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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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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,
ACTNI1, DUSPI10) as resistance markers, with pathway
enrichment pointing to folate metabolism, MAPK signaling,
and cytoskeletal remodeling. RNA-seq confirmed NTSE 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
microRNASs 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
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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.
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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 g-values below 0.05 were
retained, acknowledging the increased difficulty of passing
stricter thresholds due to large dataset.

Results.

Weevaluated 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 HIPIR, WFDC1, EVPL, SSHI. HIPIR 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. OR7Gl1
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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
SLCI9A1 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

ollows *p < 0.05; ¥*p < 0.01; ¥**p < 0.001.
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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.
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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, HNRNPA 1P4, 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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Figure 2. Correlation of Genetic Variant Protein Function—Affecting Genes with 5-FU and Oxaliplatin.

Pearson correlation coefficients (v) are shown for genes with each individual agent (5-FU or Oxaliplatin). Statistical significance is marked as
Sfollows: **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.
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Drug correlations
Gene Drug p-value
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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
Jfollows: *p < 0.05; **p < 0.01; *** p < 0.001. the tables embedded shows positively correlated drugs with indicated genes.
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Figure 5. Correlation of Gene transcript microarray with oxaliplatin and 5-FU.
Pearson correlation coefficients (v) are shown for genes with each individual agent (5-FU or Oxaliplatin). Statistical significance is marked as

follows: *** p < (0.001.

Cl5o0rf52, ACTNI1, PTTGI1IP, PEA15, CAPl1, RHOC,
RNF11P2, DUSP10, ANLN, MAGOH3P and CCNDI. 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).
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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, C150rf52
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
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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 —logio (p-value) represented by the color
scale. The size of the points reflects the number of genes mapped to each term.

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 NTSE, LEPROT, Cl5o0rf52, GNG12, EPASI1, HIFIA 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
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their candidacy as robust biomarkers. For example, DDN and
NPM3 emerged as positively correlated in both datasets, while
DDX28, DUSP10, and C150rf52 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



%k k

NT5E
LEPROT
HIF1A
CSorf42 -
ARHGAP21
ZC3H12C
CYTH3—
SAMD4A
DUSP10
BCAR3
TLE1—
AAK1
EPAS1
C150rf52
ANLN
GNGI12-
RASAL2
EXOC3L4
NPM3
DDX28
METTLI12
GRIN1
KLKI1
== 5-FU
PALD1 = Oxaliplatin
SNORAY
DDN
MNX1-AS1-

ol (FUDINILLLL

-0.60 -0.50 -0.40 -0.30 -0.20 -0.10 0.00 0.10 0.20 0.30 0.40 0.50 0.60
correlation coefficients (r)

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.

Top Enriched GO Terms (Negatively Correlated Genes)

Structural constituent of ribosome - 14
Actin binding | ><
12
Cell adhesion molecule binding [ ¢
=4
.2 Protein tyrosine phosphatase activity - X 10
:
= Coreceptor activity X )
= °2
2 GTPase regulator activityF X )
2 -
=
8 Actin filament binding | X 6
Cadherin binding | X
4
Cytoskeletal protein binding|
Phospholipid bindingr X 2

150 175 200 225 250 275 3.00
Fold Enrichment

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 —logio (p-value). Point size corresponds to the number of mapped genes.

334



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: NTSE
was positively correlated with multiple statins (Simvastatin,
Pitavastatin, Lovastatin), suggesting a possible metabolic or
membrane transport mechanism influencing drug response.
LEPROT, HIF1A, and CS5orf42 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.

hsa-miR-7 —

hsa-miR-20a

hsa-miR-106a —

hsa-miR-17 —

hsa-miR-1226

hsa-miR-18a —

hsa-miR-338-5p

hsa-miR-22 —

hsa-miR-30a —

hsa-miR-99b —

hsa-miR-125a-5p

hsa-miR-28-5p —

hsa-miR-30a

hsa-let-7e—

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

-0.60 -0.50 -0.40 -0.30 -0.20 -0.10 0.00 0.10 0.20 0.30 0.40 0.50 0.60
correlation coefficients (r)

