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Introduction 
Exposure of humans and other mammals to the environmental contaminant and putative 

human carcinogen 2,3,7,8-Tettachlorodibenzo-p-dioxin (TCDD) has been associated with 
cardiovascular disease, edema, hypertriglyceridemia and congenital hemangiomas.'"^ In addition, 
exposure to TCDD has been found to mediate endotaelial cell proliferation, increases in 
microvascular permeability, and deposition of a pro-angiogenic exfracellular fibrin mafrix, 
processes which are also critical to tumor progression.^"' Mice lacking the TCDD-liganded aryl 
hydrocarbon accessory protein ARNT exhibit defective angiogenesis, stunted development and 
embryo wasting.' These findings point to tae vascular endothelium as a potential target important 
in TCDD mediated toxicity. To examine the effects ofTCDD on the human endothelium, primary 
cultares of human microvascular endothelial cells were freated with TCDD and analyzed for 
genome-wide changes in gene expression using nucleic acid based microanays. 

Results and Discussion 
Ofthe 8,514 unique genes/gene clusters analyzed following treatment of human 

microvascular endothelial cells with TCDD (10 nM, 5h), 582 specific mRNA sequences were 
significantiy altered. However, a method of analysis that would be likely to provide information 
on the metabolic processes affected by TCDD was required to understand the significance of these 
alterations. Although mulliple data sets derived from microanay experiments have been analyzed 
using established techniques in unsupervised multivariate analysis, at the cunent time there is no 
established standard method for analyzing singular data sels.'""'^ To address these issues we 
devised a systematic qualitative approach. In our mitial experiments, we uncovered a cluster of 
TCDD-regulated genes important in tissue specific funciions ofthe vasculature using this 
supervised knowledge-based approach. This analysis system evaluates alterations in gene 
expression in a binary manner, that is in comparing mRNA levels from two groups (in this case 
unfreated and TCDD-freated), a score of 1 is given for any significant alteration and a score of 0 
for no significant alterations. Beyond the technically driven decision to determine the fold increase 
that will be considered significanl, the relative levels or frequency ofthe message changes are not 
considered, taerefore we refer to the method as ungraded. The scores were then associaled with 
specific gene groups identified using the public databases. In this manner the percentage of genes 
in a specific group exhibiting altered mRNA expression was determined. In our analysis, we taen 
ranked tae percentage of genes/group exhibiting mRNA alterations in order of magnitade. Results 
from our analysis indicated that ofthe 586 genes we identified as altered in expression following 
TCDD treatment, the largest group, 27.1% ofthe affected mRNAs, were eiiher ESTs similar to 
proteins included in this group, or encoded various characterized stmctaral and localized protems. 
We designated the set of characterized genes conlained in this group as Endothelial Cluster 
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1(EC1). Ofthe proteins included in this group, 53.8%o were important in nuttient and solute 
transport, 18.8%) function in cytoskeletal roles, andl4.7%o mediate lipid signaling and metabolism. 

Results ofthis analysis indicates that exposure to TCDD alters mRNA levels for ECl, a 
unique cluster of 112 genes important in solute and nuttient ttansport, lipid metabolism and 
vascular stmcture. Many of these genes were not previously recognized as modulated by TCDD 
and a role for TCDD in regulating these processes has not been reported. In further experiments, 
we confirmed that TCDD induced changes in mRNA expression levels of representative genes 
from ECl using RT-PCR. In tiiese experiments expression of mRNAs for N0S2, N0S3, VEGF, 
and PLA2 2B were examined. mRNA levels were analyzed at various times (0-72 h) foUowing 
TCDD tteatment. Levels ofthe mRNAs 5 hours after TCDD tteatment were fotmd to be similar 
to those derived from the microanay analysis. 

Our results indicate that TCDD plays a significant role in regulation ofthe expression of 
genes taat mediate the ftindamental processes of nuttient and solute transport, lipid metabolism 
and cell shape and stiiicture in human endothelial cells. We hypothesize that TCDD induced 
changes in the mRNA levels ofthe 112 genes which comprise this cluster reflect cellular 
responses to perturbations in metabolic processes mediated by the proteins encoded by these 
mRNAs; and that altered expression of these proteins mediate changes in microvascular function 
which, in tam, results in TCDD-induced vascular pathology. 

Methods and Materials 
mRNA was isolated using guanidine thiocyanate and oligo dT cellulose (Quiagen) and microarray 
analysis perfonned by Incyte Pharmaceuticals.'^ alterations in gene expression were confirmed by 
semi-quantitative RT-PCR as previously described.''' 
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