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 Executive summary 

IMP focused on the assessment of biocompatibility, toxicity and potential side effects of CaP and dpCaP 
formulations. Tests employed multiple functional and structural assays providing an evaluation of cellular 
bioreactivity and toxicity, nanoparticle-alveolar type 1 cell (immortalised human alveolar epithelial type 1 cell-
like, TT1 cell) interactions, intracellular uptake and CaP translocation. Monolayer cultures of TT1 cells were 
used for these preliminary tests. Cells have been exposed to a broad range of concentrations of loaded and 
unloaded nanoparticles (NPs) and analysed at 24 hours. Cytotoxicity/cell viability (MTT assay) and 
inflammatory mediator release have been assessed. In addition, we have begun to evaluate uptake and 
translocation of, CaP using the TT1 cell model. 

The preliminary data suggest that the CaP formulations are not overtly toxic to TT1 alveolar epithelial cells, 
and do not induce high levels of cytokine mediator release. The CaP, which were characterized by TEM before 
and after cellular exposure studies, retained their structure and a small proportion were found to enter the TT1 
cells by active processes. 

In future experiments IMP will perform further mechanistic and kinetic studies over time on cellular bioreactivity 
as well as CaP uptake and translocation/fate at the alveolar gas-blood interface. There will be additional 
assessments of particle bioreactivity eg DNA damage and oxidative stress. 

 

Key deliverable achievements: 

1. TT1 viability following exposure to nanoparticles (CaPs) 

2. TT1 viability following exposure to carrier microparticles embedded with nanoparticles (dpCaPs) 

3. TT1 cytokine release following exposure to nanoparticles (CaPs) and carrier microparticles embedded 
with nanoparticles (dpCaPs) 

4. TEM ultrastructural analysis of particle formulations, as received, and cellular CaP uptake 
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 Cooperation between participants 

1. Provision of CaPs by CNR-ISTEC for exposure studies at IMP; 

2. IMP collaboration with PLU in order to perform preliminary tests on microparticle dry powder 
formulation (dpCaP); 

3. IMP collaboration with CNR-IEIIT developing a fluid-flow bioreactor to mimic the gas-blood interface 
of the lung; preliminary results have not been included as these data are IP-sensitive.   
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 In vitro assessment of nanoparticle behavior at/across the pulmonary 
barrier 

3.1. Viability of TT1 cells exposed to increasing concentrations of CNR-
ISTEC CaPs 

Exposure protocol 

TT1 (AT1-like) alveolar epithelial cell monolayers were grown in 96-wells plates for 2-3 days in order to reach 
100% confluence and then incubated 24 hours with different types of CaPs resuspended in serum-free DCCM-
1 media. A range of CaP concentrations, 0.1, 1, 5, 10, 25 and 50 µg/ml, 200µl per well, were used to perform 
a dose-response analysis of the cell viability after 24h exposure. This first range of concentrations were 
selected according to previous similar studies performed by IMP on TT1 cells interacting with different types 
of nanoparticles and air pollution particles for both toxicological and pharmacological concentration 
assessment. This first set of concentrations, together with a further higher range, is intended to include the 
concentrations selected for the first in vivo studies. Thus, in the mouse model, if each mouse was exposed to 
50µl of 0.5mg/ml CaP, a total dose of 25µg/mouse. It is assumed that all of this reaches the whole pair of 
lungs. It has previously been estimated that the surface area of a whole adult CL 57 B6 mouse is 82cm2 (*). 
Thus, if evenly deposited, the amount of CaP reaching the surface of the lung would be deposited at 
305ng/cm2. In vitro, the surface area of each flat bottom well is 0.32cm2 (96-wells plate). Using the dosing 
concentrations above, we are applying 62.5 (0.1 µg/ml of CaP), 625 (1 µg/ml), 3125 (5 µg/ml), 6250 (10 µg/ml), 
15625 (25 µg/ml) and 31250 (50 µg/ml) ng/cm2 of the CaP formulation.  

At the end of the 24h exposure, conditioned cell media were collected and stored at -20oC for further analysis 
of IL-8 and IL-6 pro-inflammatory cytokine response by ELISA tests. Adherent cells were processed for MTT 
viability assay 

* Knust J et al Anat Rec (Hoboken). 2009;292(1):113-22. doi: 10.1002/ar.20747. 