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-7¢, 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-

drug
and

miR-22, another suppressive miRNA, showed positive
correlation with Lovastatin, Pitavastatin, Dasatinib,
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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Figure 10. Correlation of selected FDA-approved drugs with 5-Fluorouracil (5-FU) and Oxaliplatin activity.
Bar plot showing Pearson correlation coefficients for drug activity profiles with with each individual agent (5-FU or Oxaliplatin). Statistical

significance is indicated by asterisks (**p < 0.01, ***p < 0.001).
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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 S5-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, WFDCI,
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

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

Gene Drug p-value
C150rf52 Lovastatin 0.00101
Simvastatin 0.004039
Rosavastatin 0.000117
Dasatinib 0.007447
MAGOH3P Dasatinib 0.005437
RNF11 Lovastatin 0.002087
Simvastatin 0.002434
Pitavastatin 0.005693
Fluvastatin 0.004074
Zoledronate 0.00989
RHOC Lovastatin 0.000251
Fluvastatin 0.003629
Dasatinib 0.002344
Mevastatin 0.009142
Pitavastatin 0.005899
Atorvastatin 0.004806
Rosavastatin 0.003839

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

Gene symbol Drug p-value
HIF1A Erotinib 0.00919
C5o0rf42 Fluvastatin 0.00646
Rosavastatin 0.00473
Lapatinib 0.00422
Gefitinib 0.00408
Simvastatin 0.00376
Pitavastatin 0.00316
Afatinib 0.00306
Erotinib 0.00059
DUSP10 Vemurafenib 0.00006
Dabrafenib 0.00037
Pazopanib 0.00747
BCAR3 Pitavastatin 0.00112
Fluvastatin 0.0017
Simvastatin 0.00291
Dasatinib 0.00306
Lovastatin 0.00425
Zoledronate 0.00706
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Gene Drug p-value
DUSP10 Pazopanib 0.003606
Dabrafenib 0.000027
Vemurafenib 0.000005
PEAI1S Lovastatin 0.00017
Simvastatin 0.000563
Lenvatinib 0.000756
Mevastatin 0.00558
Pitavastatin 0.002419
Atorvastatin 0.001988
Bleomycin 0.005106
Zoledronate 0.005727
CNN3 Lovastatin 0.002586
Pitavastatin 0.001505
Fluvastatin 0.009953
Dasatinib 0.008678
Lenvatinib 0.002363
Erotinib 0.002727
Gene symbol Drug p-value
AAK1 Bleomycin 0.00091
EPASI Dasatinib 0.00013
Erotinib 0.00475
Lenvatinib 0.00579
ANLN Simvastatin 0.00229
Pitavastatin 0.00273
Lovastatin 0.00281
Fluvastatin 0.00637
Mevastatin 0.00893
RASAL2 Erotinib 1.1E-05
Afatinib 0.00067
Simvastatin 1 0.00148
Gefitinib 0.0021
Bleomycin 0.0041
Dasatinib 0.00666
Neratinib 0.00924
TLE1 Afatinib 0.00809
Gefitinib 0.00996



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

MicroRNA Drugs p-value
hsa-let-7¢ 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

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 (FERMT?3)
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, COL1Al, 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, C150rf52)
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,
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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, NTSE (CD73) and HIF1A stand
out as clinically relevant. NTSE 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 KLKI1, 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 C150rf52 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,



DUSP10, C150rf52) 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-7¢ 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, C150rf52 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 Cl5orf52 and RNFI11. 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.
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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, NTSE, IL23R), while highlighting a
promising opportunities to repurpose widely available drugs
(statins, EGFR/VEGEFR 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, METTLI2,
MOXDI1, and SLC35A, together with microRNAs like miR-7,
emerged as candidate correlated with chemosensitivity, while
resistance signature were associated to HIF1A, MACF1, NT5E,
FERMTS3, 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.

Conflict of interest.
The author declares no conflict of interest.
Funding Statement.

This research received no external funding and was fully
supported by the author

Ethical Approval.
Not applicable (database-based bioinformatics study).

REFERENCES

1. Al-Lazikani B, Banerji U, Workman P. Combinatorial drug
therapy for cancer in the post-genomic era. Nat Biotechnol.
2012;30:679-92.



2. Min HY, Lee HY. Molecular targeted therapy for anticancer
treatment. Exp Mol Med 2022 5410. 2022;54:1670-94.

3. Pushpakom S, Iorio F, Eyers PA, et al. Drug repurposing:
progress, challenges and recommendations. Nat Rev Drug
Discov. 2019;18:41-58.

