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Figure 2.  qRT-PCR results for cell 

stress markers in RAW 264.7 cells 

exposed to all treatments. Data for 

ΔΔCT calculations are from the 

threshold (green line) cycle numbers.

Nanoplastics (NPs) and heavy metals are two prominent environmental pollutants. They 

can be found in water sources and in the soil. This means we can actively take up these 

particles either by ingestion or inhalation. The most common NP found in the environment 

is polyethylene terephthalate (PET) and a high level and important heavy metal 

contaminant is lead (Pb). NPs are known to adsorb and desorb many contaminants 

including lead. PET and Pb separately have been shown to cause changes in cellular 

stress pathways in several mammalian cell types. However, it is not known whether both 

PET and Pb together can exacerbate the individual effects of PET and Pb. This research 

focused on determining if the presence of Pb and PET separately and combined affects cell 

viability and the expression of pathway markers for cellular stress in murine RAW 264.7 

macrophage cells. Cells were exposed to PET treatment (100 µg/mL), Pb treatment (0.5 µM), 

or PET + Pb combined treatment (100 µg/mL and 0.5 µM, respectively), or a control 

treatment. A metabolic activity assay using Resazurin dye was performed to determine cell 

viability in treatments. There was a significant difference in metabolic rate between PET 

and Pb only treatments. A qRT-PCR was performed to determine expression of cell stress 

pathway markers including KRAS, COX-2, IL-1β and ERK. KRAS, COX-2 and ERK showed 

significant increase in expression but not IL-1β for all treatments relative to control.  

Overall, the data do not support the idea that the presence of PET + Pb combined have a 

greater effect than PET or Pb only.  There is a slight indication in our data that PET + Pb 

combined show slightly reduced effects in metabolism and marker expression in the RAW 

264.7 cells. This is interesting because PET only takes up Pb as a heavy metal and might 

act to decrease the effects of Pb by sequestering it from the cell.

• Plastics can come from primary (manufactured) or 

secondary (degraded by nature) sources [1]

• Plastic particle sizes can range from the micro (5mm    

but >1µm) to the nano scale (<1 µm) in size [1]

• The most common plastic in the environment is 

polyethylene terephthalate (PET) [2,3]

• Nanoplastic (NP) particles may be ingested or inhaled 

into the body where they can pass into tissues. [4]

• Several cell types can uptake environmental plastic 

particles including macrophages as one of the first lines 

of defense in our body. [4]

• NPs, including PET, have been shown to cause activation 

of common markers for cell stress such as MAPKs 

pathways, and inflammatory pathways. [2,5]

• PET has low affinity for adsorption overall, but it can still   

adsorb Pb at high concentrations. [6,7]

• Pb is heavy metal that is toxic at low and high concen-

trations that can be found in many environments [8]

• Pb has also been shown to activate some of the same 

cell stress pathways as PET. [9]

Questions and Hypotheses

Questions:

1. Does the presence of Pb and PET nanoplastics affect 

growth and cellular stress responses in murine RAW 264.7 

macrophage cells?  

2. Are there synergistic effects of these two particles?

Hypotheses:

1. The presence of Pb and PET will decrease cell viability.

2. PET + Pb combined will decrease cell viability more than  

PET or Pb alone.

3. Cell stress target gene expression will increase with 

exposure to PET and Pb.

4. PET + Pb combined will increase target gene expression 

more than PET or Pb alone.

Experimental Design and Materials 

• Treatments

20,000 – 40,000 cells per well

PET concentration = 100µg/mL

Pb concentration = 0.5µM

PET + Pb treatment included both

• RNA Extraction

Rneasy Mini Kit (QIAGEN)

• RNA to cDNA

High-Capacity RNA-to-cDNA™ Kit (Applied 

Biosystems)

• qRT-PCR

Custom primers (IDT)

Sso Advanced Universal SYBR Green 

supermix (BioRad)

• Resazurin

Resazurin Cell Viability Kit (Abcam)

Figure 1. Cell growth and 

treatment design (above). 

RAW 264.7 mouse cells in 

culture (bottom).
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• PET is showing similar activation of cell 

stress markers as Pb.

• PET + Pb showed a lower metabolic effect 

relative to Pb but not PET treatments.

• PET + Pb is not showing the synergistic 

effect that was hypothesized.

• Future studies should focus on why this 

apparent decrease occurs and if Pb 

adsorption/desorption rate has an impact.
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Figure 3.  Graph of ΔΔCT for four cell stress targets 

(KRAS, Il-1β, COX-2, ERK) in control cells and in 

treatment cells with PET, Pb, and PET + Pb. The asterisks 

indicate a marker showing significant activation relative 

to control. There are no significant differences in levels  

of activation among treatments for all markers.

Figure 4.  Fluorescent microscope image of 

RAW 264.7 macrophage cells showing uptake 

of Nile Red stained PET nanoplastic particles 

(white arrows). Nuclei are stained with DAPI 

(blue fluorescence).

Normalized Average Metabolic Curves for RAW 264.7 Cells

Figure 5.  Graph of normalized 

metabolic curves for RAW 264.7 

cells from the resazurin assay 

(Abcam). Each line represents the 

rate of metabolism for a different 

treatment. There was a significant 

difference (A)  in metabolic rate 

between the Pb and PET 

treatments.

Figure 6.  Picture of 

resazurin assay plate 

over time at 0, 4, and 6 

hours.

Results Summary

● PET nanoparticles can be taken up by 

RAW 264.7

● Pb treatment showed slower metabolism 

than any other treatment and was 

significantly different lower than the PET 

treatment metabolism

● All the treatments showed activation of 

three cell stress markers but did not 

significantly activate Il-1ꞵ

● There were no differences in stress 

marker activation between treatments
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