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Abstract: Diesel exhaust particles (DEP) constitute a significant component of airborne 
particulates in urban environment. Exposure to DEP is known to enhance susceptibility to viral 
and bacterial infections. We hypothesized that DEP could partially exert its effect on disease 
susceptibility by interfering with antigen presentation required for the generation of protective 
adaptive immune responses. MHC class I and class II molecules, ICAM 1 (CD54) and B7.1 
(CD80) are intimately involved with the presentation of viral and bacterial antigens to T cells. In 
the present study we examined the effect of in vitro exposure to DEP on basal and cytokine 
induced expression levels of these key molecules on mouse lung epithelial cells. LA4 and TC1 
mouse epithelial cell lines were activated with a cytokine mixture comprising IFNγ, TNFα and 
IL1β, in the presence or absence of DEP. CM significantly boosted the expression of MHC I and 
ICAM 1 antigens on epithelial cells. Exposure to DEP significantly inhibited the basal and CM 
induced expression of MHC I and ICAM 1 expression, but did not interfere with the constitutive 
expression of B7.1 on epithelial cells. Significant expression of MHC II antigens, which is needed 
for presentation of exogenous antigenic peptides, was not detected on either LA4 or TC1 cells. 
These results suggest that DEP may interfere with the expression of the cellular markers involved 
in the presentation of viral antigens.  
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INTRODUCTION 

 
Efficient transport of oxygen and CO2 across lung 

alveoli is vital for the sustenance of life and it is 
imperative that the epithelial surface be kept free from 
accumulation of airborne pathogens and pollutants that 
may induce acute inflammatory responses or even 
cause permanent damage, which can impede this 
process. Innate and adaptive immune mechanisms 
directed against airborne pathogens in the lung can 
result in altered pathology and play an important role in 
keeping the organ free from pathogens and disease.  
Adaptive immune responses require the presentation of 
microbe-derived peptides to T cells. For viruses, 
antigen presenting cells must degrade viral proteins and 
associate them with class I MHC molecules whereas 
bacterial peptides are associated with class II MHC 
molecules expressed on the antigen presenting cells[1]. 
Besides MHC molecules, antigen presenting cells must 
also express a variety of other membrane proteins such 
as ICAM 1, B7.1, B7.2  that participate as accessory 
molecules in the interaction between T cells and the 
antigen presenting cells[2] . While all nucleated cells in 

the body including lung epithelial cells express class I 
MHC molecules and are capable of presenting viral 
antigens, only limited cell types like dendritic cells and 
macrophages have the ability to process and present 
bacterial antigens in the context of MHC II 
molecules[3,4]. Some evidence also supports the ability 
of lung epithelial cells to present pathogen derived 
peptides to T cells via the MHC I pathway [5-7] .   

Factors that regulate the expression of MHC 
molecules and the accessory molecules involved in 
antigen presentation may determine the quality of 
immune response against pathogens. Members of the 
toll-like receptor (TLR) family, expressed on a variety 
of immune and non-immune cells rapidly sense the 
presence of pathogens in lungs. TLR activation, during 
early phases of the immune response results in the 
release of an array of cytokines produced by dendritic 
cells, macrophages, NK cells and epithelial cells[8-11]. 
Some of these cytokines such as interferons, TNF and 
IL1 up-regulate the expression of molecules involved in 
antigen processing and presentation to direct  and 
facilitate the subsequent adaptive immune response[12-
14]. Cytokine regulation of the antigen presentation 
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machinery in lung epithelial cells is not well 
understood. Furthermore, unlike other organs in the 
body, the respiratory tract is  constantly exposed to a 
variety of airborne pollutants and it is not known if the 
presence of these pollutants influences the antigen 
presentation by lung epithelial cells. 

 In the present study, we examined the expression 
of class I and class II MHC molecules as well as two 
other immunologically critical important membrane 
proteins ICAM 1 (CD54) and B7.1 (CD80) on lung 
epithelial cells following incubation with, (a) the 
cytokines IFNγ, IL1β and TNFα, (b) diesel exhaust 
particles (DEP), and (c) after exposure to both stimuli. 
Our results indicate a significant basal expression of 
MHC class I molecules and ICAM 1 on mouse 
epithelial cells that is further boosted by cytokines. 
Basal as well as CM induced expression of these 
markers was significantly inhibited by DEP.  Only 
marginal expression of MHC class II molecules was 
detected on epithelial cells that was not significantly 
boosted by cytokines. B7.1 molecule was constitutively 
expressed on epithelial cells and its expression was not 
influenced by cytokines or DEP.  
 

