Review Article

Metabolic biomarker in oral squamous cell carcinoma -

a comprehensive review

Stoffwechselbiomarker beim oralen Plattenepithelkarzinom - ein

umfassender Review

Abstract

Oral squamous cell carcinoma (OSCC) is one of the most common ma-
lignant tumors worldwide with an increasing incidence. The surgical
treatment is challenging and often requires the entire repertoire of
plastic surgery. Diagnostically only a few crucial parameters are in use
and even less for an individual and specific drug targeting. An individu-
alised prognostic calculation is unavoidable to be able to adapt very
complex surgical processes to an acceptable level. Unfortunately, the
classic TNM system and grading are no longer sufficient, especially for
individualized prognosis. Moreover, despite advances in treatment,
studies have shown that the prognosis of patients with OSCC in terms
of survival rate has not improved significantly, which is mainly due to
the presence of treatment-resistant OSCC. Therefore, the identification
of new, reliable biomarkers for early diagnosis and drug targets of OSCC
is urgently needed. Meanwhile, the abundance of potential biomarkers
for OSCC is difficult to keep track of. Therefore, the aim of the article
was to provide an overview of articles listed in Pubmed® that deal with
the topic of biomarkers in oral squamous cell carcinoma, focusing in
particular on the topic metabolism. Another question of this study was
to set the focus on essential additive metabolic biomarkers, which can
also be easily used in clinical routine.
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Zusammenfassung

Das orale Plattenepithelkarzinom (OSCC) ist einer der haufigsten bos-
artigen Tumoren weltweit mit steigender Inzidenz. Die chirurgische Be-
handlung ist anspruchsvoll und erfordert oft das gesamte Repertoire
der plastischen Chirurgie.

Diagnostisch sind nur wenige entscheidende Parameter relevant und
noch weniger fur eine individuelle und spezifische Medikamenten-Ziel-
gruppenansprache. Um sehr komplexe chirurgische Prozesse auf ein
akzeptables Maf} anpassen zu kénnen, ist eine individualisierte Progno-
seberechnung unumganglich.

Leider reichen das klassische TNM-System und die Einstufung insbe-
sondere flr eine individualisierte Prognose nicht mehr aus. Dartber
hinaus haben Studien trotz Fortschritten in der Behandlung gezeigt,
dass sich die Prognose von Patienten mit oralen Plattenepithelkarzinom
im Hinblick auf die Uberlebensrate nicht wesentlich verbessert hat, was
hauptséchlich auf das Vorhandensein von behandlungsresistentem
oralen Plattenepithelkarzinomen zurickzuflihren ist.

Daher ist die Identifizierung neuer, zuverlassiger Biomarker fir die
Frihdiagnose und Wirkstoffziele von OSCC dringend erforderlich. Mitt-
lerweile ist es schwierig, den Uberblick (iber die Fiille an potenziellen
Biomarkern fur OSCC zu behalten.

Ziel des Artikels war es daher, einen Uberblick Giber in Pubmed® gelistete
Artikel zu geben, die sich mit dem Thema Biomarker beim oralen Plat-
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tenepithelkarzinom beschaftigen und dabei insbesondere auf das
Thema Stoffwechsel eingehen. Eine weitere Fragestellung dieser Studie
bestand darin, den Fokus auf essenzielle additive metabolische Biomar-
ker zu legen, die auch im klinischen Alltag problemlos eingesetzt werden

kénnen.

Schliisselworter: metabolische Biomarker, orales
Plattenepithelkarzinom, Prognose, Uberleben

1 Introduction

Oral squamous cell carcinomas (OSCC) are among the
twenty most frequent human malignancies worldwide
(Global Cancer Observatory, https://gco.iarc.fr/ [accessed
2024 Jun 25]). Treatment is usually surgical with resec-
tion of the tumor and neck dissection. The resulting de-
fects are often not insignificant and require complex re-
construction procedures. From a plastic surgery perspec-
tive, it would often be desirable to minimize the extent of
surgical methods, taking into account various risk factors
[1]. This brings biomarkers into focus in order to be able
to calculate the individual prognosis in detail. According
to GLOBOCAN estimates, there is an overall increase in
the incidence and mortality of this type of cancer in
Europe [2]. Moreover, the 5-year survival rate has stag-
nated at around 50% for over four decades. This indicates
that TNM and grading alone are not sufficient for an indi-
vidualized prognosis [3], [4]. Consequently, there is an
urgent need to establish new, additional prognostic
factors (“biomarker”) to characterize the individual ag-
gressive potential of the OSCC in detail on the one hand,
and on the other hand individualize the therapeutical
strategy. In an earlier analysis, we were able to certify the
excellent quality of head and neck tumor centers in Ger-
many [5]. However, our results showed that biomarkers
have not yet been used primarily in clinical routine in the
majority of tumor centers. One of the first promising initial
additive biomarkers is Epithelial Growth Factor Receptor
(EGFR) [6]. However, on the one hand EGFR is not uni-
formly expressed on all OSCC tumor cells. Moreover,
mutations in various domains of the EGFR gene not only
alter drug binding dynamics giving rise to resistance have
been described [7]. On the other hand and especially
emphasized, the molecular pathogenesis of 0SCC is very
complex and results from a multitude of events that in-
clude the interplay between genetic mutations and altered
transcript, protein and metabolite levels [8]. Intriguingly,
of particular interest are biomarkers that are involved in
tumor metabolism. This is due to the astonishing meta-
bolic adaption of many tumors, which was first demon-
strated by Otto Warburg and colleagues at the beginning
of the 20" century [9]. The Warburg effect characterizes
an alteration of the glucose metabolism of tumor cells
that leads to the production of large amounts of lactate.
This requires a modulation of the expression of various
biomarkers that influence this adaptive metabolism,
which then become of course detectable. For a better
understanding, the complexity of the glucose metabolism
in the tumor cell should be emphasized more in detail.

Therefore, an overview of glycolysis in tumors is presented
in Figure 1.

The aim of the present study was to analyze and develop
a comprehensive analytical review to determine additive
prognostic factors in oral squamous cell carcinoma, es-
pecially for metabolic parameters.

2 Material and methods

We reviewed Pubmed® within two and a half years from
January 2022 to June 2024. All articles related to bio-
markers in oral squamous cell carcinoma were checked
fundamentally. “Oral squamous cell carcinoma, biomark-
ers and prognosis” (Boolean operators only AND), these
were the keywords of our search.

We set the following exclusion criteria: no review articles,
no case reports, no paper written in a language other
than English, no duplications, only pathways and no ge-
netics (Figure 2).

In addition, all papers that were review articles or case
reports were filtered out. Moreover, the articles that exis-
ted twice (described the same biomarker, only one article
on the specific biomarker was reported here and was in-
cluded in our study) were also eliminated. Furthermore,
we were only interested in the pathways and not the ge-
netic route (Boolean operators only NOT). In addition, the
articles that were not written in English were excluded.
All articles were successively assigned to these criteria
using the NIH® (National Library of Medicine) algorithm.
All inclusion and exclusion criteria are listed as flow dia-
gram and shown graphically in Figure 2.

3 Results

The Pubmed search with the keywords “oral squamous
cell carcinoma AND biomarkers AND prognosis” resulted
in 6,004 articles found. Applying the exclusion criteria no
review articles, no case reports, all articles in English, no
duplications, only pathways and no genetics 2.517 pub-
lications remained. However, applying all exclusion criteria
(see Figure 2) only 312 (5.2%) articles remained for fur-
ther systematic analysis.

The publications were classified according to the different
points as follows into 4 large groups: i) cell cycle, ii)
metabolic, iii) immunological relevant proteins as well as
iv) proteins involved in apoptosis. Figure 3 provides an
overview of all 312 relevant proteins in accordance to
their classification of the different pathways.
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Figure 1: Glycolysis pathway
Normally, the glucose metabolism ends in mitochondrial respiratory chain and TCA (citric acid cycle). In tumors, among them
OSCC, it is limited at lactate!
Abbreviations: GAPDH - glyceraldehyde-3-phosphate dehydrogenase; HK - hexokinase; LDHA - lactate-dehydrogenase A;
PFK1 - phosphofructokinase; PGAM1 - phosphoglycerate mutase 1; PGK1 - phosphoglycerate kinase 1;
TPI1 - triosephosphate-isomerase

i) The first and largest group summarizes all aspects
acting directly on the cell cycle, 177 articles were identi-
fied (Figure 4). These were tumor suppressors (n=9),
micro-RNA (n=41), long-RNA (n=16), and others (n=111).
These ‘others’ mentioned include cell membrane struc-
ture, adhesion of the cells to each other like intermediate
filaments, cyclin dependent kinase or mitosis-associated
pathways.

The pathway that directly affects the cell cycle has been
published most frequently (177 articles (57%)). Of these,
50 of the 177 articles described the structure of the cell
membrane and the adhesion of cells, which corresponds
to around 28%. Moreover, 41 of 177 articles (23%), had
micro-RNA (for example: [10], [141], [12], [13], [14], [15],
[16], [17] as topic. In addition, mitosis-associated path-
ways were related to only 46 of the 177 articles (26%).
In comparison, tumor suppressor genes (9 publications
of the 177, 5%), cyclin dependent kinase markers
(15 publications of the 177, 8%) and IncRNA (16 publica-
tions of the 177, 9%) (publishing examples: [18], [19],
[20], [21] were less studied.

ii) The second very interesting and quite homogeneous
group (57 publications in total) can be subdivided into a
metabolic-enzymatic pathway of which 28 articles were
assigned to metabolism and 29 articles to enzymatic
classified (Figure 5). Comparing these investigated path-
ways, it is noticeable that the metabolic-enzymatic path-
way is published in 57 (18%) of the 312 articles which
corresponds to one fifth of the articles found, according
to our criteria. As this group appears to be the most
promising for the establishment of biomarkers at the
OSCC, all relevant and respective articles are also dis-
cussed in more detail in Table 1 and Table 2.

iii) The immunological pathway was the subject in a fur-
ther 56 articles and iv) there were apoptotic mechanisms
found in 22 publications (is equivalent to 7% of all rele-
vant articles).

Figure 5 shows the respective distribution of the articles
with metabolic and enzymatic accordance.

