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ABSTRACT 

Nanoparticles composed of poly(alkyl cyanoacrylate) (PACA) have shown great promise due 

to their biodegradability and high drug loading capacity. Development of optimal PACA 

nanocarriers requires detailed analysis of the overall cellular impact exerted by PACA 

variants. We here perform a comprehensive comparison of cabazitaxel (CBZ)-loaded 

nanocarriers composed of three different PACA monomers, i.e. poly(n-butyl cyanoacrylate) 

(PBCA), poly(2-ethylbutyl cyanoacrylate) (PEBCA) and poly(octyl cyanoacrylate) (POCA). 

The cytotoxicity of drug-loaded and empty PACA nanoparticles were compared to that of free 

CBZ across a panel of nine cancer cell lines by assessing cellular metabolism, proliferation 

and protein synthesis. The analyses revealed that the cytotoxicity of all CBZ-loaded PACAs 

was similar to that of free CBZ for all cell lines tested, whereas the empty PACAs exerted 

much lower toxicity. To increase our understanding of the toxic effects of these treatments 

comprehensive MS-based proteomics were performed with HCT116, MDA-MB-231 and PC3 

cells incubated with PACA-CBZ variants or free CBZ. Interestingly, PACA-CBZ specifically 

led to decreased levels of proteins involved in focal adhesion and stress fibers in all cell lines. 

Since we recently demonstrated that encapsulation of CBZ within PEBCA nanoparticles 

significantly improved the therapeutic effect of CBZ on a patient derived xenograft model in 

mice, we investigated the effects of this PACA variant more closely by immunoblotting. 

Interestingly, we detected several changes in the protein expression and degree of 

phosphorylation of SRC-pathway proteins that can be relevant for the therapeutic effects of 

these substances. 
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Introduction 

Many studies now focus on using drug-loaded nanoparticles (NPs) to enhance the therapeutic 

effect and reduce the side effects of drugs given to cancer patients. Different NPs carrying a 

wide variety of drugs have been designed and tested (Mallick and Choi 2014; Shi et al. 2017; 

Taurin et al. 2012; Torchilin 2014). Among these, NPs composed of poly(alkyl 

cyanoacrylate), PACAs, have shown great promise due to their biodegradability and high 

loading capacity (Aslund et al. 2017; Sulheim et al. 2016; Vauthier et al. 2003). Early 

screening of toxic effects of NPs is important for development of the product, and to keep 

costs as low as possible. This screening is most often performed by using standardized assays 

to test the toxic effect on cancer-derived cell lines. However, different results are obtained 

depending on the test system and cell line used, and the reasons behind the differences are 

most often not understood (Szwed et al. 2019). Knowledge about the mechanism for NP entry 

into cells, the subsequent intracellular transport and the effect on cells are important to 

develop an optimal composition of the NPs.  For detailed analysis of the overall molecular 

impact on cells treated with NPs, mass spectrometry (MS) proteomic analysis can be useful, 

as this enables identification and quantification of proteins affected, and subsequent 

information about the molecular machinery, cellular processes and biological compartments 

involved.  

Cytotoxic drugs of the taxane-class have been used in cancer treatment for decades 

with good results (Baciarello et al. 2018). However, various side-effects and acquired 

resistance may result in discontinuation of the treatment. Encapsulation of the drug into NPs 

may reduce the systemic exposure and thus the unwanted toxic effects. Furthermore, such 

encapsulation may result in a different biodistribution, and a higher tumor uptake due to 

increased circulation times of the drug-containing NPs (Fusser et al. 2019) and the enhanced 

permeability and retention (EPR) effect (Kim et al. 2017; Matsumura and Maeda 1986; 
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Ruoslahti et al. 2010). However, how NPs are transported over the endothelial cell layer is 

still being discussed (Sindhwani et al. 2020; Skotland and Sandvig 2021). The therapeutic 

taxane drugs include paclitaxel (PTX), docetaxel (DTX) and more recently also cabazitaxel 

(CBZ). CBZ was approved by the US Food and Drug Administration (FDA) in 2010 for 

treatment of refractory prostate cancer as a second line drug after DTX chemotherapy (Mita et 

al. 2012; Paller and Antonarakis 2011). One advantage of CBZ is its low affinity for the P-

glycoprotein, which can transfer drugs out of cells; use of CBZ will therefore reduce the 

possibility of obtaining drug resistance (Duran et al. 2018; Machioka et al. 2018; Vrignaud et 

al. 2013). The poor water solubility of taxanes complicates administration of the free drug. 

However, improved compatibility and solubility of CBZ in alkyl cyanoacrylate monomer 

solution allow for encapsulation of high concentrations of CBZ in PACA NPs (Aslund et al. 

2017).  

We have previously shown that CBZ-loaded poly(2-ethylbutyl cyanoacrylate) 

(PEBCA) NPs had a better therapeutic effect on the tumor than free CBZ and that the 

increased efficacy obtained with these NPs partly may be due to infiltration of more M1 (anti-

tumorigenic) than M2 (pro-tumorigenic) macrophages in the tumor (Fusser et al. 2019) 

investigated several cancer cell lines for their response to three variants of PACA NPs, i.e. 

PEBCA, poly(n-butyl cyanoacrylate) (PBCA) and poly(octyl cyanoacrylate) (POCA) 

(Sulheim et al. 2017; Szwed et al. 2019; Sønstevold et al. 2020). As recently reported, the 

toxic effects of these NPs were cell type dependent, and surprisingly these very similar NPs 

were shown to induce different death mechanisms (Szwed et al. 2019). To improve cancer 

therapy, we need to unravel the intoxication mechanisms of the drugs used, and the aim of the 

current study was to investigate the toxic effect of the three CBZ-containing PACA NPs with 

free CBZ and the empty PACA NPs. We here report the cytotoxicity obtained using these 

three PACAs with encapsulated CBZ, i.e. PBCA-CBZ, PEBCA-CBZ and POCA-CBZ, and 
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compare the toxicity with that obtained using either free CBZ or these PACAs without 

encapsulated drug across a panel of nine cell lines, i.e. MDA-MB-231, SKBR3, MDA-MB-

468, MCF-7, HT29, HCT116, PC3, LNCaP and HeLa. Thus, we have here studied four breast 

cancer cell lines, two colon cancer cell lines and two prostate cancer cell lines, as well as the 

very commonly used HeLa cervical cancer cell line. To elucidate mechanisms of intoxication 

detailed MS proteomic analyses of HCT116, PC3 and MDA-MB-231 cells (i.e. one colon, 

prostate and breast cancer cell line) treated with these substances revealed several changes in 

protein expression and show, together with Western blotting analyses, important changes in 

the expression and phosphorylation of SRC-pathway proteins that may be related to 

therapeutic effects. 

