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Abstract
A profile of microRNA and mRNA expression patterns across the NCI-60 cell line screen was
analyzed to identify expression signatures that correlate with sensitivity to FdUMP[10],
fluorouracil (5FU), floxuridine (FdU), topotecan, and irinotecan. Genome-wide profile analyses
revealed FdUMP[10] resembles FdU most closely and shows dissimilarities with 5FU.
FdUMP[10] had the largest dynamic range of any of these drugs across the NCI-60 indicative of
cancer cell-specific activity. Genes involved in endocytosis, such as clathrin (CLTC-1), SNF8,
annexin A6 (ANXA6) and amyloid protein-binding 2 (APPBP2) uniquely correlated with
sensitivity to FdUMP[10], consistent with a protein-mediated cellular uptake of FdUMP[10].
Genes involved in nucleotide metabolism were enriched for the three fluoropyrimidine drugs, with
the expression profile for 5FU correlated to an RNA-mediated cytotoxic mechanism, while
expression of glycosyltransferases (XYLT2) that utilize UDP-sugars as substrates and the
nucleoside diphosphatase and metastasis suppressor NM23 (NME1) were associated with
FdUMP[10] sensitivity. Topotecan and irinotecan had significant negative correlations with
miR-24, a microRNA with a high aggregate PCT score for Top1. Our results reveal significant new
correlations between FdUMP[10] and Top1-poisons as well as new information on the unique
cytotoxic mechanism and genomic signature of FdUMP[10].
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INTRODUCTION
Microarray profiling provides insights into the cytotoxic mechanisms of anticancer drugs as
well as genomic signatures associated with drug activity (1–3). A particularly powerful
approach is correlation of the sensitivity of one or more drugs to gene expression profiles
across a collection of cells lines, such as the NCI-60 cell line screen, for which drug
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sensitivities are well documented (4–6). While the general response (e.g. growth inhibitory
50 [GI50] values) profiles across the NCI-60 cell line screen can indicate mechanistic
similarities and differences between two or more drugs, the basis of the COMPARE
approach (7,8), additional mechanistic insights can be obtained from analysis of gene
expression signatures in concert with microRNA expression signatures (6).

The poly-fluoropyrimidine antitumor agent FdUMP[10] has shown promising activity in
pre-clinical studies including strong activity towards malignancies (e.g. leukemia (9)) that
are not responsive to traditional fluoropyrimidine (FP) chemotherapeutics, such as
fluorouracil (5FU) and fluoxuridine (FdU) (Figure 1A). Compare analysis of FdUMP[10]
across the NCI-60 cell line screen data revealed similarities between FdUMP[10] and the
Top1 poisons, irinotecan and topotecan, and a very distinct cytotoxic profile from 5FU (9).
Subsequent functional analysis showed that treatment of cancer cells with FdUMP[10]
resulted in formation of Top1 cleavage complexes demonstrating that the observed
correlations of drug sensitivity had mechanistic significance (9).

In this study, we present an analysis of mRNA and microRNA expression profiles that
correlate with sensitivity to FdUMP[10], 5FU, FdU, topotecan and irinotecan (Figure 1A)
across the NCI-60 cell line screen. Our results further demonstrate mechanistic similarities
of FdUMP[10] with Top1 poisons based on expression profile similarities, while clarifying
distinct mechanistic features of FdUMP[10] based on the unique mRNA and microRNA
profile for this drug that is distinct from both alternative FPs (e.g. 5FU and FdU) as well as
from other Top1 poisons (e.g. irinotecan and topotecan).

MATERIALS & METHODS
Cell Culture and RNA Purifications

All cell lines were obtained directly from the Developmental Therapeutics Program (DTP),
Division of Cancer Treatment and Diagnosis (DCTD), and grown as described previously
(5). In brief, cells were revived from frozen stocks, and passed two times prior to harvest to
minimize potential passage number associated variation. Purifications and quality control for
mRNA and microRNA were as described previously (5).