The articles dealing with the metabolic pathway are
summarized in Table 2.
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- biomarkers
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prognosis

n=6,004 6,004 articles were found

no review articles

no case reports
english language only
no duplications

- only pathways, no genetics
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312 articles could be evaluated using our criteria

Figure 2: Graphic of inclusion and exclusion criteria in the PubMed® search
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Classification according to investigated pathways
(total 312 articles)

= acting directly on the cell cycle (177) = metabolic-enzymatic (57)
= immunological (56) apoptotic (22)

Figure 3: Classification according to investigated pathways

Classification of the cell cycle-related pathways
(total 177 articles)

PR

= micro-RNA (41)

intermediate filaments (50)

= tumor supressors (9 publications)
= long-RNA (16)

= mitosis-associated pathways (46) = cyclin dependent kinase (15)

Figure 4: Classification of the cell cycle-related pathway

Distribution of articles with metabolic and enzymatic targets
(total 57 articles)

= metabolic (28 publications) = enzymatic (29)

Figure 5: Articles with metabolic and enzymatic targets

4 Discussion

4.1 Study design and general aspects

Intensive research into the establishment of additive
biomarkers in OSCC has now been ongoing for more than
20 years. The first groundbreaking review of biomarkers
in OSCC was published in 2003 by Schliephake [22] as
a systematic review of 169 articles. However, these
169 articles did not exclusively focus on tumor metabo-
lism. Nevertheless, the conclusion of this review was
sobering, as only 12 out of 23 articles dealing with of cell
cycle acceleration and proliferation markers showed a
significant association with the prognosis of OSCC. Three
years later, Lothaire and colleagues provided an updated
overview of the critical role of various prognostic factors
in OSCC [23]. The author encouraged clinicians and sci-
entists to push ahead with the establishment of additive
biomarkers for more precise diagnosis as quickly as
possible.

Other reviews on the subject are the articles by Cervino
et al. [24], da Silva et al. [25], Dolens et al. [26] and Blatt
et al. [27]. In the meantime, various attempts have been
made to comprehensively analyze the topic of biomarkers
at the OSCC. However, it is not uncommon for the inves-
tigations to be rather coarsely focused and each of the
investigators had different criteria to filter the articles.
Each investigator focused on different aspects of the
article search, resulting in a different number of sources
to which the investigator referred. For example, it should
be mentioned that Cervino et al. [24] summarized 1,884
papers and finally focused on only 8 articles. Dolens et
al. [26], on the other hand, included 172 articles and
Blatt et al. [27] used 128 studies that met their specific
inclusion criteria, among them were proliferative indica-
tors like Ki-67, Cox-2, Cdc7 or ABCB5 [28], [29], [30],
[31], [32].

All these excellent review articles are broadly based on
the topic of biomarkers at the OSCC. However, the focus
of our current survey was on energetic as well as meta-
bolic biomarkers. Therefore, the present investigation
would complement these analyses.

4.2 Metabolic aspects, glycolysis in
OSCC and its benefit as additive
biomarker

Whereas the metabolic-enzymatic pathway for OSCC has
already been described quite well by many publications,
which is why it should be discussed in more detail in this
review. Since Otto Warburg’s groundbreaking experiments
on tumor metabolism and the discovery of increased
glucose uptake by tumors, many attempts have been
made to find valuable additive biomarkers describing this
mechanism [9]. Since this major metabolic pathway of
glycolysis, which is also significant in OSCC, is very diverse
and very complex, so we focused our analysis on meta-
bolic adaptations of gene activity in oral carcinogenesis.
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Table 1: Relevant papers dealing with enzymatic biomarkers in 0SCC

Authors Year of Study design Results Prognostic effects
publication
Hu et al. 2021 normal oral mucosa G3BP1 as potential high G3BP1 mRNA
Changsha, China (n=17), oral squamous cell | biomarker levels associated with
[62] carcinoma tissues (n=61), survival rates in
paired adjacent tissues patients with OSCC
(n=47)
Marconi et al. 2022 Microscopic analysis on e.g. MMP-9 as marker MMP-9 is over-
Chieti, Italy expression of MMP-9 expressed in a cellular
[63] model of OSCC
Zhang et al. 2021 compared with healthy e.g. MMP-3 as potential | p=0,04
Luzhou, China control group, were five novel biomarker proteins (1309, GDF 15,
[64] proteins (1309, GDF 15, AXL, MMP3, CTACK,
AXL, MMP3, and CTACK) and MCSF) had diag-
in the serum of in situ oral nostic value for OSCC
cancer group
Liu et al. 2021 353 OSCC patients GBP5 as potential high gene expression
Kaohsiung, including 117 BMSCC, biomarker and levels of GBP5 were
Taiwan 187 TSCC, and 49 lip therapeutic target for associated with poor
[65] squamous cell carcinoma | OSCC overall survival
patients
Sulkshane et al. | 2021 USP9X was assessed by | USP9X potential as a p=0,0197
Maharashtra, immunoblotting and prognostic biomarker expression correlated
India immunohistochemistry in | and therapeutic target in | with poor prognosis in
[66] OC lines and tissues oral cancers OSCC patients
Zeng et al. 2021 SELENBP1 expression downregulation of SELENBP1 knockdown
Shaanxi, China and its clinical significance | SELENBP1 enhances enhances resistance of
[67] in OSCC were analyzed oral squamous cell OSCC cells, over-
from TCGA database carcinoma expression — opposite
chemoresistance effect
Starzynska et al. | 2020 92 patients, PIK3CA PTEN as potential inverse correlation with
Gdansk, Poland encoded on PTEN prognostic factor the T stage of the
[68] expression by IHC primary tumor
Bhanu et al. 2020 40 cases, immunohisto- lysyl oxidase as a LOX expression was
Mangalore, India chemical expression of potential predictive elevated in OSCC
[69] lysyl oxidase using LOX2 | biomarker for OSCC patients who had lymph
primary antibody node metastasis and in
those who died of
disease
Fang et al. 2019 107 patients with OSCC, |AKR1B10 is a valuable |p=0.043 tumor size,
Taipei, Taiwan analyzed by immunohisto- | biomarker for prognostic | perineural invasion
[70] chemistry prediction of recurrence | (p=0.012), recurrence
and survival in OSCC. (p=0.001)
Shimomura 2018 98 OSCC patients, downregulation of p=0.0135
etal. reduced DHRS9 expres- | DHRS9 — poor low DHRS9 expression
Kashihara, Japan sion in 68 of 98 patients prognosis in OSCC had a significantly
[71] (69.4%) poorer prognosis than
high DHRS9 expres-
sion (p=0.0443)
Eckert et al. 2019 tumor samples from CAIX as prognostic p<0.001
Halle, Germany 72 OSCC patients and 24 | factor higher mRNA-level of
[46] samples of normal tissue, CA9 in OSCC samples
1568 OSCC samples: than in adjacent normal
immunohistochemistry, tissue
89 blood serum samples:
ELISA
Pathiyil et al. 2017 20 patients, compared Salivary lactate p=0,001

Karnataka, India
[72]

with 20 age and gender
matched controls

dehydrogenase as a
prognostic marker in
0SccC

lactate dehydrogenase
levels — could be used
not only as a diagnostic
marker — could also be
a valuable prognostic
biomarker in surgically
for OSCC
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(Continued)

Table 1: Relevant papers dealing with enzymatic biomarkers in 0SCC

Authors Year of Study design Results Prognostic effects
publication
Lee et al. 2017 233 patients— underwent | glutathione peroxidase 1 | p<0,05
Seoul, Republic curative surgery for pre- predicts poor prognosis | GPX1 overexpression
of Korea viously untreated OSCC OSC, useful biomarker | — significantly cor-
[73] between 2000 and 2012 related with nodal
— immunohistochemistry metastasis, advanced
overall stage, depth of
invasion of >10 mm,
high grade, perineural
invasion
Kelgandre etal. |2016 100 histopathologically adenosine deaminase ADA levels — in OSCC
Ahmednagar, proven cases of OSCC as prognostic and cases compared to the
India (study group) and 100 diagnostic biomarker control group, also with
[74] normal healthy individuals histopathological grade
(control group)
Harada et al. 2016 110 paraffin-embedded N-acetylgalactosaminyl- | p<0.001
Kitakyushu, tumor samples — patients | transferase 3 as useful | univariate and multi-
Japan with surgically resected parameter in early stage | variate analyses
[75] ESOSCC (T1-2N0). demonstrated: strong
Recurrence was recog- GalNAc-T3+ status
nized in 37 of 110 (33.6%) — markedly lower
patients, strong disease-free survival
expression in 40 patients rates
(36.4%)
Vincent-Chong 2014 real-time quantitative PCR | MMP13, poor prognosis | p<0.05 high level of
etal. and immunohisto- in OSCC MMP13 associated with
Kuala Lumpur, chemistry methods in poor prognosis, lymph
Malaysia OSCC samples node metastasis
[76] p=0.011, tumor staging
p=0.002
Zhu et al. 2014 PLCGH1: performed on the | phospholipase C low PLCG1 expression:
Shanghai, China biopsies of 232 out of 256 | gamma 1 is a potential | significantly better
[77] OSCC patients at clinical | prognostic biomarker overall survival
stage Ill/IVA, PLCG1 (p=0.022), disease-free
positive score was survival (p=0.087)
determined by immuno-
reactive scoring system
Seto et al. 2013 68 patients — immuno- Negative expression of | p=0.048
Ibaraki, Japan histochemistry using N-acetylglucosaminyl- negative GnT-V
[78] antibodies against GnT-V | transferase V = poor expression was
prognosis associated with mode
of invasion by multiple
logistic regression
analysis
Pérez-Sayans 2010 patients with OSCC + ATP6V1C1 expression | p<0.001: ATP6V1C1
etal. control group of healthy levels: highly sensitive expression (Mann-
Santiago de individuals included age, |and specific diagnostic | Whitney U test)
Compostela, sex, smoking, tumor method
Spain location and tumor stage;
[79] brush cytology samples,
analyzed by real-time
quantitative polymerase
chain reaction.
Begum et al. 2009 50 cases of OSCC PAK4 = a good immunohistochemical
Tokyo, Japan demonstrated the diagnostic and/or analysis of primary
[80] overexpression of PAK4 to | therapeutic target tumors from 105 cases
be significantly associated of head and neck SCC
with a poorer prognosis including 50 cases of
0OSCC
Rao et al. 2020 40 cases each of OED ALDH1 used as p=0.05

Bangalore, India
(81]

and OSCC were retrieved
from departmental
archives, IHC —
correlated with clinico-
pathological parameters

individual prognostic
markers

expression incresed
from OED through
0OSsccC
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(Continued)
Table 1: Relevant papers dealing with enzymatic biomarkers in 0SCC

