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Abstract Oral squamous cell carcinoma (OSCC) has a dis-
mal 50% five-year survival rate, emphasizing the need to de-
velop reliable and sensitive tools for early diagnosis. In this
study we evaluated the performance of 7 previously identified,
potential mRNA biomarkers of OSCC in saliva samples of
Hungarian patients. Expression of the putative OSCC bio-
markers (DUSP1, OAZ1, H3F3A, IL1B, IL8, SAT and
S100P), 2 biomarkers of inflammation (IL6 and TNFα) and
8 putative normalizing genes was quantified from each sample
using real-time quantitative PCR. In contrast with previous
studies, the expression pattern of the 7 mRNA biomarkers
was similar between OSCC patients and age-matched control

patients in the Hungarian patient population. On the other
hand, 5 of the 7 mRNA biomarkers were present at signifi-
cantly higher levels in saliva samples of OSCC patients when
compared to young control patients. The best biomarker com-
bination could distinguish only the OSCC vs. young control
patients, but not the OSCC vs. age-matched control patients.
In conclusion, the significant differences between our results
and previous studies, and the clinical characteristics of the
patients suggest that inflammatory processes in the oral cavity
may affect the performance of the 7 putative salivary mRNA
biomarkers. Lastly, since IL6 mRNA was quantifiable in the
majority of OSCC cases, but only in a few control samples,
salivary IL6 mRNA may be utilized as part of a biomarker
combination to detect OSCC.
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Introduction

During the past decade, saliva has emerged as a promis-
ing diagnostic material in oral squamous cell carcinoma
(OSCC), and the number of studies investigating the di-
agnostic value of salivary proteins, nucleic acids or me-
tabolites is increasing (recently reviewed by Guerra EN
et al.) [1]. In contrast to pessimistic expectations that
RNA molecules are quickly degraded by salivary ribonu-
cleases, mRNAs and microRNAs proved to be readily
detectable and potential analytes for salivary diagnostics.
More than 3000 mRNA species were identified in the
saliva of healthy individuals, and over 1600 mRNAs
were expressed differently in the saliva of patients with
OSCC and healthy controls [2, 3]. A persisting problem
of the salivary diagnostics of OSCC is that the specificity
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and sensitivity of individual biomarkers are less than
optimal. Thus far, the combination of proteomic and
transcriptomic salivary biomarkers yielded the highest
predictive value for OSCC, but the area under the curve
(AUC) values of the receiver operating characteristic
(ROC) curves for the multiple marker model still did
not reach the ideal >0.90 level in the majority of differ-
ent cohorts [4–6].

The Wong group has repeatedly confirmed the predic-
tive value of seven RNA biomarkers, human H3 histone
family 3A (H3F3A), interleukin-8 (IL-8), interleukin-1-
beta (IL-1B), dual specificity phosphatase 1 (DUSP1), or-
nithine decarboxylase antizyme 1 (OAZ1), spermidine/
spermine N1-acetyltransferase 1 (SAT1), and S100 calci-
um binding protein P (S100P) [5], but other groups iden-
tified different salivary mRNA species as most distinctive
biomarkers for OSCC [7, 8]. It should be noted that the
salivary gene expression profile is not just a passive mir-
ror image of the tumor cells, as differentially expressed
mRNAs exhibit only a partial overlap in OSCC tissue
samples and saliva samples from OSCC patients [3, 4,
9–12]. Some of these mRNAs may be originated from
the cancer cells, or they may be produced by tumor-
infiltrating lymphocytes and macrophages, or even by im-
mune cells from coexisting oral inflammatory lesions of
the patients, which might explain some of the differences
in the published studies. In this regard, the overlap be-
tween the biomarker profile of OSCC and periodontal
inf lammation has been recent ly reviewed [13] .
Therefore, oral inflammatory status of patients, which
show characteristic differences according to nationality
and socio-economic situation, may influence the results
of studies executed in different populations.

