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Chronic Beryllium Disease (CBD) is a delayed-type hypersensitivity immune disorder in 

which aerosol exposure to particulate forms of bery Ilium (Be) induces accumulation of CD4+ T 

helper cells, mononuclear infiltration into the lungs, and pulmonary granuloma formation 

(Fontenot and Maier, 2005). Be is a lightweight metal and possesses chemical properties, such 

as resistance to corrosion and high thermal conductivity, that has led to its extensive use in the 

aerospace, nuclear, and manufacturing industries. As a result of occupational exposure to Be, 

affected individuals have been diagnosed with Be hypersensitivity, in which peripheral blood 

and alveolar CD4+ helper T cells exposed to Be salts exhibit increased cell proliferation. These 

elevated T cell levels are the basis of the blood BeLPT (lymphocyte proliferation test), which is 

currently used to clinically diagnose onset of Be disease. In patients who progress from Be 

hypersensitivity to CBD, non-caseating pulmonary granulomas form in the lung and obstruct 

pulmonary function. From epidemiologic studies, an estimated 1-8% of exposed workers 

develop Be hypersensitivity and approximately half of alI sensitized individuals will eventually 

proceed to CBD. It is estimated that greater than one million workers have been exposed to 

beryllium in this country alone. Currently, the US Occupational Safety and Health 

Administration (OSHA) has instituted an 8 hour time-weighted average exposure standard of 2 

!-tg/m3 and a peak short-term exposure limit of 25 !-tg/m3 to protect workers from Be 

overexposure. Nevertheless, cases of CBD continue to occur, further underscoring the need for 

more fundamental research to understand the molecular mechanisms of Be disease. 

CBD is thought to be associated with a genetic component, since the K69E allele of the 

MHC class II receptor, HLA-DPI31 chain, has been detected in -90% of CBD patients compared 

to 30% in the general popUlation. (Richeldi et aI., 1993, Sato et aI., 2007) Other potential genetic 

markers, such as the glutamic acid at position 71 in HLA-DRI31 and tumor necrosis factor (TNF) 



promoter variants, may also contribute to genetic susceptibility to Be disease. In the current 

understanding of how Be triggers CBD, the Be antigen is inhaled into the lung and processed by 

the MHC class II pathway in antigen presenting cells (APCs), possibly in the context ofan as-yet 

uncharacterized peptide. (Newman, 1995, Fontenot et aI., 1999) Subsequent presentation of this 

Be-peptide complex to the host immune system activates Be-specific CD4+ T cell proliferation 

and enhanced release ofThl pro-inflammatory cytokines such as IFNy and TNFa. (Tinkle et aI., 

1997, Tinkle and Newman, 1997) Approximately 20-30% of CD4+ T cells in the 

bronchoalveolar lavage (BAL) are found to be Be-sensitized. 

In this review, we will discuss a number of studies from the last several years that begin 

to implicate a critical role for cell adhesion molecules in Be-mediated disease. One major effect 

of pro-inflammatory cytokine release in the lung is to direct migration of circulating immune 

cells, such as leukocytes and neutrophils, to sites of inflammation in the lung. Cell migration is 

mediated by "rolling", in which integrin receptors on the immune cells interact in successive 

binding and release steps with cell adhesion molecules, such as intercellular adhesion molecule 

(I-CAM) and selectins, on endothelial and epithelial cells. Given that Be has already been 

shown to stimulate in vitro cell migration of peripheral blood lymphocytes from non-CBD 

individuals (Sawyer et aI., 1999), it may be the case that Be exposure induces increased cell 

adhesion properties to continually attract immune cells to the lung. 

Chemokines are upregulated in response to Be exposure in a peripheral blood 

mononuclear/dendritic cell model 

We analyzed global gene expression in a peripheral blood mononuclear/dendritic primary 

cell (PBMCIDCs) system derived from a non-CBD source in order to identifY host genes that are 

4 




upregulated in response to Be exposure. PBMCs from CBD patients have been shown to exhibit 

both Be-induced cell proliferation and cytokine production, similar to that observed in BAL 

cells, and thus represents a realistic cell model for Be-induced host responses (Maier et aI., 2001; 

Saltini et aI., 1989). From our microarray studies, we identified several chemokine genes, 

including members from the MIPI and GRO families, that were upregulated at least 2-fold in 

response to 10 hrs of beryllium sulfate (BeS04) exposure compared to aluminum sulfate 

[Ah(S04)3] in 4 out of 5 independent experiments. We also confirmed that Be exposure 

increased the secretion rate of MIP-l a, MIP-1 fl, and GRO 1 by ELISA in PBMC/DCs from three 

different donors, although variation among the individual donors do exist. Furthermore, MIP-1a 

and MIP-1 fl neutralizing antibodies partially inhibited the ability of BeS04 to induce cell 

migration of PBMCIDCs, suggesting that both MIP-I chemokines individually contributed to the 

Be-specific chemotactic properties. 

Chemokines have emerged as central regulatory molecules in host immune response, 

forming chemoattractant gradients that recruit immune cells to sites of inflammation. (Rollins, 

1997). In a number of inflammatory lung diseases, including RSV infection, sarcoidosis, and 

idiopathic pulmonary fibrosis, increased transcription and release of multiple chemokines have 

been reported. Chemokines are classified by the position of cysteine residues at the N-terminus, 

with the two major sub-families being "CC" chemokines in which two cysteines are adjacent and 

the "CXC" chemokines in which two cysteines are separated by one variable amino acid. In 

general, the CC chemokines, such as the MIP1 family, are chemotactic for monocytes and T 

cells, whereas the CXC chemokines, such as the GRO family, preferentially attract neutrophils. 