Drug activities
Drug activities were obtained from the Developmental Therapeutics Program (DTP)
(http://dtp.nci.nih.gov/dtpstandard/cancerscreeningdata/index.jsp). They are graphed in
Figure 1 as the mean-centered −log 10 values of 50% growth inhibition (as presented for a
subset of the data in Table 1) as measured by a 48-hour sulphorhodamine B assay of total
protein, which has been described previously (10,11).

Correlation analysis
All correlations appearing in Tables 2 through 5 are Pearson’s, and were calculated in Excel
2008 for MacIntosh. Statistical significance for n = 60 is 0.254 at p ≤ 0.05.

Transcript probe and probe set data
For the genes described in Table 3, the transcript expression levels were determined using
the probes from five platforms. These included from Affymetrix (Affymetrix Inc.,
Sunnyvale, CA) the ~60,000 features Human Genome U95 Set (HG-U95) (12); the ~44,000
features Human Genome U133 (HG-U133) (12); the ~47,000 feature Human Genome U133
Plus 2.0 Arrays (HG-U133 Plus 2.0); and the ~5,500,000 feature GeneChip Human Exon
1.0 ST array (GH Exon 1.0 ST) (13). From Agilent (Agilent Technologies, Inc., Santa Clara,
CA) we used the ~41,000 features Whole Human Genome Oligo Microarray (14).

Gmeiner et al. Page 2

Mol Cancer Ther. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://dtp.nci.nih.gov/dtpstandard/cancerscreeningdata/index.jsp


Normalization of HG-U95 and HG-U133 was done by GCRMA (15). Normalization of HG-
U133 Plus 2.0 and the Whole Human Genome Oligo Microarray was by RMA (16). Agilent
mRNA probes detected in at least 10% of the cell lines were normalized using GeneSpring
GX including i) setting gProcessedSignal values less than 5 to 5, ii) transforming
gProcessedSignal or gTotalGeneSignal to Logbase 2, and iii) normalizing per array to the
75th percentile (14). HG-U95, HG-U133, and Agilent Whole Human Genome Oligo
Microarray data can be accessed at CellMiner, at http://discover.nci.nih.gov.

Relative gene expression levels were determined based on the probes (Agilent) or probe sets
(Affymetrix) that passed the following quality control criteria. Intensity ranges were
determined for all probe sets (meant to include Agilent probes in the following text), and
those with intensity range of greater or equal to 1.2 log2 were kept. The number of probe
sets that passed this criterion was determined for each gene, and 25% of that number
calculated. Pearson’s correlations were next determined for all possible probe set
combinations. Average correlations for each probe set were determined compared to all
other probe sets for that gene. Probe sets with average correlations (to other probe sets) less
than 0.30 were dropped. For those genes with probe sets with average correlations less than
0.60, the probe set with the lowest correlation was dropped and the correlations recalculated
for the remaining possible probe set/probe set combinations. The probe sets with the lowest
average correlations continued to be dropped, and the average recalculated until either all
average correlations were ≥ to 0.60, or the 25% of the original probe set number (calculated
above) was reached.

Determination of Z scores
To obtain single composite values of the probe set intensities that passed quality controls
criteria, intensities were transformed to z-scores
(http://en.wikipedia.org/wiki/Standard_score) by subtracting their 60 cell line means, and
dividing by their standard deviations. We then determined the average z-scores for all
available (16,820) genes. These calculations were done in Java.

Determination of microRNA expression levels
We have described previously the purification, quality assessment, and expression level
determinations of the microRNA shown in Table 4 (14). In brief, total RNA (100 ng) was
labeled following the recommendations of Agilent Technologies (miRNA Microarray
System Protocol v 1.5) and hybridized to the Agilent Technologies Human miRNA
Microarray (V2). Scanning and data extraction of the arrays was done as recommended by
Agilent Technologies. This expression data is available at
http://discover.nci.nih.gov/cellminer/.