Authors Year of Study design Results Prognostic effects
publication
Da Silva et al. 2009 gRT-PCR in laser capture | FASN+USP2a in OSCC | p=0,001
Sao Paulo, Brazil microdissected OSCC — associated with tumor | by gRT-PCR in laser
[25] samples progression and poor capture microdissected
prognosis OSCC samples
Sgland et al. 2008 Investigation of COX-2 at | in early stage: most most tumours were
Oslo, Norway the invasive front and in tumours did not express | COX-2 negative at the
[82] central/superficial parts of | COX-2 at the invasive invasive front, lowest
OSCC, immunohisto- front, COX-2: histo- P-value in survival
chemistry of 53 early morphological grading analyses was P=0.06
stage OSCCs systems and TNM stage | for p-ERK1/2 at the
were of no prognostic invasive front
value
Shen et al. 2020 62 cases of OSCC and 18 | NUDT1 potential p<0.0001
Harbin, China normal tissues, patho- independent predictor NUDT1 were statisti-
[83] logical alterations were for the prognosis of cally increased in
assessed by immuno- patients with OSCC OSCC tissue, had a
histochemistry, NUDT1 in significant association
31 cases of OSCC and with histopathologic
normal tissues grades of OSCC
Sun et al. 2021 28 patients: mass spectro- | PLOD2: poor prognostic | p<0.001
Nanjing, China metry, 18 patients: public | biomarker for OSCC highly increased in
[84] databases, 100 patients: HNSCC an OSCC
immunohistochemistry
Kurokawa et al. 1998 43 patients, relationships | Manganese superoxide |Mn-SOD activity in
Kitakyushu, among the various clinico- | dismutase correlates cancerous tissues /
Japan pathologic parameters and | with prognosis of OSCC | healthy controls, no
[85] clinical course significant difference
patients with O-SCC /
healthy controls, no
significant difference
tissue Mn-SOD
activities / clinical stage
Hu et al. 2023 2 OSCC cell lines were PFKFB3 and PFKFB4 significant differences
Taiwan grown + 30 tumor- might be potential between the scrambled
[54] adjacent normal tissues prognostic biomarkers control and knocked
and 315 tumor tissues and therapeutic targets | down cells were
from oral cancer patients | for OSCC indicated as p<0.05,
were downloaded from p<0.01, and p<0.001
TCGA
Zhang et al. 2022 40 OSCC — recruited to | NNMT may be a critical | analyses: two-sided
China the study for untargeted regulator of EMT in tests + considered
[55] analysis — cell culture, OSCC and may serve statistically significant
PCR, western blot, IHC as a prognostic at p<0.05.
biomarker for OSCC
Tseng et al. 2022 tissue samples: collected | level of HDAC6 may be | significance of differ-
Taiwan from 133 patients with a useful prognostic ences between 2 in-
[56] OSCC biomarker and offer a dependent groups was

novel immune cell-
related therapeutic
strategy of targeting IL-
13in OSCC

analyzed with a two-
tailed Student’s t-test:
p<0.05 was considered
to indicate a significant
difference in all statis-
tical analyses

AXL — AXL protein; CAIX — Carbonic Anhydrase 9; CTACK — cutaneous T cell-attracting chemokine; COX-2 — cyclo-

oxygenase-2; G3BP1 — Ras-GTPase activating protein binding protein 1; GBP5 — guanylate binding protein 5; GDF15 —

growth/differentiation factor 15; 1309 — human cytokine 1-309; IHC — immunohistochemistry; MCSF — macrophage
colony-stimulating factor; MMP — Matrix Metalloproteinase; PAK4 — p21-activated kinase 4; PIK3CA — phosphatidylino-
sitol-4,5-bisphosphate 3-kinase, catalytic subunit alpha; PLCG1 — phospholipase C gamma 1; PTEN — phosphatase
and tensin homolog; SELENBP1 — selenium-binding protein 1
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Table 2: Overview to relevant investigations with respect to metabolic pathways in 0SCC

Authors Year of Study design Results Comments
publication
Zuo et al. 2021 103 patients of OSCC serum metabolomics p<0.001
Zhengzhou, before and after the (hypoxanthine)analysis | 14 differential meta-
China operation could be used to bolites and five dis-
[86] prognosis of OSCC turbed pathways were
identified, Succinic
acid change-low,
hypoxanthine change-
high tumor grade, and
tumor stage indicated
a trend towards
improved recurrence-
free survival
Ishikawa et al. 2022 72 OSCC patients, training | 3-Methylhistidine and 5- | p=0.009
lida-nishi, Japan group: n=35, validation Hydroxylysine as concentrations of
[53] group n=37, comprehen- | prognostic factors as 5-hydroxylysine in
sive metabolomic metabolic product training group, overall
analyses, unstimulated survival, 3-methyl-
saliva samples histidine (p=0.0048) as
prognostic factors for
OS in the validation
group
Zhou et al. 2022 Glycolytic enzymes/ Several glycolytic Glycolytic proteins
Nachang, China proteins proteins as biomarkers; | potential targets
[87] LDH, GLUT-1, GLUT-3
Tzeng et al. 2021 Human tongue carcinoma | Endothelis 1 (ET-1) Nockdown of ET-1
Taipei, Taiwan cell lines + 48 OSCC involved in Epithelial- remarkably reduced
[51] samples mesenchymal-transition | Epithelial-
mesenchymal-
transition signals
Zhu et al. 2020 applying with quantitative | HK2 level is HK2 = a target of miR-
Shandong, China real-time polymerase consequently regulating | 106a-5p and miR-
[39] chain reaction (QRT-PCR) | cellular behaviors in 106a-5p played an
OSCC as a tumor anti-tumor role in
promoter OSCC by inhibiting
HK2
Li et al. 2016 1301 subjects were GLUT-1 = prognostic p<0.001
Xinjiang, China included for meta-analysis | biomarker for OSCC high GLUT-1 expres-
[33] sion was associated
with advanced tumor
stages, higher tumor
grade (p=0.0031)
Sugiura et al. 2009 160 OSCC patients, IHC | increased levels of independent prognos-
Fukuota, Japan VEGF-C/-D are tic factors, enhanced
[52] associated with lymph VEGF-C ~ lymph node
node metatasis metastasis (p>0.001)
Chuang et al. 2009 25 cases of human buccal | RANK pathway as strong cytoplasmic
Kaohsiung, SCCs without bony biomarkers for OSCC staining of RANKL
Taiwan invasion, 15 cases of proteins is detected in
[88] gingival SCCs with cancer cells of both
mandibular bony invasion buccal and gingival
SCCs
Zhao et al. 2021 TCGA+GEO: mRNA ALDOA, PGK1 = poor two hypoxia-related
Tianjin, China expression of OSCC prognosis in OSCC, genes = significantly
[38] patients potential markers in associated with
0SSC prognosis of OSCC
GMS |: D GPW
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(Continued)

Table 2: Overview to relevant investigations with respect to metabolic pathways in 0SCC

Taipei, Taiwan
(98]

and 3 months after
surgical cancer excision
and from 30 normal
controls

Authors Year of Study design Results Comments
publication
Yu et al. 2020 3 OSCC sufferers — SPRR3 diagnostic+ diagnostic and
Shandong, China 229 DEGs prognostic marker prognostic values of
[89] the candidate genes
were analyzed —
provided evidence for
new tumor markers
Wang et al. 2021 306 patients (2008-2017), | preoperative AGR — p<0.001 = low AGR,
Chiayi, Taiwan Kaplan-Meier analysis prognostic biomarker TNM staging p=0.656
[90] — 0.783 with inclusion
AGR
Zheng et al. 2020 Glycolytic glycolysis of OSCC = Glycolytic proteins
Tianjin, China enzymes/proteins diagnostic biomarker + potential targets
[91] circMDM2/miR-532- therapeutic target
3p/HK2 axis
Tomasovic- 2019 101 non-metastatic and 95 | AR as potential AR-positive staining of
Loncaric et al. metastatic OSCC patients | biomarker in OSCC OSCC epthelium —
Zagreb, Croatia were analyzed by IHC more than 20%
[92]
Xu et al. 2018 IHC of 72 OSCC CLIC1 = diagnostic patients with high
Chonggqing, specimens marker and therapeutic | CLIC1 expression had
China [83] target for OSCC remarkably poorer
overall survival rate
than low CLIC1
expression
Mankapure et. al. | 2015 40 OSCC cases — Endothelin-1 = p<0.0001
Aurangabad, compared with control prognostic marker independent t-test
India group revealed significant
[94] higher big ET-1
concentration of OSCC
cases when compared
to controls
Koyama et al. 2015 ANGPTL3 mRNA +protein | ANGPTL3= biomarker | p<0.05: ANGPTL3
Chiba, Japan in OSCC-derived cell lines upregulation was
[95] (n=8) and primary OSCCs detected in the cell
(n=109)— assessed the lines and most primary
effect of ANGPTL3 on the OSCCs (60%)
biology and function of compared with the
OSCCs normal counterparts
Lv et al. 2014 9 OSCC cell lines + 36 PTHLH/PTHrP =role in | p<0.0001
Shanghai, China paired OSCC specimens | the pathogenesis of PTHLH mRNA + pro-
[96] — real-time PCR and 0OSsCC tein levels in 9 OSCC
western blotting cell lines were much
higher than that in
normal epithelial cells
Huang et al. 2013 tissue microarrays Keap1 = potential p=0.0969
Wuhan, China containing 17 normal oral | therapeutic target and Keap1, Nrf2, PPIA,
[97] mucosa, 7 oral epithelial prognostic value Prdx6, CD147 expres-
dysplasia,43 OSCC cases sion in OSCC were
were studied by significantly higher —
immunohistochemistry to normal oral mucosa
Cheng et al. 2012 72 OSCC patients before | PIGF = biomarker for p<0.001

therapeutic effect,
progression, recurrence,
prognosis

pre-surgery, tumor-
size p=0.015, pos.
lymph node p=0.001
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(Continued)

Table 2: Overview to relevant investigations with respect to metabolic pathways in 0SCC

for B2-AR protein —
immunohistochemistry,
western blot, PCR

prognostic factor in
patients

Authors Year of Study design Results Comments
publication
Tripathi et al. 2012 IHC: OSCC n=214, loss of DLC1 = indepen- | P<0.001 — with dys-
New Delhi, India dysplasia n=51, hyper- dent prognostic factor in | plasia, poor prognosis
[99] plastic squamous mucosa | patients with OSCC p=0.023, histopatho-
n=45, normal tissue n=80 logical grade p=0.015
Liet al. 2011 IHC + Western blotting Insulin-like growth factor | IMP3 overexpression
Seoul, South Il = prognostic factorin | in OSCC, correlation
Korea 0SscC with high histologic
[100] grade, lymph node
metastasis, advanced
tumor, clinical stages
Ayala et al. 2010 142 OSCC patients, IHC | GLUT-1 and GLUT-3 as | both independent
Sao Paulo, metabolic parameters/ prognostic factors, OS
Brasilien biomarkers GLUT-1 RR 2.066
[34] (p=0.006) GLUT-3 RR
1.933 (p=0.018)
Chuang et. al 2009 25 cases of human buccal | RANKL and OPG strong cytoplasmic
Kaohsiung, SCCs without bony pathway as biomarkers | staining of RANKL
Taiwan invasion, 15 cases of for OSCC proteins is detected in
[88] gingival SCCs with cancer cells of both
mandibular bony invasion buccal and gingival
SCCs
Zhang et al. 2017 122 OSCC patients PGAM1 predicts the PGAM1 expression
Shanghai, China immunohistochemistry, poor prognosis of OSCC | correlated with age,
[40] correlation between lymphatic metastasis
clinicopathological and tumor recurrence,
expression is closely associated
with poor overall
survival + disease-free
survival
Sugiura et al. 2009 160 cases for LVD + VEGF-D as marker in p<0.001
Fukuoka, Japan expression of VEGF-C 0SscC expression VEGF-C/D
[52] and D — [HC and LVD — lymph
node metastasis
Song et al. 2024 OSCC + adjacent normal | |GF2BP3 = upregulated | significance level of
China fresh tissues collected, in OSCC p<0.05
[57] period of 2022-2023
Huang et al. 2023 329 tumor tissues and high expression of correlation analysis
China 32 adjacent non- GGPS1in OSCC = between clinical
[59] cancerous tissues from poor prognosis information and gene
TCGA expression was
implemented by Cox
regression (p<0.05)
Krishna et al. 2022 65 OSCC tissues: B2-AR protein level: Cox:proportional
India 41 tissues (63.1%) identified as an hazards model, 2-AR
[60] exhibited high expression | independent significant | was identified as a

prognostic biomarker
of OSCC (p=0.047).

