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                        ORIGINAL ARTICLE    

 Four-gene expression model predictive of lymph node metastases in 
oral squamous cell carcinoma      

    F Á TIMA SOLANGE     PASINI  1  ,       SIMONE     MAISTRO  1  ,       IGOR     SNITCOVSKY  1  ,  
     L Í LIAN P.     BARBETA  1  ,       FLAVIA R. ROTEA     MANGONE  1  ,       CARLOS N.     LEHN  2  ,  
     FERNANDO     WALDER  2,3  ,       MARCOS B.     CARVALHO  2  ,       M. MITZI     BRENTANI  1    &        
MIRIAM H. H.     FEDERICO  1    

  1  Disciplina de Oncologia, Departamento Radiologia e Oncologia, LIM 24, Faculdade de Medicina da Universidade de 
S ã o Paulo, S ã o Paulo, Brazil,   2  Servi ç o de Cirurgia de Cabe ç a e Pesco ç o, Hospital Heli ó polis, S ã o Paulo, Brazil and  
 3  Departamento de Otorrinolaringologia, Universidade Federal de S ã o Paulo, S ã o Paulo, Brazil                              

 Abstract 
  Background . Previous knowledge of cervical lymph node compromise may be crucial to choose the best treatment strategy 
in oral squamous cell carcinoma (OSCC). Here we propose a set four genes, whose mRNA expression in the primary 
tumor predicts nodal status in OSCC, excluding tongue.  Material and methods . We identifi ed differentially expressed genes 
in OSCC with and without compromised lymph nodes using Differential Display RT-PCR. Known genes were chosen to 
be validated by means of Northern blotting or real time RT-PCR (qRT-PCR). Thereafter we constructed a Nodal Index 
(NI) using discriminant analysis in a learning set of 35 patients, which was further validated in a second independent group 
of 20 patients.  Results . Of the 63 differentially expressed known genes identifi ed comparing three lymph node positive 
(pN  � ) and three negative (pN0) primary tumors, 23 were analyzed by Northern analysis or RT-PCR in 49 primary tumors. 
Six genes confi rmed as differentially expressed were used to construct a NI, as the best set predictive of lymph nodal sta-
tus, with the fi nal result including four genes. The NI was able to correctly classify 32 of 35 patients comprising the learn-
ing group (88.6%; p  �  0.009). Casein kinase 1alpha1 and scavenger receptor class B, member 2 were found to be up 
regulated in pN  �  group in contrast to small proline-rich protein 2B and Ras-GTPase activating protein SH3 domain-
binding protein 2 which were upregulated in the pN0 group. We validated further our NI in an independent set of 20 
primary tumors, 11 of them pN0 and nine pN  �  with an accuracy of 80.0% (p  �  0.012).  Conclusions . The NI was an inde-
pendent predictor of compromised lymph nodes, taking into the consideration tumor size and histological grade. The genes 
identifi ed here that integrate our  “ Nodal Index ”  model are predictive of lymph node metastasis in OSCC.   

 The presence of lymph node metastasis (pN  � ) is an 
important predictor of recurrence and shorter survival 
in head and neck squamous cell carcinoma (HNSCC). 
Unfortunately, pathological characteristics, imaging 
studies and specifi c biological markers studied so far 
do not predict the presence of lymph node metastasis 
optimally [1,2]. As a consequence, biological markers 
of lymph node metastasis are still needed to help design 
better treatment strategies in HNSCC. 

 More recently, attempts to identify such a marker 
have been made using methods capable of assessing 
global gene expression. By assuming that the deter-
minants of metastatic behavior are already present 
in the primary tumors, three studies using different 

platforms had indicated sets of genes with 500, 102 
and 20 genes, respectively [3 – 5], capable of predict-
ing lymph node metastases in squamous cell carci-
noma of head and neck with an overall accuracy of 
approximately 80 – 87%. In addition, two studies 
using the same Affymetrix platform, showed non-
overlapping different eight-gene sets, capable of cor-
rectly classifying primary oral tongue cancers patients 
according to lymph node status in 85% and 92.3% 
of patients, respectively [6,7]. 

