carried out by ImageJ (1.52a) software. 

2.5. Dynamic light scattering analysis and zeta potential 

Dynamic light scattering (DLS) and zeta potential analyses were 
performed by Zetasizer Nano particle analyzer (Malvern Panalytical, 
Malvern, UK). 

2.6. XRD 

Samples have been measured with X-ray diffractometer Empyrean 
(Malvern Panalytical, Worcestershire, UK). CuKα radiation was used, 
the diffractograms were recorded by setting a scan step size equal to 
0.03939◦, and scan range from 4 to 101◦. The unit of measurement of the 
detected intensity is the number of pulses/second. Drug powder of C17 
was directly measure using powder specimen holder, while C17-F127- 
FP and F127-FP concentrated solutions were deposited by repetitive 
step of dripping ad drying into Si low background sample holder until a 
visible film was obtained on the surface of the holder. 

2.7. Drug release test 

2 mL of C17-F127-FP was placed into a dialysis membrane Slide-A- 
Lyzer MINI Dialysis Device 20 k MWCO (Thermo Scientific, MA, USA) 
and dialyzed against DPBS kept at 37 ◦C and mixed. Aliquots of the 
solution were sampled at different time points and then C17 quantified 
through UV-VIS spectrometry. The results are expressed as release % 
calculated as follows. 

Release%= 100*
[C17]t0 − [C17]tx

[C17]t0 

With [C17]t0 equal to starting drug concentration in C17-F127-FP 
sample used for the test, and [C17]tx equal to measured drug concen-
tration in aliquots sampled at different time points. 

Fig. 1. C17 molecular structure.  
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2.8. Cell viability 

Different ovarian cancer cell lines (A2780, A2780cis, OVCAR3, 
SKOV3 and KURAMOCHI) were grown in accordance with the supplier 
at 37 ◦C and 5% of CO2. 1 × 103 cells/well were seeded in 96-wells 
plates and treated with six different concentrations of C17 and C17- 
F127-FP (0.001, 0.01, 0.1, 1, 10, 100 μM) in triplicate. After 96 h, cell 
viability was measured using CellTiter-Glo (Promega, Madison, WI, 
USA) with BioTek Synergy H1. Logistical dose-response curves were 
used to calculate IC50 using GraphPad Prism (La Jolla, CA, US). 

PDTO were obtained from totally anonymized specimens. However, 
biobank informed consent for research purposes was available to collect 
the samples at National Cancer Institute (CRO) of Aviano. HGSOC PDOs 
were cultured at 37 ◦C and 5% of CO2 followed a published protocol 
[27]. Cluster of PDOs were mixed in an appropriate volume of Matrigel 
and 2uL of this mixture were seeded in 96-wells plates and treated with 
six different concentrations of C17 and C17-F127-FP (0.32, 1.6, 8, 40, 
200, 1000 μM) in four replicates. After 96 h, cell viability was measured 
using CellTiter-Glo 3D (Promega, Madison, WI, USA) with BioTek Syn-
ergy H1. Logistical dose-response curves were used to calculate IC50 
using GraphPad Prism (La Jolla, CA, US). 

2.9. Caspase 3/7 assay 

1 × 103 OVCAR3 cells were seeded in 96-wells plates and treated 
with 25 and 50 μM of C17 and C17–F127– FP and 10 μM of cisplatin was 
used as a positive control. After 6 and 24 h of treatment, media was 
removed and Caspase-Glo® 3/7 (Promega, Madison, WI, USA) was 
added to each well. The luminescence was recorded after 30 min of 
incubation using BioTek Synergy H1.Cell viability and caspase 3/7 were 
performed in triplicate and the p-value was calculated using a two-tailed 
Student’s t-test using GraphPad Prism (La Jolla, CA, US). p-values are 
expressed as follows: *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001 and ****P ≤
0.0001. 