AGR - albumin/globulin ratio; ANGPTL3 — angiopoietin-like protein 3; AR — Androgen receptor; CLIC 1 — chloride intra-
cellular channel 1; CD147 — cluster of differentiation 147, Basigin; DEGs — differentially expressed genes; ET-1 — endo-
thelin-1; GEO — Gene Expression Omnibus; GLUT-1/3 — Glucose Transport Molecule 1/3; IHC — Immunohistochem-
istry; IMP3 — Insulin-like growth factor Il mMRNA-binding protein 3; Keap1 — Kelch Like ECH Associated Protein 1; LVD —
lymphatic vessel density; LDH — Lactate Dehydrogenae; Nrf2 — nuclear factor erythroid 2-related factor 2; OPG — osteo-
protegerin; OS — overall survival, PIGF — placental growth factor; PPIA — peptidylprolyl isomerase A; Prdx6 — Peroxi-
redoxin 6; RANKL — Receptor Activator of NF-kB Ligand; TCGA — The Cancer Genome Atlas; VEGF-C/-D - vascular
endothelial growth factor C/D
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Therefore, the metabolic pathway will be the focus of our
work in this paper and will be presented in detail in ac-
cordance with Figure 1.

The metabolic process of glycolysis and associated genes
- an early key step in oral carcinogenesis - has been
described in many articles. It has been shown that over-
expression of different glycolytic enzymes results in a
worse prognosis. The most informative and promising
markers are GLUT-1 (glucose-transporter type 1), GLUT-
3 (glucose-transporter type 3) and HK2 (hexokinase 2),
ALDOA (aldolase A, fructose-bisphosphate A), PGK1
(phosphoglycerate kinase 1) or PGAM1 (phosphoglycerate
mutase 1). Some representative articles and proteins
deserve to be discussed in more detail.

The glycolytic pathway starts with the uptake of glucose
into the cells, for which transporters are responsible e.g.
GLUTs. GLUTs are part of a carrier family consisting of
13 members. Among these members, GLUT-1 and GLUT-
3 are relevant in OSCC. Consequently, GLUTs has been
studied quite frequently and it’s not surprising that GLUTs
in general are among the most well-studied groups of
biomarkers in OSCC [33]. Both GLUT-1 and GLUT-3 [34]
can be considered as significant markers of poor
prognosis in OSCC. An important meta-analysis regarding
GLUT-1 summarized 13 studies with 1,301 subjects
published by Li et al. [33].

The authors found that an increased expression of GLUT-
1 is associated with higher tumor grade (P=0.031), tumor
size (P<0.001), and lymph node metastasis (P<0.001)
as well as with shorter overall survival in OSCC [33].
The article highlights GLUT-1 as a key enzyme in OSCC
prognosis and aggressiveness.

Moreover, some other studies confirm this association
in distinguishing between premalignant types and invasive
cancer [35]. Beyond that, this general statement about
the association between GLUT-1 transporter and OSCC
has been reported in several articles [36], [37]. Although
GLUT-1 is the main enzyme for the intake of glucose into
the cells, there are other important enzymes involved in
this pathway downstream of GLUTs. A study regarding
ALDOA and PGK1 by [38] shows that a high expression
of ALDOA and PGK1 is associated with poor prognosis in
OSCC patients and that they can be used as potential
markers for predict prognosis and hypoxia in OSCC pa-
tients. Both markers are important enzymes in glycolysis.
HK2 [39], as well as PGAM1 [40] were found to be rele-
vant OSCC-associated biomarkers. HK2 catalyzes the
initial step in the conversion of glucose to glucose-6-
phosphate (see Figure 1) [41].

Most analyses focused on the development of the primary
tumor. Metastasis itself represents a complex cascade
in tumor progression that should be characterized in de-
tail in a further review article but is essential for the dis-
cussion. The pathway of metastasis must be strictly dis-
tinguished from our work. Blatt et al. focused on glycolysis
in metastasis in their article [27], which indicates meta-
bolism in OSCC progression/metastasis.

Our analysis supports the results of Blatt et al., but we
focus on the metabolism of glycolysis and the enzymes
involved in glucose metabolism in primary tumors.

4.3 Tumor microenvironment and pH
stability

A second metabolic-related and tumor-specific character-
istic is the tumor microenvironment. This required factors
that affect the pH value e.g. carbonic anhydrase. One
crucial enzyme is carbonic anhydrase, a membrane-
spanning tumor-associated cell surface glycoprotein that
is induced by hypoxia is involved in adaptation to
acidosis and in cancer progression [42]. This is because
glycolysis itself is able to decrease the extracellular pH
value caused by the release of the product of tumor-
specific glucose metabolism, namely lactate. This must
be fixed by enzymes, produced be the tumor cells.
Intriguingly, all described tumor-related mechanisms re-
quired a key regulator protein. The best-investigated one
is the hypoxia-induced factor 1 with its alpha subunit (HIF-
1a) [43]. HIF itself provides a short half-time of only a few
minutes. Therefore, there is an urgent need to establish
surrogate markers that have the capacity to reliably de-
scribe the content of HIF activation [44]. In this context,
the next promising protein that is associated with hypoxia
and tumor micromilieu is the prolyl 4-hydroxylase subunit
ol (P4HAL), which encodes the active catalytic compon-
ent of prolyl 4-hydroxylase (P4H). It is noteworthy to state,
this is initially considered as a key enzyme for collagen
processing and therefore for the structure of extracellular
matrix [38]. On closer inspection, however P4HA1L is in-
volved in HIF stabilization and has earned the term sur-
rogate marker for tumor hypoxia.

The high metabolic glucose turnover into lactate causes
further risks even for the tumor cell. Intracellular acidifi-
cation is an essential issue, which is an obstacle to tumor
DNA replication. At this point, further metabolic proteins
are required that contribute to intracellular pH stabiliza-
tion. The key protein carbonic anhydrase 9 (CAIX), a
membrane-spanning tumor-associated cell surface gly-
coprotein that is induced by hypoxia is involved in adap-
tation to acidosis and in cancer progression [45]. The in-
teresting GLUT1-CAIX axis has been described in several
articles in PubMed® related to OSCC [46], [47], [48].

In addition to glucose, malignant tumors also require
other substances to sustain their complex energy utiliza-
tion. One of these is glutamine, which is needed both as
a source of nitrogen to support tumor biomass and addi-
tionally for energy production [49], as a consequence,
tumor-related increase in glutaminolysis should be dis-
cussed and further studies must be analyzed (one study,
for example, is that of [50]).
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4.4 Other metabolic proteins involved in
oral carcinogenesis

Remembering the complex network and difficult structure
of oral carcinogenesis there is also many peptides that
can make metabolic-enzymatic predictions about tumor
expression. This very interesting area that is also being
investigated and highlighted as follows. In addition to
energy supply at the cellular level, the development of a
tumor’s own vascular system also plays a decisive role.
Whether they intervene in the vascular area such as ET-
1, HIF-1 or VEGF, integrated in collagen metabolism like
P4HA1, hexoses phosphorylate (hexokinase 2) or cell-
surface associated (CAIX), require separate investigations
and are only briefly explained and listed here. For ex-
ample, endothelin (ET-1), a glycolytic enzyme-independent
peptide that is involved in microvascular imaging of sev-
eral organs.

It plays a central role in oral carcinogenesis due to its
regulatory axis via miRNA 4893p and TWIST [51]. This
phenomenon, together with the fact of increased energy
expenditure, leads to the emergence of the epithelial-
mesenchymal junction (EMT), another cornerstone of
carcinogenesis. On the other hand, the HIF-1 regulated
expression of vascular endothelial growth factor A (VEGFA)
is a well-known and intensively described process in early
oral carcinogenesis.

The next critical hallmark of OSCC is the development of
lymphatic metastases. Reliable biomarkers are the vas-
cular endothelial growth factors C and (VEGF-C/-D). In
multivariate analysis, overexpression of VEGF-C and VEGF-
D correlated with increased lymphatic vessel density (LVD)
and increased lymph node metastasis in OSCC [52].

In addition, biomarkers that can be detected in saliva are
also playing an increasingly important role It's about
studying biomarkers and another promising approach is
to establish salivary biomarkers, as described by [53] for
example. This study identified salivary metabolomic bio-
markers to predict the prognosis of OSCC based on
comprehensive metabolomic analyses. Quantified meta-
bolomics data from unstimulated saliva samples from
patients with OSCC were randomly divided into the train-
ing and validation groups in Ishikawa et al.’s study [53].
The training data was used to develop a Cox proportional
hazards regression model to identify significant metabol-
ites as prognostic factors for overall survival and disease-
free survival. Additionally, the validation set was used to
develop another Cox proportional hazards regression
model using the previously identified metabolites. There
were no significant differences between groups in parti-
cipant characteristics. The concentrations of 5-hydroxylys-
ine (p=0.009) and 3-methylhistidine (p=0.012) were
identified as significant prognostic factors for overall
survival in the training group. Among them, the concen-
tration of 3-methylhistidine was a significant prognostic
factor for overall survival in the validation group
(p=0.048). Ishikawa et al.’s results showed that salivary

3-methylhistidine is a prognostic factor for OS in patients
with OSCC.

4.5 Crosstalk metabolism in immune
oncology

Hu et al. underline the key role of both glycolytic relevant
enzymes Phosphofructokinase-fructose bisphosphatases
PFKFB3 and PFKFB4 with different effects on the
prognosis of oral cancer patients with different clini-
copathological outcomes [54]. Moreover, PFKFB4 expres-
sion was significantly higher in the tumour tissues and
may be helpful to discriminate tumours from normal
and/or premalignant tissue. The research group among
Zhang analysed the role of Nicotinamide N-methyltrans-
ferase (NNMT) as a metabolic enzyme catalysing the
methylation of nicotinamide (NAM) to generate 1-methyl
nicotinamide (MNAM). In addition, NNMT promoted OSCC
tumour cell proliferation and migration in vitro [55]. In
addition, NNMT was involved in OSCC tumour cell prolif-
eration and migration in vitro and may be considered as
critical regulator of EMT in OSCC as well as a prognostic
biomarker in OSCC.

