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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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MINING THE CELLMINER DATABASE TO IDENTIFY SHARED BIOMARKERS OF 5-FU 
AND OXALIPLATIN RESPONSE

Marwan I Abdullah.
Department of Pharmacology, College of Pharmacy, Almaarif University, Ramadi, Iraq.

Abstract.
Background: 5-Fluorouracil and Oxaliplatin form backbone 

of colorectal cancer, yet resistance limits their efficacy. 
Understanding the molecular determinants of sensitivity and 
resistance may guide potential biomarker discovery and inform 
drug repurposing strategies.

Methods: We performed an integrative pharmacogenomic 
analysis of the NCI-60 cancer cell line panel using CellMiner 
Database. Pathway enrichment was performed using PANTHER. 
Individual drug and molecular biomarker correlations were 
explored to identify potential therapeutic vulnerabilities and 
repurposing opportunities.

Results: Genetic variants in ALDH9A1 were negatively 
associated with both 5-FU and Oxaliplatin. Protein function–
affecting variants in CAMSAP3, LUM, and LRIG2 correlated 
negatively. DNA methylation of FERMT3 was negatively 
correlated with drug response, suggesting epigenetic silencing 
as a resistance mechanism. Copy number variation in COL1A1 
also predicted resistance but correlated positively with statin 
sensitivity, highlighting repurposing potential. Transcriptomic 
signatures revealed cytoskeletal/adhesion genes (CNN3, 
ACTN1, DUSP10) as resistance markers, with pathway 
enrichment pointing to folate metabolism, MAPK signaling, 
and cytoskeletal remodeling. RNA-seq confirmed NT5E and 
HIF1A as resistance drivers. Several microRNAs including let-
7e, miR-30a, and miR-22, were negatively correlated with drug 
activity, positioning them as potential biomarkers. Drug–drug 
correlation showed several cytotoxics positively associated with 
5-FU/Oxaliplatin.

Conclusion: This integrative analysis identify potential 
biomarkers associated with 5-FU and Oxaliplatin response, 
nominating ALDH9A1, FERMT3, NT5E, HIF1A, and specific 
microRNAs as resistance biomarkers, while GRIN1, MTHFD2, 
and miR-7 emerge as sensitizers. Importantly, repurposing 
opportunities were identified, with statins and kinase inhibitors 
showing context-dependent associations that may help 
overcome resistance. These findings may provide a framework 
for potential biomarkers guided therapy optimization and may 
inform rational combination strategies in colorectal cancer.

Key words. CellMiner, 5-Fluorouracil, oxaliplatin, 
chemotherapy resistance, gene expression, drug sensitivity.
Introduction.

The development of effective therapeutic strategies for 
malignant disease has been a critical focus of biomedical 
research [1]. Cancer arises from complex genetic and molecular 
alterations that exploit host cellular pathways, creating 
opportunities for targeted therapeutic intervention [2]. The 
search for new treatment strategies has spurred interest in drug 

repurposing, which involves identifying novel applications 
for existing drugs. This approach not only reduces the time 
and cost of drug development but also leverages the extensive 
safety and pharmacokinetic data already available for approved 
medications [3]. 

Databases are invaluable resources in molecular medicine and 
pharmacology, providing extensive information that can drive 
research and innovation [4]. However, the sheer volume and 
complexity of data often hinder analysis and integration. The 
CellMiner platform, developed by the National Cancer Institute 
(NCI), provides a robust resource for evaluating drug activity 
and molecular profiles across the NCI-60 human tumor cell 
lines. This platform integrates genomic, transcriptomic, and 
drug activity data, enabling the systematic investigation of drug 
interactions and their association with molecular parameters 
[5]. Data driven analyses have the potential to uncover novel 
therapeutic relationships and shared molecular pathways 
between different classes of drugs [6].

In this study, we utilized CellMiner database to investigate the 
correlations of anticancer drugs with number of FDA-approved 
drugs, examining their molecular parameters, including gene 
expression, DNA methylation, and microRNA levels [7]. As 
an application example, we explored the shared biomarkers of 
Oxaliplatin (OX), a platinum-based chemotherapeutic agent, 
and 5-Fluorouracil (5-FU), an antimetabolite, which serves as 
a cornerstone therapy for metastatic colorectal cancer [8]. This 
synergistic regimen achieves response rates exceeding 50% 
and offers significant progression-free survival benefits [9]. 
However, resistance or lack of response persists in a notable 
proportion of patients, underscoring the need to better understand 
the shared molecular underpinnings of these medications [10].

There is a growing concern in both academia and industry 
that identifying well-validated targets will become increasingly 
challenging. Additionally, the often-temporary responses to 
new molecular therapies in many solid cancers have been 
associated with various mechanisms of resistance [1]. By 
analysing drug activity and molecular features, we aimed 
to identify common molecular targets or pathways shared 
by anticancer agents. Additionally, we explored potential 
repurposing opportunities for FDA-approved drugs in oncology. 
Furthermore, our analysis sought to uncover biomarkers 
predictive of drug efficacy, paving the way for the development 
of personalized therapeutic strategies. This research highlights 
the power of integrating pharmacological and molecular data 
to deepen our understanding of drug mechanisms and explore 
novel applications for existing therapies. The findings might 
provide insights into potential synergistic drug combinations 
and molecular markers, contributing to the broader goal of 
improving treatment outcomes in cancer.