3. Results and discussion 

3.1. Compound properties 

2-[3-(2,6-dichlorophenyl)propanamido]-3-(6-fluoro-1H-indol-2-yl) 
propanoic acid, referred as C17, is showed in Fig. 1. The molecule has a 
molecular weight of 423.27 g/mol. C17 belongs to a series of alkyl 
amide indole derivatives, which were developed with the aim of 
improving cellular permeability by decreasing the polarity of a group of 

benzimidazole-based Pin1 inhibitors. Indeed, C17 and the related 
compounds of this chemical class proved to have an increased solubility 
and cell permeability with respect to benzimidazole-based inhibitors, 
but lacked in cells activity probably due to the exclusion from cancer 
cells through PGP receptor efflux [19]. 

C17 properties have been predicted with the online platform Ch 
emicalize and compared with experimentally determined and data 
previously reported in literature [19] (Table 1). 

As can be seen in Table 1, the properties reported in literature, 
experimentally measured and predicted by the online platform are 
consistent. The solubility of the compound depends on pH and therefore, 
the values reported are affected by the considered condition. Basing on 
the intrinsic solubility, C17 is practically insoluble but the neutral form 
(microspecie n◦1 in Fig. 2) subsides in favour of the mono anionic form 
generated by the dissociation of the carboxilic group (microspecie n◦3 in 
Fig. 2) with a pH increment. Indeed, the solubility increases together 
with pH reaching 423 mg/ml over pH 10 (Fig. 3) when also the second 
acid proton start to dissociate from the amido group (pKa 13.06) 
generating the microspecie n◦4 in Fig. 2. Other ionic microspecies 
generated from the dissociation of the indole acid proton (microspecie 
n◦6 in Fig. 2) and the protonation of the carbonyl group (microspecie 
n◦2 in Fig. 2) but are less prevalent. Accordingly, the hydrophilicity of 
the molecule increases with pH values (Fig. 3). 

3.2. Formulation solubility and characterization 

From the direct application of the polymeric formulation protocol, 
the final drug concentration is 0.71 ± 0.07 mg/ml (data obtained from a 
quadruplicate) in milli-Q water (which is equivalent to 71 ± 7 EE% and 
DL% of 15). Furthermore, the C17-F127-FP has been concentrated to 
achieve a stable solution with drug concentration equal to 5 mg/ml. 
Therefore, through the protocol the solubility of the drug is nearly three 
times the measured value in MQ water, and it can be concentrated since 

Fig. 2. (left) microspecies distribution as a function of pH; (right) C17 structure showing pKa values (in red). Predicted by Chemicalize software. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 

Table 1 
C17 chemical properties.   

Chemicalize [19] measured 

solubility Intrinsic 0.242 μg/ml 
(pH 6.5) 140 μg/ml 

>100 μg/ml 240 ± 10 
μg/ml 

logP 4.32 3.5(experimentally 
determined) 

n.d. 

pKa 
(strongest) 

3.74 3.9(experimentally 
determined) 

n.d. 

Isoelectric 
point 

0.9 n.d. n.d.  
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twenty times more (at physiological pH). 
In order to indagate the content of C17- F127-FP sample, it was 

analyzed with Zetasizer Nano particle analyzer. As can be seen in in 
Fig. 4, the C17-F127-FP contains two different populations of particles 
and indeed the global poly dispersion index is quite high reaching 0.54 
(Table 1S). Zeta potential is negative (-10 ± 6 mV) due to the dissoci-
ation of the strongest acidic group in C17. 

For clarifying the nature of the particles contained in the C17-F127- 
FP, TEM images of an aliquot of this sample were taken and are reported 
in Fig. 5. TEM images confirmed DLS results, indeed also in TEM images 
two different populations of particles can be seen: smaller regular 
spherical particles, as expected in the case of polymeric micelles, with a 
diameter of 23.9 ± 0.5 nm and bigger porous particles with an average 
diameter equal of 179 ± 13 nm. 

