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Growth differentiation factor 15: a promising biomarker in oral cancer
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Growth differentiation factor 15 (GDF-15), a cytokine within the transforming growth factor-p superfamily, is involved in various malignancies, with

implications in oral squamous cell carcinoma (OSCC). Elevated GDF-15 levels are correlated with unfavorable prognosis, tumor progression, and che-

motherapy resistance, and the protein has been identified as a potential diagnostic and prognostic biomarker for OSCC. Personalized treatment strate-

gies based on GDF-15 expression could improve treatment outcomes.
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Growth differentiation factor 15 (GDF-15) is a distinctive
protein within the transforming growth factor-f3 superfamily.
It exhibits divergent properties that distinguish it from other
members of this family. It is encoded by a two-exon gene
located on human chromosome 19p13.11'. Depending on
its tissue-specific expression or functional roles, GDF-15 is
alternatively referred to as macrophage inhibitory cytokine 1,
placental transforming growth factor-, placental bone mor-
phogenetic protein, prostate-derived factor, and nonsteroidal
anti-inflammatory drug activated gene 17,

GDF-15 was initially cloned based on its upregulation in
response to macrophage activation’. In healthy individuals,
the placenta is the primary tissue expressing high levels of
GDF-15 for prenatal development followed by the prostate.
GDF-15 expression has also been detected in the urinary
bladder, heart, stomach, pancreas, liver, colon, rectum, kid-
ney, and endometrium. However, except in the placenta and
prostate, GDF-15 levels remain minimal under physiologi-
cal conditions in healthy individuals®’. GDF-15 is a stress-
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induced cytokine whose expression is significantly increased
in response to pathological conditions such as inflammation,
hypoxia, tissue injury, and tumor development. Elevated
circulating levels of GDF-15 have been reported in vari-
ous malignancies, including prostate, pancreatic, colorectal,
endometrial, and lung cancers, suggesting its potential as a

12 These elevated levels

diagnostic or prognostic biomarker
are associated with reduced survival rates. Furthermore, the
overexpression of GDF-15 promotes distant metastasis in
cancers such as prostate, colorectal, and gallbladder’. Recent
studies have reported decreased symptoms, positive weight
gain, and improved physical activity levels in patients with
cancer cachexia and elevated GDF-15 levels when treated
with ponsegromab, a highly selective antibody that inhibits
circulating GDF-15. These results support the involvement of
GDF-15 in the progression of cachexia'*'*.

In oral squamous cell carcinoma (OSCC), most cases are
diagnosed at an advanced stage, which is associated with
a poor prognosis. Early detection is crucial for reducing
cancer-specific morbidity and mortality. Therefore, identify-
ing biomarkers for OSCC could be beneficial for improving
treatment outcomes'>'®. Recent studies have reported the high
sensitivity of Chemerin and matrix metalloproteinase-9 as
salivary biomarkers for OSCC, while carcinoembryonic anti-
gen, cancer antigen 125, and cytokeratin 19 fragment antigen
(CYFRA 21-1) have been identified as potential serological
17,18

biomarkers " °. Another study reported the six proteins, 1309
(C-C motif chemokine ligand 1; CCL1), GDF-15, AXL re-

123


https://crossmark.crossref.org/dialog/?doi=10.5125/jkaoms.2025.51.2.123&domain=pdf&date_stamp=2025-04-30
mailto:smin5@snu.ac.kr

J Korean Assoc Oral Maxillofac Surg 2025;51:123-125

ceptor tyrosine kinase, matrix metalloproteinase-3, CTACK
(C-C motif chemokine ligand 27; CCL27), and macrophage
colony-stimulating factor as potential diagnostic serological
markers for OSCC. Among these, only GDF-15 was found to
have a significant association with OSCC prognosis'’.

A research group in Germany was the first to report se-
rum GDF-15 as a diagnostic and prognostic biomarker for
OSCC”. They also described, for the first time, the involve-
ment of GDF-15 in both tumorigenesis and radio-resistance
in OSCC. Due to its anti-apoptotic effects, GDF-15 may
promote tumor progression and protect carcinoma cells from
irradiation’'.

