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LETTER TO TH E EDITOR

Enhancing sensitivity of triple-negative breast cancer to
DNA-damaging therapy through chemical inhibition of the
m6Amethyltransferase METTL3

Dear Editor,
N6-methyladenosine (m6A) is a critical mRNA modi-

fication catalyzed by the enzyme methyltransferase-like
3 (METTL3), with implications in RNA metabolism.
METTL3 upregulation is associated with cancer progres-
sion, metastasis, and drug resistance, making it a poten-
tial therapeutic target [1]. The small-molecule METTL3
inhibitor, STM2457, has shown promise in treating acute
myeloid leukemia (AML) and has demonstrated good
tolerance in mice [2, 3]. However, the specific cancer
types where METTL3 inhibitors are most effective remain
unknown.
In breast cancer, METTL3 knockdown markedly sup-

presses proliferation, invasiveness, and metastasis [4].
Therefore, METTL3 inhibition is proposed as a thera-
peutic approach for breast cancer. Triple-negative breast
cancer (TNBC), the most aggressive subtype, lacks tar-
geted therapies, and its primary treatments involve con-
ventional chemotherapy and DNA-damaging agents [5].
Homologous recombination deficiency, such as muta-
tions in the breast cancer gene 1 (BRCA1) and BRCA2,
serves as a predictive biomarker for identifying patients
who would benefit from genotoxic chemotherapy and
poly(ADP-ribose) polymerase (PARP) inhibitors. Notably,
METTL3 is recruited to DNA-damaged sites and is crucial
for subsequent DNA repair [6, 7]. Consequently,METTL3
knockdown reduces DNA repair activity and sensitizes
cancer cells to genotoxic drugs [7, 8]. However, while
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TNBC exhibits elevated METTL3 levels, and its nuclear
catalytic activity associates with invasiveness and metas-
tasis [9], it remains uncertain whether METTL3 inhibition
enhances chemotherapy response in TNBC.
Here, we aimed to explore the potential of METTL3

catalytic inhibition by STM2457 as a valuable treatment
option for TNBC. Furthermore, we assessed the impact
of STM2457 on the sensitivity of TNBC cells and a TNBC
patient-derived organoid line to clinical DNA-damaging
therapies, like platinum-based chemotherapy and the
PARP inhibitor olaparib (Supplementary file of methods).
STM2457 significantly reduced the proliferation and

viability of TNBC cells, including both BRCA1/2 wild-type
(MDA-MB-231 and MDA-MB-468) and BRCA1-mutated
(MDA-MB-436, HCC1395, and HCC1937) cell lines.
STM2457 exhibited negligible effects on the proliferation
of non-tumoral breast epithelial cells (MCF-10A), with
significant reduction observed only at the highest concen-
tration tested (100 μmol/L) (Figure 1A, Supplementary
Figure S1A-B). The treatment with 10 μmol/L STM2457
for 48 h decreased the global m6A levels in mRNA by
approximately 50% in both MDA-MB-231 and MCF-10A
cells (Supplementary Figure S1C). Colony formation
assays further confirmed the anti-proliferative impact
of STM2457 on TNBC cell lines (Figure 1B, Supple-
mentary Figure S2). Moreover, wound healing assays
indicated that the inhibition of METTL3 activity reduced
TNBC cell migration (Figure 1C). The specificity of the
effects exerted by STM2457 were confirmed by METTL3
knockdown (Supplementary Figure S3). To identify the
molecular pathways regulated by METTL3 inhibition,
we investigated its effect on MDA-MB-231 cells, one of
the most aggressive TNBC cell line. Cells were treated
with 10 μmol/L STM2457 for 48 h and subjected to RNA-
sequencing. Bioinformatics analysis revealed 3,182 genes
downregulated upon STM2457 treatment, with 3,237 genes
upregulated by the drug (Supplementary Figure S4A,
Supplementary Table S1). Gene ontology (GO) analysis
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F IGURE 1 STM2457 inhibitor affects proliferation, viability, and metastatic potential of TNBC and synergizes with olaparib and
platinum-salt. (A) Growth curve (left panel) and MTT assay (central and right panels) of MDA-MB-231 and MCF-10A cell lines treated with
different concentrations of STM2457 (1, 5, 10, 20, 40, 100 μmol/L) or DMSO. (B) Cell colony formation assay of MDA-MB-231 and MCF-10A
cell lines treated with 5 μmol/L STM2457 (STM). Representative images from three experimental replicates are shown; the histograms
represent the mean of colonies percentage ± SD, n = 3. (C) Wound healing assay to evaluate the migration ability of MDA-MB-231 cells
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of differentially expressed genes showed a significant
downregulation of biological processes involved in cell
proliferation, translation, and DNA repair (Supplemen-
tary Figure S4B). This result is consistent with previous
analyses performed in breast cancer cells knocked down
forMETTL3 expression [8, 9] and in AML cell lines treated
with STM2457 [2]. Comparison of our RNA-sequencing
dataset with a methylated RNA immunoprecipitation
(MeRIP)-sequencing dataset performed in MDA-MB-231
cells [9] showed a substantial overlap between the tran-
scripts regulated by STM2457 treatment and those that
are m6A methylated (Supplementary Figure S5A). GO
analysis of the m6A-methylated genes, which exhibit
differential expression upon METLL3 inhibition, revealed
a significant downregulation of biological processes
related to the cell cycle and DNA damage repair (Supple-
mentary Figure S5B). Consistent with global m6A level
observations, individual MeRIP-qPCR analysis on highly
methylated transcripts confirmed around a 50% reduction
due to STM2457 treatment (Supplementary Figure S6). We
focused on the DNA damage repair pathway because of its
relevance for TNBC therapy [8].
First, we investigated the effect of METTL3 inhibition in

