Supplementary Material

Methods

Experimental Design
The spleens and BAL cells were shipped overnight on crushed ice to the Virginia Commonwealth University (VCU) Immunotoxicology Laboratory (Richmond, VA) and were processed on the day of receipt.  The BAL fluid samples were shipped on dry ice to VCU and were stored frozen at -70°C until thawed for analysis. Spleens and BAL cells were prepared into single cell suspensions on the day of receipt at the VCU Immunotoxicology Laboratory.  




Immunological Studies 
T-Dependent Antigen Response to sRBC
Serum anti-sRBC IgM antibody levels determined in mice were analyzed using multipoint analysis (Kawabata et al. 1995) by identifying the linear portion of a log-log plot of optical density (OD) vs. dilution and interpolating at 0.5 OD.  The titer was defined to be the reciprocal of the dilution corresponding to 0.5 OD, and data were reported in terms of log2(titer).  Serum anti-sRBC IgM levels were not evaluated in rats due to the time course differences in the peak responses of the AFC and sRBC ELISA in this species (Temple et al., 1993).  
Natural Killer Cell Activity
	For both species, NK cell activity was assessed as described (Wilson et al., 2001), with modifications described previously (Smith et al. 2013a).  Results were expressed as percent cytotoxicity, calculated as (Experimental release CPM – Spontaneous release CPM)/(Maximum release CPM – Spontaneous release CPM).
Bronchoalveolar Lavage Fluid Cytokine Levels
Upon receipt, BAL fluid was stored frozen at -70°C until thawed (overnight at 2-4°C) for analysis.  Because lavage washes from each individual animal were pooled prior to shipment to VCU, the cytokine concentrations in the BAL fluid were significantly diluted.  Thus, samples were concentrated prior to analysis using Amicon Ultra-4 3K tubes with a 3-kDa nominal molecular weight cut-off.  Aliquots of BAL fluid (0.5 ml for mice; 2 ml for rats) were centrifuged in individual Amicon tubes for 40 minutes at 7500 x g using a Beckman Avanti J-E mid-speed centrifuge until concentrated sample volumes of approximately 100 l (mice) or 200 l (rats) were obtained.  Concentrated samples were stored in individual cryotubes at 4°C overnight for next-day analysis.


Results

Spleen Cell Immunophenotyping
In rats exposed to C60, no effects were observed on the various spleen cell phenotypes when evaluated on a mass basis as either absolute or percent values, with the exception of a significant increase (45%) in the percentage of splenic macrophages in rats exposed to 15 mg/m3 of the micro-C60 (data not shown).  This increase was not concentration-dependent.  Furthermore, the increase was not statistically significant when the data were evaluated on a surface area basis.

T cell proliferation assays: anti-CD3 and the MLR
In mice, a significant decrease (42%) in anti-CD3 mediated T cell proliferation was observed for the nano-C60 animals exposed to 2 mg/m3 (data not shown).  No effects were observed for the micro-C60 groups when evaluated using a mass exposure basis (data not shown).  When data were analyzed on a surface area basis, anti-CD3 stimulated T cell proliferation was decreased for the micro-C60 test article at the 2 and 15 mg/m3 exposure concentrations, corresponding to surface area based exposures of 0.011 m2/m3 and 0.084 m2/m3, respectively.  No other effects were noted on anti-CD3 stimulated proliferation in mice.  Furthermore, anti-CD3 mediated spleen proliferation was not affected in rats for any of the C60 test groups when evaluated using either the mass or surface area exposure metrics (data not shown).
In contrast to the results observed for the mouse anti-CD3 proliferation assay, the mouse MLR was unaffected in animals exposed to nano-C60, while the stimulated responses of animals exposed to micro-C60 at both 2 and 15 mg/m3 were decreased 68% and 49%, respectively, when evaluated on a mass basis (data not shown).  This decrease is likely due to two very high responders in the control group for the micro-C60 studies.  These high responses were both nearly double that of the nearest control response in the mouse MLR studies.  When a surface area exposure metric and a combined control group were used to evaluate the MLR results, no statistically significant differences were observed (data not shown).

