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Supplementary Figure S1 Gating strategy of the flow cytometry experiments. Shown are representative 

plots and histograms of (A) PANC-1SMAD4 (1-4) cells treated with the corresponding amount of H2O instead of 

SPIONs and (B) PANC-1SMAD4 (1-4) cells treated with 100 µgFe/ml SPIONLA-BSA for 24 h. Gate A in the first 

column shows all events without free particles, particle agglomerates and cell debris originating from the 

necessary intensive treatment for cell detachment. Second column is gated on A, where DiIC1(5) (FL6 INT) 

is plotted against Hoechst (FL9 INT). The upper population (gate B) represents cells with intact mitochondrial 

membrane potential, whereas the lower population shows cells with damaged membrane potential. The third 

column is gated on A, where propidium iodide (FL3 INT) is plotted against annexin V-FITC (FL1 INT). The 

population in gates C1 and C2 represents necrotic cells, C3 viable cells and C4 apoptotic cells. The last 

column shows histograms of the side scatter (SS) gated on viable cells in gate B. An increase in the 

arithmetic mean (X-AMean) of the side scatter intensity (SS INT) correlates with an increase in the cellular 

SPION amount. 
Abbreviations: SPION, superparamagnetic iron oxide nanoparticles; SPIONLA-BSA, lauric acid- and bovine 

serum albumin-coated SPIONs. 
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Supplementary Figure S2 Status of the mitochondrial membrane potential (mmp) after SPION treatment. 

Cells were incubated for 24 h with 100 µgFe/ml SPIONLA-BSA. Cell viability was determined by DiIC1(5) 

staining and analyzed by flow cytometry. The amount of cells with intact mmp viable (DiIC1(5)+), and cells 

containing a defect mmp (DiIC1(5)-) are shown for SUIT-2, PaCa DD183, PANC-1, PANC-1SMAD4 (1-4) and 

PANC-1SMAD4 (2-6). Toxicity controls contain 2% DMSO, negative controls represent the corresponding 

amount of H2O instead of water-based ferrofluid. Data are expressed as the mean ± standard deviation (n=4 

with technical quadruplicates). Statistical significance in the percentage of cells with intact mmp are indicated 

with *, ** and ***. The respective confidential intervals are p < 0.002, p < 0.0002 and p < 0.00002 and were 

calculated via t-test analysis. 
Abbreviations: SPION, superparamagnetic iron oxide nanoparticles; SPIONLA-BSA, lauric acid- and bovine 

serum albumin-coated SPIONs; mmp, mitochondrial membrane potential; DMSO, Dimethyl sulfoxide. 
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Supplementary Figure S3 SPION load visualized by optical imaging. SUIT-2 cells were treated with 

unlabeled SPIONLA-BSA (100 µgFe/ml) or with the corresponding amount of H2O or DMSO (final concentration 

of 2%) for 24 h and visualized by (A) fluorescent staining for nuclei (Hoechst 33342, red) and actin 

cytoskeleton (Alexa Fluor 488 Phalloidin , green), (B) differential interference contrast (DIC) and (C) phase 

contrast. Compared to few spots with high contrast within control and DMSO samples, numerous areas of 

high contrast indicate SPION accumulations within vesicles in nanoparticle treated cells. 
Abbreviations: SPION, superparamagnetic iron oxide nanoparticles; SPIONLA-BSA, lauric acid- and bovine 

serum albumin-coated SPIONs; DMSO, Dimethyl sulfoxide; DIC, Differential interference contrast. 
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Supplementary Figure S4 SPION load visualized by optical imaging. PaCa DD183 cells were treated with 

unlabeled SPIONLA-BSA (100 µgFe/ml) or with the corresponding amount of H2O or DMSO (final concentration 
of 2%) for 24 h and visualized by (A) fluorescent staining for nuclei (Hoechst 33342, red) and actin 

cytoskeleton (Alexa Fluor 488 Phalloidin , green), (B) differential interference contrast (DIC) and (C) phase 

contrast. Compared to few spots with high contrast within control and DMSO samples, numerous areas of 

high contrast indicate SPION accumulations within vesicles in nanoparticle treated cells. 

Abbreviations: SPION, superparamagnetic iron oxide nanoparticles; SPIONLA-BSA, lauric acid- and bovine 

serum albumin-coated SPIONs; DMSO, Dimethyl sulfoxide; DIC, Differential interference contrast. 

 

 

 

 

 

 

 

 



6 
 

 

Supplementary Figure S5 SPION load visualized by optical imaging. PANC-1SMAD4 (1-4) cells were treated 

with unlabeled SPIONLA-BSA (100 µgFe/ml) or with the corresponding amount of H2O or DMSO (final 
concentration of 2%) for 24 h and visualized by (A) fluorescent staining for nuclei (Hoechst 33342, red) and 

actin cytoskeleton (Alexa Fluor 488 Phalloidin , green), (B) differential interference contrast (DIC) and (C) 

phase contrast. Compared to few spots with high contrast within control and DMSO samples, numerous 

areas of high contrast indicate SPION accumulations within vesicles in nanoparticle treated cells. 

Abbreviations: SPION, superparamagnetic iron oxide nanoparticles; SPIONLA-BSA, lauric acid- and bovine 

serum albumin-coated SPIONs; DMSO, Dimethyl sulfoxide; DIC, Differential interference contrast. 
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Supplementary Figure S6 SPION load visualized by optical imaging. PANC-1SMAD4 (2-6) cells were treated 

with unlabeled SPIONLA-BSA (100 µgFe/ml) or with the corresponding amount of H2O or DMSO (final 
concentration of 2%) for 24 h and visualized by (A) fluorescent staining for nuclei (Hoechst 33342, red) and 

actin cytoskeleton (Alexa Fluor 488 Phalloidin , green), (B) differential interference contrast (DIC) and (C) 

phase contrast. Compared to few spots with high contrast within control and DMSO samples, numerous 

areas of high contrast indicate SPION accumulations within vesicles in nanoparticle treated cells. 

Abbreviations: SPION, superparamagnetic iron oxide nanoparticles; SPIONLA-BSA, lauric acid- and bovine 

serum albumin-coated SPIONs; DMSO, Dimethyl sulfoxide; DIC, Differential interference contrast. 
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Supplementary Table S1 Comparison of data achieved by holotomographic microscopy, MP-AES and flow 

cytometric side scatter analysis. Different cell lines were treated with 100 µgFe/ml SPIONLA-BSA (+) or with 

the corresponding amount of H2O (-) for 24 h. Cellular SPION amount were represented as the increase of 

RI int./µm3, pgFe/cell and side scatter, quantified using holotomography, MP-AES and flow cytometry, 

respectively.  Compared to the control, SPION-treatment resulted in a very strong increase of the different 

data sets in PANC-1SMAD4 (1-4) and PANC-1SMAD4 (2-6), whereas the increase with other cell lines were 

significantly slighter and not that pronounced. Together, the data show a clear correlation of the measured 

SPION amounts between all methods.  
Abbreviations: SPION, superparamagnetic iron oxide nanoparticles; SPIONLA-BSA, lauric acid- and bovine 

serum albumin-coated SPIONs; MP-AES, microwave plasma-atomic emission spectroscopy; RI int., 

intensity of the refractive index above a defined threshold. 

 