RESULTS AND DISCUSSION
Sensitivity/Resistance Profiles

The relative sensitivity/resistance profile for a drug over the 60 cell lines included in the
NCI screen provides valuable information that can group drugs based upon a common
mechanism of action and also may indicate which malignancies are most sensitive, and thus
most likely to respond to a given drug. The relative sensitivity/resistance profile for
FdUMP[10] is distinct from that of 5FU consistent with these two fluoropyrimidine (FP)
drugs having distinct cytotoxic mechanisms (Figure 1B). While the sensitivity/resistance
profile for FdUMP[10] more closely resembles FdU than 5FU, distinct differences between
these two types of FPs are also evident in the sensitivity/resistance data and profile (Figure
1).
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The sensitivity profile for FdUMP[10] has several features that distinguish it from other FP
drugs and other cytotoxic compounds, as well. A class of malignancy that is more sensitive
than average to FdUMP[10], on aggregate, yet traditionally not treated with FP drugs are
renal malignancies (Figure 1B). The overall responsiveness of cells included in the NCI-60
cell line screen to FdUMP[10] was much greater than for 5FU, FdU, and topotecan, and the
average responsiveness was comparable to irinotecan (Figure 1C and Table 1). Interestingly,
the dynamic range of GI50 values for FdUMP[10] was four orders of magnitude, which
greatly exceeds the other drugs included in this study (Figure 1C and Table 1). The robust
10,000 fold dynamic range of FdUMP[10] provides two advantages. The first is that it
extends the activity of the drug above all of the other drugs in this study, on average by 1.48
log10 (with a range of 0.23 to 2.32). The second is that it provides a potential treatment
rationale. That is, one might use markers to recognize those tumors with high sensitivity to
FdUMP[10] to greater affect than the other drugs in this study, as they display less robust
ranges that average 2.70 log10.

The overall sensitivity/resistance profile for FdUMP[10] resembles that for the Top1 poisons
topotecan and irinotecan nearly as closely as it resembles FdU (Figure 1). Further, the
sensitivity/resistance profile for FdUMP[10] is almost as similar to that of topotecan and
irinotecan as these two Top1 poisons are related to one another. A summary of the Pearson
correlation coefficients derived from the sensitivity/resistance profile data for FdUMP[10],
5FU, FdU, topotecan and irinotecan is shown in Figure 1D. SN-38, the active metabolite of
irinotecan gave comparable results (not shown). The data are consistent with the cytotoxicity
of FdUMP[10] being more strongly related to poisoning of Top1 than 5FU.

mRNA Positive Correlations
The broad dynamic range in the IC50 values across the 60 cell lines observed for
FdUMP[10] provided a well-defined drug response profile, which could then be used for
correlative analyses with the gene and micro-RNA database profiles of the NCI-60.
Sensitivity to FdUMP[10] positively correlated with expression of hundreds of genes (with
correlation coefficients greater than 0.4; p < 0.01) and we focused on the genes with known
functions. Genes most highly correlated with FdUMP[10] sensitivity included clusters of
genes important for endocytosis as well as genes involved in nucleoside metabolism, cell-
cycle progression, induction of apoptosis and DNA repair. Tables of the genes most highly
correlated with sensitivity to each of the drugs are included in the supplementary
information together with a GO analysis identifying pathways correlated with drug
sensitivity.

Genes Involved in Endocytosis—Previous studies have demonstrated that cells
deficient in thymidine kinase (TK) display reduced resistance to FdUMP[10] relative to FdU
and FdUMP, consistent with cellular uptake of FdUMP[10] occurring at least partially in
multimeric form (17). The mechanism of cellular uptake of FdUMP[10] has not yet been
determined. In the present analysis, sensitivity to FdUMP[10] was found to positively
correlate with expression of proteins involved in endocytosis and intracellular transport. For
example, FdUMP[10] sensitivity correlated positively with expression of CLTC (r = 0.41),
SNF8 (r = 0.42), ANXA6 (r = 0.42), and APPBP2 (r = 0.40) (Table 2 and Figure 2).