4. Klijn C, Durinck S, Stawiski EW, et al. A comprehensive
transcriptional portrait of human cancer cell lines. Nat
Biotechnol 2014 333.2014;33:306-312.

5. Shankavaram UT, Varma S, Kane D, et al. CellMiner: a
relational database and query tool for the NCI-60 cancer cell
lines. BMC Genomics. 2009;10.

6. Barretina J, Caponigro G, Stransky N, et al. The Cancer Cell
Line Encyclopedia enables predictive modelling of anticancer
drug sensitivity. Nat 2012 4837391. 2012;483:603-607.

7. Reinhold WC, Sunshine M, Liu H, et al. CellMiner: A Web-
Based Suite of Genomic and Pharmacologic Tools to Explore
Transcript and Drug Patterns in the NCI-60 Cell Line Set.
Cancer Res. 2012;72:3499-511.

8. Bertucci F, Salas S, Eysteries S, et al. Gene expression
profiling of colon cancer by DNA microarrays and correlation
with histoclinical parameters. Oncogene. 2004;23:1377-91.

9. Comella P, Casaretti R, Sandomenico C, et al. Role of
oxaliplatin in the treatment of colorectal cancer. Ther Clin Risk
Manag. 2009;5:229.

10. Grothey A, Sargent D, Goldberg RM, etal. Survival of patients
with advanced colorectal cancer improves with the availability
of fluorouracil-leucovorin, irinotecan, and oxaliplatin in the
course of treatment. J Clin Oncol. 2004;22:1209-14.

11. Rubinstein LV, Shoemaker RH, Paull KD, et al. Comparison
of in vitro anticancer-drug-screening data generated with a
tetrazolium assay versus a protein assay against a diverse panel
of human tumor cell lines. J Natl Cancer Inst. 1990;82:1113-7.
12. Mi H, Ebert D, Muruganujan A, et al. PANTHER version
16: a revised family classification, tree-based classification
tool, enhancer regions and extensive API. Nucleic Acids Res.
2021;49:D394-403.

13. Yang N, Liang Y, Yang P, et al. Flurbiprofen inhibits cell
proliferation in thyroid cancer through interrupting HIPIR-
induced endocytosis of PTEN. Eur J Med Res. 2022;27:1-10.
14. Zanoni M, Bravaccini S, Fabbri F, et al. Emerging Roles
of Aldehyde Dehydrogenase Isoforms in Anti-cancer Therapy
Resistance. Front Med. 2022;9:795762.

15. Wattanathamsan O, Pongrakhananon V. Emerging role of
microtubule-associated proteins on cancer metastasis. Front
Pharmacol. 2022;13:935493.

16. Hoesl C, Frohlich T, Hundt JE, et al. The transmembrane
protein LRIG2 increases tumor progression in skin
carcinogenesis. Mol Oncol. 2019;13:2476-92.

17. Xiao X, Long F, Yu S, et al. CollAl as a new decoder of
clinical features and immune microenvironment in ovarian
cancer. Front Immunol. 2024;15:1496090.

18. Al-Shamma SA, Zaher DM, Hersi F, et al. Targeting aldehyde
dehydrogenase enzymes in combination with chemotherapy
and immunotherapy: An approach to tackle resistance in cancer
cells. Life Sci. 2023;320:121541.

19. Tomita H, Tanaka K, Tanaka T, et al. Aldehyde
dehydrogenase 1Al in stem cells and cancer. Oncotarget.
2016;7:11018.

340

20. Singharajkomron N, Seephan S, Iksen I, et al. CAMSAP3-
mediated regulation of HMGBI1 acetylation and subcellular
localization in lung cancer cells: Implications for cell
death modulation. Biochim Biophys Acta - Gen Sub;j.
2024;1868:130614.

21. Li ZQ, Liao WJ, Sun BL, et al. LRIG2 regulates cell
proliferation, migration and apoptosis of osteosarcoma. BMC
Cancer. 2022;22:1-10.

22. Zhaoran S, Weidong J. INSC Is a Prognosis-Associated
Biomarker Involved in Tumor Immune Infiltration in Colon
Adenocarcinoma. Biomed Res Int. 2022;2022:5794150.