328

Materials and Methods.
Drugs were selected based on their NSC numbers, representing 

FDA-approved anticancer agents, and analyzed using the “Drug 
Activity Z Scores” module within the CellMiner platform. 

The “Pattern Comparison” tool was used to identify shared 
biomarkers of two standard agents, 5-FU and Oxaliplatin, across 
the NCI-60 cell lines with a wide range of molecular parameters, 
including genetic variant amino acid changing, protein function 
affecting genes, DNA copy number, gene expression, protein 
levels, DNA methylation, and microRNA (miRNA) expression. 

The retrieved data were organized with corresponding 
molecular features. Correlation analysis was performed to 
identify simultaneous shared significant associations with 
individual drug activity (5-Fluorouracil and Oxaliplatin) and 
specific genes, proteins, or miRNAs. A filter was applied 
(Pearson correlation |r| > 0.334 and p < 0.01) consistent with 
the CellMiner correlation framework [11]. Although |r| > 0.334 
represents a modest correlation, additional false discovery rate 
(FDR) adjustment was applied to reduce false positives. Positive 
correlations (r > 0.334) suggested synergistic interactions or 
shared molecular mechanisms, whereas negative correlations 
(r < -0.334) were interpreted as potential resistance indicators 
or antagonistic effects. The top positively and negatively 
correlated genes were selected by ordering genes according to 
the absolute value of the Pearson correlation coefficient (|r|). 
Pathway enrichment analysis of the significantly correlated 
genes was conducted using the PANTHER classification system 
(http://pantherdb.org/), which enables functional annotation and 
identification of overrepresented biological processes, molecular 
functions, and signaling pathways based on Gene Ontology and 
Reactome PANTHER databases [12]. To account for multiple 
testing, p-values were adjusted using the False Discovery Rate 
(FDR) method, and features with q-values below 0.05 were 
retained, acknowledging the increased difficulty of passing 
stricter thresholds due to large dataset.
Results.

We evaluated the relationship between genetic variants resulting 
in amino acid substitutions and sensitivity to two widely used 
chemotherapy agents, Oxaliplatin and 5-Fluorouracil (5-FU), 
across the NCI-60 cancer cell line panel. Figure 1 summarizes 
the profiles of genes with significant correlations with individual 
agent. Genes demonstrating significant positive correlations 
include HIP1R, WFDC1, EVPL, SSHI. HIP1R has known 
roles in endocytosis and cellular signaling pathways. It is also 
involved in tumor development [13]. This may indicate shared 
sensitivity or synergistic pathways. While genes with significant 
negative correlations includes only ALDH9A1 that had shared 
significant association with 5-FU and Oxaliplatin, which is 
likely contribute to drug resistance. Given the established role 
of ALDH family enzymes in aldehyde detoxification and cancer 
stem cell biology [14]. These findings imply variant induced 
changes may contribute to reduced chemotherapeutic efficacy. 
Pathway enrichment analysis revealed no statistically significant 
GO molecular function terms after FDR correction. Importantly, 
number of drugs were identified with positive correlations 
to these negatively correlated genes, suggesting potential 
resistance overlaps or compensatory mechanisms. OR7G1 

correlated positively with Prednisolone and INDK exhibited 
strong positive correlations with gefitinib and Anthranilic acid. 
These associations provide valuable insights into potential 
therapeutic strategies and pharmacological interactions worth 
future validation.

The impact of protein function-affecting genetic variants 
(Figure 2) on drug response to 5-FU and Oxaliplatin were 
evaluated. Three genes, CAMSAP3, LUM, and LRIG2, exhibited 
statistically significant negative correlations with 5-Fluorouracil 
sensitivity, while INSC demonstrated a significant correlation 
with Oxaliplatin, suggesting that these variants may contribute 
to resistance mechanisms against these agents. In contrast, 
PDE10A, ZNF560 and PTX4 displayed positive correlations 
with 5-FU, indicating a potential association with enhanced 
sensitivity. For Oxaliplatin, variants in IFT172, USP21, and 
SLC9A1 were significantly positively correlated implying 
that alterations in these genes may enhance responsiveness to 
Oxaliplatin-based therapies. 

Further analysis identified drugs whose activity positively 
correlated with specific genes carrying protein function-
affecting mutations. The gene INSC displayed strong positive 
correlations with three pharmacological agents: Gefitinib 
(r = 0.348, p = 0.0069), Nandrolone (r = 0.398, p = 0.0018), 
and Anthranilic acid (r = 0.498, p = 0.0011). These findings 
suggest that alterations in INSC, a gene involved in cell 
polarity and neurogenesis, may modulate the cellular response 
to agents affecting EGFR signaling (Gefitinib) or metabolic 
modulation (Nandrolone). Similarly, CAMSAP3, which 
regulates microtubule minus-end dynamics and epithelial cell 
architecture (15), exhibited a significant positive correlation with 
Rosuvastatin (r = 0.352, p = 0.0063), indicating a potential link 
between cytoskeletal regulation and statin-induced antitumor 
effects. In addition, LRIG2, a gene known to modulate receptor 
tyrosine kinase signaling [16], was significantly associated with 
Chitosan Biguanidine (r = 0.484, p = 0.0008), an antimicrobial 
and bioadhesive agent with emerging roles in nanomedicine and 
drug delivery systems. These associations provide insights into 
potential synergy and suggesting repurposing opportunities and 
novel therapeutic vulnerabilities. 