 

Materials and methods 

Synthesis of NPs  

PACA NPs were prepared using the miniemulsion polymerization method as previously 

described (Fusser et al. 2019; Sulheim et al. 2017; Szwed et al. 2019). Briefly, PBCA, 

PEBCA, or POCA NPs were made by mixing an oil phase consisting of the monomers butyl-, 

ethylbutyl-, or octyl cyanoacrylate (0.45 g, Cuantum Medical Cosmetics, Spain and Henkel 

Loctite, Ireland), a neutral oil (Miglyol® 812, 2% (w/w), Cremer, USA) and vanillin (6% 

(w/w), Sigma-Aldrich, USA with an aqueous phase consisting of hydrochloric acid (0.1 M, 5 

ml) and the PEG-surfactants Kolliphor® HS15 (4 mM, Sigma-Aldrich) and Pluronic® F68 (1 

mM, Sigma-Aldrich). Particles containing cytostatic drug were prepared by adding CBZ or 

DTX  (10% (w/w), Biochempartner Co. Ltd., China) to the oil phase. The oil in water 

miniemulsion was made using a tip sonifier (Branson, 60% amplitude, 6x30 sec with 10 sec 

pauses, on ice). The polymerization was carried out at room temperature overnight on 

rotation. The pH was increased to pH 5.0 using 0.1 M NaOH and the polymerization 
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continued for 5 h on rotation. The dispersion was extensively dialyzed (Spectra/ Por dialysis 

membrane MWCO 100,000 Da, Spectrum Labs, USA) against 1 mM HCl (pH 3.0) to remove 

excess PEG surfactants (Morch et al. 2015). The NPs are stable for at least 12 months when 

stored in a refrigerator in this solution. We have previously shown that cytotoxic effects of 

PACA NPs are dependent on the type of monomer and independent of the type of  PEG used 

(Sulheim et al. 2017). These PACA NPs are stable for at least 24 h in complete growth 

medium containing 10% fetal calf serum (Szwed et al. 2019).  

 

Characterization of NPs 

The size (diameter; z-average), polydispersity index (PDI) and the zeta potential of the NPs 

were measured by dynamic light scattering and laser Doppler Micro-electrophoresis using a 

Zetasizer Nano ZS (Malvern Instruments, UK). To calculate the amount of encapsulated drug, 

the drug was extracted from the particles by diluting 10x in acetone and quantified by liquid 

chromatography coupled to MS (LC-MS/MS) as earlier described (Fusser et al. 2019). 

 

Cell lines 

Several different commonly used cancer cell lines were used. The MDA-MB-231, (triple 

negative breast cancer, Claudin low), and LNCaP (prostate cancer, AR-responsive) were 

cultured in RPMI 1640; the MDA-MB-468 (triple negative breast cancer, basal), HeLa 

(cervical cancer), HT29 (colorectal cancer, p53mut), HCT116 (colorectal cancer p53wt; 

aggressive type of colon carcinoma), SKBR3 (breast cancer, HER2+), PC3 (prostate cancer, 

AR-resistant)  and the MCF-7 (breast cancer, luminal A) cell lines were cultured in DMEM. 

The medium was fortified with 10% (w/v) fetal calf serum (Sigma-Aldrich) and 100 units/ml 

penicillin/streptomycin (PenStrep®, Sigma-Aldrich). All cell lines were obtained from ATCC 

and were routinely tested for mycoplasma.  
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Cytotoxicity studies 

Cells growing in 24- or 96-well plates in an atmosphere of 5% (v/v) CO2 were incubated with 

serial dilutions of PBCA-CBZ, POCA-CBZ, PEBCA-CBZ, CBZ (non-encapsulated CBZ) 

dissolved in Tween-80 (Fluka), and the same PACAs without CBZ for different periods of 

time as detailed below and in the figure legends. Toxicity was assessed either by the 

commonly used MTT (4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) test, by 

measuring cell proliferation based on [3H]thymidine incorporation, or by measuring protein 

synthesis by incorporation of  [3H]leucine.  

 

MTT test 

Although the MTT test is commonly used as a “cell viability test”, it is now known that this 

test measures the rate of the glycolytic NAD(P)H production (Stockert et al. 2018). When 

using the MTT test, theThe cells were incubated with the different NPs or substances at 37 °C 

for 72 h if not stated otherwise. The initial cell density was 5,000 or 8,000 cells per well in a 

96-well plate. For the temperature effect studies the substances were incubated with cells for 2 

h at 4, 22 and 37 °C, washed twice with complete medium and then incubated at 37 °C for 70 

h. For pulse-chase studies cells were incubated with the substances at 37 °C for 5, 15, 30, 60 

and 120 min, washed twice with complete medium before continuing the incubation at 37 °C 

for a total of 72 h. Following such incubations, the cell medium was aspirated and exchanged 

with 100 μl of medium containing a final concentration of 250 μg MTT/ml. The incubation 

was continued for 3 h at 37 °C for formation of the formazan-particles, which were 

subsequently dissolved in DMSO with 1% (w/v) NH4Cl during vigorous shaking for 10 min. 

The absorbance was read in a plate reader (Biosys Ltd., Essex, UK) at 570 nm, and 

background from absorbance at 650 nm was subtracted.  
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Cell proliferation measured by [3H]thymidine incorporation 

Incorporation of [3H]thymidine into DNA was used to estimate cell proliferation. The cells 

were incubated at 37 °C for 24 h with the different NPs or other substances, in a 24-well plate 

with an initial cell density of 40,000-60,000 per well. The cell medium was then aspirated and 

substituted with serum free cell medium containing [3H]thymidine (3 μg/ml; 75 μCi/ml). The 

incubation was continued for 30 min at 37 °C. The medium was removed and 5% (w/v) 

trichloroacetic acid (TCA) was added. After 5 min the cells were washed twice with TCA and 

solubilized with 200 μl of 0.1M KOH, before mixing with 3 ml scintillation fluid (Perkin 

Elmer, USA). The radioactivity was counted for 1 min in a scintillation counter (Tri-Carb 

2100TR, Packard Bioscience, USA). 

 

Protein synthesis measured by [3H]leucine incorporation  

To determine the impact of PEBCA-CBZ and CBZ on protein synthesis, the cells were 

incubated with these substances at 37 °C for 24 h in a 24 well plate with an initial cell density 

of 40,000-60,000 per well. The cell medium was then aspirated, the cells washed once with 

leucine-free HEPES medium (28 mM HEPES, (4-(2-hydroxyethyl)-1-

piperazineethanesulfonic acid) in MEM) and further incubated with leucine-free HEPES 

medium containing [3H]leucine (2 μCi/ml) for 30 min at 37 °C. The medium was removed 

and 5% (w/v) TCA was added to precipitate proteins and thereby permeabilize the cells. After 

5 min the cells were washed again with 5% (w/v) TCA and solubilized with 200 μl of 0.1M 

KOH, before mixing with 3 ml scintillation fluid and counting the radioactivity as described 

above.  