The heterogeneity and the suboptimal performance of sal-
ivary biomarkers in OSCC warrants further studies. The in-
vestigation of Hungarian OSCC patients is particularly impor-
tant, since Hungary is characterized by very unfavorable epi-
demiologic data regarding OSCC. The average annual crude
incidence and mortality rates are about 15.3/100,000 inhabi-
tants and 7.2/100,000 inhabitants, respectively. The same US
figures are approximately 8.3/100,000 inhabitants and 1.5/
100,000 inhabitants, respectively [8, 14]. Even more
disturbing is the fact that Hungary successfully reduced
the mortality rates for several cancer types, but mortal-
ity from OSCC showed a fourfold elevation from the
1970-ies to the new millennium [15]. Among the caus-
ative factors we consider the smoking and ethanol con-
sumption habits, and the poor oral hygiene of the
Hungarian population [16–18]. In this pilot study our
goal was to validate the applicability of salivary RNA-
based diagnostics among Hungarian patients with
OSCC, using the same putative mRNA biomarkers and
the same approach as Wong et al. [2–4].

Materials and Methods

Patient Enrollment and Characterization

Within the frames of a case-control study, three indepen-
dent patient groups were recruited: the cancer patients
group included 31 consecutive patients with recently diag-
nosed and untreated OSCC, recruited from the Department
of Oral Surgery (Faculty of Dentistry, University of
Debrecen, Hungary), between 06.2011–05.2012. The two
control groups included 30 elderly (age- and gender-
matched) subjects, and 29 young healthy subjects consec-
utively admitted for dental check-up at the Department of
Restorative Dentistry and Department of Periodontology
(Faculty of Dentistry, University of Debrecen, Hungary)
(recruited between 11.2012–02.2013, and 02.2014–
04.2014, respectively). Exclusion criteria were: a prior his-
tory of cancer, coexisting diabetes, autoimmune disorder or
contagious diseases. The study was approved by the Ethics
Committee of the University of Debrecen (Approval num-
ber: 3244–8/2011), and was carried out in accordance with
the Code of Ethics of the World Medical Association, and
the ethical standards of the Helsinki Declaration (Revision
2000). The study participants were all invited, and all gave
their written, informed consent. Detailed characteristics of
OSCC patients’ and controls’ are summarized in Table 1.
Socioeconomic status, previous and coexisting diseases,
smoking habits and history, as well as alcohol consumption
habits were reported in questionnaires filled in at the time
of recruitment. Cumulative tobacco consumption was
quantified as pack years. Pack years were calculated by
multiplying the number of packs (defined as 20
manufactured cigarettes) of cigarettes smoked per day by
the number of years the person had smoked. Calibrated
oral surgeons and dentists carried out the clinical examina-
tions of all study subjects patients according to the stan-
dard methods and cr i te r ia of the World Heal th
Organization (World Health organization: Oral Health
Surveys: Basic Methods. Geneva, WHO; 1997): for the
recognition of the dental condition DMFT and DMFS in-
dices were recorded. DMFT and DMFS scores provide a
numerical value for caries prevalence and are obtained by
calculating the number of decayed (D), missing (M) and
filled (F) teeth (T; DMFT) or surfaces (S; DMFS).
Periodontal status was characterized by measuring gingival
and plaque indices (GI and PI). GI is a widely used mea-
sure of impaired (or undisturbed) periodontal health, indi-
cating the severity and location of gingival lesions. PI char-
acterizes the status of oral hygiene by measuring dental
plaques located in areas bordering the gingival margin
[19]. Plaque is a biofilm strongly associated with the etiol-
ogy of periodonti t is , dental caries and systemic
microinflammation of odontogenic origin [20]. OSCC
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diagnosis was confirmed by the gold (reference) standard
method uniformly in each case, i.e. histopathologic exam-
ination of the biopsy specimen. Briefly, formalin-fixed bi-
opsy samples were paraffin embedded, then tissue sections
were prepared and stained with hematoxylin and eosin ac-
cording to standard methods. The histological differentia-
tion grade was defined according to the classification of the
World Health Organization (WHO) [21]. Staging was
achieved according to the seventh edition of TNM classi-
fication of the International Union Against Cancer (UICC)
[22]. The histopathologic results were interpreted by an
experienced pathologist within 14 days of sampling of
the biopsy material, i.e. well before conducting RNA ex-
traction and analysis. Location, histological staging and
grading of the OSCC tumors and patient survival are sum-
marized in Table 2.