combination with DNA-damaging agents. Platinum-based
chemotherapeutic agents and PARP inhibitors, such as
olaparib, showed mostly favourable responses in TNBC
harboring BRCA1/2 mutations [5]. Since STM2457 down-
regulated genes involved in the DNA repair pathway,
we hypothesized that it may reduce homologous recom-
bination (HR) proficiency also in TNBC cells that are
wild-type for BRCA1/2. To test this hypothesis, we exam-
ined the effect of METTL3 inhibition on the response
to cisplatin and olaparib in MDA-MB-231 cells, which
are BRCA1/2 wild-type and characterized by lower sensi-

tivity to DNA-damaging agents. MDA-MB-231 cells were
treated with doses of STM2457, cisplatin, and olaparib that
were below their half maximal inhibitory concentration
(IC50) either as single agents or in combination. Combined
treatment with STM2457 and either cisplatin or olaparib
significantly reduced MDA-MB-231 cell proliferation and
increased apoptosis compared to single-drug treatments
(Figure 1D-G). Notably, treatmentwith STM2457 alonewas
sufficient to induce DNA damage, as indicated by the ele-
vated phosphorylation of the H2A histone family member
X (γH2AX) (Supplementary Figure S7A-B). Additionally,
we noticed a global reduction in RecA-related protein 51
(RAD51) protein levels and RAD51 foci upon DNA dam-
age (Supplementary Figure S7C-D). These findings are
in line with those obtained in cells knocked down for
METTL3 expression [7, 8].Moreover, we observed substan-
tial and consistent increase in DNA damage in response
to combined treatments (Supplementary Figure S7A-B).
Together, these data indicate that STM2457 strongly sen-
sitizes HR-proficient TNBC cells with wild-type BRCA1/2
to DNA damage induced by genotoxic chemotherapy or
PARP inhibitors.
As STM2457 treatment reduced TNBC cell migration,

we further explored its impact on cancer cell metasta-
sis. We chose the metastatic TNBC cell line MDA-MB-231
for injection into zebrafish larvae, a well-established in
vivo xenograft model for studying metastasis [10]. MDA-
MB-231 cells expressing green fluorescent protein (GFP)
weremicroinjected into the perivitelline space of zebrafish
embryos at 48 h post-fertilization. Embryos were then
exposed to compounds, either independently or in combi-
nations, as employed in the in vitro assays.We observed no
toxicity during the treatment with STM2457 in the larvae.
While some extravasated cells were scattered through-

