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Introduction Anticipated Results 

	Up-regulation	of	inflammatory	biomarkers	in	BEAS-2B	lung	cells	exposed	to	biodiesel	PM 

Biodiesel	is	a	more	sustainable	fuel,	but	research	is	contradictory	on	the	
effects	of	particulate	matter	(PM)	from	combustion	of	biodiesel	on	
bronchial	inflammation	in	vitro.	The	literature	suggests	that	diesel	
exhaust	particles	induce	CYP1A1	at	low	concentrations	in	BEAS-2B	cells	
(a	human	lung	epithelial	line),	whereas	COX-2	expression	occurs	at	higher	
concentrations	(Totslandal	et	al.	2010;	Fukigawa	et	al.	2013).	CYP1A1	has	
been	suggested	as	a	sensitive	biomarker	for	diesel	exposure,	but	few	
studies	exist	for	biodiesel	exposure	(Caughey	et	al.	2001).	No	known	
studies	exist	that	examine	biodiesel	particulate	matter	from	real	world	
operation	of	nonroad	diesel	engines.	Questions	remain	though,	
regarding	the	specific	pathway	of	inflammation.	Our	goals	are	to	
compare	the	expression	of	CYP1A1	and	COX-2	mRNA	in	BEAS-2B	cells	
after	exposure	to	PM	from	biodiesel	and	diesel	fuel.	Quantitative	real	
time	PCR	will	be	used	to	monitor	these	sensitive	biomarkers.	Previous	
work	in	the	Traviss	lab	suggests	the	following	model	of	potential	
pathways	for	Reactive	Oxygen	Species	production	(Figure	1).	
 
Our main hypothesis is as follows: 
 
(1) There is a significant difference in levels of CYP1A1 and 

COX2 expression in BEAS-2B cells treated with PM from 
diesel vs. biodiesel fuel combustion.  

• During	the	summer	of	2018,	real	world	biodiesel	particles	were	
collected	from	the	tailpipe	of	a	non-road	front	loader	(John	Deere	624K	
Tier	3	engine)	that	is	used	daily	at	the	Keene	Recycling/Transfer	Station.	

• The	John	Deere	624K	is	fueled	by	a	commercial	B20	blend	(20%	
biodiesel,	80%	petroleum	diesel).	

 

 
• In	the	case	of	diesel	particles,	NIST	particles	will	be	used	in	place	of	real	world	
diesel	particles.	

• NIST	particles	are	well	analyzed,	and	are	quality	controlled.	
• Real	world	biodiesel	particles	have	been	collected	from	the	tailpipe	of	a	non-
road	vehicle.	

• This	John	Deere	624K	Tier	3	engine	is	used	daily	at	the	Keene	Transfer	station.	
• It	runs	on	B20	biodiesel.	
• BEAS2-B	cells	will	be	cultured	in	Bronchial	life	basal	medium,	and	passaged	nine	
times	in	75	mL	flasks	with	vented	caps		

• When	the	cells	can	be	seeded	at	around	120,000	cells	per	well,	they	will	be	
transferred	to	different	6	well	plates.	

• Each	6	well	plate	will	contain	a	row	of	positive	controls,	and	a	row	of	a	
treatment.	

• The	three	treatment	levels	of	particles	will	be	as	follows:	0	µg/mL,	25	µg/mL,	
and	100	µg/mL	

• After	4	hours,	which	is	around	when	most	of	these	genes	are	most	highly	
expressed,	the	cells	will	be	taken	from	the	wells,	and	total	RNA	will	be	
extracted.	

 

•  When	exposed	to	DEP,	the	genes	CYP1A1	and	PTGS2	are	more	highly	
expressed	in	BEAS-2B	cells	compared	to	when	they	are	exposed	to	
biodiesel	particles,	and	the	level	of	mRNA	found	in	the	cells	for	these	
genes	compared	to	a	housekeeping	gene	(18S	rRNA)	will	increase	with	
higher	levels	of	exposure	to	DEP	(Totslandal	et	al.	2010).		

•  The	Traviss	Lab	along	with	Nathan	Martin	and	Rachel	Klaski	showed	in	
their	cytokine	profile	of	the	pro-inflammatory	response	to	diesel	when	
compared	to	real	world	biodiesel	particles	(Figure	3),	and	found	that	IL-8	
was	more	abundant	in	cells	exposed	to	diesel	particles	than	biodiesel.	
This	would	indicate	that	our	results	should	show	more	of	an	inflammatory	
response	from	diesel	than	biodiesel,	meaning	that	PTGS2	and	CYP1A1	will	
not	be	as	highly	expressed	in	the	biodiesel	group	(Martin	et	al.	2017).		