23. Onodera S, Morita N, Nakamura Y, et al. Novel alterations
in IFT172 and KIFAP3 may induce basal cell carcinoma.
Orphanet J Rare Dis. 2021;16:443.

24, Tang Y, Nan N, Gui C, et al. Blockage of PD-L1 by
FERMT3-mediated ~ Wnt/B-catenin  signalling  regulates
chemoresistance and immune evasion of colorectal cancer cells.
Clin Exp Pharmacol Physiol. 2022;49:988-97.

25.LuC,CuiC, LiuB,etal. FERMTS3 contributes to glioblastoma
cell proliferation and chemoresistance to temozolomide through
integrin mediated Wnt signaling. Neurosci Lett. 2017;657:77-
83.

26. Li X, Sun X, Kan C, et al. COL1A1: A novel oncogenic
gene and therapeutic target in malignancies. Pathol - Res Pract.
2022;236:154013.

27. Ruiz-Gaspa S, Nogues X, Enjuanes A, et al. Simvastatin
and atorvastatin enhance gene expression of collagen type 1 and
osteocalcin in primary human osteoblasts and MG-63 cultures.
J Cell Biochem. 2007;101:1430-8.

28. Nair VA, Al-khayyal NA, Sivaperumal S, et al. Calponin
3 promotes invasion and drug resistance of colon cancer cells.
World J Gastrointest Oncol. 2019;11:971-82.

29. Cui L, Lu Y, Zheng J, et al. ACTN1 promotes HNSCC
tumorigenesis and cisplatin resistance by enhancing MYH9-
dependent degradation of GSK-3f and integrin B1-mediated
phosphorylation of FAK. J Exp Clin Cancer Res. 2023;42:335.
30. Jiménez-Martinez M, Stamatakis K, Fresno M. The Dual-
Specificity Phosphatase 10 (DUSP10): Its Role in Cancer,
Inflammation, and Immunity. Int J Mol Sci. 2019;20:1626.
31.SuH, HuN, Yang HH, et al. Global gene expression profiling
and validation in esophageal squamous cell carcinoma (ESCC)
and its association with clinical phenotypes. Clin Cancer Res.
2011;17:2955.

32. Ramos L, Henriksson M, Helleday T, et al. Targeting
MTHFD2 to Exploit Cancer-Specific Metabolism and the DNA
Damage Response. Cancer Res. 2024;184:9-16.

33. Zhang Y, Gao X, Yi J, et al. BTF3 confers oncogenic
activity in prostate cancer through transcriptional upregulation
of Replication Factor C. Cell Death Dis. 2021;12:12.
34.Ichikawa MK, Saitoh M. Direct and indirect roles of GRWD1
in the inactivation of p53 in cancer. J Biochem. 2022;171:601-3.
35. Allard B, Longhi MS, Robson SC, et al. The ectonucleotidases
CD39 and CD73: Novel checkpoint inhibitor targets. Immunol
Rev. 2017;276:121-44.

36.LiH, Xie P, Li P, et al. CD73/NT5E is a Potential Biomarker
for Cancer Prognosis and Immunotherapy for Multiple Types of
Cancers. Adv Biol. 2023;7:2200263.



37. Xue XM, Liu YY, Chen XM, et al. Pan-cancer analysis
identifies NTSE as a novel prognostic biomarker on
cancer-associated fibroblasts associated with unique tumor
microenvironment. Front Pharmacol. 2022;13:1064032.

38. Semenza GL. HIF-1: upstream and downstream of cancer
metabolism. Curr Opin Genet Dev. 2009;20:51.

39. Yong L, Tang S, Yu H, et al. The role of hypoxia-inducible
factor-1 alpha in multidrug-resistant breast cancer. Front Oncol.
2022;12:964934.

40. Yang A, Wang X, Hu Y, et al. Identification of Hub Gene
GRINI Correlated with Histological Grade and Prognosis of
Glioma by Weighted Gene Coexpression Network Analysis.
Biomed Res Int. 2021;2021:4542995.

41. Tailor PD, Kodeboyina SK, Bai S, et al. Diagnostic and
prognostic biomarker potential of kallikrein family genes in
different cancer types. Oncotarget. 2018;9:17876.

42. Pardini B, Kumar R, Naccarati A, et al. 5-Fluorouracil-
based chemotherapy for colorectal cancer and MTHFR/MTRR
genotypes. Br J Clin Pharmacol. 2011;72:162.