 Since these studies hold practical and cost 
constraints due to different platforms and the high 
number of genes, we sought to use another method 
of global screening with a great theoretical potential 
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for the identifi cation of abundant, as well as low-
copy-number, mRNA transcripts, which is the Dif-
ferential Display Reverse Transcription Polimerase 
Chain Reaction (DD RT-PCR) [8]. Although not as 
high throughput as microarrays, it has a lower cost 
and the advantage of unbiased identifi cation of both 
known genes and novel sequences. 

 Our goal in this study was to identify, by DD 
RT-PCR assay, in primary oral (excluding tongue) 
squamous cell carcinoma, a set of genes that could 
predict the presence of lymph node metastasis. We 
showed that just four genes, G3BP2, SCARB2, 
CSNK1A1 and SPRR2B, can classify patients as 
pN0 or pN  � , with 80.0% accuracy.  

 Patients and methods  

 Patients 

 From September 1999 through October 2004, 69 
patients with histologically proven diagnosis of OSCC 
except tongue OSCC, with no previous treatment 
and surgery with curative intent scheduled at Head 
and Neck Surgery Service of Hospital Heli ó polis, 
S ã o Paulo, Brazil, entered the study. 

 The fi rst 49 patients were in the learning set, 35 
of them being included in the discriminant analysis. 
Tumor samples of additional consecutive 20 patients 
were used for  “ Nodal Index ”  (NI) validation. 

 All patients were advised of the procedures and 
provided written informed consent in compliance 
with the Declaration of Helsinki and amendments 
and was conducted in according with good clinical 
practices. The study was approved by independent 
ethics committee at Hospital das Cl í nicas da Facul-
dade de Medicina da Universidade de S ã o Paulo and 
at Hospital Heli ó polis. 

 Tumor fragments were collected by the patholo-
gist during surgery and immediately frozen in liquid 
nitrogen. Tumor staging was conducted according to 
5th edition of the UICC TNM and treatment con-
ducted according to routine guidelines. All patients 
underwent primary tumor resection with therapeutic 
intent followed by adjuvant radiotherapy, when 
appropriate. The histological grade, lymph node sta-
tus and tumor width were obtained from the surgical 
pathological report. The general patient characteris-
tics are presented in Table I. 

 In the patient learning group, there were 42 males 
and seven females. The age of patients ranged from 
30 to 86 years (median 52 years). A total of 47 
(95.9%) were tobacco smokers and 46 (93.8%) alco-
hol addicted. There were 31 patients with cancer 
arising from fl oor of mouth, eight patients with gin-
gival cancer, six patients with retromolar trigone can-
cer, three patients with lip cancer and one patient 
with palate cancer. 

 In the NI validation group, there were 14 males 
and six females. The age of patients ranged from 42 
to 73 years (median 55 years). Nineteen (95.0%) 
patients smoked tobacco and 17 (85.0%) consumed 
alcohol. Twelve patients had cancer arising from the 
fl oor of the mouth, four had gingival cancer and four 
retromolar trigone cancer.   

 RNA isolation 

 Total RNA was extracted and pooled from three pri-
mary tumors without compromised lymph nodes 
(pN0) and three primary tumors with compromised 
lymph nodes (pN  � ), using Trizol reagent (Invitro-
gen, Life Technologies, CA, USA) according to the 
manufacturer’s instructions. Residual DNA was 
removed from RNA preparations by digestion with 
DNAse I-RNAse free (Promega, WI, USA). The 
concentration and purity of RNA samples were 
determined by measuring absorbance at 260 and 280 
nm using a spectrophotometer and RNA quality 
determined by denaturing agarose gel electrophore-
sis. All tumors contained at least 70% cancer cells.   

