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1. Introduction

The vascular disease in-stent restenosis (ISR) is characterized by formation of neointima and adverse inward remod-

eling of the artery after injury by coronary stent implantation. We hypothesized that the analysis of gene expression

in peripheral blood mononuclear cells (PBMC) would demonstrate differences in transcript expression between indi-

viduals who develop ISR and those who do not.

2. Methods and results

We determined and investigated PBMC gene expression of 358 patients undergoing an index procedure to treat in

de novo coronary artery lesions with bare metallic stents. Raw image data were normalized using RMA (Robust

multichip average) normalization. Several steps of quality control were performed. These included the investigation

of the residual plots using affyPLM, gender match using a linear discriminate analysis and shrunken centroid method.

Probes with values less than 6 in log 2 scale in more than two thirds of samples were excluded, and age and gender

were adjusted before the analysis.

In the study design of the time course of blood gene expression profiling, the follow-up times were set at 2 weeks

and 6 months for the early and late follow-up. A window was set at each of the time points, with the early follow-up

designated as any time 2-4 weeks post-stent and the late follow-up designated as any time between 5-7 months for

patients seen at 6 months. If patients did not return for follow-up at the 6 month time point, an attempt was made

to have the patient provide the late follow-up blood sample at 12 months post-stent, at the time when final clinical

ascertainment for ISR was made. As a result of the use of time windows, we were able to increase ascertainment of

follow-up blood samples, but the actual sample collection intervals after stent implantation were not precisely spaced.

To analyze such data, we used the time varying intercept model was using a B-spline basis of dimension 2 based on

only one knot at the median follow-up time (which was 14 days). This is because the majority of the early follow-up

is centered around 14 days. The model was fit under the null hypothesis using combined samples of ISR and non-

ISR patients, and under the alternative hypothesis where separate models were fitted for ISR and non-ISR patients.

The test statistic is the improvement in the fitted model under the alternative hypothesis from that under the null

hypothesis, as measured by the relative difference in the residual sum of squares. The bootstrap method was used to

estimate the p-value of this test statistic. To obtain accuracy in estimating the p-values, 10 million bootstrap samples

were generated. Significant probe sets were selected based on an FDR-adjusted q-value less than 0.05. We identified

46 probesets with differential expression.

Validation analyses were conducted in an independent sample of 97 patients with similar time-course blood sam-

pling and gene expression data. We performed the same analysis using the time varying intercept model. P-values

were estimated based on 100,000 bootstrap samples, and FDR adjusted q-value of 0.05 was, again, used to select
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significant probe sets. Here the adjustment was based on the selected set of genes since it was a replication analysis,

and 36 out of 46 probes were validated.

As a sensitivity analysis and to evaluate whether any random set of 46 probe sets would result in significant results

as we saw in the analysis of the replication samples, we randomly selected 46 probe sets, and repeated the validation

analysis. This procedure was repeated 100 times, and the number of probe sets yielding an FDR value less than 0.05

was observed. The median number of significant probe sets using the same criteria of FDR 0.05 was only 2, the

mean was 3.04 and the maximum number was 14, demonstrating a significantly low likelihood that the probe sets we

identified and replicated were identified due to chance. The genes identified have varied functions, including some

related to cellular growth and metabolism, such as NAB2 and LAMP genes.

3. Conclusion

In a study of patients undergoing bare metallic stent implantation, we have identified and replicated differential gene

expression in peripheral blood mononuclear cells, studied across a time series of blood samples. The genes identified

suggest alterations in cellular growth and metabolism pathways, and these results provide the basis for further specific

functional hypothesis generation and testing of the mechanisms of ISR.
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