The analysis of gene DNA methylation profiles (Figure 3) 
revealed several genes whose methylation levels significantly 
correlated with the activity of each drug individually. Notably, 
genes such as CNN3, ZNF625, IRF2BPL and MOXD1 exhibited 
strong positive correlations with individual agents of the 
combination. Conversely, FERMT3 gene displayed significant 
negative correlations, indicating potential roles in resistance 
mechanisms. Particularly, FERMT3 showed the strongest 
negative correlation with 5-FU and Oxaliplatin and several 
chemotherapeutic agent, including Carmustine, Melphalan, 
Vinblastine, and Mitomycin, suggesting epigenetic silencing of 
FERMT3 may contribute to broad drug resistance. Interestingly, 
we found that MIR130A methylation levels were positively 
correlated with targeted therapies, Erlotinib (p = 0.0026). These 
findings highlight a distinct set of methylation regulated genes 
with potential predictive value for chemotherapy response and 
drug repurposing in cancer.

The analysis of DNA gene copy number (Figure 4) revealed 
distinct correlations with Oxaliplatin and 5-FU activity. IL23R, 
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Figure 1. Correlation of Genetic Variant Amino Acid–Changing Genes with Oxaliplatin and 5-FU.
Pearson correlation coefficients (r) are shown for genes with each individual agent (5-FU or Oxaliplatin). Statistical significance is marked as 
follows *p < 0.05; ** p < 0.01; *** p < 0.001.

and FAF1 genes exhibited significant negative correlations, 
suggesting that higher mutation burden in these genes may 
contribute to chemotherapy resistance. In particular, COL1A1, 
which encodes a collagen subunit involved in the extracellular 
matrix and tumor microenvironment modulation [17], showed 
a strong inverse correlation with 5-FU response (r = -0.44, p 
< 0.01), implicating structural ECM remodelling in mediating 
drug insensitivity. Interestingly, COL1A1 positively correlated 
with multiple statins, including Lovastatin, Atorvastatin, 
Rosuvastatin, and Simvastatin, suggesting that statin may be 
enhance tumors sensitivity, which is harbouring these changes. 
This opens the possibility for drug repurposing of statins in 
tumors resistant to chemotherapy. In contrast, genes such as 
MIR4518, ITGAL, TAGLN, and SIDT2 showed positive 
correlations with either 5-FU or oxaliplatin drug response. These 
findings reinforce the relevance of specific non-coding elements 
in dictating chemosensitivity and highlight opportunities for 
molecularly guided therapy using non-oncologic agents such as 
statins.

Transcriptomic microarray analysis (Figure 5) identified 
widespread significant gene expression correlations with 5-FU 
and Oxaliplatin. We found 1.472 genes correlated with 5-FU, 
comprising 989 positively and 483 negatively correlated genes. 
For Oxaliplatin, 1.861 genes showed significant correlation, 
with 1.161 positive and 700 negative correlations. These 
large-scale associations reflect broad transcriptional responses 
underlying variability in drug sensitivity.

To focus on the most biologically relevant candidates, we 
selected the ten most significant positively and negatively 
correlated genes with each individual agent of the combination 
for the presentations in the figure, based on correlation strength 
and statistical significance. Among the most significant 
positively correlated genes include NPM3, RPS7P4, MTHFD2, 
DDX28, ANP32A, DDN, HNRNPA1P4, RPL26P4, BTF3P12 
and RSL24D1. These genes are enriched in RNA processing, 
ribosome assembly, and cell proliferation pathways, consistent 
with a role in chemosensitization. Conversely, the most 
significant negatively correlated genes includes CNN3, 
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Gene Drug r p-value
INSC Gefitinib 0.348 0.006948 

Nandrolone 0.398 0.001821 
Anthranilic acid 0.498 0.001121

CAMSAP3 Rosuvastatin 0.352 0.00628
LRIG2 Chitosan Biguanidine 0.484 0.000766

Figure 2. Correlation of Genetic Variant Protein Function–Affecting Genes with 5-FU and Oxaliplatin.
Pearson correlation coefficients (r) are shown for genes with each individual agent (5-FU or Oxaliplatin). Statistical significance is marked as 
follows: ** p < 0.01; *** p < 0.001. The tables embedded shows drugs positively correlated with indicated gens.
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Figure 3. Correlation of Gene DNA Methylation with 5-Fluorouracil and Oxaliplatin. 
Pearson correlation coefficients (r) are shown for each gene with each individual agent (5-FU or Oxaliplatin). Statistical significance is marked 
as follows: ** p < 0.01; *** p < 0.001. the tables embedded shows positively correlated drugs with indicated genes.

Figure 4. Correlation of Gene DNA Copy Number with 5-FU and Oxaliplatin.
Pearson correlation coefficients (r) are shown for genes with each individual agent (5-FU or Oxaliplatin). Statistical significance is marked as 
follows: * p < 0.05; ** p < 0.01; *** p < 0.001. the tables embedded shows positively correlated drugs with indicated genes.