The TEM analysis, in agreement with XRD data (Fig. 6), suggests that 
C17-F127-FP is in the amorphous state indeed scanning the grid only 
one crystal was seen (visible in the center of Fig. 5 A). The average di-
ameters of the particles determined from TEM images (Table 2S) are 
compatible with DLS sizes determined by the two peaks, considering 
that DLS is measuring the hydrodynamic radius. Furthermore, the dif-
ference between DLS and TEM sizes is smaller for the polymeric micelles 
than for the bigger particles. This can arise from an enhanced defor-
mation of these latest during the TEM grid preparation and therefore it 
might suggest that their porosity is due to a collapse, while their actual 
structure in solution is probably more homogeneous. In order to assess 
the role of the surfactant F127 on the nanoparticle formation, TEM 
images of a C17 water dispersion (C17-WD) and of a solution of F127 

processed following the polymeric formulation protocol called F127-FP, 
were taken and reported in Fig. 5 B and C, respectively (data summa-
rized in Table 2S). Both of samples are made of two different particles: 
C17-WD contains few micrometric crystals (average length of 1000 ±
300 nm) and spherical particles (16±1 nm) resembling micellar struc-
tures. F127-FP images show two populations of polymeric micelles; 
bigger spherical particles that tends to aggregate with an average 
diameter of 91 ± 4 nm and smaller ones, micelles, present in the back-
ground with an average diameter of 11.9 ± 0.7 nm. The porous particles 
present in C17-F127-FP must contained both C17 and F127 since no 
similar structures are present in F127-FP and neither in C17-WD both as 
morphology and size (Fig. 3S). Micelle sizes are affected by the mixing of 
the polymer and the drug. Indeed, in C17-F127-FP micelles are bigger if 
compared to micelles measured in the singular component of the 
mixture (Fig. 4S). This suggests the presence of the drug into the micelles 
in the C17-F127-FP sample. 

XRD spectra of C17-F127-FP (red), C17 power (blue) and F127-FP 
(green) are shown in Fig. 6. The spectra of C17-F127-FP is clearly the 
combination of the other two, showing the broad peak present in C17 
powder merged with sharp peaks due to F127. Since the only sharp 
peaks in C17-F127-FP are attributed to F127 the drug it is present mainly 
in amorphous phase, as for C17 drug powder which spectra shows only 
the broad peak. Thus, for C17 powder, the presence of crystals in TEM 
images might be due to recrystallization over the grid and are not 
prevalently in the sample since the drug clearly tends to be into an 
amorphous state. 

C17-F127-FP stability over time was tested by measuring with DLS a 

Fig. 3. (left) trend of logD; (right) trend of solubility as a function of pH, predicted by Chemicalize software.  

Fig. 4. Size distribution by intensity determined by DLS analysis of C17-F127-FP. Data are reported in Table 1S.  
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tree months aged sample which present same particles curves with only 
a slight decrement of the average sizes (Fig. 5S). This prove that both 
particles are produced by stable interaction between their components, 
while the size decrement could be attribute to their partial dissolution, 
but gelation or aggregation can be excluded. 

Pluronic® F127 is widely used for clinical applications as pharma-
ceutical adjuvant and nano carrier, approved by FDA, since it is 
biocompatible, promote long circulation period and is commercially 
available. Pluronic® F127 is a block copolymer composed by hydro-
philic ethylene oxide (EO) and hydrophobic propylene oxide (PO) blocks 
with an A-B-A structure where A is EO. With this structure, many 
different Pluronic® polymers were created with different hydrophilicity 
achieved by the ratio between chain length of EO and PO. F127 is an 

hydrophile Pluronic® with high content in EO (EO100-PO65-EO100). 
Micelles are formed in water by self-assembly driven by hydrophobic 
interactions, indeed the polymer exposes the EO blocks while the center 
of the micelle is constituted by the hydrophobic PO block, where hy-
drophobic drugs could be entrapped. F127 is actually expected to 
generate spherical micelles with a hydrodynamic diameter ranging from 
20 to 80 nm [30] with critical micelle concentration ranging from 0.1 to 
3.17 mM [31]. Therefore, considering the F127 amount (0.32 mM) used 
in the polymeric formulation protocol micelle are expected. Micelles and 
polymeric nanoparticles are formed both in C17-F127-FP and F127-FP 
with differences between the two samples; indeed, when formulated 
alone F127, interestingly, showed both the presence of nanoparticles 
and micelles with size slightly smaller than what reported in literature 