 Differential display analysis (DD RT-PCR) 

 Pooled RNA (200 ng) from three pN0 and three 
pN  �  tumors was used for reverse transcription, in 
the presence of 2.5  μ M of three different anchored 

  Table I. Clinicopathological parameters of OSCC patients.  

 Parameter 
Learning case group

Number  �  49 (%)
Test case group

Number  �  20 (%)

   Gender 
  Male
  Female

  42 (85.7%)
  7 (14.3%)

  14 (70.0%)
  6 (30.0%)

 Age median (range) 52 years (30 – 86) 55 years (42 – 73)
 Primary tumor site 

   Floor of mouth 
   Gingiva 
  Lip
  Retromolar trigone
  Palate

  31 (63.0%)
  8 (17.0%)
  3 (6.0%)
  6 (12.0%)
  1 (2.0%)

  12 (60.0%)
  4 (20.0%)

  4 (20.0%)  

Nodal status
Negative (pN0) 23 (46.9%) 11 (55.0%)
Positive (pN  � ) 26 (53.0%) 9 (45.0%)

   T stage 
pT1
  pT2
  pT3
  pT4

1 (2.1%)
  15 (31.2%)
  10 (18.8%)
  23 (47.9%)

  7 (35.0%)
  3 (15.0%)

  10 (50.0%)
pTNM stage

  II
  III
  IVA

  12 (24.4%)
  7 (14.3%)

  30 (61.2%)

  6 (30.0%)
  2 (10.0%)

  12 (60.0%)
Differentiation

  Well
  Moderate
  Poor

  23 (48.0%)
  23 (48.0%)
  3 (4.0%)

  11 (55.0%)
  8 (40.0%)
  1 (5.0%)

   OSCC, oral squamous cell carcinoma.   
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dT11 downstream primers and 200U Super script II 
(Promega) for 60 min at 37 ° C. After heat inactiva-
tion of the reverse transcriptase at 95 ° C, 1:10 cDNA 
product was used as a template for polymerase chain 
reactions (PCR). This reaction was carried out in the 
presence of 2.5  μ M anchored downstream primers, 
0.5  μ M random upstream primers (13: 5 ′ -
CTGATCCATG-3 ′ ; 14: 5 ′ -CTGCTCTCAA-3 ′  or 
15: 5 ′ -CTTGATTGCC-3 ′ ), 1  μ Ci [ 32 P]-dCTP and 
1 U Taq DNA polymerase sequence grade (Pro-
mega) in a total volume of 20  μ l. The PCR profi le 
was 30 s at 94 ° C, 2 min at 40 ° C and 1 min at 72 ° C 
for 40 cycles. An aliquot of PCR product was sepa-
rated on a 6% denaturing polyacrilamide gel in TBE 
buffer at 50 W, which was then exposed to an x-ray 
fi lm (Hyperfi lm, GE Healthcare Biociences  –  for-
merly Amersham-Biociences, St. Giles, UK). Can-
didate bands with varying expression among samples 
were excised and eluted in 100  μ l H 2 O by heating at 
95 ° C for 10 min. Eluted cDNA was reamplifi ed by 
PCR, subcloned into PCR  ®   4-TOPO.TA Cloning  ®   
kit for sequencing (Invitrogen) and sequenced. The 
sequences obtained were compared with GenBank 
sequences using a BLAST search program (http://
www.ncbi.nlm.nih.gov/Blast). To validate the results, 
an initial screen was performed by Reverse Nor-
thern blots. Results were then confi rmed either by 
Northern blot or real time RT-PCR analysis.   

 Reverse Northern 

 Two nylon membranes were prepared by spotting 
double dots of the 31 fi rst sequenced cDNAs and 
one control probe (b-actin). Membranes were hybrid-
ized at 42 ° C with [ 32 P]-dCTP labeled cDNAs probes 
for each RNA mix (pN0 and pN  � ) prepared in 
duplicate by reverse transcriptation. Band intensities 
were quantifi ed by densitometric scanning (Image-
Master VDS software, version 2.0, GE Healthcare 
Biociences) and data expressed as a ratio to  β -actin 
mRNA. All clones presenting a pN  �  /pN0 signal 
ratio    �   2.0 were considered as over expressed and 
the clones showing signal ratio    �   0.6 were consid-
ered as under expressed.   