CLTC encodes clathrin, which is important for cellular internalization via clathrin-coated
pits (18). Cellular internalization via clathrin-coated pits is a potential mechanism for
cellular internalization of FdUMP[10], and cells expressing elevated CLTC levels would be
expected to efficiently internalize FdUMP[10] via a clathrin-dependent mechanism. CLTC
also had a positive correlation with FdU (r = 0.29). However CLTC1 had a negative
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correlation with 5FU (r = −0.25). Neither CLTC nor CLTC1 were significantly correlated to
topotecan or irinotecan.

FdUMP[10] also correlated with SNF8, a component of the endosomal sorting complex,
ESCRT-II, which plays an important role in cellular uptake and sub-cellular routing of
internalized proteins (19). SNF8 tends to have the lowest expression in the breast carcinoma
cells (Figure 2). It was not correlated with any of the other four drugs evaluated.

ANXA6 encodes annexin A6, and although the function of this protein has not yet been
fully determined, other annexin family members have been implicated in membrane-related
events including endocytosis (20). ANXA6 expression also correlated with topotecan (r =
0.32).

Amyloid protein-binding protein 2 is encoded by the APPBP2 gene. It is associated with
protein transport, particularly as it relates to beta-amyloid transport, and may have a more
generalized role in cellular transport. Although APPBP2 and has been found highly
expressed in breast and ovarian cancer (21), Figure 2 shows that MCF7 cells exhibit very
high expression of APPBP2, whereas APPBP2 expression does not appear selectively high
in the other breast and ovarian cell lines of NCI-60.

The identification of genes involved in cellular internalization is consistent with a cytotoxic
mechanism of FdUMP[10] involving cellular internalization via endocytosis, and the
correlations with topotecan and irinotecan with a DNA-directed mechanism of action
including the occurrence of Top1-induced DNA damage. The fact that more genes involved
in endocytosis and sub-cellular routing correlate with FdUMP[10] sensitivity than with
sensitivity to any of the other four drugs analyzed is consistent with uptake of FdUMP[10]
occurring by a protein-mediated process in many cell types.

Genes involved in Nucleoside Metabolism—A potential advantage of FdUMP[10]
relative to currently used FP drugs, such as 5FU, is that fewer steps of metabolic activation
are required to produce FdUMP and FdUTP, the DNA-directed FP metabolites that are
responsible for antitumor activity (9,22). A summary of correlation of expression of genes
important for nucleotide metabolism with drug sensitivity is included in Table 3. Somewhat
surprisingly, the TYMS gene encoding thymidylate synthetase (TS) (23) was not strongly
correlated with FdUMP[10] sensitivity, but was for irinotecan (r = 0.35), topotecan (r =
0.30), and FdU (r = 0.26). TS expression also did not correlate with 5FU sensitivity. The
lack of correlation of FdUMP[10] sensitivity with TS expression likely results from the high
efficiency of TS inhibition with FdUMP[10] treatment (24) while the correlation of TS
expression with Top1 poisons may reflect a correlation with an elevated proliferation rate.
Uridine monophosphate synthetase (UMPS) (25), did however, correlate with 5FU
sensitivity indicating 5FU conversion to ribonucleotides is important for 5FU-mediated
cytotoxicity, a finding consistent with 5FU being mainly an RNA-mediated drug (26). There
was no correlation of 5FU sensitivity with ribonucleotide reductase. Dihydropyrimidine
dehydrogenase (DPYD) was found to correlate negatively with 5FU sensitivity (r = −0.34)
consistent with DPYD degradation of 5FU limiting the biological effects of this drug (27).
There was no correlation of DPYD expression with sensitivity to either FdUMP[10] or FdU.
Genes expressing thymidine kinases (e.g. DTYMK) were not found to correlate with
sensitivity to any of the five drugs. While thymidine kinase deficiency results in resistance
to FdU, but not FdUMP[10] (17), the lack of correlation with FdU sensitivity probably
indicates a moderate range in DTYMK expression across the 60 cell lines with relatively
few highly deficient cells in DTYMK expression.
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The NME1 gene (28) that encodes nucleoside diphosphate kinase A correlated with all five
drugs with the strongest correlation for FdUMP[10] (r = 0.47) and the weakest correlation
for 5FU (r = 0.27) (Table 3). NME1 is also known as the metastasis suppressor NM23
(http://www.genecards.org/cgi-bin/carddisp.pl?gene=NME1&search=nme1) (29). NME1
expression appears to vary widely across cell lines irrespective of their tissue of origin
(Figure 2).