43. Longley DB, Harkin DP, Johnston PG. 5-Fluorouracil:
Mechanisms of action and clinical strategies. Nat Rev Cancer.
2003;3:330-8.

44. Wei S, Xing J, Lu K, et al. NPM3 as a novel oncogenic factor
and poor prognostic marker contributes to cell proliferation and
migration in lung adenocarcinoma. Hereditas. 2023;160:27.

45. Evagelou SL, Bebenek O, Specker EJ, et al. The RNA
Helicase DDX28 Acts as a Tumour Suppressor in Breast
Cancer and Influences Bioenergetics in Hypoxia. Mol Cell Biol.
2024;40.

46. Mirzaei Z, Barati T, Ebrahimi A, et al. The role of mir-
7-5p in cancer: function, prognosis, diagnosis, and therapeutic
implications. Mol Biol Rep. 2025;52.

47. Sun X, Li J, Sun Y, et al. miR-7 reverses the resistance
to BRAFi in melanoma by targeting EGFR/IGF-1R/CRAF
and inhibiting the MAPK and PI3K/AKT signaling pathways.
Oncotarget. 2016;7:53558.

48. HulJY, Yi W, Wei X, et al. miR-601 is a prognostic marker
and suppresses cell growth and invasion by targeting PTP4A1
in breast cancer. Biomed Pharmacother. 2016;79:247-53.

49. Cai M, Hu Z, Han L, et al. MicroRNA-572/hMOF/
Sirt6 regulates the progression of ovarian cancer. Cell Cycle.
2020;19:2509-18.

341

50. Wang N, He X, Zhou R, et al. STAT3 induces colorectal
carcinoma progression through a novel miR-572-MOAP-1
pathway. Onco Targets Ther. 2018;11:3475-84.

51. Choi JY, Seok HJ, Lee DH, et al. miR-1226-5p is
involved in radioresistance of colorectal cancer by activating
M2 macrophages through suppressing IRF1. J Transl Med.
2024;22:1-18.

52. Lindner K, Eichelmann AK, Matuszcak C, et al. Complex
Epigenetic Regulation of Chemotherapy Resistance and Biology
in Esophageal Squamous Cell Carcinoma via MicroRNAs. Int J
Mol Sci. 2018;19:499.

53. Thammaiah CK, Jayaram S. Role of let-7 family microRNA
in breast cancer. Non-coding RNA Res. 2016;1:77-82.

54. Boyerinas B, Park S-M, Hau A, et al. The role of let-7 in cell
differentiation and cancer. Endocr Relat Cancer. 2010;17:F19-
36.

55.Jiang L, Zhang H, Tang J. MiR-30a: A Novel Biomarker and
Potential Therapeutic Target for Cancer. J Oncol. 2018;2018:1-
9.

56. Li J, Zhang Y, Zhao J, et al. Overexpression of miR-22
reverses paclitaxel-induced chemoresistance through activation
of PTEN signaling in p53-mutated colon cancer cells. Mol Cell
Biochem. 2011;357:31-38.

57. Clayton NS, Ridley AJ. Targeting Rho GTPase Signaling
Networks in Cancer. Front Cell Dev Biol. 2020;8:222.

58. Seternes OM, Kidger AM, Keyse SM. Dual-specificity MAP
kinase phosphatases in health and disease. Biochim Biophys
Acta - Mol Cell Res. 2019;1866:124-43.

59. Krushkal J, Negi S, Yee LM, et al. Molecular genomic
features associated with in vitro response of the NCI-60 cancer
cell line panel to natural products. Mol Oncol. 2021;15:381-406.
60. Reinhold WC, Varma S, Sunshine M, et al. RNA Sequencing
of the NCI-60: Integration into CellMiner and CellMiner CDB.
Cancer Res. 2019;79:3514-24.

61. Huber HJ, Mistry HB. Explaining in-vitro to in-vivo
efficacy correlations in oncology pre-clinical development
via a semi-mechanistic mathematical model. J Pharmacokinet
Pharmacodyn. 2023;51:169.

62.LuY,Kim S, Park K. In vitro-in vivo correlation: Perspectives
on model development. Int J Pharm. 2011;418:142-8.



	Title