Saliva Collection and Processing

Unstimulated saliva samples were collected between 9 a.m.
and 11 a.m. Patients were asked to refrain from eating, drink-
ing, smoking, or using oral hygiene products for at least 1 h
before sample collection. Saliva samples were kept on ice
throughout the collection and processing - no more than
60 min elapsed from sample collection to freezing as RLT-
lysate. Yeast tRNA and RNase inhibitor was added to the
saliva samples before centrifugation: 5 μL RiboLock
(Thermo Scientific, #ER00382), and 5 μg yeast tRNA
(Sigma-Aldrich #R5636)/ 200 μL whole saliva sample.
Samples were centrifuged at 4100 x g for 15 min at 4 °C.
The supernatants were transferred to fresh tubes and 3X vol-
ume of RLT buffer (Qiagen, #74104) was added to them.
RLT-lysed samples (from 600 μL whole saliva sample) were

Table 1 Clinical and demographical characteristics of the patient groups

OSCC patients Age-matched control patients Young control patients

Total number 31 30 29

Age 62 ± 8.6 63 ± 8.2 24 ± 1.7AY

Sex M/F 26/5 24/6 11/18

Socioeconomical status

low/middle/higha 8/20/0 7/18/5 1/6/22

Smoking habitb

Never smoker 2 (6.5%) 10 (33%) 21 (73%)

Ex-smoker 5 (16%) 6 (20%) 3 (10%)

Current smoker 22 (71%) 14 (47%) 5 (17%)

No response 2 (6.5%) – –

Pack years 35.5 ± 18.8 25.0 ± 21.2 0.7 ± 2.1AY

Alcohol consumptionb

Never/rarely 4/2 (19.4%) 7/5 (40%) 2/7 (31%)

Monthly/weekly 5/5 (32.3%) 12/5 (57%) 15/5 (69%)

Daily 13 (42%) 1 (3.3%) –

Intake (g/day/person)

Beer 8.33 ± 12.1 1.9 ± 3.3 7.14 ± 5.6

Wine 5.27 ± 6.2 2.28 ± 1.9 0.91 ± 2.0

Liquor 3.33 ± 6.5 8.57 ± 4.3 8.00 ± 12.0

Periodontal assessment

Gingival index 0.83 ± 0.71P 0.36 ± 0.49 0.00 ± 0.00AY

Plaque index 1.31 ± 1.26P 0.59 ± 0.63 0.04 ± 0.19AY

Cariological assessment

DMFT 26.8 ± 5.7 23.5 ± 7.6 4.59 ± 3.8AY

DMFS 123.0 ± 29.8 100.33 ± 41.6 7.85 ± 7.4AY

Average values ± SDEVis shown for age, pack years, alcohol intake, gingival and plaque indices, DMFTand DMFS values. Average alcohol intake was
calculated for habitual drinkers only (weekly-daily drinkers). Statistically significant differences (Mann-Whitney U test p value ≤0.05) are indicated with
P between OSCC and age-matched control patients, with A between OSCC and young control patients, and with Y between age-matched control and
young control patients. If not indicated, differences were statistically not significant
a The number of patients with a given socioeconomical status is shown: low = primary education only, middle = secondary education only, high = uni-
versity level education (current or completed)
b Smoking and alcohol consumption habits are shown as the number of patients in each category, and the percentages in parentheses
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stored at −70 °C until RNA isolation. RNAwas isolated from
the RLT-lysed samples with the RNeasy Mini Kit (Qiagen,
#74104) according to the manufacturer’s instructions, with
on-column DNase I treatment, with the following modifica-
tion: after elution, 0.5 μg yeast tRNAwas added to the sam-
ples to prevent sample loss due to adsorption to plastic
surfaces.