Fig. 5. TEM images of (A) C17-F127-FP, (B) C17-WD and (C) F127-FP. On right images, the micelles present in each sample are reported. Data are reported 
in Table2S. 
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[30]. Therefore, the formulation protocol and the presence of C17 are 
influencing the micellization and the formation of the polymeric parti-
cles, which are stable in the obtained solution. The polymeric formula-
tion protocol, indeed, allows the production of a stable C17 
nanoformulation suitable for drug delivery purposes by increasing its 
solubility. 

3.3. C17 release from C17-F127-FP 

In order to indagate the C17 release from the formulation an in vitro 
test, mimicking in vivo conditions, was developed, and the result is re-
ported in Fig. 7. C17 undergo an initial burst release reaching 60% in 8h, 
while the remaining drug is then released within two days. This release 
trend can be explained by the initial release of C17 from micelles that are 
known to dissolve quickly [32] followed by the release from porous 

particle. 

3.4. Anticancer activity tests 

Data reported in Table 2 confirmed what was defined in the original 
work about C17 inhibitory activity [19]: the drug lacks in cell activity. 

Although C17 compound has no activity on all the cell lines tested, 
C17-F127-FP is active in the range of 31–45 μM. To strengthen the re-
sults, three HGSOC PDTOs were tested with the new polymeric formu-
lation (Fig. 8). PDTO 1 is derived from ascites resistant to carboplatin. 
PDTO 2 and 3 derived from chemonaive primary surgery cancer tissues 
and are sensitive to platinum treatment. H&E evaluation and CA125 
(cancer antigen 125), WT1 (Wilms’ Tumor 1) and PAX8 (Paired box 
gene 8) biomarkers analyses confirmed that the characteristics of 
HGSOC are maintained (Fig. 6S). 

PDTO 2 and 3 are sensitive to carboplatin, instead PDTO 1 is resistant 
as confirmed from the clinical data. C17 is inactive in all PDTOs. 
Differently, C17-F127-FP is effective on PDTO1 and barely active on 
PDTO 2 and 3 (Fig. 8A and B). Interestingly, as reported in Fig. 8C and D, 
high level of Pin1 expression is correlated with lower IC50 values sug-
gesting that Pin1 inhibitors could be effective for the treatment of a 
subpopulation of HGSOC. Interestingly, Pin1 is more active on PDTO1 
that is resistant to carboplatin. 

Finally, the ability of C17-F127-FP to induce apoptosis was evaluated 
(Fig. 9). After 6 h of treatment, both formulations did not induce the 
activity of caspase 3 and 7. Differently, at 24 h only C17-F127-FP is 
effective and significantly activates the apoptotic pathway. 

C17 was reported to have a good cell permeability (tested on Caco-2) 
and therefore the lack in cell activity was attributed to its exclusion from 
cells due to PGP receptor activity [19]. Pluronic ® polymers are known 
for being potent sensitizer of multiple drug resistance cells through 
polymer-cell interaction. Indeed, Pluronic® polymers were reported as 
inhibitors of ABC transporters, in particular PGP, MPR and BCRP and 
suppress the activity of ATPase transporters [33]. This activity over 
transporters is due to the alteration of the cell membrane lipid micro-
environment by the polymers, since their amphiphilic structure can 
adhere and penetrate cell membranes. Hydrophilic Pluronic® polymers, 
such as F127, were reported to be able only to adhere to cell membrane 
but not insert and therefore not affecting the lipid packaging not being 
able to inhibit the transporters [30,33]. However, by adhering over cell 
membrane, F127 promotes drug permeation basing on the induced 
decrement in microviscosity, pore formation and flip-flop acceleration 
of membrane components [34]. On the other hand, other authors re-
ported the increased action of anticancer drugs when formulated with 
F127 claiming that it is due to the inactivation of transporters [22,23] 
and moreover reporting the polymer action over cells promoting the 
interruption of essential process such as respiration [24]. Basing on the 
data reported in Table 2, F127 itself is not affecting cell viability but 
effectively enhancing C17 activity. Therefore, beside the fact that F127 
interaction with cell membranes is still unclear, considering that the 
drug was proven to be able to permeate cell membrane but lacking in 
activity because of PGP efflux, it is possible to speculate that the 
enhanced anticancer activity of C17-F127-FP demonstrated by a 
decrement of IC50 values and enhanced apoptosis, is a further proof that 
also F127, as the more hydrophobic Pluronic® polymers, is affecting the 
transporter activity. 