MATERIALS AND METHODS 
 
Cells and reagents: LA4 (H-2a expressing H-2Kk and 
H-2Dd MHC class I molecules) and TC1 (H-2b)murine 
lung epithelial cell lines were obtained from American 
Type Cell Culture (Rockville, MD). Both cell lines 
were maintained in RPMI 1640 culture medium 
supplemented with glutamine (2 mM), HEPES buffer 
(25 mM), gentamycin (20 µg/ml), and 10% V/V fetal 
bovine serum (Hyclone, Logan, UT). Diesel exhaust 
particles (DEP Standard Reference Material 2975) were 
purchased from the National Institute of Standards and 
Technology (NIST), Gaithersburg, MD. Monoclonal 
antibodies used for flow cytometric staining were 
procured from BD-Pharmingen, San Diego, CA. These 
were anti MHC I (Dd)-PE (clone 34-5-83); MHC I (Db)-
PE (clone KH95); MHC II (IAd)-FITC (clone 39-10-8); 
MHC II (IAb)-FITC (clone AF6-120.1); CD54-FITC 
(clone 3E2); CD80-PE (clone 16-10A1); FcBlock 
CD16/32 (clone 2.4G2) and corresponding isotypic 
controls. Recombinant mouse cytokines IFNγ, TNFα 
and IL1β were bought from Cell Sciences, Canton, 
MA. 
 
In vitro treatment of cells and flow cytometry:  A 
stock suspension of DEP (5 mg/ml) was prepared in 
sterile normal saline and sonicated for one minute using 
a probe sonicator (Microson Ultrasonic Cell Disrupter). 
Cells were seeded in culture at a cell density of 
2x104/ml (10 ml/culture flask, 25 cm2 area) and after 72 
hours, the sonicated DEP suspension and/or cytokines 
were added at the desired concentration. Four replicate 
assay wells were set up for each treatment group. After 
48 hours, cells were detached by treatment with trypsin-
EDTA and washed with phosphate buffered saline 
containing 1% FCS and 0.01% sodium azide. Cells 

(0.5x106) in 50 µl volume were incubated with 1 µg 
CD16/32 antibody (Fc-Block) in ice for 20 min. One µg 
each of the required staining antibodies or isotype 
control antibodies were added and incubation continued 
for 30 min. Cells were washed once and fixed in ice 
cold 4% paraformaldehyde solution in PBS.  Cells were 
analyzed in a BD LSR II Flow cytometer using the 
Argon-ion 488 nm laser. BD FACSDiva software was 
used to analyze the data.  
 
Statistics: Flow cytometric data analysis by using 
FACSDiva software provided values for mean 
fluorescence intensity, coefficient of variation [CV = 
(SD/mean) x100], and number of events (degrees of 
freedom) for any data set. By using these values, p 
values of significance of difference between any two 
data sets were calculated by using an on-line Student’s 
t-test (http://home.clara.net/sisa/t-test.htm). Only 
representative results have been shown that demonstrate 
the effects of cytokine and/or DEP on the expression of 
various markers.  
 

RESULTS 
 
Modulation of surface expression of MHC molecules on 
LA4 lung epithelial cells by cytokines and DEP.  
Staining of LA4 cells with anti-H-2Dd antibodies 
indicated that 83% LA4 cells were positive for MHC I 
expression (Figure 1). Treatment with cytokine mix 
[CM, a mixture of each of IFNγ  (10 ng/ml), 
IL1β (10 ng/ml) and TNFα (2ng/ml)] increased the 
percentage of MHC I +ve cells to 97%.  

  

 
 