Reverse Transcription and Real-Time Quantitative PCR

5 μL of each saliva total RNA sample was reverse transcribed
using the High Capacity cDNA Reverse Transcription Kit
(Applied Biosystem® Cat.No:#43,688,414) according to the
manufacturer’s instructions, in a total volume of 20 μL.
Expression of 7 previously identified, potential OSCC bio-
markers (DUSP1, OAZ1, H3F3A, IL1B, IL8, SAT and
S100P mRNAs), two biomarkers of inflammation (TNFα
and IL6) and 8 potential normalizing genes (ANXA2,
RPL37, B2M, GAPDH, ACTB, GNB2L1, HPRT1 and
YWHAZ mRNAs) was quantified from each sample using
real-time quantitative PCR (R-qPCR), with FAM-MGB la-
belled probes. Gene symbols and TaqMan® qPCR assay
IDs are summarized in Supplementary Table 1. qPCR quanti-
fication of each mRNA was carried out in a 10 μL reaction
mix containing 2 μL cDNA (diluted 4.5-fold from the RT
reaction), 0.3 μM TaqMan® gene expression assay (Applied
Biosystem®, final concentration), and 5 μL 2× TaqMan®
Gene Expression Master Mix (Applied Biosystem®,
#4369016). PCR cycle parameters were as follows: 10 min

at 95 °C, then 40 or 50 cycles of 15 s at 95 °C and 60 s at
60 °C. Each gene was measured in duplicates. Samples from
cancer patients and age-matched control patients were mea-
sured on an ABI PRISM 7900 HT Sequence Detection
System (Applied Biosystem®). Samples from young control
patients were measured on an QuantStudio™ 12 K Flex Real
Time PCR System (Applied Biosystem®). Platform compar-
ison (ABI PRISM 7900 HT vs. QuantStudio™ 12 K Flex)
was carried out with samples of the OSCC and age-matched
control group with IL8 – as expected, the measurements were
in excellent correlation between the two platforms (data not
shown). Raw data analysis was performed using the ABI
PRISM SDS 2.1 software or ExpressionSuite Software
v1.0.3 (Applied Biosystem®). The parameters (threshold
and baseline settings) were the same in both analyses. PCR
efficiency values were determined for each TaqMan® gene
expression assay using the serial cDNA dilution method (data
not shown). Cutoff Ct values (limit of quantitation) for each
TaqMan® assay were also determined in these experiments,
and were set at Ct = 38. Cts above this value were not used in
the calculations. IL8 and IL1Bwere analyzed using total RNA
isolated from immature dendritic cells, whereas the other as-
says were analysed using total RNA isolated from HeLa cells.
For these analyses, 100 ng total RNA from each cell type was
reverse transcribed and quantified with qPCR on a
QuantStudio™ 12 K Flex Real Time PCR System as de-
scribed above, with 4 replicates for each dilution.

Data Processing

To identify the best reference genes, raw Ct values were ana-
lyzed using the geNorm and NormFinder algorithms in the
GenEx software (TATAA Biocenter), in addition to another
ANOVA-based analysis [23]. Based on these analyses, the
GAPDH/ACTB was identified as the best reference gene
combination for our study. For PCR efficiency correction,
raw Ct values of the cDNA serial dilutions were used to de-
termine the slope, using the linear regression function of
GraphPad Prism software (GraphPad Software, Inc., CA,
USA). The PCR efficiency values were calculated with the
following equation:

E ¼ ‐1þ 10 ‐1=slopeð Þ

Ct values of each gene were corrected with efficiency
values, and data was normalized using the following
equations:

Q ¼ NF

1þ EGOIð ÞCtGOI

NF ¼ 1þ Eref 1
� �CTref 1 þ 1þ Eref 2

� �Ctref 2

2

Table 2 Characteristics of the OSCC tumors

OSCC patients

Oral cancer

Location

Oral tongue 18

Floor of the mouth 4

Gingiva 4

Buccal mucosa 3

Palatal mucosa 2

Histological staging

I. 8

II. 4

III. 5

IV. 14

Histological grading

I. 6

II. 19

III. 6

At the time of submission 11 patients were alive (M/F: 8/3), 9 were
deceased (M/F: 8/1), and 11 patients were lost to follow-up (survival
unknown, M/F: 10/1)
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BQ^ is the normalized expression of the gene of interest
(GOI), BNF^ is the normalizing factor calculated from the
two reference genes, Bref1^ and Bref2^ are the reference genes
used for normalizing (in the study, GAPDH and ACTB, re-
spectively), whereas BE^ is the PCR efficiency for each gene.

Statistics

Differential expression of each potential biomarker
mRNA was assessed between the patient cohorts with
GraphPad Prism, using the Mann-Whitney U-test on the
efficiency-corrected, normalized expression values.
Classification of the patients as Bcancer^ or Bcontrol^
(based on the pathologist’s and the calibrated oral sur-
geons’ and dentists’ evaluation) was known to the inves-
tigators before data analysis. XLSTAT (Addinsoft) was
used to construct receiver operating characteristic (ROC)
curves, and to calculate threshold cutoff values and
sensitivity/specificity values. Logistic regression analysis
was also performed with XLSTAT, using the logit method
and the best model/likelihood selection, with CI 95%, and
stop conditions of 100 iterations/10−6 convergence.

Results

Normalizing Gene Selection

Since previous works on saliva mRNA biomarkers utilized
different combinations of reference genes for normalizing [5,
24, 25], we analyzed the expression of 8 candidate reference
genes (CRG) in our samples: ANXA2, RPL37, B2M,
GAPDH, ACTB, GNB2L1, HPRT1 and YWHAZ. HPRT1
and YWHAZ mRNAs were not detectable in the saliva sam-
ples. To identify the best reference gene(s), the dataset was
analyzed with three algorithms: geNorm [26], NormFinder
[27] and the ANOVA-based analysis of Khanlou et al. [23].
All three analyses agreed in that B2M is the least stable
CRG, but otherwise the results were different. GeNorm
suggested the RPL37 and ANXA2 combination,
NormFinder suggested the GAPDH and ACTB combi-
nation, whereas the method of Khanlou et al. suggested
GAPDH and ANXA2 as the best reference genes
(Supplementary Fig. 1) Both NormFinder and the
ANOVA-based method of Khanlou et al. takes into con-
sideration the inter-group, as well as the intra-group
variability of CRGs; however, since ANXA2 (and
RPL37) mRNA levels were below the quantification
limit in close to 50% of the young control samples,
we used the GAPDH/ACTB combination to calculate
the normalizing factor in our study.

Relative Expression of the Putative mRNA Biomarkers
between the Patient Cohorts

In contrast to previously published results [3, 5, 25], none of
the 7 mRNAswere present in significantly higher quantities in
the saliva samples of OSCC patients, when compared to sam-
ples of age-matched control patients (Fig. 1). In fact, the levels
of 3 mRNAs (especially for DUSP1 and OAZ1) tended to be
higher in the age-matched control group than in OSCC pa-
tients, although the high intra-group variability characteristic
of this control group may have been partially responsible for
the difference. Since the 7 mRNAs can be associated with pro-
inflammatory and pro-proliferative pathways, and the elderly
OSCC patients and age-matched control patients all suffered
from periodontal disease (Table 1), we decided to extend the
analysis to young control patients, who had significantly bet-
ter periodontal status (Fig. 1 and Table 1). Comparative anal-
ysis of samples derived from young control patients vs. OSCC
patients gave the expected results: with the exception of
H3F3A and IL1B, the other 5 mRNAs were present in signif-
icantly higher quantities in the saliva samples of OSCC pa-
tients. These differences were reflected in the AUC values of
the receiver operator characteristic (ROC) curves as well
(Table 3 and Supplementary Fig. 2). Interestingly, although
IL6 mRNAwas originally tested as a potential marker of in-
flammation, it was quantifiable in 20 of the 31 OSCC patients,
but only in 5 of 30 age-matched control patients, and in 1 of 29
young control patients (Fig. 1h). The logistic regressionmodel
analysis identified a 4-biomarker combination from the orig-
inal 7 mRNAs (DUSP1/IL8/OAZ1/H3F3A) that could differ-
entiate between the age-matched control and OSCC patients
with a combined AUC of only 0.770, whereas the 4-marker
combination identified in a similar analysis for OSCC
vs. young control patients (DUSP1/OAZ1/H3F3A/SAT)
had a combined AUC = 0.925 (Fig. 2a–b). If IL6 was
also included in the logistic regression analysis from a
8-gene panel, the new 4-marker combinations both se-
lected IL6, and the combined AUC values increased to
0.870 and 0.982, respectively (Fig. 2c–d).