NK Cell Activity
	No effects on NK cell activity were observed in either species for either the nano- or micro-C60 test articles when evaluated using both mass-based and surface area-based exposure metrics (data not shown).



Supplementary Figure S1. AFC response to sRBC in female B6C3F1/N mice and Wistar Han rats following C60 fullerene inhalation for 13 weeks.  Rodents were immunized (i.v.) four days prior to study termination with sRBC (7.5 x 107 cells/mouse or 2 x 108 cells/rat).  Top two panels: B6C3F1/N mice.  Bottom two panels:  Wistar Han rats.  Left panels give results in terms of Specific Activity (IgM AFC/106 splenocytes).  Right panels give results in terms of Total Spleen Activity (IgM AFC/Spleen).  Combined control group results are shown.  Values of control animals assigned to the micro-C60 and nano-C60 studies were not significantly different.  Individual study control values for specific activity were: 1985  196 (mouse micro-C60 study), 1799  83 (mouse nano-C60 study), 3246  750 (rat micro-C60 study), and 3197  635 (rat nano-C60 study).  Individual study control values for total spleen activity were:  359  35 (mouse micro-C60 study), 305  21 (mouse nano-C60 study), 1326  288 (rat micro-C60 study), and 1190  274 (rat nano-C60 study).  Values represent the mean  SE (N = 7-8 animals per test group; N = 16 for combined control group).


	Supplementary Table S1.  Combined Control Means


	Female B6C3F1/N mice

	
	
	

	Parameter  
	Mean ± SE
	N

	Spleen Weight (mg)
	79 ± 4
	16

	Spleen Cells (x106)
	160.8 ± 6.2
	16

	Abs Ig+ (x106)
	110.0 ± 3.2
	16

	Abs CD3+ (x106)
	24.2 ± 1.5
	16

	Abs CD4+CD8- (x106)
	16.0 ± 1.0
	16

	Abs CD4-CD8+ (x106)
	6.6 ± 0.3
	16

	Abs NK1.1+CD3- (x106)
	2.1 ± 0.1
	16

	Abs Mac-3+ (x106)
	7.6 ± 0.3
	16

	%Ig+ (x106)
	69.0 ± 1.4
	16

	%CD3+ (x106)
	14.9 ± 0.6
	16

	%CD4+CD8- (x106)
	9.9 ± 0.4
	16

	%CD4-CD8+ (x106)
	4.2 ± 0.2
	16

	%NK1.1+CD3- (x106)
	1.3 ± 0.1
	16

	%Mac-3+ (x106)
	4.8 ± 0.2
	16

	IL-1 (pg/ml)
	119.1 ± 11.0
	16

	MCP-1 (pg/ml)
	978.4 ± 89.7
	16

	
	
	

	Female Wistar Han rats

	
	
	

	Parameter  
	Mean ± SE
	N

	Spleen Weight (mg)
	427 ± 12
	16

	Spleen Cells (x106)
	300.5 ± 1.3
	16

	BAL Cells (x104)
	104.8 ± 4.9
	16

	Abs CD163-CD11b- (x104)
	86.5 ± 5.2
	16

	Abs CD163+CD11b- (x104)
	0.5 ± 0.1
	16

	Abs CD163-CD11b+ (x104)
	1.4 ± 0.3
	16

	Abs CD163+CD11b+ (x104)
	16.5 ± 4.6
	16

	%CD163-CD11b- (x104)
	83.6 ± 4.1
	16

	%CD163+CD11b- (x104)
	0.4 ± 0.1
	16

	%CD163-CD11b+ (x104)
	1.2 ± 0.2
	16

	%CD163+CD11b+ (x104)
	14.8 ± 3.8
	16

	
	
	

	SE=standard error; N=sample size

	
	









7

	Supplementary Table S2.  Bronchoalveolar Lavage Fluid Differential Cell Counta

	
	