 Northern blot 

 An amount of 15  μ g of total RNA were eletrophore-
sed through 1% agarose gels and RNA transferred to 
nylon fi lters, which were hybridized for 20 h at 42 ° C 
with [ 32 P]-dCTP labeled specifi c probes generated 
in DD RT-PCR assays. Hybridization with 18S ribo-
somal RNA probe (donated by Dr. N. Arnheim, 
Department of Biochemistry, State University of 
New York, USA) was subsequently done to check 
for the equivalence of RNA loading. Band intensities 

in autoradiograms were quantifi ed by densitometric 
scanning and data expressed as the ratio of the spe-
cifi c mRNA to 18S rRNA.   

 Real-time Reverse Transcription Polimerase chain 
reaction (qRT-PCR) 

 For cDNA synthesis, 1  μ g of total RNA was reverse 
transcribed in a solution of 20  μ l containing 100 ng 
random hexamer primers, 20  μ M dNTPs mixture, 4 
 μ l 5X RT buffer, 1.5 mM MgCl 2 , 5 mM DTT and 
100 U SuperScript III reverse transcriptase (Invitro-
gen) at 50 ° C for 1 h and the reaction was terminated 
at 85 °  for 10 min. Primers sequences were designed 
according to the protocols of http://www.ncbi.nlm.
nih.gov/nucleotide using Primer 3 software (White-
head Institute for Biomedical Research, (http://frodo.
wi.mit.edu/) and were synthesized by IDT (Integrated 
DNA Technologies, Inc, IA, USA) (Table II). 

 PCR reactions were done in a Rotor-Gene Sys-
tem (Corbett Research, DE). Thermocycling was 
done in a total volume of 20  μ l containing 5  μ l cDNA 
sample (diluted 1:10), 1.5 mM MgCl 2 , 0.2  μ mol/l of 
each primers, 0.1  μ l SYBR Green I (Mole cular 
Probes, OR, USA) working dilution (1:100), 1.25U 
Platinum Taq DNA polymerase (Invitrogen), 1  �  
reaction buffer, 0.2 mM dNTPs mixture; 5% DMSO 
(Sigma, CA, USA) and 0.5  μ l of 10 mg/ml bovine 
serum albumin (Promega). After 2 min at 95 ° C, the 
cycling conditions were as follows: 95 ° C for 15 s, 
58 – 60 ° C for 30 s 72 ° C for 30 s for 40 cycles. For 
 β -actin, the cycles occurred at 95 ° C for 60 s, 64 ° C 
for 60 s and 72 ° C for 60 s. All samples were tested 
in duplicate, and average values were used for quan-
tifi cation. 

 Relative expression of genes of interest was nor-
malized to that of  β -actin (primers : Left-5 ′ AGAA
AATCTGGCACCACACC3 ′  ,Right-5 ′  AGAG
GCGTACAGGGATAGCA3 ′ ), and gene expression 
in each sample was then compared with expression 
in a control adjacent mucosa. The comparative C T  
method ( DD C T ) was used for quantifi cation of gene 
expression and relative expression was calculated as 
2  –   DD  CT .   

 Statistical analysis 

 The Mann-Whitney U-test was used to compare 
gene expression between different groups and a dis-
criminant analysis was performed to determine which 
gene set best classifi es patients as pN  �  or pN0. Sta-
tistical signifi cance was defi ned as p  �  0.1 and all 
p-values were two-sided. This 0.1 threshold was only 
considered to select the genes that would be used in 
a second step to compute the Nodal Index, which 
was further validated, as explained in the results 
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section. Data analysis was carried out using SPSS 
software, version 10.0 released for Windows (SPSS 
Inc., Chicago, IL, USA).    