Discussion

Selecting the appropriate reference gene(s) for normalizing is
a key step in real-time qPCR studies. Several earlier publica-
tions used different combinations of reference genes for saliva
analysis of OSCC patients: ANXA2, RPL37 and S100AB
[24], GAPDH, ACTB and RPS9 [5], or RPS9 and ACTB
[25]. The preprocessing of saliva samples presumably re-
moved intact cells and large apoptotic bodies, but retained
exosomes, microvesicles and potentially small apoptotic bod-
ies, all of which could contribute to the RNA content of the
samples. Unlike total RNA isolated from intact human cells,
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preprocessed saliva contains small RNAs and larger RNA
species in variable ratios, derived from both the oral microbi-
ota and human cells; hence, the same quantity of saliva RNA
may hide widely different human mRNA content in the dif-
ferent samples. Therefore, reverse transcription reactions were
equalized by adding the same amount of yeast tRNA to each
sample, and we analysed a 8-gene candidate reference gene
panel across all samples to identify the best reference gene(s).
We selected the GAPDH-ACTB combination from the par-
tially overlapping recommendations of geNorm, NormFinder
and Kahlou et al. ANOVA analyses, because these genes

reflected best the intra- and inter-group variability of the sam-
ples’ human mRNA content, and because both mRNAs could
be quantified reliably in all samples.

In contrast to previously published results of other groups,
we could not detect higher expression of the 7 mRNAs in the
saliva samples of OSCC patients vs. age-matched control pa-
tients. Instead, 3 mRNAs (DUSP1, OAZ1 and H3F3A) had
even higher expression in the samples of age-matched control
vs. OSCC patients. On the other hand, when samples of young
control patients and OSCC patients were compared, results of
the previous studies [3, 5, 25] were better replicated: 5 out of

a b

c d

Fig. 1 Normalized expression of the mRNA biomarkers in saliva
samples of the three patient groups. Normalized expression values were
calculated after qPCR efficiency correction and normalization with the
normalizing factor (from GAPDH and ACTB). Means are indicated, and
p values are derived from Mann-Whitney U test (p<0.05 is significant).

LOQ = limit of quantification. For IL6, samples with non-quantifiable
qPCR are also shown, as having a normalized mRNAvalue = 0.00. These
samples had Ct > 38, or gave no signal in the qPCR. The number of
quantifiable/total samples are shown for each patient group
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the 7 mRNAs were present in higher amounts in the samples
of OSCC patients. The age-matched control patients were
examined twice by the clinicians to exclude the presence of
precancerous lesions or cancer in the oral cavity: first, at the

time of recruitment (2013), and the second time, 2 years after
that (2015). Importantly, all age-matched control patients still
alive in 2015 (28) were free of pre-cancerous oral lesions or
cancer, and those who died (2) perished from non-cancer

Table 3 Sensitivity, 1-specificity
and AUC values of the ROC
curves for individual biomarker
genes