Another interesting aspect is the pivotal function of His-
tone deacetylase proteins (HDACs) - a family of enzymes
that remove acetyl functional groups from histone pro-
teins on DNA. One of them, HDACG, is located in the
cytoplasm and involved in many biological and patholo-
gical processes. These are cell migration, the DNA dam-
age response and carcinogenesis, by regulating its sub-
strates. As a consequence, patients, whose tumour
intensively expressed HDAC6 showed a 3.248-fold in-
crease mortality risk compared with the low HDAC6 ex-
pression group (P=0.003, [56]). Interestingly, levels of
HDAC6 may be also a useful prognostic biomarker and
offer a novel immune cell-related therapeutic strategy of
targeting IL-13 in OSCC. Some investigations into the
enzymatic role of carcinogenesis in OSCC is more com-
plex. Song et al. demonstrated the influence of IGF2BP3,
encoding for the insulin-like growth factor 2 mRNA-binding
protein 3. Their results indicated that OSCC specimen
with greater expression levels of IGF2BP3 exhibited signi-
ficantly shorter overall survival compared to those with
lower expression levels (p=0.029). Thus, IGF2BP3 is one
possible additional gene/protein in facilitating tumour
development and metastasis in vivo [57].

The discovery of the enzyme GGPS1 (geranylgeranyl di-
phosphate synthase 1) that has so far received little at-
tention is also highly interesting. GGPS1 is a member of
the prenyltransferase family and acts as an enzyme for
the posttranslational modification of proteins [58], has
key roles in signalling pathways like cytoskeletal regula-
tion and intracellular transport and can serve as a bio-
marker in Hepatocellular carcinoma. Related to OSCC,
the authors found significantly higher expressions of
GGPS1 intumour tissues compared to normal oral tissues
[59]. Moreover, it is interesting to note that the GGPS1
expressions were very closely negatively linked to overall
survival (OS) and disease-free survival (DSS) of the pa-
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tients of OSCC. Of course, this moves away from classical
tumour metabolism but shows the diversity of adaptation
mechanisms in oral cancer.

A similar approach is pursued by Krishna and coworkers.
They analysed the prognostic role of Beta 2-Adrenergic
Receptor (B2-AR) in OSCC. They have key functions in
cAMP-pathway [60]. In Cox proportional hazards model,
B2-AR was identified as a prognostic biomarker of OSCC
patients.

A trend can be observed over the entire observation
period: while classical biomarkers for energy production
and metabolism were still favoured in the first period,
other proteins/enzymes that play a supportive role in the
complex metabolism of energy production have now fol-
lowed in recent months. In addition, the cross-linkage to
immunologically biologically relevant key proteins has
become apparent. This crystallizes that the current re-
search initiatives take into account two relevant Nobel
Prizes - on the one hand the one on HIF-1 system and
on the other hand the one on immune checkpoint block-
ade.

5 Conclusion

To sum up, our results show that the current approaches
in biomarker research in the OSCC are satisfactory com-
pared to 20 years ago. However, if one compares all the
pathways we have classified, it turns out that the cell
cycle pathway, and here in particular the micro-RNA and
the intermediate filaments, have been best studied.
Overall, the long-noncoding RNA, the mitosis-associated
pathway, the cyclin-dependent kinase, and tumor sup-
pressors have been less described.

Most of the articles also show the fundamental role that
glycolysis plays in OSCC prognosis and support Otto
Warburg’s pioneering idea in the early 20" century. In our
opinion, the specific use of biomarkers in OSCC for an
individualized diagnosis and prognosis calculation can
be considered as a new milestone in cancer treatment
in great accordance with Schilsky’s excellent review [61].
Altogether, considering the multiple research initiatives
in the establishment of metabolic and enzymatic biomark-
ers in OSCC, some key enzymes are crystallizing for use
in addition to TNM and grading. These are GLUT-1, CAIX
and HK2 - all enzymes that play an essential role in
glucose metabolism. As key enzymes, they all excellently
characterize the glucose metabolism and thus the ener-
getic situation of the tumor cell: GLUT-1 as the gateway
into the cell, HK2 as the initiator of tumor-related meta-
bolism and CAIX for pH stability as well as and for elimi-
nation of toxic waste products. The latter can also be
described as the gatekeeper of epithelial-mesenchymal
transition. An upregulation of these proteins characterizes
an increased metabolism and a more aggressive tumor
subtype; possible therapeutic options would be targeted
strategies against the expression of, for example, the
surface enzyme GLUT-1. From a clinical transnational
perspective, it can nevertheless be formulated that, at

the present time, the most promising additive (metabol-
ic/enzymatic) biomarkers in the form of GLUT-1, HK2 and
CAIX can complement the classic TNM system and the
grading sufficiency and should support the clinical setting.

Notes

Funding

The authors hereby confirm that they did not receive any
financial support in carrying out the research. This re-
search did not receive specific funding from any public,
commercial, or for-profit sectors.

The authors acknowledge the financial support of the
Open Access Publication Fund of the Martin Luther Uni-
versity Halle-Wittenberg.

Competing interests

The authors declare that they have no competing in-
terests.

References

1. Shen M, Shan W, Lv S, Cai K, Chen X, Xu Z, Gao M, Wang G. Risk
factors for the occurrence of infection in patients with oral
squamous cell carcinoma after restorative reconstruction and
its impact on recurrence and quality of life: a retrospective cohort
study. Transl Cancer Res. 2023 Aug;12(8):2155-68.

DOI: 10.21037/tcr-23-1150

2. Panarese |, Aquino G, Ronchi A, Longo F, Montella M, Cozzolino
I, Roccuzzo G, Colella G, Caraglia M, Franco R. Oral and
Oropharyngeal squamous cell carcinoma: prognostic and
predictive parameters in the etiopathogenetic route. Expert Rev
Anticancer Ther. 2019 Feb;19(2):105-19.

DOI: 10.1080/14737140.2019.1561288

3. Listl S, Jansen L, Stenzinger A, Freier K, Emrich K, Holleczek B,
Katalinic A, Gondos A, Brenner H; GEKID Cancer Survival Working
Group. Survival of patients with oral cavity cancer in Germany.
PL0S One. 2013;8(1):e53415.

DOI: 10.1371/journal.pone.0053415

4. Rogers SN, Brown JS, Woolgar JA, Lowe D, Magennis P, Shaw
RJ, Sutton D, Errington D, Vaughan D. Survival following primary
surgery for oral cancer. Oral Oncol. 2009 Mar;45(3):201-11.
DOI: 10.1016/j.oraloncology.2008.05.008

5. Schreder K, Thiele O, Eckert A. Current standards in the diagnosis
and treatment of oral squamous cell carcinoma - a multicenter
analysis. GMS Interdiscip Plast Reconstr Surg DGPW. 2023 Oct
31;12:Doc10. DOI: 10.3205/iprs000180

6. Huang Z, Rui X, Yi C, Chen Y, Chen R, Liang Y, Wang Y, Yao W,
Xu X, Huang Z. Silencing LCN2 suppresses oral squamous cell
carcinoma progression by reducing EGFR signal activation and
recycling. J Exp Clin Cancer Res. 2023 Mar;42(1):60.

DOI: 10.1186/s13046-023-02618-z

7. Nair S, Bonner JA, Bredel M. Mutations in Head and Neck
Squamous Cell Carcinoma. Int J Mol Sci. 2022 Mar
30;23(7):3818. DOI: 10.3390/ijms23073818

GMS |.

DGPW

GMS Interdisciplinary Plastic and Reconstructive Surgery DGPW 2025, Vol. 14, ISSN 2193-8091

14/18



Schreder et al.: Metabolic biomarker in oral squamous cell carcinoma ...