 Results  

 Differential display analysis and identifi cation of the 
selected cDNAs 

 Our objective was to identify differentially expressed 
genes in pN0 versus pN  �  primary tumors. Adjacent 
mucosa was included in the assay as an internal con-
trol and will not be further discussed. Around 95% 
of the bands showed no difference in signal intensity 
across the different samples, as expected. An example 
of the differentially displayed RT-PCR products is 
shown in Figure 1. 

 Considering the pN0 and pN  �  groups, a total of 
99 differentially expressed bands were identifi ed and 
73 were further successfully reamplifi ed, cloned and 
found to be suitable for sequencing analysis. The size 
of cDNA ranged from 140 to 650 bp. When com-
pared with the GenBank database, we found that 
10 clones presented less than 95% homology with 
human cDNA database sequences and 63 matched 
genes in Gene database. Since all DD assay used 
samples previously treated with DNAse enzyme, the 
10 unmatched clones may represent novel genes that 
have not yet been identifi ed. Of the 63 matched 
genes, 43 were known genes and 20 clones matched 
with ESTs or hypothetical proteins.   

 Validation of gene expression profi les 

 Reverse Northern analysis was performed on the fi rst 
31 cloned sequences and the results suggested that 
21 genes would be differentially expressed. Since 
only three of these genes were confi rmed to be dif-
ferentially expressed by either Northern blot or qRT-
PCR, we considered that reverse northern was not a 
good screening tool. We thus performed Northern 
blot or qRT-PCR directly to validate differentially 
expressed sequences. Of the 43 known genes, 22 
were selected for further validation in 49 primary 
tumor tissue samples, by Northern analysis (10 
genes) or qRT-PCR (12 genes) (Table III). 

 A total of six genes were confi rmed to be differ-
entially expressed between pN  �  /pN0 groups. 
Four were found to be up regulated in pN  � , as com-
pared to pN0 tumors: CSNK1A1 (casein kinase 
1 α 1) (pN  �  median: 0.59 vs. 0.28 pN0 median; 
p  �  0.013, Mann-Whitney U-test), SCARB2 (scav-
enger receptor class B, member 2) (0.21 vs .  0.07; 
p  �  0.015), F3 [coagulation factor III (thromboplas-
tin, tissue factor)] (0.62 vs .  0.39; p  �  0.10) and 
POSTN (Periostin, osteoblast specifi c factor) (0.15 
vs .  0.00; p  �  0.10). Two genes were down regulated: 
SPRR2B (small proline-rich protein 2B (0.22 vs .  
0.77; p  �  0.042) and Ras-GTPase activating protein 
SH3 domain-binding protein 2 (G3BP2) (0.34 vs .  
0.51; p  �  0.055). The gene information, Gene ID 
access numbers and fold changes are summarized in 
Table IV.   

  Table II. Primers, PCR conditions and expected PCR product lengths.  

Gene Symbol Sequence 5 ¢   –  3 ¢ Annealing temperature Product size (bp)

