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ABSTRACT

Despite intense research, squamous cell carcinoma of the tongue remains a 
devastating disease with a five-year survival of around 60%. Late detection and 
recurrence are the main causes for poor survival. The identification of circulating 
factors for early diagnosis and/or prognosis of cancer is a rapidly evolving field of 
interest, with the hope of finding stable and reliable markers of clinical significance. 
The aim of this study was to evaluate circulating miRNAs and proteins as potential 
factors for distinguishing patients with tongue squamous cell carcinoma from 
healthy controls. Array-based profiling of 372 miRNAs in plasma samples showed 
broad variations between different patients and did not show any evidence for their 
use in diagnosis of tongue cancer. Although one miRNA, miR-150, was significantly 
down-regulated in plasma from patients compared to controls. Surprisingly, the 
corresponding tumor tissue showed an up-regulation of miR-150. Among circulating 
proteins, 23 were identified as potential markers of squamous cell carcinoma of the 
tongue. These findings imply that circulating proteins are a more promising source 
of biomarkers for tongue squamous cell carcinomas than circulating miRNAs. The 
data also highlight that circulating markers are not always directly associated with 
tumor cell properties.

INTRODUCTION

Squamous cell carcinoma of the tongue (SCCT) is a 
devastating disease with a 5-year survival of around 60% 
[1] which has not improved over the last decades [2]. One 
major problem is that around 60% of patients develop a 
local relapse [3], the main cause (24%) of death for SCCT 
[4]. It is therefore of great importance to find markers 
for prediction and early detection of relapses. However, 
it has been challenging to identify biomarkers of clinical 

significance for SCCT due to the heterogeneous nature of 
this tumor type [5].

Circulating miRNAs were discovered in 2008 [6], 
15 years after the discovery of miRNA in tissue [7]. While 
the majority of miRNAs exist intracellularly, some enter 
the circulation. miRNAs have been isolated from blood, 
urine, saliva, pancreatic juice and breast milk [8]. How 
miRNAs enter these body fluids is poorly understood [9, 
10], but is suggested to be via passive leakage from cells 
due to necrosis, apoptosis or inflammation, through active 
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release by complex formation with lipoproteins (HDL) 
or RNA binding proteins (AGO2), or by packaging in 
exosomes or microvesicles before being released [10–12], 
or a combination of these events.

Regardless of how they are released, cell-free 
miRNAs are stable, even when subjected to extreme 
conditions such as high temperature, wide variation in pH 
or multiple freeze-thaw cycles [13, 14]. Although there 
are inconsistencies between studies, some have suggested 
that miRNA profiles in plasma can differentiate patients 
with oral squamous cell carcinoma (OSCC) from healthy 
individuals (reviewed in [15]).

Circulating factors are potentially ideal biomarkers 
for simple, rapid and inexpensive screening of patients 
for cancer diagnosis and monitoring, such as the use of 
prostate-specific antigen for prostate [16] or CA125 for 
ovarian cancer [17]. In both cases, these proteins can be 
measured easily to provide diagnostic information and 
to monitor therapeutic response and tumor relapse, but 
suffer from problems with specificity and/or sensitivity. 
Circulating proteins have also been evaluated in 
patients with squamous cell carcinoma of the head and 
neck (SCCHN) [18–20], although not as extensively 
as miRNAs. Studies using panels of cytokines and 
growth factors have found promising markers for early 
detection of SCCHN [18, 20]. For example, macrophage 
inflammatory protein 1b (MIP 1b), interleukin 13 (IL13), 
metalloproteinase 3 (MMP3), epidermal growth factor 
(EGF) and vascular cell adhesion molecule (VCAM) 
are down-regulated in plasma from SCCHN patients 
compared to controls. Furthermore, both squamous 
cell carcinoma antigen (SCC-Ag) and neurite growth-
promoting factor 2 (Midkine) have been suggested as 
independent prognostic factors for patients with SCCHN 
[21, 22].