 

LC-MS/MS analyses 



9 
 

Mass spectrometric-based proteomic analyses were performed using HCT116, MDA-MB-231 

or PC3 cells following treatment of the cells with CBZ or PACA-CBZ in 6-well plates 

(100,000 cells/well for HCT116, and 150,000 cells/well for PC3 and MDA-MB-231). Cells 

were incubated for 24 hr after seeding to ensure adherence and then treated with either 3 or 10 

nM free CBZ, PBCA-CBZ, PEBCA-CBZ or POCA-CBZ. Control samples were prepared 

using either untreated cells or cells treated with 2.7 µg/ml empty PEBCA. After treatment for 

24 h the cells were washed with 10 mM phosphate buffered saline (PBS; containing 140 mM 

NaCl) and kept on ice. Cellular proteins were precipitated by methanol/chloroform/water 

(4/1/3). After removing the supernatant, the protein pellet was reconstituted in 50 mM 

ammonium bicarbonate, pH 8.0. Next, the proteins were treated with a reducing agent, 25 mM 

of dithiothreitol (DTT; Sigma-Aldrich), and then alkylated using 65 mM of iodoacetamide 

(Sigma-Aldrich). Finally, proteins were digested overnight at 37 °C using 3.75 ng/µl trypsin 

(Promega; sequencing grade). The peptides were desalted using an in-house C18 StageTip; 

each StageTip was made with three layers of C18 Empore Extraction disks (Varian, St. Paul, 

USA). The obtained peptides were dried in a vacuum concentrator and then resuspended in 7 

µl 0.1% (v/v) formic acid.  

 LC-MS/MS analysis was performed on an Orbitrap QExactive Plus mass 

spectrometer operated in the data-dependent mode to switch automatically between MS and 

MS/MS acquisition. Survey full-scan MS spectra (m/z 400-1200) were acquired in Orbitrap 

with a mass resolution of 70,000 at m/z 200. The automatic gain control (AGC) target was 

set to 3,000,000, and the maximum injection time was 100 ms. MS/MS spectra were 

acquired of the ten most abundant ions (Top10 method) with a dynamic exclusion time of 

30 sec.  The AGC target was set to 150,000, and the isolation window was 2 m/z. Ions with 

charge states 2+, 3+, and 4+ were sequentially fragmented by higher energy collisional 
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dissociation (HCD) with a normalized collision energy (NCE) of 25%, fixed first mass was 

set at 100. In all cases, one microscan was recorded using dynamic exclusion of 30 s.  

Raw files were transferred to MaxQuant v 1.5.7.4 (Cox and Mann 2008), mapping the 

spectra over human canonical proteome including all isoforms (Uniprot version 03.2017). The 

mass tolerance for MaxQuant was 20 ppm for peptides and 4.5 ppm for fragment ions. To 

determine post-translational modifications, a neutral loss scan for 80 m/z was performed on 

MS2 for phosphorylation of Ser, Thr or Tyr, while Leu-Arg-Gly-Gly-tetrapeptide and/or Gly-

Gly dipeptide from ubiquitin bound to Lys was investigated for ubiquitylation modification 

(Peng et al. 2003). Total ubiquitylation was measured by depth loss scan of RPS27A 

(pseudogene UBA) protein expression, including a minimum threshold of three peptides.  For 

comparative proteomics analysis of treated and control cells, only those protein groups that 

had 100% identification in at least one group were considered. False discovery rate of protein 

discovery was less than 0.01 as determined by reverse decoy search (Keich et al. 2018). 

Gene Ontology (GO) term enrichment was used to classify proteins changed after 

treatment. GO is a technique for interpreting sets of genes making use of the Gene 

Ontology system of classification, in which genes are assigned to a set of predefined bins 

depending on their functional characteristics (Gaudet and Dessimoz 2017).  

 

Immunoblotting 

Cell lysates were made by washing the treated cells with cold PBS and lysis in 1.1x Laemmli 

sample buffer. The lysate was boiled, sonicated briefly to reduce viscosity, and the protein 

concentration was measured by BCA assay (Thermo Scientific, Waltham, MA). Reducing 

agent (50 mM DTT) was added after protein determination. Equal amounts of protein were 

loaded to the gel and separated using 4–20% SDS-PAGE. The proteins were then transferred 

to a PVDF membrane, which was blocked by drying and incubated overnight with the 
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primary antibodies in 5% BSA, followed by incubation for 35 min with HRP-conjugated 

secondary antibodies. Detection was performed using SuperSignal West Dura Extended 

Duration Substrate (Thermo Scientific, Waltham, MA) in a ChemiDoc Imaging System (Bio-

Rad Laboratories, Hercules, CA). Quantification of the signal intensities were performed 

using the Quantity One software (Bio-Rad Laboratories, Hercules, CA) and the signals were 

normalized to the loading control. The following antibodies were used: LAMP1, LAMP2a, 

PTPB1, BCAR1, and CDCK1 were from Cell Signaling Technologies, whereas SRC and 

CSK were from Sigma-Aldrich. 

 

Results and discussion 

Characterization of NPs 

The size distributions of the PACA NPs without drug and the drug-loaded PACAs are shown 

in Figure 1, and the mean size, polydispersity index (PDI) and the zeta potential for all 

preparations studied are listed in Table 1. As can be seen, the diameter of the various PACAs 

increased somewhat in size following encapsulation of CBZ (diameters of 129-153 nm for 

PACAs and 181-209 nm for CBZ-loaded PACAs), whereas the PDI and the zeta potential 

were very similar (slightly negative) for empty PACAs and CBZ-loaded PACAs. 

 

Cell toxicity following incubation of cells with the NPs 

Analysis of the cytotoxicity of CBZ-loaded PACAs, empty PACAs and free CBZ was 

performed using the MTT assay following 72 h incubation of the substances with the nine 

different cell lines (MDA-MB-231, SKBR3, MDA-MB-468, MCF-7, HT29, HCT116, PC3, 

LNCaP and HeLa). These analyses revealed that PACAs containing CBZ were much more 

toxic to cells than the empty PACAs and that the toxicity of all CBZ-loaded PACAs was 

similar to that of free CBZ for all cell lines tested (Figure 2).  The empty NPs gave a 100- to 
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1000-fold less toxic effect than the CBZ-loaded NPs, and the empty NPs showed a similar 

cell-type dependent cytotoxic profile as recently reported (Szwed et al. 2019).  