	
•  The	abundance	of	IL-8	is	a	good	indicator	of	the	same	nature	of	pro-
inflammatory	response	by	BEAS-2B	cells,	particularly	as	it	relates	to	
COX-2,	and	some	studies	have	found	that	the	pathway	that	triggers	NF-kB	
and	IL-8	actually	leads	to	the	transcription	of	COX-2,	thus	creating	protein	
that	oxidizes	diesel	exhaust	particles,	and	can	create	more	ROS	
(Totslandal	et	al.	2010;	Hawley	et	al.	2014).	

•  After	4	hours,	we	will	see	upregulation	of	CYP1A1	and	COX-2,	
proportional	with	the	concentration	of	DEP	(Fukagawa	et	al.	2013).	

Brieger, K., Schiavone, S., Miller Jr, F. J., & Krause, K. H. (2012). Reactive oxygen species: from health to disease. Swiss medical weekly, 142, w13659. 
Cheung, K. L., Ntziachristos, L., Tzamkiozis, T., Schauer, J. J., Samaras, Z., Moore, K. F., & Sioutas, C. (2010). Emissions of particulate trace elements, metals and organic species from gasoline, diesel, and biodiesel 

passenger vehicles and their relation to oxidative potential. Aerosol Science and Technology, 44(7), 500-513. 
Fukagawa, N. K., Li, M., Poynter, M. E., Palmer, B. C., Parker, E., Kasumba, J., & Holmén, B. A. (2013). Soy biodiesel and petrodiesel emissions differ in size, chemical composition and stimulation of inflammatory 

responses in cells and animals. Environmental science & technology, 47(21), 12496-12504. 
Martin, N. et al. (2017) Effect of biodiesel fuel on “real-world”, nonroad heavy duty diesel engine particulate matter emissions, composition and cytotoxicity. Science of the Total Environment.  Article in Press. 
             Works Referenced. 	
Caughey, G. E., Cleland, L. G., Penglis, P. S., Gamble, J. R., & James, M. J. (2001). Roles of Cyclooxygenase (COX)-1 and COX-2 in Prostanoid Production by Human Endothelial Cells: Selective Up-Regulation of                   
              Prostacyclin Synthesis by COX-2. The Journal of Immunology, 167 (5), 2831-2838. 	
Hawley, B., Lorange, C., Olsen, D. B., Marchese, A. J., & Volckens, J. (2014). "Oxidative Stress and Aromatic Hydrocarbon Response of Human 	
             Bronchial Epithelial Cells Exposed to Petro- or Biodiesel Exhaust=Treated  with a Diesel Particulate Filter. :Toxicological Sciences,141 (2), 505-514. 	
Totlandsdal, A. I., Cassee, F. R., Schwarze, P., Refsnes, M., & Lå g, M. (2010). Diesel exhaust particles induce CYP1A1 and pro-inflammatory responses 	
             via differential pathways in human bronchial epithelial cells. Particle and Fibre Toxicology, 7 (1), 41.	
Zhang, Y., Dawson, V. L., & Dawson, T. M. (2000). Oxidative stress and genetics in the pathogenesis of Parkinson's disease. Neurobiology of disease,7(4), 240-250. 
 

 
 

Methods 

References 

Acknowledgments 
The authors would like to thank the Keene Recycling Center staff, City of Keene, Keene 
State College, Depts. of Environmental Studies and Biology, Brian Moore, Donna Porter, Dr. 
Jason Pelletieri, Gordon Leversee. *Corresponding author: ntraviss@keene.edu		

Field Site & Sample Collection:: 

Cell Culture: 
• BEAS2-B	cells	will	be	cultured	in	Lonza	BEGM	in	75	mL	flasks	with	vented	
caps.	

• When	the	cells	can	be	seeded	at	around	120,000	cells	per	well,	they	will	
be	transferred	to	different	6	well	plates.	

• According	to	current	literature,	BEAS2-B	lung	cells	will	express	CYP1a1	in	
a	higher	quantity	than	PTGS2	when	exposed	to	diesel	particles	as	
opposed	to	biodiesel.		

Figure	2.	BEAS-2B	epithelial	lung	cells	at	
approximately	40%	confluency	under	400x	

magnification	

Experimental	Design:	

qrt-PCR:	
•  Once	the	RNA	has	been	isolated	from	the	sample	of	cells	from	the	

given	well	plate,	the	Applied	Biosystems	High	Capacity	cDNA	archive	kit	
will	be	used	to	make	cDNA.	

•  200ng	RNA	in	total	volume	of	10	µL	of	water	is	used	for	each	reaction.	
•  The	gene	that	codes	for	18S	rRNA	will	be	used	as	a	housekeeping	gene,	

to	standardize	the	expression	of	the	other	genes,	PTGS2	and	COX-2	
	

Figure 3: Pro-inflammatory response measured by IL-8 release from BEAS-2B epithelial lung cells in 
response to increasing concentrations of petroleum diesel and B20 PM. Asterisk (*) indicates 
significant difference from control (p < 0.05). Pound (#) indicates a significant difference between fuel 
types at the 150 and 200 µg/ml treatment concentrations (p < 0.05). Error bars represent standard 
error from the mean. 
 