Xylosyltransferase 2 (XYLT2) (30), a glycosyltransferase that transfers xylose from UDP-
sugars to serine residues of proteins, correlated with sensitivity to FdUMP[10] (r = 0.44)
(Table 3). XYLT2 appears consistently low in leukemias (Figure 2) and did not significantly
correlate with sensitivity to either FdU or 5FU (Table 3). Interestingly, O-linked N-acetyl
glucosamine (GlcNAc) transferase (OGT) (31) negatively correlated with FdUMP[10]
sensitivity (r = −0.26), and has overall high expression in the leukemias (Figure 2), but did
not correlate with either 5FU or FdU (Table 3). Thus, genes involved in nucleoside
metabolism, including glycosyl transferases that use UDP-sugars as substrates, contribute to
FdUMP[10] sensitivity. Importantly, the spectrum of genes involved in nucleoside
metabolism that correlate with FdUMP[10] sensitivity is distinct from that of 5FU.

Topoisomerase I—Previous studies have demonstrated that treatment of cancer cells with
FdUMP[10] results in formation of Top1 cleavage complexes (9). Further, cancer cells
resistant to Top1 poisons, such as topotecan and irinotecan, also display a degree of cross-
resistance to FdUMP[10]. The sensitivity/resistance profile for FdUMP[10] is more highly
correlated with Top1 poisons than with 5FU (Figure 1B & D). Sensitivity to topotecan and
irinotecan correlates only weakly with TOP1 expression (data not shown) (32–34). The
weak correlation of topotecan and irinotecan with TOP1 expression likely results from
regulation of Top1 protein levels by ubiquitin-mediated degradation rather than from altered
expression levels (32). Other topoisomerases and related proteins that correlated
significantly with topotecan sensitivity included TOP2A (r = 0.29) and TOP3A (r = 0.26).
Similarly for irinotecan, sensitivity correlated significantly with the expression of TOP1P2
(the TOP1 pseudogene 2) (r = 0.34), TOP1 (r = 0.28), TOP3A (r = 0.33), and TOP2A (r =
0.26).

DNA Damage & Repair—Treatment of cancer cells with FdUMP[10] results in
substantial DNA damage with DNA double-strand breaks (DSBs) initially evident
approximately 16 h following drug treatment (Gmeiner et al; unpublished data). Formation
of Top1-induced DSBs is a major cause of the cytotoxicity for topotecan and irinotecan (35).
The expression of several proteins important for DNA repair correlated with sensitivity to
the drugs analyzed. Rad51C expression correlated with sensitivity to topotecan (r = 0.40),
FdUMP[10] (r = 0.39), FdU (r = 0.31), irinotecan (r = 0.29) and also 5FU (r = 0.29).
BRCA2 expression correlated significantly with sensitivity to FdU (r = 0.27) and 5FU (r =
0.32). Irinotecan sensitivity correlated significantly with BRCA1 expression (r = 0.29),
PARP11 expression (r = 0.27), and ERCC8 (CSA) expression (r = 0.33). ERCC6 (CSB)
expression had significant negative correlation with FdUMP[10] sensitivity (r = −0.29) and
5FU sensitivity (r = −0.36). Base excision repair (BER) proteins (UNG and TDG) correlated
exclusively with 5FU sensitivity (r = 0.34, 0.34) and did not correlate with either FdU or
FdUMP[10]. Thus, proteins important for DNA repair correlate with sensitivity to
FdUMP[10] and the other drugs analyzed in this study.