The effect of these substances on cell proliferation (incorporation of [3H]thymidine) 

and protein synthesis (incorporation of  [3H]leucine) following incubations for 24 h revealed 

similar patterns (Supplementary Figure 1) as those described above when using the MTT 

assay after 72 h incubation. The MTT assay was performed following 72 h incubation as we 

have earlier shown with PEBCA NPs and lipid nanocapsules (Fusser et al. 2019; Szwed et al. 

2020). that 24 and 48 h incubation give much smaller effects with this assay. We find it useful 

to include measurements of cell proliferation (incorporation of [3H]thymidine) and protein 

synthesis (incorporation of [3H]leucine) in such analyses as these tests may give important 

information different from that obtained with the MTT test. Specifically, protein synthesis in 

cells is sensitive to changes in ion composition, pH, ER stress and signaling (Cahn and Lubin 

1978; Hetz 2012; Pakos-Zebrucka et al. 2016) and can provide an early readout of toxic 

effects.   

Also, morphological studies of the colorectal cells HCT116 and the breast cancer 

triple-negative cells MDA-MB-231 (i.e. two cell lines showing different responses to these 

substances in Figure 2) did not reveal any large differences in response to the free CBZ or 

CBZ-loaded PEBCA; micrographs of HCT116 cells are shown in Supplementary Figure 2; 

micrographs of MDA-MB-231 cells are not shown. 

Next, we exposed cells to the various PACA formulations for different times and 

looked for differences in long term effects, as this may be of importance in an in vivo situation 

where cells or tissues are exposed to drug-loaded NPs for a given time. To this end, HCT116 

and MDA-MB-231 cells were first incubated with free CBZ, PEBCA-CBZ and PEBCA at 4, 

22 or 37 °C for 2 h followed by washing of cells, further incubation for 70 h at 37 °C, and 

then measuring cell viability using the MTT assay. As shown in Supplementary Figure 3 only 
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small differences were observed between free CBZ and PEBCA-CBZ under these conditions, 

and the empty NPs either had a low or negligible toxic effect. Importantly, these data 

demonstrated that the NPs do not to any significant effect stick to the cells as only little 

toxicity is observed after pre-incubation at 4 °C. Similarly, no effect was seen after 

preincubation of PBCA-CBZ or POCA-CBZ with these cells at 4 °C and the same holds true 

for all these NPs when using HT29 cells (data not shown). 

These results make it possible to investigate the uptake kinetics of the various NP 

formulations by performing pulse-chase studies. HT29 cells were incubated with the different 

substances for 5 min to 120 min, then the cells were washed, and the incubations continued 

for a total of 72 h before cytotoxicity was measured. Interestingly, the results reveal both 

different kinetics and degree of toxicity with the various substances, with POCA-CBZ being 

most toxic and PEBCA-CBZ being least toxic when the substances were allowed to 

internalize for only 15-120 min (Figure 3), in contrast to the observations after 72 h of 

continuous incubation where all CBZ-loaded PACAs and free CBZ were equally toxic 

(Figure 3). These differences may be of importance following intravenous injection of the 

drug-loaded NPs as cells or tissues may be exposed to the NPs only for a short time.  

Since CBZ is considered an improvement over docetaxel (DTX) but is yet only 

administered in castrate-resistant prostate cancer during DTX-resistance (Paller and 

Antonarakis 2011), we tested whether CBZ showed similar or improved toxicological profile 

than DTX when incorporated into PACA NPs. For all cell lines tested, free CBZ gave a 

similar or stronger toxic effect than free DTX, and PEBCA-CBZ was more toxic than 

PEBCA-DTX in the breast cancer cell lines MDA-MB-231, MDA-MB-468 and SKBR3. 

PEBCA-CBZ also gave a stronger toxic effect than PEBCA-DTX at high drug concentrations 

in PC3 and LNCaP cells, i.e. in both prostate cancer cell lines tested (Supplementary Figure 

4).  
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MS analyses of the proteomes 

To investigate the molecular mechanisms affected during interactions of cells with CBZ-

containing PACAs, free CBZ and empty PACAs, we analyzed which proteins were up-

regulated or down-regulated in response to treatment of cells with the different substances. 

Such changes were studied using comprehensive MS-based proteomics with HCT116, MDA-

MB-231 and PC3 cells. We have previously demonstrated that the uptake of the  three PACA 

NPs occurs to a similar extent in each of these cell lines (Szwed et al. 2019). 

Most of these analyses were performed using the HCT116 cells, which were treated 

for 24 h with two doses of free CBZ and the CBZ-containing PACAs; 3 and 10 nM CBZ were 

used, i.e. the concentrations giving approximately 30% and 50% reduction in cell proliferation 

and protein synthesis (Supplementary Figure 1). The proteomes obtained from treated cells 

were compared to the proteomes obtained from untreated cells and normalized against cells 

incubated with a concentration of empty NPs corresponding to the NP concentration used 

when cells were incubated with CBZ-loaded NPs (0.4-0.7 µg/ml). The results from analyses 

with the low concentration of empty PACAs were indistinguishable from untreated cells and 

were merged with the results from untreated controls to increase statistical power.  

The MS label-free quantification of HCT116 revealed 2617 proteins detected in 2 out 

of 3 technical replicates, with 2 or more peptides or 1 high quality peptide spectrum 

(minimum peptide spectrum score of 15.0). The number of proteins with significantly 

(p˂0.01) changed protein levels were in the range 209-217 for CBZ-loaded PACAs and 278 

for cells treated with free CBZ (Figure 4A). Thus, more proteins were altered following 

treatment with free CBZ than with CBZ-loaded PACAs. Qualitatively, 12% more proteins 

displayed a reduced than an enriched expression after treatment with CBZ and CBZ-loaded 

PACAs (Figure 4B). Increasing the concentration of CBZ resulted in 21% more proteins 
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showing increased differences in the protein expression as displayed in the volcano plots 

(Supplementary Figure 5).  

To study the effect of a treatment on a cellular level for all proteins, it is often useful to 

display the enriched proteins in a network of interaction partners. Such network analysis tools 

(i.e. String) will also investigate and sort groups of protein connections and their relative 

enrichment in one or more Gene Ontology (GO) groups (biological process, molecular 

function, cellular component), and thus indicate which cellular processes a treatment affect 

(Ashburner et al. 2000).  

The proteomic data were used to address the five scenarios listed in Table 2. When 

comparing all cells treated with CBZ disregarding NP (Scenario 1 in Table 2; see also 

Supplementary Figure 6), a small subset of 15 proteins was detected as increased, creating a 

network (Figure 5A). Prominent among these proteins were members of the methylosome, a 

large protein complex involved in methylation of arginine (Friesen et al. 2002), (labeled green 

in the figure, e.g. WDR77 and SNRPF). A subset of the proteins was not detected in control 

cells at all - including MARCKSL1 (controls cell movement by regulating the actin 

cytoskeleton homeostasis and filopodium and lamellipodium formation) (Bjorkblom et al. 