Unlike detection of circulating nucleic acids that can 
be amplified prior to detection using array technologies, 
two potential problems with serum protein biomarkers are 
their low concentrations due to dilution in the circulation 
and the limited ability to assay multiple proteins from a 
small sample volume. Proximity extension assay (PEA) 
is a highly sensitive method based on pairs of antibodies 
linked to oligonucleotides with partial complementariness 
for each other (PEA probes). When the two different 
antibodies bind to their target protein, probes are brought 
into proximity and the two oligonucleotides accordingly 
bind. The new sequence thus achieved can be extended, 
amplified and measured by quantitative real-time 
PCR [23, 24], where the number of PCR templates is 
proportional to the initial concentration of antigen in 
the sample. In addition to high sensitivity, specificity is 
also improved due to the requirement for simultaneous 
binding of two different antibodies to epitopes on the 
same antigen. However, the technique is dependent on 
cross reactivity and sensitivity of the antibodies used. 
Recent technological advances have enabled simultaneous 

measurement of multiple proteins, and a 96-plex PEA-
based immunoassay has made it possible to analyze 92 
known or putative biomarkers simultaneously [25].

In this study we have compared two different 
sensitive technologies for the detection of miRNAs or 
proteins in plasma as potential diagnostic markers for 
squamous cell carcinoma of the tongue.

RESULTS

miR-150 down-regulation in plasma and up-
regulation in tissue from patients with SCCT 
compared to healthy controls

A panel of circulating miRNAs was analyzed in 
plasma from healthy individuals (13 controls) and patients 
with SCCT (13 patients). Of the 372 miRNAs analyzed, 
152 were detected in all samples. None of the samples 
showed signs of hemolysis, evaluated by analyzing the 
ratio between miR-451 and miR-23a-3p. All samples had 
values below 7.0, where a ratio above 7.0 is considered as 
risk of being affected by hemolysis.

Principal component analysis (PCA) showed that 
the levels of these miRNAs did not discriminate healthy 
individuals from SCCT patients (Figure 1). Statistical 
evaluation of individual miRNA levels showed miR-
150 to be significantly decreased in patients with SCCT 
compared to controls, Benjamini-Hochberg FDR adjusted 
p-value 0.007 (Figure 2A). Single qRT-PCR assay 
was then applied to validate miR-150 results using a 
combination of three miRNAs for normalization (miR-93, 
miR-222 and miR-30e). The normalized Cq value from 
single qRT-PCR assays of plasma samples showed high 
consensus with the normalized Cq value from the panel (p 
< 0.001, Rho = 0.913).

miR-150 was further analyzed in tissue samples 
using paired tumor and tumor free samples from 15 SCCT 
patients; 8 of the patients included in the plasma analysis 
and an additional 7 patients. In contrast to the decreased 
plasma levels in tumor patients, there was significant 
up-regulation (p-value 0.02) of miR-150 in tumor tissue 
compared to tumor free tissue adjacent to the tumor 
(Figure 2B). There was no correlation between plasma 
and tissue miR-150 in the 8 patients for whom both sets of 
data were available. One well known target for miR-150 
is the MYB proto-oncogene. RNA expression of MYB was 
down-regulated in all SCCT samples compared to tumor 
free controls adjacent to tumor [26]. However, there was 
no direct correlation between miR-150 and MYB levels.

Using proximity extension assay 23 proteins 
separated SCCT patients from healthy 
individuals

A total of 146 proteins involved in oncogenesis and 
inflammation were analyzed by proximity extension assay 
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of plasma from 19 SCCT patients (the same 13 as included 
in the miRNA analysis and an additional 6 patients) and 
19 healthy controls (9 that were included in the miRNA 
analysis and 10 additional controls). Using a cut-off 
of p < 0.05, 23 markers were differentially expressed 
between SCCT patients and healthy individuals. Principal 
component analysis of these 23 proteins separated SCCT 
patients and healthy individuals from each other, although 
not completely (Figure 3). All but one of these proteins 
showed down-regulation in SCCT patients compared to 
healthy controls, the exception being IL1-ra, and there was 
a large overlap in protein levels between the groups for 
all proteins (Figure 4). Calculating a receiver operating 
curve (ROC) showed the AUC for individual proteins 
to range from 0.676 to 0.903, indicating fair to good 
discrimination between those with and without disease 
(Table 1). The protein with highest AUC value was NT-3 
(neurotrophin-3; NTF3), which is also the only candidate 
with both high sensitivity and high specificity.