 

MTT assay for cell viability following exposure to CaPs 

A first batch of CaP suspended in water (received from CNR-ISTEC late July), codes: 

• CaP (ISTEC\CaP-001\180717)  

Briefly, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) powder was dissolved in serum-
free DCCM-1 medium at the final concentration of 0.5mg/ml. Cells were washed with 200µl of PBS, then 100µl 
MTT solution was added to each well and incubated for 20 minutes at 37oC. The solution was then removed 
and 200µl of DMSO was added. After gently pipetting, 100µl of the supernatant was transferred to a new flat-
bottomed 96-well plate. Supernatant absorbance was measured in a SPECTRAFluor Plus microplate 
spectrophotometer at 570 nm (TECAN, Italy). Cell viability of treated cells was calculated as a percentage of 
the vehicle control (cell culture medium). 
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MTT viability test results 

TT1 cells incubated with ISTEC\CaP-001\180717 and suspended in ultrapure distilled water, were largely 
unaffected at lower concentrations (0.1, 1, 5, 10, 25 µg/ml) after 24 hours. A small decrease in cell viability 
(~20%) occurred when a higher concentration of 50 µg/ml was incubated with TT1 cells. TT1 cell monolayers 
without nanoparticles were used as 100% viability control (CTR-). Previous work and data below show that 
overtly cytotoxic ZnO (Zinc Oxide) nanoparticles cause significant cell death (>60%) at 50 µg/ml.  

 

3.2. IL-6 and IL-8 cytokines release (as TT1 cell pro-inflammatory markers) 
following exposure to CaP  

Briefly, conditioned medium (containing mediators released by TT1 cells) from CaP-exposed TT1 cell 
monolayers, was assayed for concentrations of an inflammatory cytokine (human IL-6) and an inflammatory 
chemokine (human IL-8) using sandwich enzyme-linked immunosorbent assays (ELISA). The assays were 
performed using PeproTech antibody kits according to the manufacturer’s directions (PeproTech EC, Ltd). 
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Release of IL-6 and IL-8 

IL-6 and IL-8 (useful markers of inflammatory lung disease) release into cell media collected 24 hours after 
exposure to CaP showed barely detectable levels (<4 pg/ml for IL-6 and <10 pg/ml for IL-8) suggesting no 
physiologically relevant pro-inflammatory stimulation by the nanoparticles after 24 hours of incubation at 
increasing concentration (0.1, 1, 5, 10, 25, 50 µg/ml). Data from media collected from TT1 cells monolayer 
without nanoparticles were used as negative control (CTR-). Due to induction of high cytotoxicity, there was 
no release of IL-6 or IL-8 following exposure to overtly cytotoxic ZnO at 50 µg/ml. These experiments were 
performed a number of times, with the same outcome. There is a small dose-related response in IL-8 release 
but at this stage considered to be physiologically unimportant. 

Lipopolysaccharides (LPS) reference data for IL-6 and IL-8 positive control for cytokine release in TT1 cells 
were extracted from studies previously performed at IMP:  

Thorley, A. J., et al. (2011). PLoS ONE, 6(7), e21827.  

Van den Bogaard, E. H. J., et al. (2009). Pharmaceutical Research, 26(5), 1172–1180.  

LPS was added to TT1 cells at 0.5ng/ml final concentration in serum-free DCCM-1 medium. LPS levels of 
cytokine release, considered as inflammatory, are about 150 pg/ml for IL-6 and 100 pg/ml for IL-8. Although 
we have not yet performed the LAL test to exclude the possibility that LPS contamination of the CaP 
themselves accounts for increased cytokine release, these combined data suggest that this is not so. The LAL 
assay will be performed on all incoming batches of particles in future. 

 

3.3. Viability of TT1 cells exposed to dpCaP   

First batch of dry powder microparticles (dpCaP), 1:4 ratio of CaP to carrier, code: 

• dpCaP PLU/SD-002/231117(PLU/CaP-001/221117)  

MTT assay for cell viability following exposure to dpCaP and carrier only 
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dpCaP and carrier cell viability results 

The viability of TT1 cell monolayers incubated with dpCaP (microparticles) dry powder formulation (dpCaP; 
received from PLU) subsequently resuspended in serum-free DCCM-1 cell culture medium, showed a stable 
80% cell viability even at higher increasing concentrations of 50, 100, 250, 500 and 1000 µg/ml CaP (actual 
weights used were 250, 500, 1250, 2500 and 5000µg/ml to take account of the 1:4 ratio of CaP to carrier in 
the dpCaP). Exactly the same trend was obtained in the carrier alone  (tested as a further control for this 
specific nanoparticle carrier, although at slightly higher concentrations of carrier) where TT1 cells were 
incubated with carrier resuspended in serum-free cell medium at the same increasing concentrations. To re-
iterate, dpCaP microparticle mixture (CaPs+carrier) concentrations were calculated in order for the x-axis to 
correspond to CaP concentrations, according the 1:4 CaP/carrier ratio.  