2012), YTHDF3 (methyladenosine RNA binding protein) (Awakura et al. 2008) and UCHL5 

(ubiquitin C-terminal hydrolase, and a positive cancer prognosis marker) (Arpalahti et al. 

2017; Chadchankar et al. 2019) while WDR77 showed a 9-fold increase in abundance in 

treated cells. 

As shown in Figure 5B (and Supplementary Table 1) enriched proteins showed a 

prevalence for nuclear lumen localization (labelled in blue), while two annexin-proteins were 

also detected. The annexin protein family is involved in inhibition (regulation) of 

phospholipases (labelled in red) in addition to other cellular functions (Buckland and Wilton 

1998; Tcatchoff et al. 2012). 
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Treatment with CBZ or CBZ-loaded PACAs also led to decreased amounts of proteins 

(Figure 5C-D, Supplementary Table 1), such as ribonuclear (labelled green in the figure) and 

translational and focal adhesion proteins (labeled red in the figure), and dendrite (structural 

proteins; labelled blue), reflecting the role of CBZ as an inhibitor of microtubule disruption, 

thereby affecting cellular shape, cell division and external communication (Sapega et al. 

2018; Smiyun et al. 2017). Interestingly, a very profound reduction in LAMP1 (lysosomal-

associated membrane protein 1), which was reduced to 7% of the control level (Figure 5C), 

might suggest that the CBZ treatment results in fewer lysosomes. We followed up this 

observation by performing Western blot analyses of the lysosomal markers LAMP1, LAMP2a 

and cathepsin D following incubation of HCT116 cells with 10 nM CBZ or 10 nM PEBCA-

CBZ for 0.25 - 24 h. As shown in Supplementary Figure 7A-B, the decrease in LAMP1 was 

then less pronounced, i.e. down to 70% of control; we speculate if the different decrease 

obtained for LAMP1 by these methods is due to LAMP1 being a membrane-associated 

glycoprotein that may result in less LAMP1-originating peptides being detected by the MS 

analyses or sensitivity of the dynamic range of the two different protein quantification 

methods used. The immunoblotting analysis revealed a decrease also for LAMP2a as a 

function of incubation time, although not as large as for LAMP1, whereas no significant 

changes were observed for cathepsin D.  

Proteomic analyses of HCT116 cells treated with increasing concentrations (3 and 10 

nM) of CBZ (Scenario 2 in Table 2) gave up-regulation of proteins (Figure 6A-B, 

Supplementary Table 1) involved in ketone catabolism, glycolysis (labeled red in the figure) 

and cytoskeleton organization (labeled blue in the figure), i.e. in processes involved in 

initiating decreased cellular viability. A majority of the enriched proteins were involved in 

ribonuclear assembly (labeled green). Noteworthy, is also the increase in isoforms of beta-

tubulin (TUBB2a, TUBB4b, TUBB3a and TUBB8), which indicates that newly synthesized 
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tubulin is formed to address the increase in microtubule stabilization caused by the highest 

dose of CBZ. On the other side, higher concentrations of CBZ resulted in reduced levels of 

proteins (Figure 6C-D, Supplementary Table 1) known to be involved in cell division and 

translation (labelled in green and blue) and in general an apparent larger transcriptional 

regulation. In particular the absence of KRAS (grey in Figure 6C; or its undistinguishable 

homologues NRAS/HRAS) after increased CBZ is interesting as RAS is an important 

oncogene and driver of the Raf/ERK-cascade (Santos and Crespo 2018). A subset of the 

depleted proteins has a role in ER/ribosome functions, indicative of general reduction in 

protein production (labelled red and orange). 

A comparison of the effect of free CBZ to all CBZ-loaded PACAs in HCT116 cells 

(Scenario 3 in Table 2) displayed that CBZ-loaded PACAs gave the strongest increase in two 

distinct protein complexes (Figure 7A-B; Supplementary Table 1). There was an increase in 

core components of the spliceosome (labeled blue in the figure) that has been linked to 

differential increase in expression of proteins with lower ATP spending (Agafonov et al. 

2011; Will and Luhrmann 2011). Also there was an increase in the Rho signal complex 

(labeled red in the figure), with the associated member TAX1-binding protein 3 (TAX1BP3) 

which increased 4-fold, and is involved in regulating interactions with several pathways, Wnt 

in particular (Florian et al. 2013; Iwai et al. 2010; Lechel and Rudolph 2008 ), which also 

showed increased expression. XPC (in orange) is acting as damage sensing and DNA-binding 

factor (Clement et al. 2011). Nuclear localization was a predominant feature for the enriched 

proteins (labelled green). Down-regulation of proteins in cells treated with CBZ-loaded 

PACAs compared to cells treated with free CBZ (Figure 7C-D, Supplementary Table 1) 

includes proteins related to the stress fibers (labeled green in the figure), such as ezrin (EZR), 

zyxin (ZYX) and paxillin (PXN). Stress fibers and focal adhesions proteins are categorized as 

proteins involved in response to membrane events and change in cell topology and 
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mechanical tension (Burridge and Guilluy 2016). Furthermore, the key signaling tyrosine 

kinase SRC was reduced by 33% (shown below to be reduced by 28% in western blotting 

analyses). Additionally, translational termination is more prominent (proteins labeled red in 

the figure), indicating a difference at the transcription level as well. In sum, the changes 

induced in HCT116 cells by encapsulating CBZ in PACAs mainly relate to cellular structural 

organization, indicated by the difference in expression levels of proteins related to Rho 

regulation for free CBZ, and changes in the focal adhesion complex for CBZ-loaded PACAs. 

Several proteins were found to be involved in RNA processing, including a subset of 

ribosomal proteins (labeled blue).  A comparison of the proteome changes after treatment 

with increased concentration of free CBZ and PACA-CBZ indicated that the latter treatment 

has a larger impact on protein change (Volcano plots in Supplementary Fig. 5), although the 

number of proteins changed was higher in cells treated with CBZ than in cells treated with 

PACA-CBZ (Figure 4).   

We also compared the effect on expression of various proteins in HCT116 cells 

following treatment of these cells with the various PACA NPs (Scenario 4 in Table 2), but 

only minor differences were then obtained (data not shown). Thus, if there are differences in 

the proteome of the HCT116 cells due to treatment with the various PACAs, such differences 

are hidden by the larger changes obtained due to the presence of CBZ. To address possible 

cell-specific effects of CBZ-loaded PACAs, proteomic analysis was performed also using the 

breast cancer cell line MDA-MB-231 and the prostate cancer cell line PC3 (Scenario 5 in 

Table 2). However, the CBZ-loaded PACAs did not give any significant different changes in 

the proteome of these cell lines (data not shown).  