A research group in China reported that elevated GDF-15
levels may function as a diagnostic marker for oral leukopla-
kia and as a prognostic marker, associated with reduced re-
sponse to induction chemotherapy for OSCC*. They further
suggested that GDF-15 expression could act as a prognostic
biomarker for OSCC and a predictive marker for patients
likely to benefit from cisplatin, docetaxel, and 5-fluorouracil
(TPF) induction chemotherapy. Additionally, GDF-15 has
been implicated in tumorigenesis and progression in OSCC™.
In addition, patients with GDF-15 mutations experience sig-
nificantly poorer outcomes compared to those with wild-type
GDF-15, suggesting that these mutations may serve as an in-
dependent risk factor for poor prognosis in OSCC patients™.
Another study proposed that elevated GDF-15 expression
may serve as a prognostic marker for poor treatment out-
comes in locally advanced OSCC as it predicted a significant
survival benefit from induction chemotherapy with the TPF
regimen in OSCC”. Moreover, OSCC overexpressing GDF-
15 has been shown to be sensitive to TPF chemo-agents.
Overexpression of GDF-15 promotes cellular proliferation in
OSCC through phosphorylation, and phosphorylation inhibi-
tors could potentially be employed as targeted drugs for af-
fected patients. A customized treatment was proposed based
on the GDF-15 expression levels in biopsies obtained from
patients with locally advanced OSCC™.

Recently, a research group in India reported that salivary
GDF-15 levels gradually increase from healthy subjects to
cases of oral leukoplakia, with the highest levels observed in
the OSCC group. An increase in GDF-15 concentration was
also noted with progression of OSCC grade. Therefore, varia-
tion in salivary GDF-15 levels could potentially serve as a
key therapeutic target”’.

GDF-15 is considered a promising biomarker and potential
therapeutic target in OSCC management, with implications
for personalized treatment regimens in both chemotherapy
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and radiotherapy. Despite significant advances in GDF-15 re-
search, its specific pathological roles remain elusive owing to
its pleiotropic effects. Clarifying the molecular mechanisms
of GDF-15 in cancer pathogenesis and progression is impera-
tive. Further investigation is necessary to establish a solid
foundation for developing optimized, personalized treatment
strategies in OSCC.

ORCID

Hyun Jun Oh, https://orcid.org/0000-0001-6120-0039
Jong-Ho Lee, https.//orcid.org/0000-0002-8843-545X
Soung Min Kim, https.//orcid.org/0000-0002-6916-0489

Authors’ Contributions

All authors have read and approved the final manuscript.
H.J.O. conducted the literature review and wrote the manu-
script. J.H.L. provided guidance for the study. S.M.K. con-
ceptualized the study and designed the entire manuscript.

Funding

This work was supported by the National Research Foun-
dation of Korea (NRF) grant funded by the Korea govern-
ment (MSIT) (No. 2022R1F1A1069624).

Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

References

1. Tsai VWW, Husaini Y, Sainsbury A, Brown DA, Breit SN. The
MIC-1/GDF15-GFRAL pathway in energy homeostasis: implica-
tions for obesity, cachexia, and other associated diseases. Cell
Metab 2018;28:353-68. https://doi.org/10.1016/j.cmet.2018.07.018

2. Muniyan S, Pothuraju R, Seshacharyulu P, Batra SK. Macro-
phage inhibitory cytokine-1 in cancer: beyond the cellular phe-
notype. Cancer Lett 2022;536:215664. https://doi.org/10.1016/
j-canlet.2022.215664

3. Eling TE, Baek SJ, Shim M, Lee CH. NSAID activated gene
(NAG-1), a modulator of tumorigenesis. J Biochem Mol Biol
2006;39:649-55. https://doi.org/10.5483/bmbrep.2006.39.6.649

4. Breit SN, Brown DA, Tsai VW. The GDF15-GFRAL path-
way in health and metabolic disease: friend or foe? Annu Rev
Physiol 2021;83:127-51. https://doi.org/10.1146/annurev-physi-
01-022020-045449

5. Bootcov MR, Bauskin AR, Valenzuela SM, Moore AG, Bansal M,
He XY, et al. MIC-1, a novel macrophage inhibitory cytokine, is a
divergent member of the TGF-beta superfamily. Proc Natl Acad Sci


https://orcid.org/0000-0001-6120-0039
https://orcid.org/0000-0002-8843-545X
https://orcid.org/0000-0002-6916-0489
https://doi.org/10.1016/j.cmet.2018.07.018
https://doi.org/10.1016/j.canlet.2022.215664
https://doi.org/10.1016/j.canlet.2022.215664
https://doi.org/10.5483/bmbrep.2006.39.6.649
https://doi.org/10.1146/annurev-physiol-022020-045449
https://doi.org/10.1146/annurev-physiol-022020-045449

11.

13.

16.