Fig.1: Expression of  MHC I and II on LA4 epithelial 
cells  treated with a cytokine mixture (CM, 10 
ng/ml each of IFNγ, and IL1β and 2ng/ml of 
TNF), or DEP (25 µg/ml) or both for 48 hours. 
Cells were harvested, washed and stained with 
anti-MHC class I (PE) and anti MHC class II  
(FITC) antibodies as described in methods. 
Values in parentheses denote mean channel 
fluorescence for MHC I expression.  
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Since a large percentage of control LA4 cells had a 
basal expression of MHC I molecules, the effect of CM 
on the percentage of MHC I +ve cells was small. 
However a marked effect of CM on the quality of  
MHC I expression on LA4 cells was clearly seen from 
the mean channel of fluorescence (MCF) data that 
reflects the number of MHC I molecules expressed per 
cell. MCF of MHC I expression increased 15 fold from 
1021 on control LA4 cells to 15318 on CM treated cells 
(Figure 1). Treatment with 25 µg/ml DEP marginally 
yet significantly depressed basal MHC I expression on 
LA4 cells (p<0.01). When LA4 cells were treated with 
both CM and DEP, a significant (25%) reduction in the 
MCF of MHC I expression as compared to high MHC I 
expression levels on CM treated LA4 cells, occured 
(p<0.01). Few LA4 cells expressed MHC  

 
 

Fig. 2:  Expression of MHC I  on TC1 epithelial cells 
treated with a cytokine mixture (CM, 10 ng/ml 
each of IFNγ, IL1β and TNF), or DEP (25 and 
100 µg/ml) or both for 48 hours. Cells were 
harvested, washed and stained with anti-MHC 
class I antibody as described in methods. 

 
II molecules and there was no significant effect of CM 
on this parameter (Figure 1). For TC1 epithelial cells 
(MHC H-2b), about 40% cells had basal MHC I 
expression that was boosted to almost 100% by the CM 
(Figure 2). Results in Figure 2 further show that DEP 
induces a dose dependent decline in the MHC I 
expression on both control or CM treated TC1 cells 
(p<0.01). Interestingly, while  the MHC I positive cells 
increased significantly as a result of cytokine treatment 
with cytokines,  the average expression of MHC I 
molecules on TC1 cells was not significantly altered. 

The MCF values for DEP (25 µg/ml) treated, cytokine 
treated and cytokine + DEP treated cells were 621, 538, 
875 and 569, respectively. Like LA4 cells however, 
TC1 cells also had negligible expression of MHC II 
molecules that could not be significantly boosted by 
CM (results not shown).  
 
Modulation of expression of CD54 (ICAM 1) molecules 
on LA4 epithelial cells by cytokines and DEP. ICAM-1 
expressed on antigen presenting cells is required for the 
activation of T lymphocytes (11). Results in Figure 3 
indicate that very few LA4 cells had a basal expression 
of ICAM 1, but a significant expression of this 
molecule was induced by CM (p <0.01). A marginal 
decline in percentage of ICAM 1 positive cells induced 
in response to CM was seen when DEP was added to 
the culture. The mean channel of expression of ICAM 1 
was however not altered in presence of DEP (Figure 3).  
 

 
Fig. 3: Expression of ICAM 1 (CD54)  on LA4 

epithelial cells  treated with a cytokine mixture 
(CM) or DEP (25 µg/ml) or both for 48 hours. 
Cells were harvested, washed and stained with 
anti-CD54  antibodies  as described in 
methods. Horizontal lines represents the CD54 
expression above the baseline staining with 
isotypic control.   

 
ICAM 1 (CD54) and B7.1 (CD80) expression on TC1 
epithelial cells. Almost all TC1 epithelial cells 
expressed B7.1 molecules and treatment with CM or 
DEP had no effect on the percentage of TC1 cells 
expressing B7.1 molecule (Figure 4). Mean channel 
fluorescence for B7.1 staining was 7770, 9853, 7597 
and 9022 respectively for control, CM treated, DEP 
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treated and CM+DEP treated TC1 cells.   These values 
indicate  that the average B7.1 expression per cell  were 
unaltered by  CM or DEP treatment. Basal expression 
of ICAM 1 (20% cells +ve) was higher in TC1 cells as 
compared to the LA4 cells that did not express ICAM 1 
(Figure 3).  CM treatment markedly boosted ICAM 1 
expression since 94% of the CM treated TC1 cells 
expressed ICAM 1 molecule (p<0.01). Treatment with 
DEP (25 µg/ml) reduced the expression of ICAM 1 on 
control as well as CM treated TC1 cells by 
approximately 30% (p<0.001).   
 

DISCUSSION 
 

MHC molecules are required for the development 
of adaptive immune responses and are also involved in 
innate immunity. T cells recognize antigenic peptides in 
association with MHC molecules[2]. For infectious 
agents like viruses that grow inside the host cells, viral 
peptides are presented in association with class I MHC 
molecules to activate cytotoxic T cells that eventually 
destroy the virus infected target cells[1]. Dendritic cells 
and alveolar macrophages are the antigen presenting 
cells (APCs) in lungs that process and present 
exogenous antigens (e.g. bacterial antigens) to T cells 
for induction of an appropriate adaptive immune 
response[3, 4].  