For both tests, data collected from unexposed TT1 cells monolayers were used as 100% control (CTR-) cell 
viability.  

Highly toxic zinc oxide nanoparticles were suspended in cell medium to obtain the final concentration of 50 
µg/ml and used as positive controls (CTR+) as described above. 

 

3.4. IL-6 and IL-8 cytokine release (as TT1 cell pro-inflammatory markers) 
following exposure to CaP and dpCaP   

First batch of dry powder microparticles (dpCaP), 1:4 ratio of CaP to carrier, code: 

• dpCaP PLU/SD-002/231117(PLU/CaP-001/221117)  

First batch of nanoparticles (CaP) produced by PLU, code: 

• CaP (PLU/CaP-001/221117) 
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Release of IL-6 and IL-8 

IL-6 and IL-8 cytokine release into cell media collected 24 hours after exposure to CaP and dpCaP showed 
barely detectable levels (<10 pg/ml for both IL-6 and for IL-8) suggesting no relevant pro-inflammatory 
stimulation by the nanoparticles after 24 hours of incubation even at much higher increasing concentrations, 
50, 100, 250, 500 and 1000µg/ml.  

Data from media collected from unexposed TT1 cell monolayer were used as negative control (CTR-). Due to 
induction of high cytotoxicity, there was no release of IL-6 or IL-8 following exposure to overtly cytotoxic ZnO 
nanoparticles at 50 µg/ml. These experiments were performed a number of times, with the same outcome.  

LPS at 0.5ng/ml final concentration in serum-free DCCM-1 medium is used as a positive control. LPS levels 
of cytokine release, considered as inflammatory, are approximately 150 pg/ml for IL-6 and 100 pg/ml for IL-8 
(further details above).  

 

3.5. TEM analysis of CaPs from CNR-ISTEC and PLU 
TEM on CaP suspensions, as provided:  

5-10 µl drop of 0.5 mg/ml final concentration of sample was placed on Formvar/Carbon coated EM grids for 
direct TEM analysis after air drying.  

TEM on embedded cells:  

TT1 cell monolayers exposed 24 hours to increasing concentration of CaPs; after polymerization, resin blocks 
where sectioned transversely. 70 nm sections were stained with uranyl acetate and PbCit to enhance the 
contrast. After several washes a complete ultrastructural TEM analysis was performed at low and high 
magnification. 

TEM on dpCaP:  

dpCaPs were diluted in ultrapure H2O to obtain 0.5 mg/ml final concentration and a 5-10 µl drop of sample 
was placed on a Formvar/Carbon coated EM grid for direct TEM analysis after air drying.  

Samples analysed: 

1) ISTEC\CaP-001\180717 (analysed by TEM one month after receipt): 

• As received CaP on TEM grids  
• TT1 cell resin section analysed after 24h exposure 

2) ISTEC/CaP001/161017 (analysed by TEM one day after receipt) 

• As received CaP on TEM grids 

3) PLU/CaP-001/221117 (analysed by TEM one day after receipt) 

• As received CaP on TEM grids 

4) PLU/SD-002/231117(PLU/CaP-001/221117) (analysed by TEM one day after receipt) 

• As received dpCaP on TEM grids  

Working concentration for all samples on TEM grids was 0.5 mg/ml (original batch concentration). 
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Working concentrations for TT1 alveolar cells 24h exposure was 10 µg/ml and 50 µg/ml. 

TEM results:  

IMP performed a structural TEM analysis on all the batches of particles as received (CNR-ISTEC and PLU). 
TT1 cells were exposed to the first batches provided by CNR-ISTEC, and further ultrastructural TEM analysis 
was performed to examine the extracellular component and intracellular uptake after 24 hours of incubation 
with nanoparticles at increasing concentrations. A low percentage of TT1 cells showed an active CaP 
endocytosis at the membrane level for small nanoparticle clusters, caveolin and clathrin pits were mostly 
detected. Denser clusters of extracellular nanoparticles were found on the apical cell surface. In all the 
analysed batches, as received CaPs showed a common nanostructure, with different levels of aggregation 
and agglomeration.  

