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Abstract
Several PFAS (Poly- and per-FluoroAlkyl Substances) compounds, largely used in the
production of Teflon and other materials have demonstrated bioaccumulative,
environmentally persistent and carcinogenic properties. In the effort to replace these
compounds, shorter chain chemicals hypothesized to be less toxic, such as Gen X, have been
utilized in Teflon processing. Gen X while still environmentally persistent, does not
bioaccumulate like its predecessor PFOA (perfluorooctanoic acid). Since 2017, concerns over
Gen X contamination of the Cape Fear River near Wilmington, North Carolina and the lack of
studies on the toxicity of Gen X have driven the need to conduct further studies of the
chemical. In this study, NIH3T3 cells were exposed to eight concentrations of PFOA ranging
from 0-2.5mM or Gen X ranging from 0-5mM for 24 hours to be analyzed with cell viability
assays using cell counts, ATP production, and staining for apoptosis. These assays have
demonstrated that Gen X is a less cytotoxic chemical than PFOA.

Introduction
The chemical Gen X was introduced in 2009 by the company Chemours as a sustainable
replacement for the toxic, persistent, and carcinogenic chemical PFOA used in fluoropolymer
processing aid for the production of Teflon, a nonstick coating used in pans and cookware
(Figure 1). In June 2017, Wilmington Star News reported that Chemours, a fluorochemical
company whose plant is located in Fayetteville, NC had been releasing the chemical Gen X
into the Cape Fear River, which in water hydrolyzes to the anion of hexafluoropropylene
oxide dimer acid (HFPO-DA); thus contaminating the region’s drinking water and rain
water. Gen X and HFPO-DA are classified as PFAS (per- and polyfluoroalkyl substances)
which are environmentally persistent and have adverse health effects (Figure 2).
Figure 1:
Chemical structure
of PFOA
Source:
Santa Cruz
Biotechnologies.

Figure 2:
Chemical structure of Gen X.
Source: Santa Cruz
Biotechnologies.

True to the name “forever chemical,” often assigned to PFAS, Gen X does not readily
biodegrade, yielding 0% degradation after 28 days; however as a water soluble compound, it
is unlikely to bind to sludge and soil. Furthermore, Gen X does not bioaccumulate, binding
to proteins in the liver and blood rather than fatty tissue (Beekman 2016, Gannon 2016).
While the chemical is not characterized as a mutagen nor toxic for reproduction, it is a class
two carcinogen meaning it has the potential to cause cancer. (Beekman 2016). Whole
organism studies indicate that chronic consumption of Gen X can also cause liver scarring,
evidenced by noncancerous liver lesions in male and female rats. The study also observed
neoplastic effects in the livers of both groups. Furthermore, rats exhibited test substanceassociated papillary necrosis and inflammation of the kidney, diuresis likely related to
chronic progressive nephropathy due to test substance test exposure. Lastly, when dosed
with 50mg/kg male rats had neoplastic effects in male testes and pancreas of males (Caverly
Rae 2015.In contrast, PFOA toxicity has been well documented in animal model studies as
well as cell model studies. PFOA has been shown to induce hepatocellular adenomas, Leydig
cell tumors, and pancreatic acinar cell tumors in male rats (Lau 2016).

Objectives
This study was conducted to help bridge the gap between understanding the chemical
properties of different PFAS. As PFOA is classified as a Class 2 carcinogen and poses threats
to the immune, liver, and endocrine systems and Gen X has demonstrated potential as a
carcinogen in whole organism studies, the study aimed to understand definitive
physiochemical properties of newer alternative chemicals using cell culture models.

Methods
• Manual Count Cell Viability Assay- 1-2 wells of NIH3T3 cells from a single six-well plate
were trypsinized with 0.5mL of trypsin, harvested, and centrifuged for 10 minutes. Cells
were replated, then dosed with eight concentrations of PFOA ranging from 0-2.5mM or
Gen X 0-5mM and allowed to incubate in a 5% CO2 environment at 37 C for 24
hours. Viable cells were then counted using a hemocytometer. (Figure 3)
• CellTiter-Glo Luminescent Cell Viability Assay- Cells were trypsinized, harvested, and
replated at 10,000 cells per well in 100uL media in a 96-well plate. Cells then were
immediately treated with PFOA concentrations of 0-2.5mM or Gen X concentrations of 05mM and allowed to incubate for 24 hours in a 5% CO2 environment at 37 C . Cells
were stained with CellTiter-Glo following manufacturer’s protocol (Promega) Plate was
shaken for 2 minutes, then incubated for 10 minutes before being analyzed by the
Luminometer. Wells were then transferred to an opaque plate after initial reading in a
clear plate. The plate was then analyzed with the Luminometer. (Figure 4)
• Annexin V Staining Assay- Cells were trypsinized, harvested, and replated at 100,000 cells
per well in 1mL media in a 24-well plate, then treated with 0-2.5mM PFOA or 0-5mM
Gen X and allowed to incubate for 24 hours. The cells then were harvested using trypsin
and centrifuged in microfuge tubes at 1000rpm for 5 minutes before staining with 5µL of
APC Annexin V and 5µL of 7-AAD, purchased from Thermo Fisher Scientific (Carlsbad, CA,
USA) were added to each tube. Cells incubated for 15 minutes in the dark before adding
400µL 1X Binding Buffer. Samples were analyzed with an Attune NxT Flow Cytometer.
(Figure 5)

Results
Figure 3: The number of viable cells
upon exposure to Gen X or PFOA (02.5mM) using manual cell counts. The
number f viable cells decreased as
concentration increased. Exposure to
750µM PFOA and above resulted in
death of entire cell population.

Figure 5: At a concentration of 750µM, PFOA causes all cells to induce apoptosis, whereas
a concentration of 5mM is required for the same effect upon exposure to Gen X.

Conclusions
• The CellTiter-Glo Luminescent Assay indicated that two time higher concentrations of Gen
X were required for cytotoxicity.
• The Annexin V Staining Assay showed that PFOA had a tenfold higher cytotoxicity than
Gen X. Understanding the concentrations at which all cells initiate apoptosis is valuable in
determining likely conditions likely to cause disease and serves as a basis for future
directions.
• The results from the three viability assays demonstrated that PFOA has a greater effect on
cytotoxicity than Gen X. The cell death curves have different shapes indicating that a
different receptor pathway must be taken by each chemical.
• This confirms the claim by Chemours that Gen X is a safer alternative to fluoromonomer
processing and could support further comparative studies on the physiochemical
properties of traditionally used PFAS.
• PFAS should not be used as an umbrella term as different chemicals in this family have
the ability to cause different magnitudes of harm .
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