332

C15orf52, ACTN1, PTTG1IP, PEA15, CAP1, RHOC, 
RNF11P2, DUSP10, ANLN, MAGOH3P and CCND1. These 
are associated with cytoskeletal integrity, ubiquitin signaling, 
and cell adhesion features that may support drug resistance 
through mechanical stabilization, reduced drug uptake, or 
enhanced survival signaling. 

Gene ontology enrichment analysis was performed using the 
PANTHER Overrepresentation Test on negatively correlated 
microarray genes with drug response. The analysis identified 
several overrepresented molecular functions (FDR < 0.05), 
Pathway Enrichment of the 5-FU/Oxaliplatin agents were 
significantly enriched in molecular functions involved in MAPK 
signaling regulation, folate metabolism, cell adhesion, and 
cytoskeletal regulation, which are consistent with mechanisms 
of drug resistance (Figure 6).

Several negatively correlated genes identified via microarray 
transcription showed statistically significant positive association 
with numerous FDA-approved drugs, suggesting their potential 
utility in resistant phenotypes (Table S1). For example, C15orf52 
demonstrated strong positive correlation with Lovastatin, 
Simvastatin, and Rosuvastatin, as well as Dasatinib, indicating 
that statins and multi-kinase inhibitors may exert synthetic 
lethality in tumors. Similarly, RNF11 was negatively correlated 
with multiple statins and Zoledronate, a bisphosphonate, 
suggesting possible lipid metabolism linked vulnerabilities. 
Notably, DUSP10, another gene, showed strong positive 
correlation with BRAF/MEK pathway inhibitors: Dabrafenib 
and Vemurafenib, potentially indicating a MAPK-dependence 
in DUSP10-low cells. Other notable associations include 
PEA15 with multiple statins (e.g., Lovastatin, Atorvastatin) and 

Figure 5. Correlation of Gene transcript microarray with oxaliplatin and 5-FU.
Pearson correlation coefficients (r) are shown for genes with each individual agent (5-FU or Oxaliplatin). Statistical significance is marked as 
follows: *** p < 0.001.
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kinase inhibitors like Lenvatinib and Dasatinib. Additionally, 
MGST3 and UTRN were significantly correlated with 
Afatinib, Erlotinib, and Zoledronate, indicating EGFR-pathway 
inhibitors may be effective in tumors expressing these genes. 
These findings suggest that statins, EGFR/BRAF inhibitors, and 
bisphosphonates could be viable adjunct therapies in tumors 
where these downregulated transcripts are detected. Such 
inverse transcript-drug activity patterns support a strategy for 
repurposing existing agents to target resistant cancers.

Transcriptome-wide correlation analysis using RNA-seq 
data (Figure 7) revealed differential gene expression patterns 
significantly associated with 5-FU and oxaliplatin response. For 
5-FU, a total of 605 genes demonstrated statistically significant 
correlations (p < 0.01), of which 153 were positively correlated 
and 452 negatively correlated with drug activity. In contrast, 
oxaliplatin exhibited a broader impact, with 2,843 genes 
significantly correlated with drug response. Among these, 
2,023 genes showed positive correlations, and 820 genes were 
negatively correlated.

This distinct disparity in the direction and magnitude of 
shared correlations between the individual drug highlights their 
differential molecular mechanisms of action. Notably, genes such 
as NT5E, LEPROT, C15orf52, GNG12, EPAS1, HIF1A and 
DUSP10 were the most significant negatively correlated, while 
genes such as DDN, PALD1 and KLK1 were the most significant 
positively correlated with individual chemotherapeutic agents. 
The convergence of expression patterns for some genes across 
both drugs supports their potential roles as shared regulatory 
mediators or biomarkers of therapy responsiveness. 

Importantly, several genes were consistently identified across 
both microarray and RNA-seq platforms, thereby strengthening 

their candidacy as robust biomarkers. For example, DDN and 
NPM3 emerged as positively correlated in both datasets, while 
DDX28, DUSP10, and C15orf52 were consistently negatively 
correlated. The recurrence of these associations across 
independent transcriptomic platforms reduces the likelihood 
of false positives and suggests that these genes may represent 
more reliable biomarkers of 5-FU and Oxaliplatin response. 
In contrast, genes unique to either microarray or RNA-seq 
may reflect platform-specific detection sensitivity or context-
dependent regulation, and thus should be interpreted with 
caution. 

Gene ontology enrichment analysis (Figure 8) was performed 
using the PANTHER overrepresentation test on genes 
negatively correlated with drug response. The analysis identified 
several overrepresented molecular functions (FDR < 0.05), 
indicating a strong enrichment in biological activities related 
to cytoskeletal dynamics, signaling, and membrane transport. 
Key molecular functions enriched include structural constituent 
of ribosome, actin binding, cadherin binding, and cell adhesion 
molecule binding, implicating structural and adhesion-related 
mechanisms in mediating drug responses. Additionally, 
protein tyrosine phosphatase activity and co-receptor activity 
were significantly overrepresented, suggesting involvement 
of intracellular signaling regulators. Several transmembrane 
transporter activities including sodium ion transmembrane 
transporter activity and metal ion transporter activity were also 
enriched, indicating potential roles in ionic homeostasis and 
drug transport. These findings suggest that drug sensitivity and 
resistance may be modulated by genes involved in ribosomal 
structure, actin cytoskeleton regulation, G protein-coupled 
signaling, and ion transport, providing insight into the biological 

Figure 6. Enriched Gene Ontology (GO) molecular functions for negatively correlated genes from microarray.
GO term enrichment was performed using PANTHER database with fold enrichment on the x-axis and −log₁₀ (p-value) represented by the color 
scale. The size of the points reflects the number of genes mapped to each term.
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Figure 7. Correlation of Gene Composite Transcription Level (RNAseq) with 5-FU and Oxaliplatin Sensitivity.
Pearson correlation coefficients (r) are shown for genes with each individual agent (5-FU or Oxaliplatin). Statistical significance is marked as 
follows: ** p<0.01; *** p < 0.001.