G3BP2 CTTTCTCCTGGGCTTCAGTG
60 ° C 186

TAGGAGGAAAACCAGGTCGT
PGDS GCAAGATGTGAAAGAGCAGATG

60 ° C 102
TGCCCAAGTTACAGAGTTACCA

CD44 GGC GCA GAT CGA TTT GAA TA
58 ° C 144

TTC TCC ATC TGG GCC ATT GT
CD44v6 GGAACAGTGGTTTGGCAACAG

55 ° C 51
TTGGGTGTTTGGCGATATCC

SMG1 GTT AGA GGG CCG AGA TGT TG
60 ° C 199

GCC TGA GGC TGA GTT GAT TC
TPM1 GCT GGT TGA GGA AGA GTT GG

60 ° C 135
TCA TCT TTT TGG GCT CGA CT

HMGCR AGA GGC TGC AGA GCA ATA GG
60 ° C 126

GAG CCA GGC TTT CAC TTC TG
WISP3 TACATTCAGCCTTGCGACAG

60 ° C 151
TTCCACAAAAAGTGGGTTTG

F3 CCGAACAGTTAACCGGAAGA
60 ° C 168

CCCACTCCTGCCTTTCTACA
GPRC5A TGCTCACAAAGCAACGAAAC

60 ° C 187
TGGTTCTGCAGCTGAAAATG

SF3B1 GGCCTGAGAGTTGCTATTGG
60 ° C 124

TGTGCTATGAGAGCGTCCTG
HSPD1 CACCGTAAGCCTTTGGTCAT

60 ° C 86
CTTGACTGCCACAACCTGAA

CDK6 GCCTATGGGAAGGTGTTCAA
60 ° C 186TGTGCACACATCAAACAACC3
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 Prediction of lymph metastasis by a four gene set 

 To develop a model for predicting nodal involvement, 
a discriminant analysis was used to determine which 
linear combinations of these genes best distinguished 
pN  �  from pN0 patients in the group of 35 patients, 
19 with and 16 patients without compromised lymph 
nodes, in which all six gene expression were available. 
Starting with the six genes, an iterative algorithm was 
used to select for the gene set which yielded the best 
predictive result. The discriminant analysis yielded one 
canonical variable or function. The canonical variable 
accounted for 100% of the variance of the analysis and 
0.552 of the eigen value when the expression of 
CSNK1A1, SCARB2, SPRR2B and G3BP2 mRNAs 
were associated. The canonical discriminant function 
coeffi cients were CSNK1A1 (2.248), SCARB2 
(3.611), SPRR2B (�0.49), G3BP2 (0.046) and a con-
stant (�1.145). The canonical discriminant function 

was z   �  2.248(CSNK1A1)   �  3.611(SCARB2) – 0.49-
(SPRR2B) �  0.046(G3BP2) – 1.145 (Wilks ’  Λ   �  0.644, 
 χ  2   �  13.619 and p  �  0.009). We defi ned the z-value as 
the NI, with a value  �  0, indicating a negative score and 
a value  	  0 indicating a positive score (Supplementary 
Table to be found online, at http://www.informahealth-
care.com/doi/abs/10.3109/0284186X.2011.620619). 
Each patient ’ s NI was obtained and the results are 
plotted in Figure 2A. Among the 19 patients with 
positive scores, 17 (89.5%) presented lymph node 
metastasis and 14 (87.5%) of the 16 cases with nega-
tive scores were pN0 (p  �  0.009, Fisher ’ s exact test). 
Overall, 88.6% (32/35) of the original grouped patients 
were correctly classifi ed, and our NI was well cor-
related with individual nodal status (Figure 2B). 
With the use of leave-one-out cross-validation pro-
cedure, 77.1% of patients were correctly classifi ed, 
with sensibility 73.7% and specifi city 83.3%. 

  Figure 1.     Analysis of cDNA population in pN0, pN  �  and adjacent mucosa groups by DD RT-PCR. Total RNA isolated and pooled from 
two adjacent mucosa (A), three primary tumors without compromised lymph nodes (B) and three primary tumors with compromised 
lymph nodes (C) were reverse transcribed and PCR carried out as per the protocol described in the text. The heat denatured PCR products 
were electrophoresed on urea-polyacrylamide gel. The gels were dried and exposed to autoradiograph for 12 – 16 h at �70 ° C and developed 
until the DNA bands appeared on the fi lm. The arrows indicate the transcripts which are differentially expressed in pN0 or pN  �  samples: 
1: SCARB2; 2: G3BP2; 3: CSNK1A1; 4: SPRR2B.  
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 Discussion 

 In this study, we identifi ed a small set of four genes, 
SPRR2B, CSNK1A1, SCARB2 and G3BP2, whose 
mRNA expression correctly classifi ed 80.0% of 
patients according to their lymph node status. Previ-
ous studies had described sets with large number of 
genes (500 and 102) capable of predicting lymph 
nodal status in head and neck squamous cell carci-
noma with 83% and 86% accuracy [3,4], which is 
similar to that described here. More recent publica-
tions had described small sets of genes with the same 
predictive strength [5 – 7]. However, issues involving 
small number of patients [5], lack of a validation 