8. Vitério JG, Duarte-Andrade FF, Dos Santos Fontes Pereira T, 23. Lothaire P, de Azambuja E, Dequanter D, Lalami Y, Sotiriou C,
Fonseca FP, Amorim LSD, Martins-Chaves RR, Gomes CC, Canuto Andry G, Castro G Jr, Awada A. Molecular markers of head and
GAB, Gomez RS. Metabolic landscape of oral squamous cell neck squamous cell carcinoma: promising signs in need of
carcinoma. Metabolomics. 2020 Sep 30;16(10):105. prospective evaluation. Head Neck. 2006 Mar;28(3):256-69.
DOI: 10.1007/s11306-020-01727-6 DOI: 10.1002/hed.20326
9. Warburg O. On the origin of cancer cells. Science. 1956 Feb 24.  Cervino G, Fiorillo L, Herford AS, Romeo U, Bianchi A, Crimi S,
24;123(3191):309-14. DOI: 10.1126/science.123.3191.309 D’Amico C, De Stefano R, Troiano G, Santoro R, Laino L, Laino
10 Baber S. B M. Moh dnia A Sh hiri A. Amini Shakib P G, Ciccit M. Molecular Biomarkers Related to Oral Carcinoma:
’ aber ! ayat M, o. amadnia A, ; amshiri A, m|n.| .a o F Clinical Trial Outcome Evaluation in a Literature Review. Dis
Bahrami N. Role of miR153 and miR455-5p Expression in Oral Markers. 2019 Jan;2019(1):8040361
Squamous Cell Carcinoma Isolated from Plasma. Asian Pac J ) . ' ’
DOI: 10.1155/2019/8040361
Cancer Prev. 2021 Jan;22(1):157-61. / /
DOI: 10.31557/APJCP.2021.22.1.157 25. da Silva SD, Cunha IW, Nishimoto IN, Soares FA, Carraro DM,
. ) ) . ) o Kowalski LP, Graner E. Clinicopathological significance of
11. g'gail_' E’é‘oﬁat(e)”ﬁ LG, P(':Séadlo A,”lv:aggmr_e IGY Va_lgazrzz)m R ubiquitin-specific protease 2a (USP2a), fatty acid synthase
am ', ’ _a 0, Luceri > xtrgce uiar ve§|c es m|_ - asa (FASN), and ErbB2 expression in oral squamous cell carcinomas.
potential biomarker for diagnosis and survival prediction of oral Oral Oncol. 2009 Oct;45(10):e134-9
squamous cell carcinoma patients. J Oral Pathol Med. 2022 DOI: 10 1616 ) oralorylcolo '2009 0'2 004
Apr;51(4):350-7. DOI: 10.1111/jop.13263 T /I &. o
. . . 26. Dolens EDS, Dourado MR, Aimangush A, Salo TA, Gurgel Rocha
12. HeT, GuoX, Li X, Liao C, Wang X, He K. Plasma-Derived Exosomal CA, da Silva SD, Brennan PA, Coletta RD. The Impact of
microRNA—l’o’.Oa Serves as a Noninvasive Bigmarkerfor Diagnosis Hisytopathologic’al Features an the Prognosis of Oral Squamous
and Prognosis of Oral Squamous Cell Carcinoma. J Oncol. 2021 Cell Carcinoma: A Comprehensive Review and Meta-Analysis.
Apr 16;2021:5547911. DOI: 10.1155/2021/5547911 Front Oncol. 2021 Nov 10:11:784924.
13.  HuangWC, Jang TH, Tung SL, Yen TC, Chan SH, Wang LH. A novel DOI: 10.3389/fonc.2021.784924
miR-365-3p/EHF/keratin 16 axis promotes oral squamous cell 7 gt 5 Krizger M, Ziebart T, Sagheb K, Schiegnitz E, Goetze E,
carcinoma metastasis, cancer stemness and drug resistance via Al-Nawas B, Pabst AM. Biomarkers in diagnosis and therapy of
enhancing B5-integrin/c-met signaling pathway. J Exp Clin Cancer ’ e . . .
oral squamous cell carcinoma: A review of the literature. J
Res. 2019 Feb;38(1):89. DOI: 10.1186/s13046-019-1091-5 Craniomaxillofac Surg, 2017 May;45(5):722-30.
14. Jakob M, Mattes LM, Kiiffer S, Unger K, Hess J, Bertlich M, DOI: 10.1016/j.jcms.2017.01.033
Haubner F, Ihler F, Canis M, Weiss BG, KitzJ. MicroRNA ——  »g = cpeng AN, Jiang SS, Fan CC, Lo YK, Kuo CY, Chen CH, Liu YL,
expression patterns in oral squamous cell carcinoma: hsa-mir- Lee CC, Chen WS, Huang TS, Wang TY, Lee AY. Increased Cdc7
99b-3p and hsa-mir-100-5p as novel prognostic markers for oral expreséion isa myarker of orél squam(;us cell carcinoma and
E)?)r:cij Zl_g?g Nhecdké%%jé%OCtAl(10):3499'515' overexpression of Cdc7 contributes to the resistance to DNA-
T /hed. damaging agents. Cancer Lett. 2013 Sep;337(2):218-25.
15.  Lu M, Wang C, Chen W, Mao C, Wang J. miR-654-5p Targets DOI: 10.1016/j.canlet.2013.05.008
GngP Itc;Promote P(r:ollllf((a:ratpn, Me’?ﬁtas'sr’] ";nd Chk}lin;;rg?lstalme 29.  Freudlisperger C, Freier K, Hoffmann J, Engel M. Ki-67 expression
BNAraC Iﬁ;'arlnc;lé)slseA ?;;'20221 8roug as/ ignaling. predicts radiosensitivity in oral squamous cell carcinoma. Int J
oo 18 10';’9' e OTY' . o( 9;; 8. Oral Maxillofac Surg. 2012 Aug:41(8):965-9.
+10.1089/dna.2017. DOI: 10.1016/j.ijom.2012.04.014
16.  Shen Q, XiongP, Yang D, Chen L. Downregulated microRNA-149- 34 - isq; pB, Gabusi A, Tarsitano A, Badiali G, Marchetti C, Morandi
3p triggers malignant development and predicts worse prognosis L, Foschini MP, Montebugnoli L. Ki67 Overexpression in mucosa
in oral squamous cell carcinoma. Arch Oral Biol. 2022 : ' ; . ; . .
) k ) ) - distant from oral carcinoma: A poor prognostic factor in patients
Feb;134:105336. DOI: 10.1016/j.archoralbio.2021.105336 with long-term follow-up. J Craniomaxillofac Surg, 2016
17.  ShiJ, Bao X, Liu Z, Zhang Z, Chen W, Xu Q. Serum miR-626 and Sep;44(9):1430-5. DOI: 10.1016/j.jcms.2016.06.011
miR-5100 are Promising Prognosis Predictors for Oral Squamous 31 Grimm M, Krimmel M, Polligkeit J, Alexander D, Munz A, Kluba
gecz)lll.(;-zg’(:;rics)?a.hThe;eE)r;ossgcs. 2019 Jan 25;9(4):920-31. S, Keutel C, Hoffmann J, Reinert S, Hoefert S. ABCB5 expression
T /thno. and cancer stem cell hypothesis in oral squamous cell carcinoma.
18. Cao X, Luan K, Yang J, Huang Y. Targeting INcRNA PSMA3-AS1, Eur J Cancer. 2012 Nov;48(17):3186-97.
a Prognostic Marker, Suppresses Malignant Progression of Oral DOI: 10.1016/j.ejca.2012.05.027
iguza g;olugf;g O(?éCISgT?LbD:LI?LéVISagSZ 2301231831%3 32.  Kono M, Watanabe M, Abukawa H, Hasegawa O, Satomi T,
’ : : T / / Chikazu D. Cyclo-oxygenase-2 expression is associated with
19. Lee EY, Song JM, Kim HJ, Park HR. Hypomethylation of IncRNA vascular endothelial growth factor C expression and lymph node
H19 as a potential prognostic biomarker for oral squamous cell metastasis in oral squamous cell carcinoma. J Oral Maxillofac
carcinoma. Arch Oral Biol. 2021 Sep;129:105214. Surg. 2013 Oct;71(10):1694-702.
DOI: 10.1016/j.archoralbio.2021.105214 DOI: 10.1016/j.joms.2013.04.015
20. Shao T, Huang J, Zheng Z, Wu Q, Liu T, Lv X. SCCA, TSGF, and 33. LiCX, Sun'JL,_Gong ZC, Lin ZQ, Liu H. Prggnostic va[ue of GLUT-
the Long Non-Coding RNA AC007271.3 are Effective Biomarkers 1 expression in oral SQuUamous {:ell carcinoma: A prisma-
for Diagnosing Oral Squamous Cell Carcinoma. Cell Physiol compliant meta-analysis. Medicine (Baltimore). 2016
Biochem. 2018;47(1):26-38. DOI: 10.1159/000489741 Nov;95(45):¢5324. DOI: 10.1097/MD.0000000000005324
21.  XuZLiX, PanL, Tan R, Ji P, Tang H. Development of a IncRNA- ~ 34.  Ayala FR, Rocha RM, Carvalho KC, Carvalho AL, da Cunha IW,
based prognostic signature for oral squamous cell carcinoma. Lourenco SV, Soares FA. GLUT1 and GLUT3 as potential
J Oral Pathol Med. 2022 Apr;51(4):358-68. prognostic markers for Oral Squamous Cell Carcinoma.
DOI: 10.1111/jop.13281 Molecules. 2010 Apr;15(4):2374-817.
DOI: 10.3390/molecules15042374
22. Schliephake H. Prognostic relevance of molecular markers of
oral cancer--a review. Int J Oral Maxillofac Surg' 2003 35. Harshani JM, Yeluri S, Guttikonda VR. Glut-1 as a prognostic
Jun;32(3):233-45. DOI: 10.1054/ijom.2002.0383 biomarker in oral squamous cell carcinoma. J Oral Maxillofac
Pathol. 2014;18(3):372-8. DOI: 10.4103/0973-029X.151318
GMS |: DGPW
L GMS Interdisciplinary Plastic and Reconstructive Surgery DGPW 2025, Vol. 14, ISSN 2193-8091 15/18



Schreder et al.: Metabolic biomarker in oral squamous cell carcinoma ...

36. Paolini R, Moore C, Matthyssen T, Cirillo N, McCullough M, Farah ~ 50.  Cetindis M, Biegner T, Munz A, Teriete P, Reinert S, Grimm M.
CS, Botha H, Yap T, Celentano A. Transcriptional regulation of Glutaminolysis and carcinogenesis of oral squamous cell
glucose transporters in human oral squamous cell carcinoma carcinoma. Eur Arch Otorhinolaryngol. 2016 Feb;273(2):495-
cells. J Oral Pathol Med. 2022 Sep;51(8):679-83. 503. DOI: 10.1007/s00405-015-3543-7
DOI: 10.1111/jop.13342 ) )

51. Tzeng HE, Tang CH, Tsai CH, Chiu CH, Wu MH, Yen Y. ET-1

37. Patlolla P, N Shyam NDV, Kumar GK, Narayen V, Konda P, Promotes Epithelial-Mesenchymal Transition in Oral Squamous
Mudududla P. Evaluation of glucose transporter-1 expression in Cell Carcinoma Cells via the microRNA-489-3p /TWIST Axis. Onco
oral epithelial dysplasia and oral squamous cell carcinoma: An Targets Ther. 2021 Oct 06;14:5005-18.
immunohistochemical study. J Oral Maxillofac Pathol. DOI: 10.2147/0TT.5294312
2020;24(3):578. DOI: 10.4103/jomfp.JOMFP_314_19 ) ) N )

52. Sugiura T, Inoue Y, Matsuki R, Ishii K, Takahashi M, Abe M,

38. ZhaoC, ZhouY, Ma H, Wang J, Guo H, Liu H. A four-hypoxia-genes- Shirasuna K. VEGF-C and VEGF-D expression is correlated with
based prognostic signature for oral squamous cell carcinoma. lymphatic vessel density and lymph node metastasis in oral
BMC Oral Health. 2021 May;21(1):232. DOI: 10.1186/s12903- squamous cell carcinoma: Implications for use as a prognostic
021-01587-z marker. Int J Oncol. 2009 Mar;34(3):673-80.

39. ZhuX, Du J, Gu Z. Circ-PVT1/miR-106a-5p/HK2 axis regulates DOI: 10.3892/ijo_00000193
cell growth, metastasis and glycolytic metabolism of oral 53. Ishikawa S, Sugimoto M, Konta T, Kitabatake K, Ueda S,
squamous cell carcinoma. Mol Cell Biochem. 2020 Nov;474(1- Edamatsu K, Okuyama N, Yusa K, lino M. Salivary Metabolomics
2):147-58. DOI: 10.1007/s11010-020-03840-5 for Prognosis of Oral Squamous Cell Carcinoma. Front Oncol.

) ) ) 2021;11:789248. DOI: 10.3389/fonc.2021.789248

40. Zhang D, Wu H, Zhang X, Ding X, Huang M, Geng M, Li H, Xie Z.

Phosphoglycerate Mutase 1 Predicts the Poor Prognosis of Oral ~ 54.  Hu KF, Shu CW, Lee CH, Tseng CJ, Chou YH, Liu PF. Comparative
Squamous Cell Carcinoma and is Associated with Cell Migration. clinical significance and biological roles of PFKFB family members
J Cancer. 2017;8(11):1943-51. DOI: 10.7150/jca.19278 in oral squamous cell carcinoma. Cancer Cell Int. 2023

. . . o Nov;23(1):257. DOI: 10.1186/512935-023-03110-6

41. Cheung EC, Ludwig RL, Vousden KH. Mitochondrial localization
of TIGAR under hypoxia stimulates HK2 and lowers ROS and cell  55.  Zhang W, Jing Y, Wang S, Wu Y, Sun Y, Zhuang J, Huang X, Chen
death. Proc Natl Acad Sci U S A. 2012 Dec;109(50):20491-6. S, Zhang X, Song Y, Hu Q, Ni Y. Identification of Biological
DOI: 10.1073/pnas.1206530109 Functions and Prognostic Value of NNMT in Oral Squamous Cell

B B B . . . Carcinoma. Biomolecules. 2022 Oct 15;12(10):1487.