DNER, NT3 and TIE2 mRNA are also down-
regulated in tumor tissue

For the 23 differentially expressed proteins, 
corresponding gene expression was available in a recently 
published study of RNA profiling in nine of the patients 
[26]. Sixteen mRNAs showed significantly different 

expression when comparing tumor tissue to control 
(Table 1; upper part), whilst mRNA levels for 7 of the 
proteins was not significantly different between control 
and tumor tissues (Table 1, lower part). Consistency in 
the direction of change for circulating protein and tissue 
mRNA levels were identified in only three of the 16 
differentially expressed genes (DNER, NT3 and TIE2), 
where protein levels were lower in plasma from patients 
than controls and mRNA levels were lower in tumor tissue 
compared to tumor-free tissue. The remaining thirteen 
genes that were significantly dysregulated in tumor tissue 
showed the opposite direction when comparing mRNA to 
corresponding circulating protein.

DISCUSSION

The use of circulating markers for diagnosis, 
prognosis and disease monitoring has been employed 
for many years for specific cancer types. However, 
such markers suffer from a lack of specificity and/or 
sensitivity, and are only applicable to a limited number 
of cancer types. With the advent of new technologies, 
many reports are appearing for the identification of new 
disease markers. Here, we evaluated the potential value 
of circulating miRNAs and proteins in distinguishing 
patients with squamous cell carcinoma of the mobile 
tongue (SCCT) from healthy controls. In contrast to 

Figure 1: miRNA levels in patients with tongue tumor compared with healthy controls. Score plot (t1/t2) from PCA 
modelling based on 152 miRNAs detected in all samples. Each dot represent one patient indicated by the patient ID.
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previous studies on plasma suggesting that, for example, 
miR-21, miR-31, miR-184 and miR-186-5p are altered 
in patients with SCCHN compared to controls [27–30], 
we found only miR-150 to be significantly different 
in plasma from SCCT patients, a specific subgroup of 
SCCHN.

The discrepancies seen between studies of miRNA 
is one of many challenges when evaluating circulating 
miRNAs as potential biomarkers (reviewed in [31]). 
Factors known to affect results are choice of method for 
normalization and the use of different patient cohorts, 
making comparisons between studies difficult. In contrast 

Figure 2: miR-150 levels in plasma and tissue. (A) Individual miR-150 levels in plasma from controls and tumors based on Cq 
values from the miRNA-panel. Normalized Cq = global mean Cq – assay Cq (sample). A higher value thus indicate that miR-150 is more 
abundant in that particular sample. (B) Fold change in miR-150 level in tongue tumor compared to tumor free tongue tissue from the same 
patient.
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Figure 3: Levels of plasma proteins with tongue tumor compared with healthy controls. Score plot (t1/t2) from PCA 
modelling based on 23 plasma proteins with significantly different levels in patient and control samples.

Figure 4: Differentially expressed proteins. Scatter plots of significantly differentially expressed proteins in plasma from patients 
with squamous cell carcinoma of the tongue compared to healthy controls.
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to many of the previous studies that included tumors 
originating from the whole head and neck area and the 
majority being N+ [27–29], we only included patients with 
SCCT, with the majority (11/13) being N0. The importance 
of taking sub-site into consideration in analysis of SCCHN 
has previously been shown by us and others [32–34].