Figure 8. Enriched GO molecular functions for negatively correlated genes from the RNAseq dataset.
Gene Ontology enrichment was performed using the PANTHER Classification System. The x-axis represents fold enrichment, while the color scale 
indicates −log₁₀ (p-value). Point size corresponds to the number of mapped genes.
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basis for variability in chemotherapeutic response.
Further drug-gene interaction analysis revealed that several 

negatively correlated genes were positively associated with 
number of FDA approved drugs (Table S2). For instance: NT5E 
was positively correlated with multiple statins (Simvastatin, 
Pitavastatin, Lovastatin), suggesting a possible metabolic or 
membrane transport mechanism influencing drug response. 
LEPROT, HIF1A, and C5orf42 showed strong positive 
correlations with kinase inhibitors such as Erlotinib, Gefitinib, 
and Lenvatinib, indicating roles in EGFR or VEGF-related 
signaling. TLE1 was associated with Afatinib and Lenvatinib, 
hinting at possible MAPK or tyrosine kinase–driven pathways. 

These findings suggest that some genes downregulated or 
antagonistic to 5-FU/oxaliplatin response may be targetable by 
other approved agents, particularly statins, EGFR inhibitors, 
and multi-kinase inhibitors. This opens the possibility for 
repurposing or combination strategies to overcome resistance 
and improve therapeutic outcomes.

MicroRNA expression profiles (Figure 9) were analyzed 
for significantly shared correlations with sensitivity to 5-FU 
and Oxaliplatin. A total of 22 microRNAs showed significant 
correlation with 5-FU, evenly split into 11 positively and 
11 negatively correlated, indicating potential dual roles in 
chemosensitization and resistance. In contrast, 49 microRNAs 

Figure 9. Correlation of Micro-RNA Level with Oxaliplatin and 5-FU Sensitivity.
Pearson correlation coefficients (r) are shown for genes with each individual agent (5-FU or Oxaliplatin). Statistical significance is marked as 
follows: ** p < 0.01.
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were significantly correlated with Oxaliplatin, with a skewed 
distribution: 31 positive and 18 negative associations, 
suggesting broader microRNA involvement in oxaliplatin 
response pathways.

Among the shared microRNAs, hsa-let-7e, hsa-miR-30a, hsa-
miR-28-5p, hsa-miR-125a-5p, hsa-miR-99b, hsa-miR-30a*, 
and hsa-miR-22 were negatively correlated with both drugs, 
potentially representing tumor suppressor miRNAs involved in 
resistance mechanisms. Conversely, hsa-miR-338-5p, hsa-miR-
18a, hsa-miR-1226*, hsa-miR-17*, hsa-miR-106a, hsa-miR-
20a*, and hsa-miR-7 displayed positive correlations with 5-FU 
and Oxaliplatin, suggesting roles in enhanced drug sensitivity. 
The most prominent examples include hsa-miR-22, which had 
the strongest negative correlation with Oxaliplatin, and hsa-
miR-7, which showed the strongest positive correlation with 
5-FU. 

To further explore therapeutic relevance, we identified FDA-
approved drugs whose activity levels were positively correlated 
with these negatively correlated miRNAs, indicating potential 
synergistic or compensatory sensitivity in resistant phenotypes 
(Table S3). For example, hsa-miR-30a showed strong positive 
correlation with Erlotinib, Afatinib, Gefitinib, Lapatinib, and 
Dasatinib. hsa-let-7e was positively associated with Lenvatinib. 
hsa-miR-99b and hsa-miR-30a* were both linked to enhanced 
response to Lenvatinib, Dasatinib, and Gefitinib. Lastly, hsa-

miR-22, another suppressive miRNA, showed positive drug 
correlation with Lovastatin, Pitavastatin, Dasatinib, and 
Lenvatinib. 

Collectively, these observations highlight distinct and 
overlapping microRNA regulatory patterns associated with 
chemosensitivity to 5-FU and Oxaliplatin and may inform future 
biomarker or therapeutic targeting strategies. In addition, These 
findings suggest that tumors exhibiting high levels of these 
miRNAs and hence resistance to 5-FU or Oxaliplatin may still 
be vulnerable to targeted kinase inhibitors (e.g., EGFR/VEGFR 
inhibitors) or statins, providing a rational basis for combination 
or sequential therapy strategies.