42.  Pérez-Sayans M, Suarez-Penaranda JM, Pilar GD, Barros-Angueira DOI: 10.3390,/biom12101487
F, Gandara-Rey JM, Garcia-Garcia A. Hypoxia-inducible factors
in OSCC. Cancer Lett. 2011 Dec;313(1):1-8. 56. Tseng CC, Huang SY, Tsai HP, Wu CW, Hsieh TH. HDACG6 is a
DOI: 10.1016/j.canlet.2011.08.017 prognostic biomarker that mediates IL-13 expression to regulate

. . . macrophage polarization through AP-1 in oral squamous cell

43. Harris AL. Hypoxia - a key _regul_atory facto.r in tumour growth. carcinoma. Sci Rep. 2022 Jun:12(1):10513.

Nat Rev Cancer. 2002 Jan;2(1):38-47. DOI: 10.1038/nrc704 DOI: 10.1038/s41598-022-14052-w

44, Kgppler M, KotrJoa J, Kau'ne T, Bache M, Rot S, Bethmann D, 57, Song D, Dai X, Fu M, Sun Y, Wu X, Zhou Q, Bi W, Sun J, Yang F,
chhmann H, Guttler A, Bilkenroth U, Horter S, Gallwitz L, Kessler Yu Y. Insights into the role of the N6-methyladenosine reader
J', Grelther T, Taubert H, Eckert.AW., Vordermgrk D. PAHAL: A IGF2BP3 in the progression of oral squamous cell carcinoma
z'enlﬂ:i‘?;s;:rg;%?etstgfgﬁ;g?’:'aan:g;:égfg:]r::glra;gg;‘i\fgge and its connection to cell-cycle control. Transl Oncol. 2024
11. DO 10.1016/j.ctr0.2017.05.002 Jun;44:101932. DOI: 10.1016/j.tranon.2024.101932

. . . 58. Muehlebach ME, Holstein SA. Geranylgeranyl diphosphate

45, Pastorekova S, Gillies RJ. The role qf carlc.)om(‘: anhydrase IX in synthase: Role in human health, disease and potential
cancer developmgnt: links to hypoxia, acidosis, and beyond. therapeutic target. Clin Transl Med. 2023 Jan;13(1):e1167.
Cancer Metastasis Rev. 2019 Jun;38(1-2):65-77. DOI: 10.1002/ctm2.1167
DOI: 10.1007/s10555-019-09799-0

59. HuangK, HanL, Xu H, Xu R, Guo H, Wang H, Xu Z. The prognostic

46.  EckertAW, Horter S, Bethmann D, thrba J, Kgune T, Rot S, role and metabolic function of GGPS1 in oral squamous cell
Bache M, Bilkenroth U, Reich W, Greither T, Wickenhauser C, carcinoma. Front Mol Biosci. 2023 Mar 24;10:1109403.
Vordermark D, Taubert H, Kappler M. Investigation of the DOI: 10.3389/fmolb.2023.1109403
Prognostic Role of Carbonic Anhydrase 9 (CAIX) of the Cellular
mRNA/Protein Level or Soluble CAIX Protein in Patients with Oral ~ 60.  Krishna A, Singh V, Singh N, Singh S, Mohanty SK, Singh R,
Squamous Cell Carcinoma. Int J Mol Sci. 2019 Jan 16;20(2):375. Kumar V, Singh US, Singh RK. Expression pattern and clinical
DOI: 10.3390/ijms20020375 significance of beta 2-adrenergic receptor in oral squamous cell

. carcinoma: an emerging prognostic indicator and future

47.  Brockton NT, Lohavanichbutr P, Enwere EK, Upton MP, Kornaga therapeutic target. Clin Transl Oncol. 2022 Nov:24(11):2191-9.
EN, Nakoneshny SC, Bose P, Qhen C, Dortl JC. Impact_ of tymoral DOI: 10.1007/512094-022-02879-8
carbonic anhydrase IX and Ki-67 expression on survival in oral
squamous cell carcinoma patients. Oncol Lett. 2017 61. Schilsky RL, Nass S, Le Beau MM, Benz EJ Jr. Progress in Cancer
Nov;14(5):5434-42. DOI: 10.3892/01.2017.6829 Research, Prevention, and Care. N Engl J Med. 2020

) . o Sep;383(10):897-900. DOI: 10.1056/NEJMp2007839

48. Peterle GT, Maia LL, Trivilin LO, de Oliveira MM, Dos Santos JG,

Mendes SO, Stur E, Agostini LP, Rocha LA, Moysés RA, Cury PM,  62.  Hu X, Xia K, Xiong H, Su T. G3BP1 may serve as a potential
Nunes FD, Louro ID, Dos Santos M, da Silva AMA. PAI-1, CAIX, biomarker of proliferation, apoptosis, and prognosis in oral
and VEGFA expressions as prognosis markers in oral squamous squamous cell carcinoma. J Oral Pathol Med. 2021
cell carcinoma. J Oral Pathol Med. 2018 Jul;47(6):566-74. Nov;50(10):995-1004. DOI: 10.1111/jop.13199
DOI: 10.1111/jop.12721 . o . )

63. Marconi GD, Della Rocca Y, Fonticoli L, Melfi F, Rajan TS,

49.  Spinelli JB, Yoon H, Ringel AE, Jeanfavre S, Clish CB, Haigis MC. Carradori S, Pizzicannella J, Trubiani O, Diomede F. C-Myc
Metabolic recycling of ammonia via glutamate dehydrogenase Expression in Oral Squamous Cell Carcinoma: Molecular
supports breast cancer biomass. Science. 2017 Mechanisms in Cell Survival and Cancer Progression.
Nov;358(6365):941-6. DOI: 10.1126/science.aam9305 Pharmaceuticals (Basel). 2022 Jul;15(7):890.

DOI: 10.3390/ph15070890
GMS | DGPW o _ _
L GMS Interdisciplinary Plastic and Reconstructive Surgery DGPW 2025, Vol. 14, ISSN 2193-8091 16/18




Schreder et al.: Metabolic biomarker in oral squamous cell carcinoma ...

64. Zhang M, Chen X, Chen H, Zhou M, Liu Y, Hou Y, Nie M, Liu X. 77. Zhu D, TanY, Yang X, Qiao J, Yu C, Wang L, Li J, Zhang Z, Zhong
Identification and validation of potential novel biomarkers for L. Phospholipase C gamma 1 is a potential prognostic biomarker
oral squamous cell carcinoma. Bioengineered. 2021 for patients with locally advanced and resectable oral squamous
Dec;12(1):8845-62. DOI: 10.1080/21655979.2021.1987089 cell carcinoma. Int J Oral Maxillofac Surg. 2014 Dec;43(12):1418-

. . ) 26. DOI: 10.1016/j.ijom.2014.07.001

65.  Liu PF, Shu CW, Lee CH, Sie HC, Liou HH, Cheng JT, Ger LP, Chen
CL, Chen CC, Chen CF. Clinical Significance and the Role of 78. Seto K, Uchida F, Baba O, Yamatoji M, Karube R, Warabi E,
Guanylate-Binding Protein 5 in Oral Squamous Cell Carcinoma. Sakai S, Hasegawa S, Yamagata K, Yanagawa T, Onizawa K,
Cancers (Basel). 2021 Aug 11;13(16):4043. Miyoshi E, Shoda J, Bukawa H. Negative expression of N-

DOI: 10.3390/cancers13164043 acetylglucosaminyltransferase V in oral squamous cell carcinoma
i correlates with poor prognosis. Springerplus. 2013 Dec 06;2:657.

66. Sulkshane P, Pawar SN, Waghole R, Pawar SS, Rajput P, Uthale DOI: 10.1186/2193-1801-2-657
A, Oak S, Kalkar P, Wani H, Patil R, Nair S, Rane P, Teni T.

Elevated USP9OX drives early-to-late-stage oral tumorigenesisvia ~ 79.  Pérez-Sayans M, Reboiras-Lépez MD, Somoza-Martin JM, Barros-
stabilisation of anti-apoptotic MCL-1 protein and impacts Angueira F, Diz PG, Rey JM, Garcia-Garcia A. Measurement of

outcome in oral cancers. Br J Cancer. 2021 Aug;125(4):547-60. ATPBV1C1 expression in brush cytology samples as a diagnostic
DOI: 10.1038/s41416-021-01421x and prognostic marker in oral squamous cell carcinoma. Cancer

67. ZengH, Zhao X, Tang C. Downregulation of SELENBP1 enhances gg:Tg;f:ll/%é:gi(;?l;g?64
oral squamous cell carcinoma chemoresistance through KEAP1-

NRF2 signaling. Cancer Chemother Pharmacol. 2021 80. Begum A, Imoto |, Kozaki K, Tsuda H, Suzuki E, Amagasa T,
Aug;88(2):223-33. DOI: 10.1007/s00280-021-04284-4 Inazawa J. Identification of PAK4 as a putative target gene for
. . . o amplification within 19913.12-q13.2 in oral squamous-cell
68. Starzyngka A, Adamska P, Sejda Al SgkOW|cz-Burk|eW|cz M, carcinoma. Cancer Sci. 2009 Oct;100(10):1908-16.
Adamski tJ, Marvaso G, Wyghowanskl P Jereczek—Fo;sq BA. Any DOI: 10.1111/.1349-7006.2009.01252.x
Role of PIK3CA and PTEN Biomarkers in the Prognosis in Oral
Squamous Cell Carcinoma? Life (Basel). 2020 Dec 81. Rao RS, Raju K L, Augustine D, Patil S. Prognostic Significance
03;10(12):325. DOI: 10.3390/1ife10120325 of ALDH1, Bmi1, and OCT4 Expression in Oral Epithelial Dysplasia
. . and Oral Squamous Cell Carcinoma. Cancer Control.
69. BhanuU, Natarajan S,'Manaktala N, I?:oaz K, Joshi R, Qeepak S, 2020;27(1):1073274820904959.
Kp N, Lewis A. Recognition of lysyl oxidase as a potential DOI: 10.1177/1073274820904959
predictive biomarker for oral squamous cell carcinoma: an
immunohistochemical study. Minerva Stomatol. 2020 82. Sgland TM, Husvik C, Koppang HS, Boysen M, Sandvik L, Clausen
Dec;69(6):360-9. DOI: 10.23736/S0026-4970.20.04356-3 OP, Christoffersen T, Bryne M. A study of phosphorylated ERK1/2
) . . and COX-2 in early stage (T1-T2) oral squamous cell carcinomas.

