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Editorial on the Research Topic
The role of iron in cancer progression

Iron is an essential nutrient in all mammals, involved in key biological processes, including
oxygen transport, mitochondrial respiration, metabolism, detoxification, and immune defense.
The ability of iron to alternate between the oxidized form and the reduced form contributes to
the formation of free radicals, with an excess leading to lipid peroxidation, increased production
of reactive oxygen species (ROS), oxidative stress, and DNA damage. The accumulation of iron
and ROS are linked to various pathologies, including iron overload diseases and cancer. Indeed,
cancer cells exhibit an increased iron demand compared to non-cancer cells. Furthermore,
pathways of iron uptake, storage, mobilization, trafficking, and regulation are all perturbed in
cancer, suggesting that the reprogramming of iron metabolism is a central aspect of tumor cell
survival (1). Anemia is frequently observed in many patients with cancer, and iron
dyshomeostasis is implicated in numerous types of cancer (2). Recent studies have shed light
on the role of iron metabolism in cancer stem cells (CSC) and suggest that specific targeting of
iron metabolism in CSCs may improve the efficacy of cancer therapy (3-6). This iron
dependency can make CSC and non-CSC cells more vulnerable to a non-apoptotic form of
regulated cell death, referred to as ferroptosis. This cell death process characterized by the iron-
dependent accumulation of lipid peroxides is morphologically, biochemically, and genetically
different from other well-known modalities of regulated cell death, including apoptosis,
necroptosis, various forms of necrosis, and autophagy. In distinct cancer types, metabolic
reprogramming has been linked to an acquired sensitivity to ferroptosis, thus opening new
opportunities to treat tumors unresponsive to other therapies. The activation of ferritinophagy,
a specific form of macroautophagy required for the degradation of ferritin, the main cellular
iron-storage protein, seems to occur during the early initiation stage of ferroptosis (7). Recent
discoveries have highlighted the importance of transferrin trafficking and ferritinophagy, as
critical determinants of ferroptosis sensitivity via an increase in the so-called labile iron pool.
Guo et al,, bring us a review of the latest research about iron metabolism disorders in various
types of tumors, the functions and properties of iron in ferroptosis and ferritinophagy, and new
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opportunities for iron-based on treatment methods for tumors,
providing more information regarding the prevention and
treatment of tumors. In their review, Chen et al. focus on the
regulatory roles of the human six-transmembrane epithelial
antigen of the prostate (STEAP) metaloxidoreductase proteins in
the occurrence and development of malignant tumors. In addition,
Zhang et al. summarize for us the recent findings on the role of
Nuclear Factor (erythroid-derived 2)-like 2 (NRF2) as a potential
modulator for orchestrating iron homeostasis and redox balance in
cancer cells. Accordingly, Bajbouj et al. identified how vitamin D
alters the redox balance in breast cancer cells by disrupting the
cellular iron metabolism to induce oxidative stress and cell death.
Zhang et al. performed us a bibliometric and knowledge-map
analysis to evaluate the knowledge base, find the hotspot trends,
and detect the emerging topics regarding ferroptosis research. From
the FerrDb website database (the first database of ferroptosis genes
and ferroptosis-diseases associations) or MSigDB and public
databases, several studies presented here systematically investigated
the correlation between ferroptosis-related genes and tumor patient
prognosis and establish/validate a novel prognostic model of tumor