We performed a correlation analysis to identify compounds with 
activity patterns similar or antagonistic to 5-FU and oxaliplatin 
individually (Figure 10). Several drugs, including methotrexate, 
nitrogen mustard, trimetrexate glucuronate, melbex, trifluridine, 
cytarabine, idarubicin, and etoposide, exhibited strong positive 
correlations (r > 0.5, p < 0.001) with both 5-FU and oxaliplatin, 
suggesting shared molecular or mechanistic properties. These 
agents are antimetabolites or DNA-damaging agents, may 
potentially act synergistically or reflect similar susceptibility 
mechanisms in colorectal cancer models. In contrast, a subset of 
targeted agents such as vandetanib, acalabrutinib, zanubrutinib, 
irolfufen, and copanlisib demonstrated negative correlations, 
particularly with oxaliplatin (r < 0, p < 0.05), while showing 
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Gene Drug p-value Gene Drug p-value
C15orf52 Lovastatin 0.00101 DUSP10 Pazopanib 0.003606
  Simvastatin 0.004039   Dabrafenib 0.000027
  Rosavastatin 0.000117   Vemurafenib 0.000005
  Dasatinib 0.007447 PEA15 Lovastatin 0.00017
MAGOH3P Dasatinib 0.005437   Simvastatin 0.000563
RNF11 Lovastatin 0.002087   Lenvatinib 0.000756
  Simvastatin 0.002434   Mevastatin 0.00558
  Pitavastatin 0.005693   Pitavastatin 0.002419
  Fluvastatin 0.004074   Atorvastatin 0.001988
  Zoledronate 0.00989   Bleomycin 0.005106
RHOC Lovastatin 0.000251   Zoledronate 0.005727
  Fluvastatin 0.003629 CNN3 Lovastatin 0.002586
  Dasatinib 0.002344   Pitavastatin 0.001505
  Mevastatin 0.009142   Fluvastatin 0.009953
  Pitavastatin 0.005899   Dasatinib 0.008678
  Atorvastatin 0.004806   Lenvatinib 0.002363
  Rosavastatin 0.003839   Erotinib 0.002727

Table S1. list of drug–gene associations identified from transcriptomic microarray analysis.

Gene symbol Drug p-value Gene symbol Drug p-value
HIF1A Erotinib 0.00919 AAK1 Bleomycin 0.00091
C5orf42 Fluvastatin 0.00646 EPAS1 Dasatinib 0.00013
  Rosavastatin 0.00473   Erotinib 0.00475
  Lapatinib 0.00422   Lenvatinib 0.00579
  Gefitinib 0.00408 ANLN Simvastatin 0.00229
  Simvastatin 0.00376   Pitavastatin 0.00273
  Pitavastatin 0.00316   Lovastatin 0.00281
  Afatinib 0.00306   Fluvastatin 0.00637
  Erotinib 0.00059   Mevastatin 0.00893
DUSP10 Vemurafenib 0.00006 RASAL2 Erotinib 1.1E-05
  Dabrafenib 0.00037   Afatinib 0.00067
  Pazopanib 0.00747   Simvastatin 1 0.00148
BCAR3 Pitavastatin 0.00112   Gefitinib 0.0021
  Fluvastatin 0.0017   Bleomycin 0.0041
  Simvastatin 0.00291   Dasatinib 0.00666
  Dasatinib 0.00306   Neratinib 0.00924
  Lovastatin 0.00425 TLE1 Afatinib 0.00809
  Zoledronate 0.00706   Gefitinib 0.00996

 Table S2. list of drug–gene associations identified from RNA-seq composite transcriptional analysis.

weaker or non-significant associations with 5-FU. These 
findings suggest potential antagonistic interactions or differing 
mechanisms of action, which may influence treatment selection 
or contraindicate their concomitant use with platinum-based 
therapy. This comparative correlation profiling highlights 
candidate drugs that may synergize with or oppose 5-FU/
oxaliplatin activity and offers a foundation for prioritizing 
agents in combination regimens or repurposing efforts.
Discussion.

The present integrative multi-omics analysis of the NCI-
60 panel highlights a complex molecular landscape shaping 
colorectal cancer responses to 5-Fluorouracil (5-FU) and 
Oxaliplatin. In this study, we analyzed overlapping molecular 
correlates of each drug separately, rather than directly evaluating 
their synergistic interactions. By applying significant statistical 

thresholds (|r| > 0.3, p < 0.01, FDR < 0.05), our findings may 
provide a refined and biologically grounded view of candidate 
biomarkers, resistance mediators, and drug repurposing 
opportunities.

Several amino acid–changing variants (HIP1R, WFDC1, 
EVPL, SSHI) shared a significant positive correlation with 
chemosensitivity of individual agent, while ALDH9A1 
correlated negatively with both 5-FU and Oxaliplatin (Figure 
1). Overexpression of aldehyde dehydrogenase (ALDH) drives 
chemotherapy resistance by detoxifying cytotoxic aldehydes, 
thereby reducing oxidative stress, DNA damage, and apoptosis 
[18,19]. This is consistent with the detoxifying role of ALDH 
enzymes in resistance. At the protein function level, variants 
in CAMSAP3, LUM, and LRIG2 were negatively correlated, 
while INSC, IFT172, USP21, and SLC9A1 correlated positively 
(Figure 2). These results suggest that disruption of cytoskeletal 
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MicroRNA Drugs p-value
hsa-let-7e Lenvatinib 0.008016
hsa-miR-30a Erotinib 0.000003