Results showed high variation in miRNA levels 
within controls, even though samples had been collected in 
the same way and analyzed using the same method on the 
same day and by the same person. This again could reflect 
the dynamic expression of miRNA and the importance of 
global protocols [35]. Even though there was a significant 
down-regulation of miR-150 in SCCT patients in group 
wise comparison, only two patients had a lower value than 

the mean minus two S.D. of the controls. In a previous 
study of colorectal cancer, lower plasma levels of miR-150 
were seen in patients with advanced cancer compared to 
patients with polyps and adenomas. Also here the variance 
within the groups was large, particularly within the control 
group [36].

Various mechanisms of how tumors release 
miRNAs into the circulation have been suggested [37] 
making it difficult to judge if miRNA levels in plasma 
really reflect miRNA expression in tumor tissue. It has 
been proposed that part of the circulating miRNAs 
originate from blood cells and that the miRNA content 
therefore reflects the blood count. miR-150 is strongly 
correlated with lymphocyte count [38] and specifically 

Table 1: Protein levels in circulation and mRNA expression in tissue

Protein levels in circulation mRNA expression in tissue 1 AUC Circulating proteins

Confidence interval

p-value SCCT vs C P-value SCCT vs C AUC Lower Bound Upper Bound

NT-3 0,002 Down* 1,11E-02 Down* 0,903 0,805 1,000

TNFB 0,001 Down* 6,64E-05 Up* 0,889 0,786 0,993

CD5 0,008 Down* 4,04E-04 Up* 0,831 0,694 0,968

uPA 0,014 Down* 1,21E-10 Up* 0,825 0,686 0,965

IL-1ra 0,031 Up* 3,77E-05 Down* 0,806 0,670 0,942

Flt3L 0,018 Down* 1,04E-02 Up* 0,803 0,656 0,950

DNER 0,031 Down* 1,08E-05 Down* 0,781 0,631 0,931

CXCL1 0,047 Down* 2,31E-06 Up* 0,770 0,607 0,933

CD6 0,018 Down* 2,02E-07 Up* 0,767 0,615 0,919

CD40 0,047 Down* 4,69E-07 Up* 0,765 0,605 0,924

CDH3 0,014 Down* 1,80E-11 Up* 0,737 0,570 0,904

PECAM-1 0,014 Down* 1,21E-02 Up* 0,731 0,560 0,902

TIE2 0,031 Down* 2,22E-02 Down* 0,712 0,538 0,886

FasL 0,031 Down* 7,72E-03 Up* 0,709 0,538 0,881

FR-alpha 0,047 Down* 3,55E-02 Up* 0,693 0,519 0,867

CD69 0,044 Down* 4,69E-07 Up* 0,676 0,495 0,856

CD244 0,012 Down* 5,33E-01 Down 0,845 0,723 0,967

TWEAK 0,010 Down* 6,71E-01 Down 0,834 0,705 0,962

IL-12B 0,026 Down* 4,23E-01 Down 0,795 0,644 0,946

EGFR 0,008 Down* 2,58E-01 Up 0,756 0,593 0,920

NTRK3 0,016 Down* 2,58E-01 Down 0,731 0,562 0,900

ErbB4/HER4 0,031 Down* 6,71E-01 Down 0,690 0,515 0,864

IL-12 0,047 Down* 6,47E-01 Up 0,676 0,487 0,865

* Significant differential expression
1Data from Boldrup et al. 2017 ([26])
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Table 2: Characteristics and clinical parameters of tongue squamous cell carcinoma patients and controls