treated with 20 μmol/L STM2457; the histogram represents the mean of migration percentage ± SD, n = 3. (D) MTT assay of MDA-MB-231
cells treated with 10 μmol/L STM, 10 μmol/L cisplatin or combination of both drugs for 72 h. (E) The histogram represents the percentage of
apoptotic cells (mean ± SD) treated as in (D). (F) MTT assay of MDA-MB-231 cells treated with 10 μmol/L STM, 20 μmol/L olaparib or
combination of both drugs for 72 h. (G) The histogram represents the percentage of apoptotic cells (mean ± SD) treated as in (F). (H) 48 hpf
zebrafish embryos were directly engrafted into the PVS with MDA-MB-231 GFP-positive cells. Upper panel, representative fluorescence
stereomicroscope images of the CHT region, containing the extravasated GFP-positive cells 24 hpi, which display the 4 discrete classes
categorizing the xenotransplants (high, medium, low, absent). Lateral view, anterior to the left. Lower panel, evaluation of cells ability to
extravasate through 48 hpf zebrafish embryos xenograft. Each bar represents the mean value % of larvae at 24 hpi calculated from, at least, two
independent experiments. Total number of embryos analyzed was 213, divided as follows: DMSO (n = 28), STM (n = 45), cisplatin (n = 37),
cisplatin + STM (n = 53), olaparib (n = 26), olaparib + STM (n = 24). (I) Representative bright-field images of BCO-21; lower panel shows
hematoxylin-eosin staining. (J) Cytotoxic effects of STM2457 on BCO-21. Cells were exposed to various concentrations of the drugs for 5 days
and viability was evaluated by Cell Titer Glo 3D assay. (K) Synergistic effects of STM2457 and carboplatin or olaparib on BCO viability. BCO-21
was exposed for 5 days to combined treatments with suboptimal (5 μmol/L) and optimal (10 μmol/L) doses of STM, carboplatin (10 μmol/L)
and olaparib (10 μmol/L). CI values< 1, indicating synergism, were calculated for drug combinations in comparison to individual drugs and
are displayed above the graphs. All results are expressed as the mean± SEM derived from triplicates. *P< 0.05, **P< 0.01, ***P< 0.001.
Abbreviations:BCO, breast cancer organoid; CHT, caudal hematopoietic tissue;CI, combination index;DMSO, dimethyl sulfoxide;GFP, green
fluorescent protein;Hpf, hours post-fertilization;Hpi, hours post-injection;MTT, 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide;PVS, perivitelline space;SD, standard deviation;SEM, standard error of mean;STM, STM2457.
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out the larva, GFP-positive clusters were enriched in
the caudal hematopoietic tissue region. We quantified
micrometastases in this area (Figure 1H). Intriguingly,
while each drug alone reduced cell metastasis, the com-
bined STM2457 + cisplatin and STM2457 + olaparib
treatments exhibited a notable mutually reinforcing trend,
leading to a substantial reduction in both the number and
size of micrometastases (Figure 1H).
Finally, we assessed the effect of STM2457 in a patient-

derived organoid (BCO-21) from a TNBC patient with
wild-type BRCA1/2 genes (Figure 1I). This patient was
ineligible for olaparib treatment. Initially, we determined
the IC50 for single-drug treatments with STM2457, ola-
parib, and carboplatin, a platinum-based chemotherapy
used in TNBC. In line with the results from MDA-
MB-231 cells, STM2457 decreased BCO-21 cell viability
(Figure 1J, Supplementary Figure S8). We then investi-
gatedwhether STM2457 enhances the BCO-21 sensitivity to
DNA-damaging therapy. Notably, combination treatment
with both optimal (10 μmol/L) and suboptimal (5 μmol/L)
doses of STM2457 synergistically increased the cytotoxic
effect of carboplatin and olaparib (combination index < 1;
Figure 1K, Supplementary Figure S8).
In conclusion, this study showed that STM2457 dis-

played anti-tumor activity in TNBC and enhanced
chemotherapy response while sensitizing BRCA1/2 wild-
type patients to olaparib. Given the observed upregulation
of METTL3 activity across various cancer types, METTL3
inhibitors may offer a novel approach to improve the
efficacy of DNA-damaging agents, overcome inherent
resistance, and mitigate genotoxic drug adverse effects.