4. Conclusions 

The polymeric formulation of the Pin1 inhibitor C17-F127-FP allows 
to obtain two populations of particles: micelles and porous particles that, 
by comparison with the components of the mixture, are probably both 
containing the drug. The presence of two different nanoparticles in-
fluences the release of the drug in the tumor site. Indeed, in literature is 
reported that nanomicelles having smaller size penetrate more rapidly 
into cells showing higher cellular uptake efficiency than bigger particles 

Fig. 6. XRD of C17 powder (blue), C17-F127-FP (red) and F127-FP (green). 
(For interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 

Table 2 
cytotoxicity of C17 and C17-F127-FP on different ovarian cancer cell lines.   

IC50 (μM) 

Cell lines A2780 A2780cis OVCAR3 SKOV3 KURAMOCHI 
F127 >100 >100 >100 >100 >100 
C17 >100 >100 >100 >100 >100 
C17-F127- 

FP 
42.6 ±
2.6 

45.0 ±
3.1 

32.1 ±
5.2 

31.3 ±
1.2 

37.3 ± 4.5  

Fig. 7. graph of percentage of released C17 from C17-F127-FP over time.  
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[32] and guarantee a fast initial release [35]. That was proven by the 
release test of C17-F127-FP that showed an initial release, probably due 
to micelle dissolution, followed by the prolonged release from porous 
particles. Both particles when delivered into blood circulation, basing on 
their sizes [36], could eventually accumulate into tumoral sites by an 
enhanced permeation and retention effect. However, F127 micelles, 
were proved to release their content within first day (both in literature 
an in this work) and therefore before reaching the tumoral site [32]. 
Although, the possible release of the drug from micelles before reaching 
the tumor site might be useful to target and eliminate circulating cancer 
cells [37]. The stable dispersion derived from the polymeric formulation 
protocol, increased the solubility of C17 up to twenty times at physio-
logical pH, but, more importantly, allows to demonstrate C17 activity 
over ovarian cancer cell lines and PDTOs proving the role of Pin1 in this 
type of gynaecological cancer and the role of F127 as promoting anti-
cancer activity of drug almost certainly by exerting an inhibition over 
PGP who affected C17 action. This simple drug delivery system allowed 
to exert the activity of a non-covalent Pin1 inhibitor, which otherwise 
would be excluded from further application beside being among the 
most active over the enzyme. Further developments and improvements 

of the drug delivery system will be pursued but this work proved that 
C17 works over cells when nano formulated. 
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Fig. 8. (A) Dose-response curves of HGSOC Ascites patient (Pat 1) and two HGSOC PDTOs (Pat 2 and Pat 3) treated with Carboplatin, C17 and C17-F12-FP. (B) IC50 
values (μM) of carboplatin, C17 and C17- F12-FP as reported in (A). Data were obtained from four replicates. The numbers represent mean and standard deviation. 
(C) Immunohistochemistry of Pin1 expression in parental and PDTO samples. (D) Distribution of intensity of Pin1 expression in HGSOC-PDTOs of Pat 1, Pat 2 and Pat 
3. The line inside the values represents the median value. The results indicated that Pin1 is highly expressed in HGSOC-PDTOs of Pat 1 compared to Pat 2 and Pat 3 
(<0.0126). p-value is calculated with «RM one-way ANOVA». H&E staining and Immunohistochemistry are reported in Fig. 3S. 
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