patient based on ferroptosis-related gene (FRG) signature in order to
develop individualized treatments and to improve their overall
survival. Tian et al. validated their 7-FRG prognostic signature
(including ALOX12B, ALOX15, GPX2, DDIT4, GDFI15, SLC2A1,
RRM?2) in lung adenocarcinoma. For overall survival prediction in
patients with breast cancer, Zhu et al. and Li et al., developed and
validated a novel robust FRG panel, consisting with the 11-gene core
(CISD1, TP63, BRD4, PROM2, EMC2, G6PD, PI3KCA, FLT3, IFNG,
ANOG6, SLC1A4) and the 9-gene core (ALDH3A2, SIAH2, G6PD,
SLCIA4, FLT3, SQLE, EGLN2, SEXN5, CHACI), respectively. In
addition, He et al,, identified and validated the prognostic value of a
10 FRG core signature (including MAPILC3A, SLC7A5, OTUBI,
PRDX6, MAP3K5, SOCS1, ATG5, DDIT4, ACSL3, PRKAA2) in
patients with head and neck squamous cell carcinoma. Lv et al.
identified 17 FRG associated with long-term of prostate cancer and
finally constructed a signature based on nine FRGs (AIFM2,
AKRICI, AKRIC, CBS, FANCD2, FTHI1, G6PD, NFS1, SLCIA5),
with a prognostic value in patients with prostate cancer. If iron
metabolism plays a crucial role in the occurrence and development of
colon adenocarcinoma, Yuan et al,, revealed the prognostic value of
iron metabolism-related genes SLC48A1 and SLC39A8 in colon
cancer. These findings provide evidence on the key role of
ferroptosis in cancer development. Interestingly, most of these
studies found a strong correlation between ferroptosis and immune
status and immune checkpoint genes. Indeed, iron metabolism,
inflammation, and immunity are tightly interlinked (8). Recent
data demonstrate that immune checkpoint inhibition stimulates
interferon-y production by CD8+ T cells to kill cancer cells
through the induction of ferroptosis cell death (9). In contrast, a
newly developed hypothesis suggests that a ferroptosis-sensitive state
may allow cancer cells to generate lipid-derived mediators
modulating intra- and intercellular signaling pathways that would
lead to the growth of the tumor (8). This theory suggests an inverse
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correlation between cellular peroxide tone and immune evasion.
Thus, it is essential to explore the molecular mechanism of ferroptosis
that inhibits tumor growth as well as the consequence of cancer cell
death by ferroptosis, which potentially dampens antitumor
immunity and promotes tumor growth. Yu et al. bring us a
prognostic model in pancreatic cancer based on 6-FRGs (CD44,
MTIG, PTGS2, SAT1, TFRC, STEAP3) to determine its immune
landscape and underlying mechanisms. In line with this, Liu et al. also
identified a prognostic signature associated with tumor immune
microenvironment based on 6-FRGs (HMOXI, KEAPI, HSBPI,
SATI, CISDI, GPX4) in uterine corpus endometrial carcinoma. If
long non-coding RNAs (IncRNAs) have been reported to be involved
in tumorigenesis in several cancers, He et al. identified a ferroptosis-
related IncRNA signature that could effectively stratify the prognosis
of glioma patients with adequate predictive performance to all clinical
index. Interestingly, the authors indicated that there was increased
immune infiltration in the high-risk group defined by the ferroptosis-
related IncRNA signature. Accordingly, Duan et al., explored the
prognostic value of a novel comprehensive biomarker, the iron-
monocyte-to-lymphocyte ratio or IronMLR score, in patients with
early-stage triple-negative breast cancer, illustrating that the iron-
inflammation axis might be a potential prognostic biomarker of
survival outcomes. Hua et al. and Duan et al. also explored a novel
prognostic model based on the serum metal levels, iron and copper,
respectively, for patients with early-stage triple-negative breast cancer
as a practical tool for individualized survival predictions and
treatment guidance.