Since PEBCA-CBZ recently was shown to give a much better therapeutic effect than 

free CBZ on a patient derived xenograft model in mice (Fusser et al. 2019), we decided to 

look more closely into a comparison of PEBCA-CBZ with free CBZ (using the very similar 
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data obtained with low dose PEBCA and untreated cells as controls). The resulting proteomic 

analyses reveal cell specific proteomes with 33% overlap between proteins being changed in 

HCT116, MDA-MB-231 and PC3 cells (Figure 8A); these data were comparable to the 36% 

overlap of data reported for transcriptomes (MERAV database, http://merav.wit.edu, (Shaul et 

al. 2016) of these cell lines (shown for comparison in Figure 8B). The proteins detected in 

these three cell lines were then analyzed with focus on differences between cells treated with 

PEBCA-CBZ versus free CBZ. These analyses revealed decreased levels of protein involved 

in focal adhesion and stress fibers in all cell lines (Supplementary Table 1). Importantly, the 

most striking differences was observed in the levels and post translational modification of 

proteins in the SRC-signaling pathway (Figure 9 and Supplementary Table 1), and we 

therefore decided to look more into changes of proteins involved in SRC signaling by using 

Western blot analyses. 

 

SRC-pathway proteins 

Immunoblotting analyses of the SRC-pathway proteins (Figure 9), i.e. SRC, CSK (C-terminal 

SRC kinase), BCAR1 (Breast cancer anti-estrogen protein 1; also called p130cas) and PTPN1 

(Tyrosine-Protein Phosphatase Non-receptor type 1, also known as PTPB1, i.e. Protein-

Tyrosine Phosphatase B1) were performed following incubation of HCT116 cells with 10 nM 

CBZ or 10 nM PEBCA-CBZ for 0.25 - 24 h (same samples as used for the lysosomal markers 

LAMP1, LAMP2a and cathepsin D described above). The results (Supplementary Figure 7C-

D) reveal that both CSK and PTPN1 levels increased with time whether the cells were 

incubated with free CBZ or PEBCA-CBZ. The increase in these proteins might explain the 

time-dependent decrease in SRC, since the activity of these proteins will inactivate and mark 

SRC for degradation (Fan et al. 2015; Sievers et al. 2015). BCAR1, on the other hand, 

behaved differently in cells treated with free CBZ or PEBCA-CBZ as it was reduced similarly 

http://merav.wit.edu/
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to SRC for cells treated with PEBCA-CBZ, whereas it increased during the first 4 h of 

incubation with free CBZ before it decreased to approximately the same level as SRC after 24 

h of incubation. The effect of CBZ on SRC was also seen in the other two cell lines 

(Supplementary Table 1), but the apparent corresponding rise in CSK levels was not detected. 

This could be due to the relatively low expression of CSK in these cell lines. Other SRC 

targets were reduced, such as BCAR1, particular for the breast cancer cell line.  

Interestingly, as shown in Figure 9, the level of phosphorylation (the expected protein 

activity) of the SRC-kinase family targets VAMP7, RUNX3 and PLSCR1 were all reduced 

after CBZ-treatment, whereas the protein abundance was unaltered (WB for PLSCR1, data 

not shown).  SRC kinase is a key regulator of several growth-signaling pathways (Espada and 

Martin-Perez 2017), and elevated levels of SRC kinase activity have been reported in a 

number of human cancers, including colon and breast cancer (Chen et al. 2014). SRC 

activation occurs in all stages of colon cancer metastasis and progression, and it has been 

presented as a biomarker for poor clinical prognosis of colon cancer (Wortmann et al. 2011). 

The SRC activity is regulated by tyrosine phosphorylations; positively at Y419 and negatively 

at Y527. The latter of these phosphorylations is mediated by CSK (thus the name C-terminal 

SRC kinase), which as described above is upregulated in the presence of CBZ, both in free 

and encapsulated form. Interestingly, this phosphorylated tyrosine can be dephosphorylated 

by PTPN1, found to be increased only under PEBCA-CBZ treatment. CSK is a non-receptor 

tyrosine-protein kinase that regulates cell growth, differentiation, migration and immune 

response, and phosphorylates tyrosine residues located in the C-terminal tails not only of 

SRC, but also of other SRC-family kinases such as LCK, HCK, FYN, LYN, CSK or YES1 

(Indovina et al. 2017). CSK has been shown to suppress signaling by various surface 

receptors, including T- and B-cell receptors by phosphorylating and maintaining inactive 

several positive effectors such as FYN, SRC or LCK (Horejsi 2004; Machiyama et al. 2017). 



21 
 

The lack of observed effect of free CBZ and/or PACA-CBZ on YES1 (YES1 was included 

together with the analyses shown in Supplementary Figure 7C-D, but data for YES1 are not 

shown in the figure as no changes were observed), would indicate a more specific effect on 

the SRC pathway rather than a general effect on the SRC-family kinases.  

The increased expression of the downstream SRC target CDCP1 (CUB domain-

containing protein 1), would indicate a less favorable effect of SRC-reduction as discussed 

below. CDCP1 increased approximately 6x and 9x following incubation with free CBZ and 

PACA-CBZ, respectively. CDCP1 is a transmembrane tetraspanin protein involved in 

regulation of invasion and metastasis through tyrosine kinases (Orchard-Webb et al. 2014). It 

is a known substrate for SRC-family kinases which phosphorylates tyrosine residue Y743. It 

displays high expression in epithelial cells and is proposed as a prognostic unfavorable marker 

in several cancer types including lung (Ikeda et al. 2009) pancreatic cancer (Uekita et al. 

2014), renal cell carcinoma (Awakura et al. 2008; Gao et al. 2013), ovarian cancer 

(Harrington et al. 2016), and hepatocellular carcinoma (Cao et al. 2016). A feedback loop via 

CD82/KAI1 from CDCP1 to SRC has been described where increased CDCP1 led to reduced 

SRC levels (Park et al. 2012).  

It should be noted that the SRC-target protein BCAR1 was reduced to 63 and 58% of 

the control following incubation with free CBZ and PACA-CBZ, respectively (Western blot 

analyses showed a reduction to 70 % and 78%, respectively). BCAR1 is known as a docking 

protein which plays a central coordinating role for tyrosine kinase-based signaling related to 

cell adhesion (Hamasaki et al. 1996; Nojima et al. 1995; Zhang et al. 2017). It has been 

implicated in induction of cell migration and over-expression confers anti-estrogen resistance 

on breast cancer cells (Wallez et al. 2014). Furthermore, it has been shown to be regulated by 

PTPN1 (Liu et al. 2015), another SRC-regulated protein found to be enriched in our study. 