 We next evaluated the prediction model, by 
applying our NI formula, in an independent test 
group composed of 20 primary tumors, 11 pN0 and 
nine pN  �  (Figure 2C). Seven lymph node negative 
primary tumors (7/11) and nine lymph node positive 
tumors (9/9) had their lymph node status predicted 
correctly by our model (overall: 80.0%; p  �  0.012, 
Figure 2D). 

 Finally, our NI was shown, in a logistic regression 
analysis model, to be an independent predictor 
of lymph node status taking into consideration 
known variables as tumor size and histological grade 
(Table V).    

  Table IV. Identity of the differentially expressed transcripts, based on the homology search in NCBI – BLAST, between pN  �  /pN0 OSCC 
patients.  

Access N ° Description Validated fold change p-value

 Signal transduction 
NM_001892 CSNK1A1 (casein kinase 1, alpha 1) 2.10 0.013
NM_012297 G3BP2 (Ras-GTPase activating protein SH3 

domain-binding protein 2)
�1.49 0.055

 Cell adhesion 
NM_005506 SCARB2 (scavenger receptor class B, member 2) 3.00 0.015
NM_006475 POSTN (Periostin, osteoblast specifi c factor) NA 0.10

Differentiation
NM_006945 SPRR2B (small proline-rich protein 2B) �3.45 0.042

Response immune
NM_001993 F3 [coagulation factor III (thromboplastin, tissue factor)] 1.59 0.10

   pN  �  /pN0: lymph node metastasis confi rmed or not by histopathological analysis, respectively; NA, not applicable; OSCC, oral squamous 
cell carcinoma.   

  Table III. Methods used to validate 23 genes found to be differentially expressed between pN0/pN  �  tumor samples, on initial analysis.  

Gene Reverse Northern Validation method

 NM_006945  -  SPRR2B (small proline-rich protein 2B) YES Northern blot
 NM_005506  -  SCARB2 (scavenger receptor class B, member 2) YES Northern blot
 NM_001892  -  CSNK1A1 (casein kinase 1, alpha 1) YES Northern blot
 NM_012297  -  G3BP2 (Ras-GTPase activating protein SH3 domain-binding protein 2) NO qRT-PCR
 NM_006475 - POSTN (Periostin, osteoblast specifi c factor) NO Northern blot
NM_003118 - SPARC (Secreted protein acid cystein-rich or osteonectin) NO Northern blot
NM_003979 - GPRC5A (G protein-coupled receptor, family C, group 5, member A) NO Northern blot
NM_001259 - CDK6 (Cyclin-dependent kinase 6 ) NO qRT-PCR
NM_130396 - WISP3 (WNT1 inducible signaling pathway protein 3) YES qRT-PCR
NM_014059 - RGC32 (Reponse gene to complement 32) YES Not performed
NM_001006 - RPS3A (ribosomal protein S3A) YES Northern blot
NM_000971 - RPL7 (ribosomal protein L7) YES Northern blot
NP_536848 - ATP6 (ATP synthase 6) YES Northern blot
NM_005554 - KRT6A (keratin 6A) YES Northern blot
NM_014485 - PGDS (prostaglandin D2 synthase, hematopoietic) YES qRT-PCR
M59040 - CD44 molecule (Indian blood group) NO qRT-PCR
CD44v6 [CD44 variant 6 isoform (Indian blood group)] NO qRT-PCR
NM_002156 - HSPD1 [heat shock 60kDa protein 1 (chaperonin)] NO qRT-PCR
NM_012433 - SF3B1 (Splicing factor 3b, subunit 1, 155kDa) NO qRT-PCR
 NM_001993 - F3 [coagulation factor III (thromboplastin, tissue factor)] NO qRT-PCR
NM_014006 - SMG1 (PI-3-kinase-related kinase) YES qRT-PCR
NM_000366 - TPM1 (tropomyosin 1-alpha) NO qRT-PCR
NM_000859 - HMGCR (3-hydroxy-3-methylglutaryl-Coenzyme A reductase) NO qRT-PCR

   In bold, the six confi rmed genes. qRT-PCR, Real-time Reverse Transcription Polimerase chain reaction.   
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set [7] or type of tumor sample (whole tumor vs. 
laser-capture microdissection) [6] complicates the 
conclusions. 