Our finding that both CC and CXC chemokine families were upregulated in the microarray 



experiments suggest that Be exposure can induce a relatively broad immune response to attract 

multiple immune cell types to the inflammatory sites. 

I-CAMl cell adhesion function in Be-specific epithelial cell immune responses 

The great majority of Be disease studies have been performed III T cells and 

macrophages, which are relatively easy to obtain from patient BAL. Given that the airway 

epithelial cell lining has been previously implicated in mediating host immunity in response to 

pathogen infection (Hippenstiel et aI., 2006, Takizawa, 1998, Beck-Schimmer et aI., 2004), we 

speculated that lung epithelial cells may represent a here-to-fore unexplored cellular target for 

Be-induced inflammation. Lung epithelial cells express multiple cell adhesion receptor 

molecules that mediate the rolling of immune cells via cell-cell interactions as a mechanism for 

cell migration to inflamed lung tissue. In particular, we investigated the effects of BeS04 

exposure on the expression and function of the cell adhesion molecule I-CAMI in small airway 

epithelial cells (SAEC). I-CAMI is a cell surface glycoprotein that interacts with the 132 

integrins, CDIIalCDI8 (LFA-I) and CDllb/CD18 (MAC-I), expressed on the cell surface of 

migrating immune cells. 

We demonstrated that SAEC from two individual donors exposed to BeS04 for 24 hrs 

exhibited ~2-fold increase in cell surface levels ofl-CAMI compared to Ah(S04)3-treated and 

untreated control cells by flow cytometry and Western blot analysis. BeS04 also stimulated the 

release of increased levels of a soluble form of I-CAM 1 (sI-CAMl). Increased levels of s

ICAMl has been shown to correlate with disease severity and is associated with a number of 

pulmonary diseases, including allergy, cancer, and sarcoidosis. Our results suggest that Be 

induces a similar lung disorder that sheds sI-CAMI as a potential mediator of 



immunosuppression by binding to f:h integrins and inhibiting interactions with functional full

length I-CAM 1. 

In a cell adhesion assay that measures attachment of SAEC to the monocyte-like THP-l 

cell line, BeS04 treatment after 24 hrs increased the cell adhesive properties of SAEC. 

Furthermore, Be-stimulated SAEC adhesion properties was dependent on I-CAMl, since 

incubation of anti-I-CAM 1 neutralizing antibodies with SAEC prior to binding to THP-l cells 

inhibited the cell-cell interactions. BeS04 exposure increased I-CAMl gene expression in 

SAEC, suggesting that the increased levels ofI-CAMl on the cell surface may be at least partly 

due to de novo gene transcription. All together, our results support a model in which lung 

epithelial cells playa key role in mediating the cell-cell adhesion interactions that may direct 

migration of immune cells to the lung during Be hypersensitivity and CBD manifestation. 

I -CAM 1 has also been reported to be upregulated on the surface of primary Be

responsive BAL CD4+ T cells in response to stimulation with antigen presenting cells (APCs) 

and Be exposure. In a second study, Be-specific CD4+ T cell lines were derived from the BAL 

fluid of CBD patients. (Fontenot et aI., 2006) Resting CD4+ T cells constitutively expressed 

high levels of I-CAM3, an I-CAM family member found exclusively on T and B cells, but did 

not express detectable levels of I-CAMl. Upon activation with APC and Be, the CD4+ T cells 

exhibited upregulation of I-CAMl expression, with 62% of cells staining positive by flow 

cytometry within 24 hrs of BeS04 exposure. Thus, I-CAMI appears to be overexpressed in 

multiple cell types in response to Be stimulation and most likely contributes to Be-induced 

inflammatory responses by mediating immune cell migration and granuloma formation. 
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A role for the f32 integrin LFA-1 in Be-stimulated CD4 + T cell activation 

Given the central role that BAL CD4+ T cells have in the host immune response to Be 

exposure, a series of monoclonal antibody (Ab) blocking experiments were performed using Abs 

against a panel of cell surface proteins that may function in T cell proliferation and pro

inflammatory cytokine production. In the presence of Ab against the 132 integrin LF A-I, the 

binding partner of I-CAMI, cell proliferation and cytokine release of IFNy, TNFu, and IL-2 

were significantly inhibited in a CD4+ T cell line stimulated with APCs and BeS04, indicating 

that LFA-I/l-CAMI interactions may contribute significantly to T cell activation in response to 

Be. LFA-I is constitutively expressed at high levels on resting CD4+ T cells derived from BAL 

and can bind with high affinity to the I-CAMI on epithelial cells during cell migration to the 

inflammatory site. The observation that blocking LFA-I function can inhibit T cell proliferation 

and cytokine release, two signal activation pathways in Be-mediated disease, holds forth the 

promise that anti-LF A-I Abs may be potential lead candidates for intervention in CBD. 

Be hypersensitivity and CBD are complex diseases in which the mechanisms of 

immunopathogenesis still remain to be fully elucidated. Be has been detected in the lungs of 

patients decades after cessation of exposure (Newman et aI., 1994, Newman et aI., 1989). 

Furthermore, many patients report a latency period of >20 years with no detectable symptoms 

prior to onset of disease manifestation. Our study of Be exposure in SAEC suggests that lung 

epithelial cells may initiate the host immune response by upregulating cell adhesion molecules 

and chemokines to attract migrating lymphocytes and other immune cells to form a localized 

environment in the lung for development of Be disease in susceptible individuals. 