DUSP1 OAZ1 H3F3A IL1B IL8 SAT S100P IL6

Sensitivitya 0.65 0.85 0.68 0.48 1.00 0.52 0.64 0.63

1-Specificitya 0.23 0.41 0.35 0.20 0.87 0.27 0.39 0.10

AUCa 0.715 0.728 0.662 0.604 0.439 0.561 0.580 0.756

Sensitivityb 0.67 0.45 0.45 0.13 0.57 0.90 0.68 0.67

1-Specificityb 0.04 0.06 0.21 0.00 0.00 0.17 0.14 0.04

AUCb 0.803 0.734 0.547 0.487 0.722 0.857 0.788 0.821

aOSCC vs. age-matched control comparison
bOSCC vs. young control comparison

e

g h

f

Fig. 1 (continued)
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related causes. Therefore, we concluded that the overlapping
expression patterns of the 7 mRNAs in the saliva of age-
matched control and OSCC patients were not the result of
undetected, but active precancerous processes in the oral cav-
ity of the control patients. Our results also suggest that the
optimal cutpoint values in the ROC analysis for DUSP1 and
OAZ1 (which are among the best biomarkers identified in
previous studies) should be applied reciprocally in the
Hungarian at-risk population – namely, expression below
rather than above the cutpoint being associated with the pres-
ence of OSCC. If that difference is accepted, the best biomark-
er combination to identify OSCC in the elderly, at-risk popu-
lation (DUSP1/IL8/OAZ1/H3F3A) still has mediocre perfor-
mance: sensitivity 63%, specificity 70% and combined
AUC = 0.770 - although the performance of a 4-biomarker
set can be improved slightly with the inclusion of IL6 (sensi-
tivity 81.5%, specificity 76.7%, combined AUC = 0.870)
(Supplementary Table 2).

Such differences in the results of biomarker studies are not
uncommon, and might be caused by a combination of differ-
ent factors - the first being technical differences in sample
collection and processing. However, we followed closely the
protocols described in previous studies [3], with small differ-
ences that should not have a major impact on the

measurements. In addition, differences in 5 of the 7 mRNAs
were validated succesfully in the young control vs. OSCC
comparison. Therefore, we hypothesize that the lack of differ-
ence in 4 mRNAs, and higher expression for 3 mRNAs in the
age-matched controls vs. OSCC patients may have biological,
rather than technical explanation - most likely, the inflamma-
tory processes in the oral cavity of both patient groups affect-
ing the performance of the putative biomarkers. The high sal-
ivary TNFα mRNA levels (data not shown), the DMFT and
DMFS values, as well as the plaque and gingival indices (PI
and GI) support that the elderly patients (OSCC and control
both) have similarly poor oral health, and that the oral health
of the young control patients is markedly better. It should be
noted that although these indices were not reported in previous
studies for the American or Serbian patient cohorts, the aver-
age age of the OSCC patients was significantly higher than
that of the control patients in the Serbian study: 61 ± 12.3 years
vs. 38 ± 12.3 years [5]. Most importantly, a recent study of
Cheng et al. [28] found that the presence of periodontitis in-
creased the salivary levels of the same mRNA biomarkers
(with the exception of S100P), rendering them unreliable as
OSCC-detecting biomarkers. It should also be noted that ele-
vated levels of proteins encoded by some of the genes in our
study were also detected in other diseases, which may affect

a

c d

b

Fig. 2 Combined ROC curves. AUC values were calculated for the 4-biomarker combinations, identified by logistic regression analysis
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the salivary mRNA levels even in the absence of oral cancer.
For instance, salivary IL1B protein levels can be indicative of
active psoriasis (29), and salivary IL8 levels are elevated in
cystic fibrosis patients (30) or in the presence of chronic in-
flammatory diseases (31).

In summary, further analyses are required to determine the
biological factors that may affect the performance of salivary
biomarkers for OSCC in certain patient populations, in the
context of oral inflammatory conditions, as well as in the
context of ailments commonly found in the elderly, at-risk
patient populations. In addition, salivary IL6 mRNA and pro-
tein levels should be analyzed in a larger OSCC/age-matched
control patient cohort, to validate its suitability as an OSCC-
specific biomarker (work currently in progress).
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