Circulating miRNA

Patient 
ID

Gender Age TNM Survival Recurrence Panel Verification miRNA 
tissue

Protein 
plasma

RNA tissue

35 F 24 T2N0M0 Dead Yes X X*

56 F 41 T2N2bM0 Dead Yes X X*

58 M 62 T1N0M0 Alive No X X*

61 M 70 T4aN0M0 Alive No X X X X X*

65 F 81 T2N0M0 Alive No X X X X X*

68 M 62 T2N0M0 Dead Yes X X X X*

73 M 81 T4aN0M0 Dead No X X*

82 F 19 T4aN0M0 Dead Yes X X X X*

83 F 64 T1N0M0 Alive No X X X X
85 F 88 T2N0M0 Dead Yes X X*

98 M 31 T2N0M0 Alive No X X X X
99 M 65 T4aN2cM0 Alive No X X X
105 M 64 T1N0M0 Alive No X X
111 F 31 T1N0M0 Alive No X X X X
119 M 67 T2N0M0 Alive No X X X X
124 M 54 T4N2bM0 Dead Never TF X X X X
127 M 28 T1N0M0 Alive No X X X
131 F 74 T2N0M0 Alive No X X X X
137 ¤ F 71 T2N0M0 Alive No X X
138 ¤ M 50 T2N1M0 Alive No X X
148 ¤ M 81 T1N0M0 Alive No X
149 ¤ F 69 T1N0M0 Alive No X
150 ¤ M 79 T3N0M0 Alive No X
154 ¤ F 42 T1N1M0 Alive No X

*Data published in Boldrup et al, 2017 ([26])
¤ Follow up time less than 2 years

Controls

n Mean age Age range

Circulating miRNAs
Female 7 46,4 21- 82
Male 6 44,7 23- 59
miRNA verification plasma
Female 7 46,4 21- 82
Male 5 43,6 23- 59
Circulating proteins
Female 11 55,2 39- 82
Male 8 56,8 38- 83

(Continued)
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expressed by mature lymphocytes [39], but can also be 
expressed at a lower level by keratinocytes [40]. One of 
the top targets for miR-150 is MYB, a transcription factor 
essential during lymphocyte development, especially B 
cell development [41–43]. In accordance with previous 
findings, MYB mRNA was down-regulated in all our 
SCCT samples compared to tumor free controls adjacent 
to tumor. However, no direct correlation between miR-150 
and MYB was seen, indicating that other factors are also 
important in regulation of MYB.

In our analysis of circulating proteins involved in 
tumor development and inflammatory processes, 23 were 
differentially expressed and could aid in distinguishing 
SCCT patients from controls. A previous report including 
patients with tumors in the oral cavity, pharynx and larynx 
using an equivalent method measuring 60 cytokines, 
growth factors and tumor antigens from SCCHN patients 
[20] presented a panel of 25 proteins as a promising new 
approach for early detection of head and neck cancer. 
Seven of the proteins included in that panel were also 
included in our panel (CEA, ErbB2, EGFR, IL-1Ra, IL-8, 
HGF and IL-6) but only two showed significant alteration 
(EGFR and IL-1Ra) in patients with SCCT.

In our material, 16 of the 23 proteins analyzed 
showed significant dysregulation both at RNA level 
in tissue and protein level in plasma. However, only 
three genes/proteins, DNER, NT-3 and TIE2 showed 
the same direction of down-regulation in both plasma 
and tumor tissue. Using area under the curve (AUC) 
analysis, neurotrophin-3 (NT-3, or NTF3) showed the best 
discrimination between controls and SCCT patients. Apart 
from being connected to somatosensory innervation in the 
mouse tongue [44], NT-3 also plays a role in breast cancer 
[45], lung cancer [46] and adenoid cystic cancer [47]. 
Based on its role in metastatic growth, tumor behavior 
and invasion in these tumor types, its role in SCCT will be 
worth further elucidation.

As circulating proteins show promising results as 
potential markers for SCCT, future studies will aim at 
clarifying their role in a bigger group of stage I tumors 
only where such markers could be of value in early 
diagnosis.

In summary we have shown the potential of 
circulating proteins as markers of squamous cell carcinoma 
of the mobile tongue. In particular, NT-3 with known 
roles in other cancer types requires further investigation 

in SCCT. For circulating miRNAs, our results were less 
promising, showing wide inter-individual variations and 
even for the best performing miRNA, miR-150, only two 
patients had levels outside the area of the controls. With 
the detection tools available today, circulating miRNAs 
are unlikely to be valuable in the diagnosis/monitoring of 
SCCT. However an extended panel of circulating proteins 
and the PEA assay is a promising approach for detection 
of clinically useful markers in the future.