DECLARATIONS
AUTH ORS ’ CONTRIBUT IONS
BC, AI, FP, MT, SM, GF conducted investigations in triple
negative breast cancer cell lines; BC, FP, AI performed
statistical analyses and generated figures; DR, AM syn-
thesized chemical compounds; AD, ML, LDG conducted
zebrafish xenograft experiments; EC, RM, ADL, CN, CS
produced and performed experiments in breast cancer
organoids; CS assistedwithmanuscript review and editing;
FF, CS, LDG provided funding and supervision; AF con-
tributed to conceptualization, funding acquisition, super-
vision, and original draft writing. All authors approved the
final revised manuscript.

ACKNOWLEDGEMENTS
We thankMarcella Marchioni (Institute of Biology, Molec-
ular Medicine and Nanobiotechnology, Italian National
Research Council) for technical assistance, Dr. Davide
Mariani (Center for Human Technologies, Italian Insti-
tute of Technology) for the ePB-PGK-BSD plasmid, Prof.
Giuseppe Giannini (Department of Molecular Medicine,

Sapienza University of Rome) for the HCC1937 cell line,
and Dr Pietro Pichierri (Mechanisms, Biomarkers and
Models Unit, Department of Environment and Health,
Istituto Superiore di Sanità) for the anti-RAD51 antibody.

CONFL ICT OF INTEREST STATEMENT
The authors declare that they have no competing interests.

FUNDING INFORMATION
This work was supported by NextGenerationEU-PNRR
M4C2-Investment 1.4- CN00000041 to A.F., F.F., and
L.D.G., “Progetti Ateneo Sapienza” RP1201729D714976 to
A.F.Work in the laboratory of C.S. was supported by Breast
Cancer now (project 2018NovPCC1283) and AIRC (project
IG23416).

CONSENT FOR PUBL ICAT ION
Not applicable.

ETH ICS APPROVAL AND CONSENT TO
PART IC IPATE
Zebrafish larvae were obtained through natural spawn-
ing of wild type adult fish of the AB strain. Our facility
strictly complies with the relevant European (EUDirective
2010/63/EU for animal experiments) and Italian (Legisla-
tiveDecreeNo. 26/2014) laws, rules, and regulations (Auth.
Min. 24/2019-UT), as also confirmed by the authoriza-
tion issued by the municipality of Milan (PG 198283/2019).
The procedures were carried out in accordance with the
relevant guidelines and regulations.
Patient-derived organoids were derived from tumor

biopsies from patients treated at “Fondazione Policlinico
Universitario A. Gemelli IRCCS” (FPG), Rome, Italy. The
protocol was approved by the Institutional Review Board
(Protocol ID: 3642) and conducted in accordance with
the Helsinki Declaration. All patients enrolled gave their
written informed consent for participation.

DATA AVAILAB IL ITY STATEMENT
All data generated or analyzed during the current study
are available from the corresponding author upon rea-
sonable request. RNA-sequencing data are deposited at
the ArrayExpress database under the accession number
E-MTAB-13184.

Bianca Cesaro1
Alessia Iaiza2
Fabio Piscopo2
Marco Tarullo2

Eleonora Cesari3
Dante Rotili4

Antonello Mai4,5
Alberto Diana6

 25233548, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cac2.12509, W

iley O
nline L

ibrary on [07/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



286 LETTER TO THE EDITOR

Michela Londero6
Luca Del Giacco6

Riccardo Masetti3,7
Alba Di Leone3,7
Chiara Naro3,8

Silvia Masciarelli1
Giulia Fontemaggi9

Claudio Sette3,8
Francesco Fazi1,5

Alessandro Fatica2

1Department of Anatomical, Histological, Forensic &
Orthopedic Sciences, Section of Histology & Medical

Embryology, Sapienza University of Rome, Rome, Italy
2Department of Biology and Biotechnologies “Charles
Darwin”, Sapienza University of Rome, Rome, Italy

3GSTeP Organoids Research Core Facility, Fondazione
Policlinico A. Gemelli Istituto di Ricovero e Cura a

Carattere Scientifico (IRCCS), Rome, Italy
4Department of Drug Chemistry and Technologies,

Sapienza University of Rome, Rome, Italy
5Pasteur Institute, Cenci-Bolognetti Foundation, Sapienza

University of Rome, Rome, Italy
6Department of BioSciences, University of Milan, Milan,

Italy
7Multidisciplinary Breast Center, Dipartimento Scienze

della Salute della Donna e del Bambino e di Sanità
Pubblica, Catholic University of the Sacred Heart, Rome,

Italy
8Department of Neuroscience, Section of Human Anatomy,

Catholic University of the Sacred Heart, Rome, Italy
9Oncogenomic and Epigenetic Unit, IRCCS Regina Elena

National Cancer Institute, Rome, Italy

Correspondence
Alessandro Fatica, Department of Biology and

Biotechnologies “Charles Darwin”, Sapienza University of
Rome, P.le Aldo Moro 5, Rome 00185, Italy.