70 Fang CY, Lin YH, Chen CL. Overexpression of AKR1B10 predicts J Oral Pathol Med. 2008 Oct;37(9):535-42. DOI: 10.1111/}.1600-
tumor recurrence and short survival in oral squamous cell 0714.2008.00656.x
carcinoma patients. J Oral Pathol Med. 2019 Sep;48(8):712-9.

DOI: 10.1111/jop.12891 83. ShenY, Zhang L, Piao S, Li L, Li J, Xia Y, Li J, Saiyin W. NUDT1: A
. . . . . potential independent predictor for the prognosis of patients

£ Shlmqmura H, Sasahlra.T, Nakash|ma.C, Shlmpmura—Kurlhara with oral squamous cell carcinoma. J Oral Pathol Med. 2020
M, Kmtg T.. Downregulation of DHRSS_J is associated with poor Mar:49(3):210-8. DOI: 10.1111/jop.12974
prognosis in oral squamous cell carcinoma. Pathology. 2018
Oct;50(6):642-7. DOI: 10.1016/j.pathol.2018.06.002 84. SunY, Wangs, Zhang X, Wu Z, Li Z, Ding Z, Huang X, Chen S,

o , ) JingY, Zhang X, Ding L, Song Y, Sun G, Ni Y. Identification and

72. Pathiyil V D'Cruz AM' Sallvary lactate dehydrggenase a§ a Validation of PLOD2 as an Adverse Prognostic Biomarker for Oral
?gﬁg&?ﬁ;g&?&:ﬁ;&g& qugsgnfﬁjr%e:c%?r‘;gfi?mgep:t'ents Squamous Cell Carcinoma. Biomolecules. 2021 Dec
11:11(2)133.7. 07;11(12):1842. DOI: 10.3390/biom11121842

. . 85. Kurokawa H, Sakimoto M, Yamashita Y, Murata T, Kajiyama M.

73. Lee JR, Roh JL, I‘_ee SM, Park‘Y, Cho KJ’,ChO' SH, Nam SY, Kim Manganese superoxide dismutase (Mn-SOD) correlates with
SY. Overgxpressmn of glutathione peromdase 1 predicts poqr prognosis of patients with oral squamous cell carcinoma.
prognosis in oral squamous cell carcinoma. J Cancer Res Clin Fukuoka Igaku Zasshi. 1998 Nov;89(11):321-7.

Oncol. 2017 Nov;143(11):2257-65. DOI: 10.1007/s00432-017-
2466-7 86. Zuol,ChenZ, Chenl, Kangl, ShiY,Liul,Zhangs, Jia Q, Huang
. . Y, Sun Z. Integrative Analysis of Metabolomics and

74. Kelgarjdre DC, Pathak J Patel S Ingale P, Swam N Adenosine Transcriptomics Data Identifies Prognostic Biomarkers Associated
8?;n;g‘j:;(;sgggﬁgiig:g;t: 22;:?5:?33:n§§rgfxer for With Oral Squamous Cell Carcinoma. Front Oncol. 2021 Oct
2016;17(4):1865-8. DOI: 10.7314/apjcp.2016.17.4.1865 07:11:750794. DOI: 10.3389/fonc.2021.750794

) ) ) 87.  Zhou X, Xue D, Qiu J. Identification of biomarkers related to

75. ngada Y, lzumi H, Noguchi H, Kuma A, Kawa_t_lsu Y, K'ml,”a T, ) glycolysis with weighted gene co-expression network analysis in
Kitada S, Uramoto H, Wang KY, Sasaguri Y, Hijioka H, Mlyavyak| oral squamous cell carcinoma. Head Neck. 2022 Jan;44(1):89-
A, Oya R, Nakayama T, Kohno K, Yamada S. Strong expression 103. DOI: 10.1002/hed.26910
of polypeptide N-acetylgalactosaminyltransferase 3 independently
predicts shortened disease-free survival in patients with early 88. Chuang FH, Hsue SS, Wu CW, Chen YK. Immunohistochemical
stage oral squamous cell carcinoma. Tumour Biol. 2016 expression of RANKL, RANK, and OPG in human oral squamous
Jan;37(1):1357-68. DOI: 10.1007/s13277-015-3928-7 cell carcinoma. J Oral Pathol Med. 2009 Nov;38(10):753-8.

. ) ) DOI: 10.1111/j.1600-0714.2009.00793.x
76. Vincent-Chong VK, Salahshourifar I, Karen-Ng LP, Siow MY,
Kallarakkal TG, Ramanathan A, Yang YH, Khor GH, Rahman ZA, 89. Yul,YangZz, LiuY, Liu F, Shang W, Shao W, Wang Y, Xu M, Wang
Ismail SM, Prepageran N, Mustafa WM, Abraham MT, Tay KK, YN, FuY, Xu X. Identification of SPRR3 as a novel
Cheong SC, Zain RB. Overexpression of MMP13 is associated diagnostic/prognostic biomarker for oral squamous cell
with clinical outcomes and poor prognosis in oral squamous cell carcinoma via RNA sequencing and bioinformatic analyses. Peer].
carcinoma. ScientificWorldJournal. 2014 Oct 23;2014:897523. 2020 Jun 17;8:€9393. DOI: 10.7717/peerj.9393
DOI: 10.1155/2014/897523
GMS | PGPW o _ _
L GMS Interdisciplinary Plastic and Reconstructive Surgery DGPW 2025, Vol. 14, ISSN 2193-8091 17/18




Schreder et al.: Metabolic biomarker in oral squamous cell carcinoma ...

90. Wang YT, Fang KH, Hsu CM, Chang GH, Lai CH, Lee YC, Tsai MS,
Huang El, Tsai YT. Retrospective study on the potential of
albumin/globulin ratio as a prognostic biomarker for oral cavity
cancer patients. Eur Arch Otorhinolaryngol. 2021 Jan;278(1):227-
38. DOI: 10.1007/s00405-020-06145-x

91. Zheng Z, Ma X, Li H. Circular RNA circMDM2 accelerates the
glycolysis of oral squamous cell carcinoma by targeting miR-532-
3p/HK2. J Cell Mol Med. 2020 Jul;24(13):7531-7.

DOI: 10.1111/jcmm.15380

92. Tomasovic-Loncaric C, Fucic A, Andabak A, Andabak M, Ceppi
M, Bruzzone M, Vrdoljak D, Vucicevic-Boras V. Androgen Receptor
as a Biomarker of Oral Squamous Cell Carcinoma Progression
Risk. Anticancer Res. 2019 Aug;39(8):4285-9.

DOI: 10.21873/anticanres.13593

93. XuY, Xu J, Feng J, Li J, Jiang C, Li X, Zou S, Wang Q, Li Y.
Expression of CLIC1 as a potential biomarker for oral squamous
cell carcinoma: a preliminary study. Onco Targets Ther.
2018;11:8073-81. DOI: 10.2147/0TT1.S181936

94. Mankapure PK, Barpande SR, Bhavthankar JD, Mandale M.
Serum big endothelin-1 as a biomarker in oral squamous cell
carcinoma patients: an analytical study. J Appl Oral Sci. 2015
Oct;23(5):491-6. DOI: 10.1590/1678-775720150125

95. Koyama T, Ogawara K, Kasamatsu A, Okamoto A, Kasama H,
Minakawa Y, Shimada K, Yokoe H, Shiiba M, Tanzawa H, Uzawa
K. ANGPTL3 is a novel biomarker as it activates ERK/MAPK
pathway in oral cancer. Cancer Med. 2015 May;4(5):759-69.
DOI: 10.1002/cam4.418

96. LvZ,WuX, CaoW, Shen Z, Wang L, Xie F, Zhang J, Ji T, Yan M,
Chen W. Parathyroid hormone-related protein serves as a
prognostic indicator in oral squamous cell carcinoma. J Exp Clin
Cancer Res. 2014 Dec;33(1):100. DOI: 10.1186/s13046-014-
0100~y

97. Huang CF, Zhang L, Ma SR, Zhao ZL, Wang WM, He KF, Zhao YF,
Zhang WF, Liu B, Sun ZJ. Clinical significance of Keap1 and Nrf2
in oral squamous cell carcinoma. PLoS One. 2013;8(12):e83479.
DOI: 10.1371/journal.pone.0083479

98. ChengSJ, Lee JJ, Cheng SL, Chen HM, Chang HH, Wang YP, Kok
SH, Kuo MY, Chiang CP. Increased serum placenta growth factor
level is significantly associated with progression, recurrence and
poor prognosis of oral squamous cell carcinoma. Oral Oncol.
2012 May;48(5):424-8.

DOI: 10.1016/j.oraloncology.2011.12.007

99. Tripathi SC, Kaur J, Matta A, Gao X, Sun B, Chauhan SS, Thakar
A, Shukla NK, Duggal R, Choudhary AR, DattaGupta S, Sharma
MC, Ralhan R, Siu KW. Loss of DLC1 is an independent
prognostic factor in patients with oral squamous cell carcinoma.
Mod Pathol. 2012 Jan;25(1):14-25.
DOI: 10.1038/modpathol.2011.145

100. LiS, ChaJ, Kim J, Kim KY, Kim HJ, Nam W, Cha [H. Insulin-like
growth factor Il mRNA-binding protein 3: a novel prognostic
biomarker for oral squamous cell carcinoma. Head Neck. 2011

Mar;33(3):368-74. DOI: 10.1002/hed.21457

Corresponding author:

Univ.-Prof. Dr. Dr. Alexander W. Eckert

Paracelsus Medical University Nuremberg, Department
of Oral and Maxillofacial Plastic Surgery, Breslauer Str.
201, 90471 Nuremberg, Germany, Phone: +43 911 398
5490 Fax:+43 911 398 5686
Alexander.Eckert@klinikum-nuernberg.de

Please cite as

Schreder K, Wickenhauser C, Kappler M, Tavassol F, Eckert AW.
Metabolic biomarker in oral squamous cell carcinoma - a
comprehensive review. GMS Interdiscip Plast Reconstr Surg DGPW.
2025;14:Doc01.

DOI: 10.3205/iprs000190, URN: urn:nbn:de:0183-iprs0001903

This article is freely available from
https://doi.org/10.3205/iprs000190

Published: 2025-04-16

Copyright

©2025 Schreder et al. This is an Open Access article distributed under
the terms of the Creative Commons Attribution 4.0 License. See license
information at http://creativecommons.org/licenses/by/4.0/.

GMS |.

DGPW

GMS Interdisciplinary Plastic and Reconstructive Surgery DGPW 2025, Vol. 14, ISSN 2193-8091

18/18