U S A 1997;94:11514-9. https://doi.org/10.1073/pnas.94.21.11514

. Siddiqui JA, Pothuraju R, Khan P, Sharma G, Muniyan S, Ses-

hacharyulu P, et al. Pathophysiological role of growth differentia-
tion factor 15 (GDF15) in obesity, cancer, and cachexia. Cytokine
Growth Factor Rev 2022;64:71-83. https://doi.org/10.1016/
j.cytogfr.2021.11.002

. Wischhusen J, Melero I, Fridman WH. Growth/differentiation

factor-15 (GDF-15): from biomarker to novel targetable immune
checkpoint. Front Immunol 2020;11:951. https://doi.org/10.3389/
fimmu.2020.00951

. Brown DA, Lindmark F, Stattin P, Balter K, Adami HO, Zheng SL,

et al. Macrophage inhibitory cytokine 1: a new prognostic marker
in prostate cancer. Clin Cancer Res 2009;15:6658-64. https://doi.
org/10.1158/1078-0432.ccr-08-3126

. Koopmann J, Buckhaults P, Brown DA, Zahurak ML, Sato N,

Fukushima N, et al. Serum macrophage inhibitory cytokine 1 as a
marker of pancreatic and other periampullary cancers. Clin Cancer
Res 2004;10:2386-92. https://doi.org/10.1158/1078-0432.ccr-03-
0165

. Brown DA, Ward RL, Buckhaults P, Liu T, Romans KE, Hawkins

NJ, et al. MIC-1 serum level and genotype: associations with
progress and prognosis of colorectal carcinoma. Clin Cancer Res
2003;9:2642-50.

Staff AC, Trovik J, Eriksson AG, Wik E, Wollert KC, Kempf T, et
al. Elevated plasma growth differentiation factor-15 correlates with
lymph node metastases and poor survival in endometrial cancer.
Clin Cancer Res 2011;17:4825-33. https://doi.org/10.1158/1078-
0432.ccr-11-0715

. Akdogan O, Ogut B, Sutcuoglu O, Sert A, Gurler F, Akyurek N,

et al. The impact of the expression level of growth differentiation
factor 15 in tumor tissue on the response to immunotherapy in
non-small cell lung cancer. BMC Cancer 2024;24:954. https://doi.
org/10.1186/312885-024-12727-3

Groarke JD, Crawford J, Collins SM, Lubaczewski S, Roeland EJ,
Naito T, et al. Ponsegromab for the treatment of cancer cachexia.
N Engl J Med 2024;391:2291-303. https://doi.org/10.1056/nej-
moa2409515

. Crawford J, Calle RA, Collins SM, Weng Y, Lubaczewski SL,

Buckeridge C, et al. A phase Ib first-in-patient study assessing the
safety, tolerability, pharmacokinetics, and pharmacodynamics of
ponsegromab in participants with cancer and cachexia. Clin Cancer
Res 2024;30:489-97. https://doi.org/10.1158/1078-0432.ccr-23-
1631

. Santosh AB, Jones T, Harvey J. A review on oral cancer bio-

markers: understanding the past and learning from the present. J
Cancer Res Ther 2016;12:486-92. https://doi.org/10.4103/0973-
1482.176414

Fernandez-Olavarria A, Mosquera-Pérez R, Diaz-Sanchez RM,
Serrera-Figallo MA, Gutiérrez-Pérez JL, Torres-Lagares D. The
role of serum biomarkers in the diagnosis and prognosis of oral
cancer: a systematic review. J Clin Exp Dent 2016;8:¢184-93.
https://doi.org/10.4317/jced.52736

. Khijmatgar S, Yong J, Riibsamen N, Lorusso F, Rai P, Cenzato N,

et al. Salivary biomarkers for early detection of oral squamous cell
carcinoma (OSCC) and head/neck squamous cell carcinoma (HN-

20.

21.

22.

23.

24.

25.

26.

217.