mRNA negative correlations
Sensitivity to FdUMP[10] was also significantly negatively correlated with hundreds of
genes; 430 genes having a correlation coefficient less than −0.254, and 13 of these
displaying a correlation coefficient less than −0.4. Two genes involved in TGF signaling
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(TGFBR3 and SMAD6) had significant negative correlation with sensitivity to FdUMP[10],
as did three members of the anti-apoptotic Bcl2 family (BCL2L1, BCL2L2, and BCL2L11).
These findings indicate down-regulation of pro-survival proteins sensitizes cells to
FdUMP[10]. The gene-class that displayed the greatest overrepresentation among genes
whose down-regulation was associated with sensitization to FdUMP[10] was the zinc-finger
domain (ZNF) proteins. A total of 18 ZNF proteins were identified (ZNF440, ZNF558,
ZNF763, ZNF69, ZNF587, ZNF473, ZNF700, ZNF20, ZNF175, ZNF787, ZNF321,
ZNF460, ZNF600, ZNF703, ZNF320, ZNRF3, ZNF266, and ZNF649), twice as many as
were identified among those genes whose up-regulation was associated with sensitization to
FdUMP[10]. These results are consistent with proteins that interact with DNA via a zinc-
finger motif as playing an important role in cellular sensitization to FdUMP[10].

microRNA correlations
The role of microRNA in regulating gene expression and its significance for cancer
progression and treatment is being increasingly recognized (6). We performed a microRNA
profile establishing to what extent microRNA up- or down-regulation was associated with
cellular sensitivity to FdUMP[10] across the NCI-60 cell-line panel. Two microRNAs
(miR-224 and miR-24-1*) had significant negative correlation with FdUMP[10] sensitivity
(Table 4). mIR-224 is also negatively correlated to all five drugs with the highest correlation
for FdUMP[10] (r= −0.32 for FdUMP[10], −0.18 for 5FU, −0.16 for FdU, −0.23 for
topotecan and −0.18 for irinotecan). Among the genes implicated as being regulated by
mIR-224 are apoptosis inhibitor 5 (36) and Rad54L2 (EMBL-EBI).

mIR-24-1* only correlated significantly with FdUMP[10] (r= −0.31 for FdUMP[10], −0.13
for 5FU, −0.25 for FdU, −0.17 for topotecan and −0.17 for irinotecan). mIR-24, which
originates from the 3′-arm of the same hairpin as mIR-24-1* on chromosome 9
(http://www.mirbase.org/cgi-bin/mirna_entry.pl?acc=MI0000080) also negatively correlates
with sensitivity to all five drugs (r = −0.24 for FdUMP[10], −0.31 for 5FU, −0.29 for FdU,
−0.32 for topotecan, and −0.43 for irinotecan) (Table 4). Interestingly, Top1 is likely a
target for regulation by miR-24 (Table 4). Elevated miR-24 potentially decreases Top1
protein reducing sensitivity to Top1 poisons. These results are consistent with Top1
activities, and hence sensitivity to Top1 poisons being regulated through expression of
miR-24. Other genes that are putative targets for miR-24 include 5,10-
methylenetetrahydrofolate reductase, DHFR (37), several Bcl2 transcript variants (BCl211
transcript variants 1, 6, 7, & 8), p53 inducible nuclear protein (TP53INP1), Ras p21 protein
activator (RasA1), p27, and O-linked N-acetylglucosamine (GlcNAc) transferase. Among
all the microRNAs examined, mIR-24 is the most negatively correlated with irinotecan
sensitivity, and the mIR third most negatively correlated with topotecan and FdU sensitivity.

Regulation of the same genes that correlate with FdUMP[10] sensitivity by mRNA analysis
also correlate with sensitivity based on miRNA expression including SMAD proteins
(SMAD4 & SMAD5) and XYLT1 (Targetscan). FdUMP[10] sensitivity also has significant
positive correlation with expression of 29 microRNAs (r > 0.25). A summary of the highest
positive microRNA correlations for FdUMP[10] is included in Table 4.