 

 
Fig. 4:   Expression of B7.1 (CD80) and CD54 on TC1 epithelial 

cells  treated with a cytokine mixture (CM, 10 ng/ml 
each of IFNγ, IL1β and TNF), or DEP (25 µg/ml) or 
both for 48 hours. Cells were harvested, washed and 
stained with anti-CD80 (PE) and anti CD54 (FITC) 
antibodies as described in methods. 

Interaction of T cell receptors with MHC 
molecules displaying the antigenic peptide imparts 
antigen specificity to the process of T cell activation. 
However these interactions do not by themselves 
constitute sufficient condition for T cell activation. 
Signaling originating through interactions between a 
variety of other accessory molecules on T cells and 
antigen presenting cells are needed for T cells to be 
activated.  

A crucial accessory interaction is between ICAM 1 
(CD54) molecule on APCs and the LFA1 
(CD11a/CD18) molecules on T cells[11-13]. Additional 
interactions between the B7 family of molecules on 
APCs with the CD28 family of molecules on T cells 
determine whether the T cells would be activated or 
tolerized[18, 19].  

In the present communication, we have studied the 
basal and cytokine activated expression levels of MHC, 
ICAM and B7 molecules on established cell lines of 
lung epithelial cells in culture.  Our results indicate that 
only 40% and 84% of unstimulated TC1 and LA4 cells 
respectively expressed detectable levels of MHC I 
molecules. Treatment with a mixture of cytokines IFNγ, 
IL1β and TNFα (cytokine mixture, CM) markedly 
boosted the MHC I expression on both cells. The 
expression of accessory molecule ICAM 1 was 
simultaneously boosted by CM in both LA4 and TC1 
cells.  

Cytokines such as those in the CM (IFNγ, TNFα 
and IL1β) are released by many cell types like 
macrophages, dendritic cells and NK cells, in response 
to activation of TLRs by components of pathogens[12-

14].  Lung epithelial cells are prime targets of viral 
infections by agents such as influenza virus and 
respiratory syncytial virus, and initial activation of 
MHC I and ICAM 1 expression by CM may prepare the 
epithelial cells to better present viral antigens to T cells. 
B7.1 (CD80) is another molecule that is involved in the 
T cell APC interaction and TC1 cells had a high 
constitutive expression of B7.1.   

We have recently shown that lung epithelial cells 
can take up substantial amounts of DEP in culture[20], 
and this may influence various cellular processes. 
Results of this present study indicate that  DEP 
treatment depressed basal as well as CM induced 
expression of MHC I and ICAM 1 expression. No 
effect of DEP was however found on B7.1 expression, 
however. These results suggest that DEP did not cause 
a nonspecific decline in expression of membrane 
markers but rather some specific markers were 
selectively depressed.  Suppression of  MHC I and 
ICAM 1 expression by DEP may result in less efficient  
presentation of viral antigens by DEP exposed lung 
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epithelial cells. Exposure to DEP is known to result in 
predisposition to asthma[21-23] as well as susceptibility to 
viral and bacterial infections[24-26]. An altered antigen 
presentation by DEP exposed epithelial cells may be a 
contributory factor in these predispositions.  

Epithelial cells had only a  marginal expression of 
MHC class II molecules, which are involved in 
presentation of exogenous antigens like bacterial 
antigens to helper T cells. Low expression of MHC 
class II molecules on lung epithelial cells likely 
signifies their low involvement in the presentation of 
bacterial antigens. It should however be pointed out that 
in lungs epithelial cells outnumber alveolar 
macrophages by many orders of magnitude.  Therefore 
even if a small fraction of epithelial cells express MHC 
II molecules and presented bacterial antigens, that may 
become a significant factor in the overall generation of 
antibacterial immune response in lungs.   

In conclusion, we have demonstrated that mouse 
lung epithelial cells express many necessary markers 
required for antigen presentation, for MHC I pathway. 
Expression of antigen presentation markers is boosted 
by inflammatory cytokines while DEP exposure 
suppresses both basal and cytokine induced markers 
involved in antigen presentation. Exposure to DEP may 
thus potentially interfere with development of specific 
immune responses in lungs and lead to a suboptimal 
adaptive immune response to airborne pathogens.  
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