	
	
	
	
	
	

	
	0.05 μm Nano-C60 (mg/m3)
	1 μm Micro-C60 (mg/m3)

	
	Control
	0.5
	2.0
	Control
	2
	15
	30

	Female B6C3F1/N mice
	
	
	
	
	
	
	

	Pulmonary Alveolar Macrophages (%)
	99.8 ± 0.3
	99.8 ± 0.3
	99.7 ± 0.3
	99.8 ± 0.5
	99.8 ± 0.4
	94.3 ± 3.2**
	71.9 ± 6.0**

	Neutrophils (%)
	0.2 ± 0.2
	0.1 ± 0.2
	0.1 ± 0.2
	0.0 ± 0.1
	0.3 ± 0.4
	5.6 ± 3.2**
	25.5 ± 5.6**

	Eosinophils (%)
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.2 ± 0.5
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.1

	Basophils (%)
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0

	Lymphocytes (%)
	0.0 ± 0.1
	0.1 ± 0.2
	0.2 ± 0.2
	0.0 ± 0.0
	0.0 ± 0.0
	0.1 ± 0.2
	2.5 ± 1.5**

	
	
	
	
	
	
	
	

	Female Wistar Han rats
	
	
	
	
	
	
	

	Pulmonary Alveolar Macrophages (%)
	99.5 ± 0.4
	98.1 ± 2.3
	99.3 ± 0.3
	99.7 ± 0.6
	99.6 ± 0.4
	98.5 ± 1.7
	81.0 ± 10.3**

	Neutrophils (%)
	0.3 ± 0.3
	1.4 ± 1.9
	0.4 ± 0.4
	0.2 ± 0.5
	0.2 ± 0.4
	0.9 ± 1.2
	16.5 ± 9.2**

	Eosinophils (%)
	0.1 ± 0.2
	0.0 ± 0.0
	0.1 ± 0.2
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.3 ± 0.6

	Basophils (%)
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0

	Lymphocytes (%)
	0.0 ± 0.0
	0.5 ± 0.5**
	0.2 ± 0.2
	0.2 ± 0.5
	0.2 ± 0.2
	0.6 ± 0.6
	2.2 ± 2.2*

	a – Cell counts derived using cytospin preparations (100 uL from cell pellet re-suspended in 1 mL HBSS)

	Data presented as Mean ± SD; n = 8 
	
	
	
	
	
	
	

	*p ≤ 0.05 from control
	
	
	
	
	
	
	

	**p ≤ 0.01 from control
	
	
	
	
	
	
	












	[bookmark: _GoBack]Supplementary Table S3.  Selected BAL fluid cytokine levels (pg/ml) in female B6C3F1/N mice following 13-week inhalation of C60


	
	Control
	C60 Fullerene (m2/m3)
	Trend 

	
	
	0.011
	0.033
	0.084
	0.112
	0.167
	Analysis

	
	
	
	
	
	
	

	50 nm C60
	
	
	
	
	
	
	

	Mass Exposure (mg/m3)
	0
	-
	0.5
	-
	2
	-
	-

	IL-1
	138.51 ± 16.37
	-
	141.23 ± 8.28
	-
	108.24 ± 16.22
	-
	NS

	MCP-1
	1095.76 ± 152.09
	-
	1171.32 ± 59.37
	-
	846.29 ± 125.69
	-
	p ≤ 0.05

	1 μm C60
	
	
	
	
	
	
	

	Mass Exposure (mg/m3)
	0
	2
	-
	15
	-
	30
	-

	IL-1
	99.89 ± 11.97
	111.45 ± 8.56
	-
	111.41 ± 4.90
	-
	106.53 ± 17.37
	NS

	MCP-1
	861.00 ± 86.15
	958.96 ± 88.24
	-
	902.90 ± 44.02
	-
	1222.78 ± 142.87
	NS

	
	
	
	
	
	
	
	

	Values represent the mean (± SE) from 8 animals per group. 

	NS = Not Significant


	

	

	

	



