Email: alessandro.fatica@uniroma1.it

Francesco Fazi, Department of Anatomical, Histological,
Forensic & Orthopedic Sciences, Section of Histology &
Medical Embryology, Sapienza University of Rome, Via

Scarpa 16, Rome 00161, Italy.
Email: francesco.fazi@uniorma1.it

ORCID
GiuliaFontemaggi https://orcid.org/0000-0001-8332-
8842
AlessandroFatica https://orcid.org/0000-0002-0743-
7905

REFERENCES
1. Barbieri I, Kouzarides T. Role of RNA modifications in cancer.

Nat Rev Cancer. 2020;20(6):303-322.
2. Yankova E, Blackaby W, Albertella M, Rak J, De Braekeleer

E, Tsagkogeorga G, et al. Small-molecule inhibition of
METTL3 as a strategy against myeloid leukaemia. Nature.
2021;593(7860):597-601.

3. Sturgess K, Yankova E, Vijayabaskar MS, Isobe T, Rak J,
Kucinski I, et al. Pharmacological inhibition ofMETTL3 impacts
specific haematopoietic lineages. Leukemia. 2023;37(10):2133-
2137.

4. Petri BJ, Klinge CM. m6A readers, writers, erasers, and the
m6A epitranscriptome in breast cancer. J Mol Endocrinol.
2022;70(2):e220110.

5. Ye F, Dewanjee S, Li Y, Jha NK, Chen ZS, Kumar A,
et al. Advancements in clinical aspects of targeted ther-
apy and immunotherapy in breast cancer. Mol Cancer. 2023;
22(1):105.

6. Xiang Y, Laurent B, Hsu CH, Nachtergaele S, Lu Z,
Sheng W, et al. RNA m(6)A methylation regulates the
ultraviolet-induced DNA damage response. Nature. 2017;
543(7646):573-576.

7. Zhang C, Chen L, Peng D, Jiang A, He Y, Zeng Y, et al. METTL3
and N6-methyladenosine promote homologous recombination-
mediated repair of DSBs by modulating DNA-RNA hybrid
accumulation. Mol Cell. 2020;79(3):425-442.

8. Li E, Xia M, Du Y, Long K, Ji F, Pan F, et al. METTL3 promotes
homologous recombination repair and modulates chemothera-
peutic response in breast cancer by regulating the EGF/RAD51
axis. Elife. 2022;11:e75231.

9. Li Y, He X, Lu X, Gong Z, Li Q, Zhang L, et al. METTL3 acety-
lation impedes cancer metastasis via fine-tuning its nuclear and
cytosolic functions. Nat Commun. 2022;13(1):6350.

10. Londero M, Gallo A, Cattaneo C, Ghilardi A, Ronzio M, Del
Giacco L, et al. NF-YAl drives EMT in Claudinlow tumours. Cell
Death Dis. 2023;14(1):65.

SUPPORT ING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

 25233548, 2024, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cac2.12509, W

iley O
nline L

ibrary on [07/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0001-8332-8842
https://orcid.org/0000-0002-0743-7905
mailto:alessandro.fatica@uniroma1.it
mailto:francesco.fazi@uniorma1.it
https://orcid.org/0000-0001-8332-8842
https://orcid.org/0000-0001-8332-8842
https://orcid.org/0000-0001-8332-8842
https://orcid.org/0000-0002-0743-7905
https://orcid.org/0000-0002-0743-7905
https://orcid.org/0000-0002-0743-7905

	Enhancing sensitivity of triple-negative breast cancer to DNA-damaging therapy through chemical inhibition of the m6A methyltransferase METTL3
	DECLARATIONS
	AUTHORS’ CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	FUNDING INFORMATION
	CONSENT FOR PUBLICATION
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES
	SUPPORTING INFORMATION