BCAR1 acts as a surface adaptor protein and bears similarities with focal adhesion proteins 
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such as FAK (Kumbrink et al. 2015). Reduction in the BCAR1 oncogene could be a very 

positive outcome of CBZ/PACA-CBZ-treatment for cancer progression.  

 

Conclusion 

Our data demonstrate that when cells are treated with CBZ encapsulated in PACA NPs, as 

compared to free CBZ, a number of pathways that are important for growth of cancer cells are 

targeted. Comparison of data obtained following proteomic and Western blot analyses of 

CBZ-loaded PEBCA nanoparticles and free CBZ revealed changes in the expression and 

phosphorylation of SRC-pathway proteins that may be related to the favorable therapeutic 

effect we recently reported of CBZ-loaded PEBCA compared to free CBZ on a patient 

derived xenograft model in mice.  
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FIGURE LEGENDS 

 

Figure 1. Size distributions of the three types of PACAs studied both without drug and with 

encapsulated CBZ or DTX. PACAs without drug are shown with broken lines and CBZ-

loaded PACAs are shown with solid lines: PBCAs (blue) PEBCAs (red) and POCAs (green). 

DTX-loaded PEBCAs are shown in rose. 

 

Figure 2. In vitro toxicity measured using the MTT assay following incubation at 37 °C for 

72 h with free CBZ, empty PACAs and CBZ-loaded PACAs with nine different cell lines. 

PACA-CBZ with 100 nM CBZ corresponds to 3.7-4.8 μg/ml PACA materials; equivalent 

amounts of empty PACA NPs were given for comparison. PACAs without drug are shown 

with broken lines and CBZ-loaded PACAs are shown with solid lines: PBCAs (blue) 

PEBCAs (red) and POCAs (green). Free CBZ is shown in black. The data shown for free 

CBZ, PEBCA-CBZ and empty PEBCA in MDA-MB-231, MDA-MB-468 and MCF-7 cells 

have recently been published (Fusser et al. 2019), but are included for comparison. The mean 

values ± SEM from three independent experiments are shown.  

 

Figure 3. In vitro time dependent toxicity of free CBZ and CBZ-loaded PACAs in HT29 

cells. The cells were incubated with the amount of substances indicated with the CBZ 

concentration on the x-axis for the time indicated within each part of the figure. The cells 

were then washed, and incubation continued at 37 °C for up to 72 h before toxicity was 

measured using the MTT assay. The data in the figure at the bottom labelled “72 h cont.” 

were obtained following continuous incubation with no washing. Free CBZ (black), PBCA-

CBZ (blue), PEBCA-CBZ (red) and POCA-CBZ (green). The mean values ± SEM from three 

independent experiments are shown.  
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Figure 4. Comparison of the proteomes obtained after treatment of HCT116 cells with 3 and 

10 nM CBZ, PBCA-PBZ, PEBCA-CBZ and POCA-CBZ. A. The number of proteins with 

significant (p˂0.01) changes in protein levels after treatment with CBZ was in the range 200-

300 proteins for each treatment. B. The amount of up-regulated versus down-regulated 

proteins for control cells versus CBZ-treated cells (ratio T:C). This ratio crosses the line with 

no changes (marked with an arrow) to the left of the mid-point demonstrating that there are 

more down-regulated than up-regulated proteins after treatment with CBZ. 

 

Figure 5. Up-regulation and down-regulation of proteins in HCT116 cells treated for 24 h 

with CBZ versus untreated cells. Network changes for up-regulated proteins (A) and 

functional classification for up-regulated proteins (B). Network changes for down-regulated 

proteins (C) and functional classification for down-regulated proteins (D).  Color marking of 

proteins in A: Nuclear proteins (blue), methylosome (green), phospholipase inhibitory 

function (red). Color marking of proteins in C: Focal adhesion proteins “dendrite” (blue), 

proteins involved in the ribonucleoprotein complex “establishment of ER localization” (red) 

translational proteins “ribonucleosomal” (green). Grey is used in both (A) and (C) to indicate 

proteins with classifications other than those specified in (B) and (D). The number of 

observed gene counts from the GO classification (i.e. number of proteins with changed levels) 

is shown in blue in (B) and (D); the numbers at the bottom show how many proteins are 

changed within each class. The red color in (B) and (D), i.e. that called “(-log) false discovery 

rate” (FDR), gives information about the probability of a correct classification which 

increases with a higher number at the bottom of each figure.  
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Figure 6. Up-regulation and down-regulation of proteins in HCT116 cells treated with high 

(10 nM) versus low (3 nM) concentrations of CBZ. Network changes for up-regulated 

proteins (A) and functional classification for up-regulated proteins (B). Network changes for 

down-regulated proteins (C) and functional classification for down-regulated proteins (D).  

Color marking of proteins in A: Ribonuclear proteins (green), cytoskeleton proteins (blue), 

and canonical glycolysis (red). Color marking of proteins in C: nuclear lumen (green), 

ribonucleoproteins (purple), establishment of ER localization (red), and rRNA binding (blue). 

Grey is used in both (A) and (C) to indicate proteins with classifications other than those 

specified in (B) and (D). The number of observed gene counts from the GO classification (i.e. 

number of proteins with changed levels) is shown in blue in (B) and (D); the numbers at the 

bottom show how many proteins are changed within each class. The red color in (B) and (D), 

i.e. that called “(-log) false discovery rate” (FDR), gives information about the probability of 

a correct classification which increases with a higher number at the bottom of each figure.  

 

Figure 7. Up-regulation and down-regulation of proteins in HCT116 cells treated with CBZ-

loaded PACAs versus cells treated with free CBZ. Network changes for up-regulated proteins 

(A) and functional classification for up-regulated proteins (B). Network changes for down-

regulated proteins (C) and functional classification for down-regulated proteins (D).  Color 

marking of proteins in A: Nuclear lumen (green), rho protein signal transduction (red), 

spliceosomal snRNP (blue), and XPC complex (orange). Color marking of proteins in C: 

RNA processing (blue), translational proteins (red), and stress fiber proteins (green). Grey is 

used in both (A) and (C) to indicate proteins with classifications other than those specified in 

(A) and (C). The number of observed gene counts from the GO classification (i.e. number of 

proteins with changed levels) is shown in blue in (B) and (D); the numbers at the bottom show 

how many proteins are changed within each class. The red color in (B) and (D), i.e. that called 
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“(-log) false discovery rate” (FDR), gives information about the probability of a correct 

classification which increases with a higher number at the bottom of each figure. 

 

Figure 8. Comparison of protein groups detected above threshold for each of the cells lines 

HCT116, PC3 and MDA-MB-231 treated with PEBCA-CBZ and free CBZ (A). 