MATERIALS AND METHODS

Patient material

The study was approved by the local Ethical 
committee (Dnr 08-003M). After informed consent from 
all participants diagnosed with primary SCCT, blood or/
and tissue biopsies were collected before treatment of 
the SCCT. Whole blood was collected from a total of 19 
patients and 23 healthy volunteers, mean age 58 and 50 
years respectively. Tumor biopsies (T) and biopsies from 
corresponding clinically normal tumor free tissue (TF) 
adjacent to the tumor was collected from 15 patients, with 
a mean age of 59 years. Detailed patients information is 
shown in Table 2. All biopsies were collected from mobile 
tongue. Samples were snap-frozen in liquid nitrogen and 
stored at -80°C until miRNA was extracted.

Collection and storage of blood plasma

Three milliliters of peripheral blood was collected 
into vacutainers containing EDTA using standardized 
venipuncture procedures. Handling and processing was 
the same for all samples. Tubes were left standing for 
at least 30 minutes at room temperature after collection, 
centrifuged at 1300 g for 10 min at room temperature and 
the top layer, the plasma, was immediately aliquoted and 
stored at -80 °C until further use.

miRNA extraction from plasma and tissue

Total RNA including miRNA was extracted from 
frozen plasma samples using miRCURY RNA Isolation 
kit –Biofluids (Exiqon, Vedbaek, Denmark). A standard 
protocol for RNA isolation was used according to the 
manufacturer, with 250 μl of plasma as starting material. 

Controls

n Mean age Age range

RNA tissue*

Female 9 40,3 25- 59

Male 5 39,2 27- 57

*Data published in Boldrup et al, 2017 ([26])
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After centrifugation to remove debris, 200 μl supernatant 
was extracted and RNA eluted in 50 μl RNase free water. 
AllPrep DNA/RNA/miRNA Universal Kit (Qiagen, 
Hilden, Germany) was used for miRNA extraction from 
tumor and tumor free tissue. The fresh frozen biopsies 
(less than 20 mg) were homogenized in 600 μl Buffer 
RLT Plus containing β-mercaptoethanol using a Precellys 
Tissue homogenizer (Bertin Technologies, Artigus Pres 
Boreaux, France). After DNase treatment and washing, 
total RNA including miRNA was eluted twice in 30 μl 
and the eluates pooled. Purified RNA was stored at -80 °C 
until cDNA preparation. Quantity and purity of RNA was 
measured using a NanoDrop ND-1000 spectrophotometer 
(Thermo Scientific, Wilmington, DE, USA).

miRNA profiling in plasma

Twenty microliters of RNA extracted from plasma 
from 13 patients and 13 controls was sent on dry ice to 
Exiqon Services (Vedbæk Denmark) for miRNA analysis 
with real-time PCR panel. The panel used was miRCURY 
LNA Universal RT microRNA PCR Human panel I. 
Briefly 10 μl RNA was reversed transcribed in 50 μl 
using the miRCURY LNA Universal RT microRNA PCR, 
polyadenylation and cDNA synthesis kit (Exiqon, Vedbæk, 
Denmark). cDNA was diluted 50x and assayed in 10 μl 
PCR reactions according to the kit protocol. Amplification 
was performed in a LightCycler® 480 Real-time PCR 
system (Roche) in 382 well plates, and amplification 
curves analyzed using Roche LC software, both for 
determination of Cq (by the 2nd derivative method) and 
for melting curve analysis. All samples went through 
a quality control of RNA isolation and cDNA synthesis 
using Exiqon´s RNA spike-in kit.