Overall, we believe that this Research Topic opens up new
and exciting fields of investigation into iron metabolism in
cancer progression and in cancer treatments, and hope readers

will enjoy it.

Author contributions
All authors listed have made a substantial, direct, and

intellectual contribution to the work and approved it
for publication.

Funding
The authors gratefully acknowledge funding from INSERM,

Universite Paris Cité, la ligue nationale contre le cancer, and
Comiteé de Paris de la ligue contre le cancer.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fcell.2021.752426
https://doi.org/10.3389/fcell.2021.728172
https://doi.org/10.3389/fcell.2021.766978
https://doi.org/10.3389/fonc.2021.686726
https://doi.org/10.3389/fcell.2021.684259
https://doi.org/10.3389/fcell.2021.670184
https://doi.org/10.3389/fcell.2021.709180
https://doi.org/10.3389/fcell.2021.739011
https://doi.org/10.3389/fcell.2021.666025
https://doi.org/10.3389/fcell.2021.786684
https://doi.org/10.3389/fcell.2021.746696
https://doi.org/10.3389/fcell.2021.735013
https://doi.org/10.3389/fcell.2021.788451
https://doi.org/10.3389/fcell.2022.784179
https://doi.org/10.3389/fcell.2021.777215
https://doi.org/10.3389/fcell.2021.770115
https://doi.org/10.3389/fonc.2022.1026420
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Hamai et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Torti SV, Torti FM. Iron: The cancer connection. Mol Aspects Med (2020)
75:100860. doi: 10.1016/j.mam.2020.100860

2. Muioz M, Gomez-Ramirez S, Martin-Montafiez E, Auerbach M. Perioperative
anemia management in colorectal cancer patients: A pragmatic approach. World |
Gastroenterol (2014) 20:1972-85. doi: 10.3748/wjg.v20.i8.1972

3. Cosialls E, El Hage R, Dos Santos L, Gong C, Mehrpour M, Hamai A.
Ferroptosis: Cancer stem cells rely on iron until “to die for” it. Cells (2021) 10:2981.
doi: 10.3390/cells10112981

4. ElHout M, Dos Santos L, Hamai A, Mehrpour M. A promising new approach
to cancer therapy: Targeting iron metabolism in cancer stem cells. Semin Cancer
Biol (2018) 53:125-38. doi: 10.1016/j.semcancer.2018.07.009

5. Hamai A, Cafieque T, Miiller S, Mai TT, Hienzsch A, Ginestier C, et al. An iron hand
over cancer stem cells. Autophagy (2017) 13:1465-6. doi: 10.1080/15548627.2017.1327104

Frontiers in Oncology

03

10.3389/fonc.2022.1026420

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

6. Mai TT, Hamai A, Hienzsch A, Cafneque T, Miiller S, Wicinski J, et al.
Salinomycin kills cancer stem cells by sequestering iron in lysosomes. Nat Chem
(2017) 9:1025-33. doi: 10.1038/nchem.2778

7. Hou W, Xie Y, Song X, Sun X, Lotze MT, Zeh H]J, et al. Autophagy promotes
ferroptosis by degradation of ferritin. Autophagy (2016) 12:1425-8. doi: 10.1080/
15548627.2016.1187366

8. Friedmann Angeli JP, Krysko DV, Conrad M. Ferroptosis at the crossroads of
cancer-acquired drug resistance and immune evasion. Nat Rev Cancer (2019)
19:405-14. doi: 10.1038/s41568-019-0149-1

9. Wang W, Green M, Choi JE, Gijon M, Kennedy PD, Johnson JK, et al. CD8+
T cells regulate tumour ferroptosis during cancer immunotherapy. Nature (2019)
569:270-4. doi: 10.1038/s41586-019-1170-y

frontiersin.org


https://doi.org/10.1016/j.mam.2020.100860
https://doi.org/10.3748/wjg.v20.i8.1972
https://doi.org/10.3390/cells10112981
https://doi.org/10.1016/j.semcancer.2018.07.009
https://doi.org/10.1080/15548627.2017.1327104
https://doi.org/10.1038/nchem.2778
https://doi.org/10.1080/15548627.2016.1187366
https://doi.org/10.1080/15548627.2016.1187366
https://doi.org/10.1038/s41568-019-0149-1
https://doi.org/10.1038/s41586-019-1170-y
https://doi.org/10.3389/fonc.2022.1026420
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Editorial: The role of iron in cancer progression
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