Afatinib 0.000776
Gefitinib 0.001296
Neratinib 0.002918
Lapatinib 0.008232
Dasatinib 0.000285
Lenvatinib 0.005946

hsa-miR-99b Lenvatinib 0.004457
hsa-miR-30a* Gefitinib 0.007851

Lenvatinib 0.003974
Lapatinib 0.002838
Neratinib 0.000250
Dasatinib 0.000158
Gefitinib 0.000104
Afatinib 0.000015
Erotinib 0.000001

hsa-miR-22 Lovastatin 0.007330
Pitavastatin 0.006185
Dasatinib 0.003331
Lenvatinib 0.001862

Table S3. list of drug–microRNA associations identified from CellMiner analysis.

regulators (CAMSAP3) [20] and RTK modulators (LRIG2) 
[16,21] may contribute to reduced sensitivity, whereas polarity 
and trafficking genes (INSC, IFT172) enhance drug response 
[22,23].

DNA methylation of CNN3, ZNF625, IRF2BPL and MOXD1 
correlated positively, while FERMT3 showed strong negative 
correlations with individual drug of the combination and 
multiple alkylating agents (Figure 3). FERMT3 has shown to 
play a role in chemoresistance in certain cancers, particularly 
glioblastoma and colorectal cancer [24]. These findings imply 
that epigenetic silencing of adhesion-related genes (FERMT3) 
may broadly confer chemoresistance [25]. Copy number 
alterations also showed that IL23R, FAF1, and COL1A1 were 
negatively correlated, while SLC35A, TAGLN, SIDT2 and 
others were positively correlated with each drug individually 
(Figure 4). Notably, COL1A1, a key collagen subunit driving 
extracellular matrix (ECM) remodeling and chemotherapy 
resistance [26], showed strong associations with statins in our 
analysis. Statins inhibit the mevalonate pathway and block 
prenylation of Rho GTPases, leading to reduced fibroblast 
activation and collagen deposition [27]. This mechanistic link 
suggests that statins could mitigate ECM-driven resistance by 
disrupting COL1A1-mediated remodelling, thereby enhancing 
tumor sensitivity to 5-FU and Oxaliplatin.

Our transcriptomic analyses highlighted two distinct molecular 
signatures of 5-FU and Oxaliplatin response. Cytoskeletal and 
adhesion-related genes (CNN3, ACTN1, DUSP10, C15orf52) 
were consistently negatively correlated with each drug 
individually, suggesting that tumors with reinforced structural 
integrity and adhesion signaling may resist chemotherapy 
by stabilizing the cellular architecture and reducing drug 
penetration [28-31]. Conversely, biosynthetic and ribosomal 
genes (MTHFD2, RPL26, BTF3P12) correlated positively, 

indicating that highly proliferative cells reliant on ribosome 
biogenesis and folate metabolism may be more vulnerable to 
antimetabolite and DNA-damaging agents [32-34].

Among the resistance genes, NT5E (CD73) and HIF1A stand 
out as clinically relevant. NT5E is a known driver of immune 
evasion and chemoresistance through adenosine signaling [35-
37], while HIF1A mediates hypoxia adaptation, both of which 
can blunt chemotherapy efficacy [38,39]. On the other hand, 
GRIN1 and KLK1, which were positively correlated with 
drug sensitivity, may enhance stress signaling and apoptotic 
pathways, rendering cells more susceptible to cytotoxic injury 
[40,41].

Pathway enrichment reinforced these mechanistic insights, with 
MAPK regulation, folate metabolism, cytoskeletal remodeling, 
and adhesion emerging as dominant processes. These align 
directly with the pharmacology of 5-FU (thymidylate synthase 
inhibition/folate metabolism) [42,43] and Oxaliplatin (DNA 
crosslinking with cytoskeletal stress) [9], strengthening the 
biological plausibility of our findings.

Interestingly, several genes showed consistent associations 
across both microarray and RNA-seq platforms, strengthening 
their relevance as shared biomarkers of 5-FU and oxaliplatin 
response. Among the positively correlated genes, DDN and 
NPM3. The later are linked to ribosomal biogenesis and RNA 
processing, processes that typically support proliferative capacity 
but also confer increased vulnerability to DNA-damaging 
agents [44]. Conversely, negatively correlated genes such as 
DDX28, DUSP10, and C15orf52 have been implicated in stress 
adaptation and signaling regulation [30,45]. The recurrence of 
these associations across independent transcriptomic platforms 
underscores their potential as robust biomarkers. Clinically, such 
shared-response signatures could stratify patients more likely 
to exhibit sensitivity (DDN, NPM3) or resistance (DDX28, 
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DUSP10, C15orf52) to 5-FU/oxaliplatin–based regimens, may 
provide a rationale for integrating these potential markers into 
biomarker-driven treatment selection.

Multiple microRNAs showed shard significant correlations 
with 5-FU and Oxaliplatin individually. Among the positively 
correlated, miR-7, miR-601, miR-572, and miR-1226 were 
linked to enhanced chemosensitivity (Figure 9). miR-7 is known 
to inhibit PI3K/AKT and MAPK pathways, thereby promoting 
apoptosis and sensitizing cells to DNA-damaging agents 
[46,47]. miR-601 has been reported to regulate inflammatory 
and apoptotic pathways [48], potentially lowering resistance 
thresholds, while miR-572 modulates cell-cycle regulators and has 
been associated with enhanced cytotoxicity under stress conditions 
[49,50]. Similarly, miR-1226 has tumor-suppressive effects by 
downregulating oncogenic kinases such as AKT1 and HER2, 
consistent with its positive correlation in our dataset [51,52].