Transcriptome data published for these cells treated with CBZ (Shaul et al. 2016) are shown 

for comparison (B).  

 

Figure 9. Proteins in the SRC pathway changed after CBZ treatment. Relationship between 

interactors of SRC affected by free CBZ or PACA-CBZ only. The symbols used are described 

in the figure. PTM: post translational modification. 
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Table 1. Characterization of empty and drug-loaded PACA NPs used in the present study. 

 

    PACA 

Diameter     

z-avg. (nm) 

PDI 

Zeta 

potential 

(mV) 

NP dry 

weight 

(mg/ml) 

CBZ           

(% of NP 

dry weight) 

PBCA 129 0.11 -3.2 27 - 

PBCA-CBZ 209 0.10 -3.0 6 4.4 

PEBCA 153 0.13 -2.4 37 - 

PEBCA-CBZ 182 0.08 -1.0 7 4.1 

PEBCA-DTX 149 0.24 -1.3 5 1.2 

POCA 147 0.12 -5.2 16 - 

POCA-CBZ 181 0.18 -0.5 19 1.0 

  



Table 2. Overview of the different comparison analyses performed using the proteomic analyses. 

Colors indicate different PACA-package material (blue PBCA, red PEBCA, green POCA), black 

dots indicate drug presence (CBZ), the number of the dots depicts concentration. An alternative 

way to illustrate Scenario 1-3 is shown in Supplementary Figure 6.  

Scenario Comparison of proteomic data Illustration 

1 

Comparing effect obtained by any CBZ 

treatment with control or empty PEBCA 

 

2 

Comparing effect obtained using 3 nM 

versus 10 nM CBZ 

 

3 

Comparing free CBZ with CBZ-loaded 

PACAs 

 

4 

Comparing effect obtained with the 

different PACAs 

 

5 

Comparison of effects obtained with the 

three cell lines 

 

 

 

HCT116 

MDA-MB-231 

PC3 

P

P

P
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Supplementary Figure 1. Effect of PACAs on cell proliferation and protein synthesis. The effect 

on cell proliferation was measured by incorporation of [3H]thymidine following 24 h incubation 

of the nine cell lines with the different substances (top nine panels). The effect on protein 

synthesis was measured by incorporation of [3H]leucine following 24 h incubation of the nine 

cell lines with the different substances (bottom nine panels). PACAs without drug are shown 

with broken lines and drug-loaded PACAs are shown with solid lines: PBCAs (blue) PEBCAs 

(red) and POCAs (green). Free CBZ is shown in black. PACAs without drug were added at 

equivalent amounts as the drug-loaded PACAs. The mean values ± SEM from three 

independent experiments are shown. 
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Supplementary Figure 2. Morphology of HCT116 cells following incubation with PEBCA, 

PEBCA-CBZ or free CBZ as well as untreated cells. HCT116 cells were seeded in 24-well 

plates (50,000 cells per well) and incubated for 24 h at the conditions indicated below each of 

the micrographs (concentrations given are for CBZ), which were taken with a 20x objective. 
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Supplementary Figure 3. In vitro toxicity measured following incubation of cells with 

substances for 2 h at 4, 22 or 37 °C followed by washing of the cells and further incubation of 

samples at 37 °C for 70 h; then the cells were analyzed using the MTT assay. Data obtained 

with the HCT116 cells are shown in the upper row and data obtained with the MDA-MB-231 

cells are shown in the lower row. Symbols used: Free CBZ (black), PEBCA-CBZ (solid red) 

and empty PEBCA (broken red). The mean values ± SEM from three independent experiments 

are shown. 
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Supplementary Figure 4. Comparison of the toxic effect obtained with the MTT assay after 72 

h incubation with CBZ, DTX, PEBCA-CBZ, PEBCA-DTX and empty PEBCA on the nine cell 

lines. The colors used for free CBZ (black), PEBCA-CBZ (non-broken red) and PEBCA 

(broken red) are as used in all other figures. Free DTX (grey) and PEBCA-DTX (rose). The 

mean values ± SEM from three independent experiments are shown. 
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Supplementary Figure 5. Volcano plots. Protein hits for each treatment in HCT116 cells 

compared to untreated cells and displayed with significance threshold (log p-value Fisher exact 

test) and protein (LFQ) abundance (-log2 ratio). Grey area indicates proteins below threshold 

for significance and abundance ratio and covers proteins expected to be of little interest. The 

two plots on the top were obtained following incubation of cells with 3 or 10 nM CBZ. The two 

plots at the bottom were obtained following incubation of cells with the three types of PACA 

particles (PEBCA, PBCA and POCA) containing either 3 or 10 nM CBZ and then combining 

the data obtained for the three CBZ-containing PACAs at each CBZ concentration. 
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Supplementary Figure 6. A Venn diagram describing the relationship between scenarios 

investigated in this study. Each circle depicts the altered protein population found for each 

treatment. Overlap means no significant change between protein populations. Scenarios 1, 2 

and 3 are illustrated as colored areas. Area sizes do not reflect number of proteins. CTR/empty:  

Untreated cells and cells treated with empty PACAs. 
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Supplementary Figure 7. Western blotting of HCT116 cell lysates following incubation of cells 

with 10 nM free CBZ or 10 nM PEBCA-CBZ for 0.25 - 24 h. Time-dependent changes of the 

lysosomal markers LAMP1, LAMP2a and cathepsin D obtained following incubation with free 

CBZ (A) or PEBCA-CBZ (B). Similar analyses were performed on the same samples with 

immunoblotting against SRC-pathway proteins SRC, CSK, BCAR1 and PTPB1 following 

treatment of cells with free CBZ (C) or PEBCA-CBZ (D). The data obtained were normalized 

to the protein expression of vimentin in each sample; all bars show the mean values + SEM for 

three independent experiments.  
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Supplementary Table 1.  Listing of all proteins showing changes following the treatments 

described as Scenario 1,2 or 3 in Table 2 (data shown in Figure 5, 6 and 7) for HCT116 cells. 

Proteins hits with increased ratios between tested comparisons are shown in blue and proteins 

hits with decreased ratios are shown in red. The intensity of the color increases with 

increasing effects. Only significant hits (p-value<0.01) shown. These data are also attached as 

an Excel file where the data can be extracted for further use. INF=infinite - indicate that the 

protein was not detected in control samples. 0 - indicate that the protein was not detected in 

treated samples. p-value indicate significance denoted by Fisher's Exact test. Note that the 

alpha-2-macroglobulin hit most likely is caused by the fetal calf serum in the culture medium. 

The Excel fil where the data can be extracted for further use will be added after acceptance of 

the manuscript. 
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