 

ISTEC\CaP-001\180717 

 
 

ISTEC\CaP-001\180717 original sample analysed by TEM on grids at two magnifications. CaPs were mostly 
observed in clusters and a small percentage of individual particles. CaPs structures were 5-10nm thick with a 
variable length from 30 to 130 nm.  
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3.6. TEM analysis of resin embedded TT1 cells exposed to CaP samples 
from CNR-ISTEC 

 

ISTEC\CaP-001\180717 
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ISTEC\CaP-001\180717 original sample analysed by TEM on resin transverse section of TT1 alveolar 
epithelial cells incubated 24 hours with the nanoparticles. CaPs form extensive clusters across the apical 
surface of the monolayers. A small percentage could be seen as individual or small agglomerates. CaPs 
structures were 5-10 nm thick with a variable length from 30 to 100 nm. Very little uptake was observed in the 
majority of the cells analysed. One case of endocytosis, mostly by caveolar vesicles, was observed of 
internalization of small clusters of CaPs approximately 200 nm across. Black arrow heads indicate small 
nanoparticle groups within endocytic vesicles. 
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3.7. TEM analysis on EM grid of CaP samples as received from CNR-ISTEC 

 

ISTEC/CaP001/161017 
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ISTEC/CaP001/161017 original sample analysed by TEM on grid. CaPs were mostly observed as 
large clusters and a smaller percentage of individual particles with a few minor spots (see dark spots 
at lower magnification in bottom panel) which show some more globular, electron-dense 
condensations. Single structures were 5-10nm thick with a variable length from 30 to 130 nm. 
Globular condensations varied from 55nm (when separate) to 600 nm (when condensed). 
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3.8. TEM analysis on EM grids of CaP and dpCaP samples as received from 
PLU 

 

PLU/CaP-001/221117 
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PLU/CaP-001/221117 nanoparticles. As received sample analysed by TEM. CaPs were mostly observed as 
clusters with a small percentage as individual particles and small agglomerates. CaPs structures were 5-10nm 
thick with a variable length from 30 to 130 nm.  

 

PLU/SD-002/231117(PLU/CaP-001/221117) dry powder dpCaP microparticles (powder resuspended in 
distilled H2O). 
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PLU/SD-002/231117(PLU/CaP-001/221117) dpCaP microparticles: As received sample analysed by TEM on 
grid. CaPs were mostly observed in clusters with a small percent of individual particles or small agglomerates. 
Structures formed agglomerates with some single structures. On a few, rare occasions, some globular 
electron-dense condensations were observed. Single structures were 5-10nm thick with a variable length from 
30 to 130 nm. Globular structures were variable from 55nm (when alone) to 600 nm (when condensed).  
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4. Conclusions 

These are an extract from the results of preliminary studies of the biocompatibility, cytotoxicity and cellular 
uptake when bare, conjugated CaPs and dpCaP were applied for 24 hours to TT1 (AT1-like) alveolar epithelial 
cells. 

Biocompatibility and TEM analysis preliminary conclusions:  

• CaPs exhibit comparatively little change in viability even at 50 µg/ml which are far higher 
concentrations than those used in previous similar studies performed by the IMP Lung Cell Biology 
(IMP) group. These results will be confirmed by further integrating cytotoxicity tests such as the LDH 
assay; 

• Resuspended dpCaPs do not exhibit toxicity even at higher concentrations, from 50 to 1000 µg/ml 
(corresponding to CaP concentrations); 

• There was no important physiological effect on pro-inflammatory cytokine release by the TT1 cells at 
any of the concentrations analysed (0.1 - 1000 µg/ml) in comparison with LPS positive control for IL-6 
and IL-8 release; 

• Ultrastructural TEM analysis to determine uptake after 24h of incubation with nanoparticles showed 
that only a low percentage of TT1 cells (not yet quantified) underwent active CaP endocytosis (via 
caveolae and clathrin coated pits), which was mainly for small nanoparticle clusters. Intracellular CaP 
did not change physical format; 

• The CaP particles in all the analysed batches showed a common structure, with different degrees of 
agglomeration. 

Thus, these preliminary studies indicate that CaPs and dpCaPs exhibit very little cytoxicity when applied to the 
human alveolar epithelial type 1 cell-like model. Importantly, the high concentrations here exceed those being 
used in the parallel in vivo studies. As noted above, further studies are required to quantify particle uptake and 
to complete the bioreactivity studies with these cells.   

In parallel work, CNR-IEIIT has been developing a fluid-flow bioreactor to mimic the gas-blood interface of the 
respiratory region of the lung. The aim is for IMP to then construct the cellular structure of the human gas blood 
barrier membrane within the bioreactor to include dpCaP air exposure and physiological blood flow dynamics 
to better understand the bioreactivity and kinetics of particle uptake and fate under rigorously controlled 
conditions. A number of templates are under construction by CNR-IEIIT and some are ready to test in the next 
phase of the project. Due to the IP-sensitivity of these activities, data are not here presented. 