CONCLUSIONS
Analysis of the sensitivity profile for FdUMP[10] across the NCI-60 cell line screen
revealed FdUMP[10] is a potent compound with a unique sensitivity profile that differs
markedly from traditional FPs and exhibits similarities to the Top1 poisons topotecan and
irinotecan. The sensitivity profile for FdUMP[10] has the least correlation to 5FU among the
five drugs reviewed in this study (Figure 1C), accentuating mechanistic differences between
FdUMP[10] and 5FU. The average GI50 values also were consistent with strong
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mechanistic differences between FdUMP[10] and 5FU. The average GI50 value for
FdUMP[10] in the NCI 60 cell line screen is 7.1 × 10−8 M, which is 324-fold less than 5FU
(average GI50 = 2.3 × 10−5 M). The potency of FdUMP[10] also greatly exceeds the
stoichiometric content of the FdU components of the multimer.

The expression profiles for the genes important for nucleoside metabolism across the
NCI-60 cell line panel reinforces these mechanistic dissimilarities between 5FU and
FdUMP[10]. Sensitivity to 5FU correlates positively with expression of UMPS and
negatively with expression of DPYD, consistent with 5FU conversion to ribonucleotide
metabolites as being important for 5FU sensitivity, and with degradation of the nucleobase
being detrimental to drug activity. Expression of UMPS and DPYD did not significantly
correlate with FdUMP[10] activity, nor did expression of these genes correlate with FdU
sensitivity. It is important to note that while both FdUMP[10] and FdU are DNA-directed
FPs in tissue culture based on the expression profile analysis, that i) the glycosidic bond of
FdU is readily cleaved in vivo, ii) FdU is readily converted to 5FU in peripheral blood
mononuclear cells (38) and iii) FdU is not a DNA-directed FP (39). In contrast, FdUMP[10]
is not a good substrate for glycosylases. Expression profiling analysis shows significant
correlations with clathrin expression indicating that protein-mediated uptake of the multimer
is important for FdUMP[10] activity.

In summary, we have undertaken a comparative genome-wide analysis of the determinants
that underlie sensitivity profiles for five drugs (FdUMP[10], 5FU, FdU, topotecan, and
irinotecan) across the NCI-60 cell line panel. The activity of FdUMP[10] across the NCI
panel demonstrates a high dynamic range for FdUMP[10] across the NCI-60 cell line panel,
which exceeds the other drugs examined. A number of genes and microRNA have been
uncovered, which could form a basis for the rational development of FdUMP[10] as a novel
anticancer agent and correlating drug response with genomic characteristics of individual
tumors.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A. Structures of the five drugs analyzed in the present study. B. Sensitivity profiles across
the NCI-60 cell line screen. The sensitivity profile for FdUMP[10] significantly differs from
that for 5FU indicating mechanistic difference for these drugs while the sensitivity profile
for FdUMP[10] indicates similarities with the Top1 poisons topotecan and irinotecan.
Topoisomerase 1 (Top1) is the sole target for topotecan and Irinotecan. Gene expression
profiling reveals mechanistic similarities of FdUMP[10] with these Top1 poisons. C.
Comparative potency (GI50 −log10 values) of the five drugs studied across the NCI-60. D.
Correlation between drug activity profiles in the NCI-60. Pearson’s correlation coefficient of
0.414 corresponds to a significant correlation (p < 0.001 in the absence of multiple
comparisons correction –
http://faculty.fortlewis.edu/CHEW_B/Documents/Table%20of%20critical%20values%20for
%20Pearson%20correlation.htm).
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Figure 2.
Gene expression profiles across the NCI-60 for several genes significantly correlated with
FdUMP[10] (see Tables 2 and 3 for further details).
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Table 5

Conserved Targets of miR-241

Gene Aggregate PCT
2

Top1 0.64

Bcl2-L11 0.98

MTHFR 0.68

1
http://www.targetscan.org/cgi-bin/targetscan/vert_50/targetscan.cgi?mirg=hsa-miR-24

2
Scores for preferential conservation of the site
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