Growth differentiation factor 15

SCC): a systematic review and network meta-analysis. Jpn Dent
Sci Rev 2024;60:32-9. https://doi.org/10.1016/j.jdsr.2023.10.003
. Pekarek L, Garrido-Gil MJ, Sanchez-Cendra A, Cassinello J,
Pekarek T, Fraile-Martinez O, et al. Emerging histological and
serological biomarkers in oral squamous cell carcinoma: applica-
tions in diagnosis, prognosis evaluation and personalized thera-
peutics (review). Oncol Rep 2023;50:213. https://doi.org/10.3892/
0r.2023.8650
. Zhang M, Chen X, Chen H, Zhou M, Liu Y, Hou Y, et al. Identifi-
cation and validation of potential novel biomarkers for oral squa-
mous cell carcinoma. Bioengineered 2021;12:8845-62. https://doi.
0rg/10.1080/21655979.2021.1987089
Schiegnitz E, Kdimmerer PW, Koch FP, Kriiger M, Berres M, Al-
Nawas B. GDF 15 as an anti-apoptotic, diagnostic and prognostic
marker in oral squamous cell carcinoma. Oral Oncol 2012;48:608-
14. https://doi.org/10.1016/j.oraloncology.2012.01.020
Schiegnitz E, Kdmmerer PW, Rode K, Schorn T, Brieger J, Al-
Nawas B. Growth differentiation factor 15 as a radiation-induced
marker in oral carcinoma increasing radiation resistance. J Oral
Pathol Med 2016;45:63-9. https://doi.org/10.1111/jop.12323
Yang CZ, Ma J, Luo QQ, Neskey DM, Zhu DW, Liu Y, et al. El-
evated level of serum growth differentiation factor 15 is associated
with oral leukoplakia and oral squamous cell carcinoma. J Oral
Pathol Med 2014;43:28-34. https://doi.org/10.1111/jop.12091
Yang CZ, Ma J, Zhu DW, Liu Y, Montgomery B, Wang LZ, et
al. GDF15 is a potential predictive biomarker for TPF induction
chemotherapy and promotes tumorigenesis and progression in oral
squamous cell carcinoma. Ann Oncol 2014;25:1215-22. https://doi.
org/10.1093/annonc/mdul20
Ma J, Tang X, Sun WW, Liu Y, Tan YR, Ma HL, et al. Mutant
GDF15 presents a poor prognostic outcome for patients with oral
squamous cell carcinoma. Oncotarget 2016;7:2113-22. https://doi.
org/10.18632/oncotarget.6017
Tang X, Hu YJ, Ju WT, Fu Y, Sun WW, Liu Y, et al. Elevated
growth differentiating factor 15 expression predicts long-term
benefit of docetaxel, cisplatin and 5-fluorouracil induction chemo-
therapy in patients with oral cancer. Oncol Lett 2018;15:8118-24.
https://doi.org/10.3892/01.2018.8324
Zhao TC, Zhou ZH, Ju WT, Liang SY, Tang X, Zhu DW), et al.
Mechanism of sensitivity to cisplatin, docetaxel, and 5-fluoroura-
cil chemoagents and potential erbB2 alternatives in oral cancer
with growth differentiation factor 15 overexpression. Cancer Sci
2022;113:478-88. https://doi.org/10.1111/cas.15218
Sinha R, Angadi PV. Salivary growth differentiation factor-15
levels in oral leukoplakia and oral squamous cell carcinoma. In-
dian J Health Sci Biomed Res KLEU 2023;16:391-6. http://doi.
org/10.4103/kleuhsj.kleuhsj 364 23

How to cite this article: Oh HJ, Lee JH, Kim SM. Growth
differentiation factor 15: a promising biomarker in oral cancer. J
Korean Assoc Oral Maxillofac Surg 2025;51:123-125. https://doi.
org/10.5125/jkaoms.2025.51.2.123

125


https://doi.org/10.1073/pnas.94.21.11514
https://doi.org/10.1016/j.cytogfr.2021.11.002
https://doi.org/10.1016/j.cytogfr.2021.11.002
https://doi.org/10.3389/fimmu.2020.00951
https://doi.org/10.3389/fimmu.2020.00951
https://doi.org/10.1158/1078-0432.ccr-08-3126
https://doi.org/10.1158/1078-0432.ccr-08-3126
https://doi.org/10.1158/1078-0432.ccr-03-0165
https://doi.org/10.1158/1078-0432.ccr-03-0165
https://doi.org/10.1158/1078-0432.ccr-11-0715
https://doi.org/10.1158/1078-0432.ccr-11-0715
https://doi.org/10.1186/s12885-024-12727-3
https://doi.org/10.1186/s12885-024-12727-3
https://doi.org/10.1056/nejmoa2409515
https://doi.org/10.1056/nejmoa2409515
https://doi.org/10.1158/1078-0432.ccr-23-1631
https://doi.org/10.1158/1078-0432.ccr-23-1631
https://doi.org/10.4103/0973-1482.176414
https://doi.org/10.4103/0973-1482.176414
https://doi.org/10.4317/jced.52736
https://doi.org/10.1016/j.jdsr.2023.10.003
https://doi.org/10.3892/or.2023.8650
https://doi.org/10.3892/or.2023.8650
https://doi.org/10.1080/21655979.2021.1987089
https://doi.org/10.1080/21655979.2021.1987089
https://doi.org/10.1016/j.oraloncology.2012.01.020
https://doi.org/10.1111/jop.12323
https://doi.org/10.1111/jop.12091
https://doi.org/10.1093/annonc/mdu120
https://doi.org/10.1093/annonc/mdu120
https://doi.org/10.18632/oncotarget.6017
https://doi.org/10.18632/oncotarget.6017
https://doi.org/10.3892/ol.2018.8324
https://doi.org/10.1111/cas.15218
http://doi.org/10.4103/kleuhsj.kleuhsj_364_23
http://doi.org/10.4103/kleuhsj.kleuhsj_364_23
https://doi.org/10.5125/jkaoms.2025.51.2.123
https://doi.org/10.5125/jkaoms.2025.51.2.123