Conversely, let-7e, miR-30a, and miR-22 were negatively 
correlated, suggesting roles in resistance. Let-7e is a classical 
tumor suppressor miRNA that can repress RAS and HMGA2 
signaling; its reduced expression has been linked to aggressive 
phenotypes and poor drug response [53,54]. miR-30a regulates 
epithelial–mesenchymal transition (EMT) and adhesion 
pathways, processes that contribute to chemoresistance [55]. 
miR-22 has dual roles in cancer but has been associated with 
resistance when upregulated, partly through modulation of p53 
activity and folate cycle enzymes [56]. Taken together, these 
findings suggest that specific miRNA expression profiles do not 
merely act as passive correlates but actively regulate signaling 
networks central to chemotherapy outcomes. Their dual roles 
highlight the potential of circulating miRNAs to serve both as 
predictive biomarkers and as therapeutic targets to overcome 
5-FU/Oxaliplatin resistance.

Across molecular layers, several resistance associated genes 
showed strong positive correlations with FDA-approved agents, 
nominating potential repurposing strategies (Figures 5,7 and 9). 
For instance, C15orf52 and RNF11, both negatively correlated 
with 5-FU and Oxaliplatin individually, displayed positive 
associations with statins and the multi-kinase inhibitor Dasatinib. 
Statins inhibit the mevalonate pathway, reducing prenylation 
of Rho GTPases and thereby disrupting cytoskeletal integrity 
and adhesion mechanisms [57] that overlap with the resistance 
signatures observed for C15orf52 and RNF11. Similarly, 
DUSP10, a MAPK phosphatase, was linked to enhanced activity 
of BRAF/MEK inhibitors such as Dabrafenib and Vemurafenib, 
suggesting that tumors with suppressed DUSP10 expression 
may become dependent on MAPK signaling and thus sensitized 
to kinase blockade [30,58].

Comparative drug–drug correlation profiling further 
reinforced these insights (Figure 10). Classical cytotoxics such 
as methotrexate, cytarabine, idarubicin, and etoposide shared 
strong positive correlation patterns with 5-FU and Oxaliplatin, 
consistent with overlapping mechanisms in DNA synthesis 
inhibition or DNA damage. In contrast, certain targeted kinase 
inhibitors (Vandetanib, Copanlisib, Zanubrutinib) showed 
negative correlations, particularly with Oxaliplatin, implying a 
potential antagonism when combined. Such findings underscore 
the need to carefully distinguish between agents likely to enhance 
versus impair efficacy when designing rational combinations.

While CellMiner enables robust hypothesis generation, the 
NCI-60 panel cannot fully replicate patient tumor heterogeneity 
[5,59,60]. In vitro sensitivity does not necessarily equate to 
in vivo efficacy [61,62]. Another key limitation of this study 
is that we examined overlapping molecular correlates of each 
drug independently, rather than directly assessing the molecular 
basis of their potential synergistic interactions. Additionally, 
the correlation threshold applied (|r| > 0.334) represents modest 
associations and may capture noise; this criterion was selected 
based on established CellMiner practice. To enhance robustness, 
FDR adjustment was applied and overlapping results between 
RNA-seq and microarray were highlighted as more dependable 
candidates. Finally, correlation analyses do not establish 
causation; experimental validation in colorectal cancer models 
is essential before clinical translation.

Collectively, our results identify a potential biomarkers of 
sensitivity (GRIN1, METTL12, SLC35A, miR-7) and resistance 
(HIF1A, FERMT3, NT5E, IL23R), while highlighting a 
promising opportunities to repurpose widely available drugs 
(statins, EGFR/VEGFR inhibitors) to overcome resistance and 
optimize therapy.
Conclusion.

This multi-omics analysis has identified a potential biomarkers 
associated of 5-FU and Oxaliplatin sensitivity and resistance 
across the NCI-60 panel. Genes such as GRIN1, METTL12, 
MOXD1, and SLC35A, together with microRNAs like miR-7, 
emerged as candidate correlated with chemosensitivity, while 
resistance signature were associated to HIF1A, MACF1, NT5E, 
FERMT3, and IL23R. Pathway enrichment proposed that folate 
metabolism, MAPK signaling, cytoskeletal remodeling, and 
adhesion are central to chemotherapy outcomes.

Importantly, resistance-associated genes showed significant 
positive correlations with number of FDA-approved drugs 
including statins and kinase inhibitors, nominating these as 
promising adjuncts for resistant colorectal cancers.

Future studies should validate these correlations in patient 
cohorts, dissect mechanisms of how these biomarkers might 
influence drug transport, metabolism, and repair, and translate 
them into clinical biomarker assays. Ultimately, this integrative 
framework provides a prospective foundation for biomarker 
guided personalization of 5-FU/oxaliplatin therapy and rational 
drug repurposing strategies to overcome resistance and improve 
patient outcomes.
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