Data analysis: the amplification efficiency was 
calculated using algorithms to the LinReg software. Using 
NormFinder (http://moma.dk/normfinder-software), the 
best normalizer was the average of assays detected in 
all samples (average-assay Cq). All data were therefore 
normalized by the formula; normalized Cq = global mean 
Cq – assay Cq (sample).

miRNA validation with qRT-PCR in plasma and 
tissue samples

For validation of findings from the panel in plasma, 
miR-150 and three miRNAs used for normalization, 
miR-30e, miR-93 and miR-222, were quantified by 
individual qRT-PCR assays. miR-30e, miR-93 and miR-
222 were selected by Normfinder and recommendations 
from Exiqon (Biofluids Guidelines, http://www.exiqon.
com/ls/Documents/Scientific/microRNA-serum-plasma-
guidelines.pdf). All samples but one control and one 
SCCT were subjected to the validation.

RNU6 and SNORD 44 were used for normalization 
of miR-150 tissue data, obtained from 8 of the 13 SCCT 

samples included in the plasma analysis plus an additional 
7 samples. All primers were from Exiqon. cDNA 
preparation and qRT-PCR analyses used the protocol 
for individual assays in miRCURT LNA Universal RT 
microRNA PCR kit from Exiqon. Two microliters of 
extracted RNA from plasma were used for each 10 μl 
cDNA reaction as recommended by miRCURY RNA 
Isolation kit – Biofluids. For tissue samples, 10 ng of total 
RNA was used in each cDNA reaction.

Real time RT-PCR was performed using an IQ5 
multicolor real-time PCR detection system with IQ SYBR 
Green Supermix (Bio-Rad Laboratories, Hercules, CA, 
USA). For each assay, 4 μl cDNA, diluted 40X, was 
used in 10 μl reactions. Cycling conditions were enzyme 
activation at 95°C for 10 min followed by 45 cycles of 
denaturation at 95°C for 10 sec and annealing/extension 
at 60°C for 60 sec.

Proximity extension assay

Plasma from 19 controls (9 of the samples included 
in the miRNA analysis and an additional 10) and 19 SCCT 
patients (12 of the 13 analyzed for miRNA in plasma and 
an additional 7 patients with SCCT) were sent to Clinical 
biomarkers facility, Science for Life Laboratory (Uppsala, 
Sweden) for analysis with proximity extension assay. 
One μl EDTA-plasma was used in each of two different 
panels comprising 92 and 71 proteins respectively, 
Proseek multiplex Oncology I, v2 and Proseek multiplex 
Inflammation I (Olink Bioscience, Uppsala, Sweden).

Statistical analysis

For multivariate data analysis we used Simca –P 
14 (MKS Data analytics Solutions, Umea, Sweden). 
Multiple Experiment Viewer (MeV) (http://www.tm4.org/
mev.html) with the LIMMA package was used to identify 
significantly differentially expressed miRNAs from 
the panel and also circulating proteins from the protein 
panel. Spearman correlation was used for statistical 
correlations between miRNA panel results and results 
from single assays and for correlations between plasma 
and tissue miRNA. Wilcoxon test was used for evaluation 
of tissue expression of miR-150 in paired tissue samples. 
The predictive analytical software SPSS was used for 
the above statistical analysis and receiver operating 
characteristics (ROC) and area under the curve (AUC) 
analysis to test how well individual factors separate the 
groups. All graphs were prepared in Graphpad Prism 7 
(Graphpad prism software).

Abbreviations

AUC; Area under the curve
C; Control
DNER; Delta/Notch like EGF repeat containing
EGF; epidermal growth factor
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NT-3; Neurotrophin-3
OSCC; Oral squamous cell carcinoma
PCA; Principal component analysis
PEA;Proximity extension assay
ROC; receiver operating curve
SCC-Ag; squamous cell carcinoma antigen
 SCCHN; Squamous cell carcinoma of the head and 
neck
T; Tumor
TF; Tumor free
TIE2; TEK Receptor tyrosine kinase
SCCT; Squamous cell carcinoma of the tongue
VCAM; vascular cell adhesion molecule
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