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ABSTRACT
Cardiovascular diseases and their main underlying pathology, atherosclerosis, are

the leading cause of death. Statins, a mainstay of prevention, only reduce cardiovascular
mortality by an estimated 27% [1]. Therefore, there is a pressing need for new therapies to
combat atherosclerosis and to prevent its acute complications, heart attacks and strokes.
Atherosclerosis is known to involve pathogenic responses of macrophages, a subset of
innate immune cells that are of particular interest as a potential therapeutic target. Given
the health and socioeconomic burden of cardiovascular diseases, drug repurposing is a
promising and cost-effective approach to identify new therapies. There are thousands of
FDA approved drugs that are off-patent and whose potential effects in various off-label
disease contexts remain to be elucidated. Using measurements of these drugs’ effects on
the transcriptome of HL60 cells obtained from the Connectivity Map database [2], we
hypothesize that candidate atheroprotective drugs can be identified through a rank-based
statistical test adapted from the test proposed by Subramanian et al. [3]. A preliminary
analysis using query sets of genes obtained by transcriptome profiling of human coronary
artery disease (CAD) [4] has identified several candidate drugs including brinzolamide,
nicardipine, and zaprinast. Future work will focus on screening additional gene sets and on
molecular pathway analysis of candidate drugs.
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Figure 1. Disease specific gene
sets. Up and down gene sets
are taken from atherosclerosis
studies analyzing gene
expression changes in plaque vs
normal arteries.
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2.) Run query sets through 
a Kolmogorov-Smirnov Test 

(Subramanian et al.)
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Inputs:
- Expression ratios for responses
of N genes to each drug

- An exponent q to control the
weight of the step (q = 0 is used
here)

- A disease-associated gene set, S,
containing NH genes

Enrichment score calculation:

- The N genes are ranked by log
fold-change rj in the drug
treatment; gj is the gene whose
fold-change has rank j.

- Enrichment score (E-score) is
computed by Equation 1.

Equation 1. Enrichment score is the 
extremal deviation from zero of phit - pmiss

Figure 2. Kolmogorov-Smirnov
test. Example E-score
calculation for the drug
zaprinast vs. genes upregulated
in CAD, using an unweighted
test (q = 0). The E-score, -0.298,
indicates very strong anti-
correlation.
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Figure 4. Evaluating the permutation test.
Across all drugs, -log10 P values are
correlated with absolute enrichment
scores in a “volcano plot” of statistical
significance vs E-score.

3.) Calculate significance 
of score through a 
permutation test

Figure 3. The permutation test. The P value
calculated is the probability that a random query
set will have a higher score deviation from zero
than the drug’s query set.

Figure 5. Filtering for high-scoring drugs.
Drugs are filtered with a P value cutoff of
0.05 for both up and down enrichment
scores derived from both “up” and “down”
gene sets. Requiring a negative E-score for
the “up” gene set and a positive E-score for
the “down” gene set provides an additional
filter for beneficial responses. Drugs that
passed both filters are shown in blue.
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METHOD (cont.)

CONCLUSION AND FUTURE DIRECTIONS

We have created a viable method of scoring drug responses against disease-
associated gene sets. The analysis of statistical significance vs E-score (Fig. 4) shows that our
permutation test is a good measure of the statistical significance of the enrichment score.
Our preliminary analysis has yielded some promising results with zaprinast, valproic acid
and brinzolamide appearing near the top of the list. These preliminary results indicate the
discovery potential of screening drug/transcription databases with disease-associated gene
sets to uncover novel applications for off-patent drugs

In future work, we will test the hypothesis that through analysis of gene sets from
multiple studies, drugs with cardiovascular indications or functions will meet our filtering
criteria more frequently than expected by chance. We anticipate that along with this
expected result, a handful of other drugs will appear in the top of the rankings as well. The
most promising candidate drugs will then be experimentally investigated to determine their
effects on gene expression in primary mouse and human macrophages.

Drug Name Description Used For Score* Up P value Down P value

chlorphenamine antihistamine rhinitis, urticaria -0.639 3.76E-03 5.91E-96

brinzolamide reduces fluid in eye
intraocular hypertension, 
glaucoma

-0.637 7.70E-03 8.04E-78

mafenide topical, kills bacteria severe burns -0.634 3.25E-08 1.07E-76

zaprinast inhibitor sexual dysfunction -0.629 1.80E-05 3.13E-48

pyrantel
nicotinic receptor 
agonist

prevents intestinal 
parasites in small pets

-0.626 1.34E-43 1.29E-16

tranexamic acid blood clotter
prevention of blood loss in 
surgery

-0.600 1.19E-05 2.39E-30

prednisone anti-inflammatory low corticosteroid levels -0.592 1.76E-03 2.50E-56

trichostatin A antifungal, inhibitor cancer -0.583 6.33E-15 2.56E-33

oxolinic acid
veterinary antibiotic, 
inhibitor

bacterial infections in 
animals

-0.557 7.58E-12 2.45E-16

oxybuprocaine anesthetic numb eye, ear, nose, throat -0.553 2.13E-03 9.19E-12

eunoxacin antibiotic
urinary tract infections, 
gonorrhea

-0.547 3.95E-02 1.47E-41

estradiol
primary female sex 
hormone

menopause, vaginal 
problems

-0.538 3.41E-02 1.62E-28

sulfaguanidine antibacterial gastrointestinal infections -0.537 1.21E-02 2.08E-10

nicardipine
calcium channel 
blocker, widens blood 
vessels

angina, hypertension -0.531 3.78E-02 9.19E-19

ticlopidine anti blood clotter
prevent blood clots after 
heart attack or stroke etc

-0.528 3.65E-02 3.98E-22

valproic acid mood-stabilizer
seizures, migraines, bipolar 
disorder

-0.523 5.48E-07 6.25E-04

Drugs that may inhibit atherosclerosis-associated gene expression changes

*Score = up enrichment score - down enrichment score

RESULTS

High-Scoring Drugs Analysis

Zaprinast, a cyclic AMP phosphodiesterase inhibitor originally developed to treat
erectile dysfunction, has been investigated as a potential anti-hypertensive drug [5,6].
Zaprinast has also been patented as a candidate drug for restenosis prevention. Our analysis
suggests that zaprinast may also have transcriptional effects in myeloid cells that could be
atheroprotective. Multiple analyses of gene sets from other atherosclerosis-related gene
expression studies, as well as targeted studies in primary cells, are needed to critically
evaluate this prediction.

Another high scoring drug, the anticonvulsant valproic acid, has recently been
demonstrated to attenuate atherosclerosis in a mouse model [7].