 Our study has important strengths. First of all, 
we have used whole tumor sections since the meta-
static process seems to depend on both epithelial and 
stromal tumor components [9]. Second, all patients 
in the learning and validation group were operable 
and enrolled prospectively, not to mention that four 
gene expression can be performed very easily, as long 
as these results were further validated. In lymph node 
positive cases, the correct prediction was in the range 
of 90 – 100%, including three patients with a clinically 
negative neck, data that has potential to change 
patient management. 

 We recognize however that our study has impor-
tant limitations. One such limitation was that our NI 
validation cohort was still small and unfortunately 
NI was not available for all 49 patients in the learn-
ing set due to sample limitation. Second, our index 
resulted in a 22% false positive rate in node negative 
cases, which may lead to over treatment. Finally, part 
of the tests was done using Northern blotting which 
is still a time consuming method. 

 To our knowledge, no defi ned relationship 
between our four markers and metastasis in OSCC 
had been described until present. Concerning 
SPRR2B, a differentiation-associated gene, we have 
found it down regulated in pN  �  tumors as com-
pared to pN0 tumors, suggesting that this marker 
decrease expression with progression in OSCC. In 
accordance with our data, an inverse correlation 
between the rate of metastasis and the degree of 
differentiation has been reported in HNSCC [10] 
and previously published studies also showed 
SPRR2B low expression in HNSCC cell lines [11] 
and in hypopharynx carcinoma [12], even though 
this last study did not clarify the relationship between 
SPRR2B expression and clinicopathological fi nd-
ings. A down regulation of SPRR2 expression was 
also reported in scirrhous gastric cells with high 
metastatic potential [13]. 

 The remaining three genes in our NI are des-
cribed as capable of promoting metastasis by either 

  Table V. Logistic regression analysis for lymph node status in 35 
OSCC patients.  

Parameters p-value Odds ratio

95% C.I.

Lower Upper

Nodal Index
Positive vs. negative   �  0.001 83.76 10.47 669.83

T stage
T3 – T4 vs. T1 – T2 0.358 3.150 0.273 36.318

Differentiation
Moderate-Poor vs .  Well 0.977 1.033 0.116 9.173

Perineural invasion
Present vs. absent 0.962 1.059 0.100 11.172

   C.I., confi dence interval; OSCC, oral squamous cell carcinoma.   

  Figure 2.     The samples were rank-ordered by their Nodal Index, determined by the discriminant analysis. The samples with negative score 
indicated that the tumors were predicted to be free of lymph node metastasis (pN0). The samples with positive scores indicated that the 
tumors were predicted to metastasize to the cervical lymph node (pN  � ). A, B. The prediction results in learning cases: Fourteen of the 
16 samples in pN0 group were negative and 17 of 19 samples in the pN  �  group were positive. C, D. The prediction results in test case 
group: seven of 11 samples in pN0 group were negative and all of samples in the pN  �  group were positive.  
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preventing cancer cell apoptosis or else by augment-
ing endothelial cell survival and favoring angiogen-
esis. We found a higher expression of isoform 
CSNK1A1 or CK1 α  in pN  �  primary tumors, which 
is in according with published data showing that 
CK1 isoforms, especially CK1 α , seem to mediate 
resistance of tumor cells to apoptosis induced by 
tumor necrosis-factor-related apoptosis-inducing 
ligand (TRAIL) [14]. CSNK1A1 seems also to infl u-
ence Smad3 negatively affecting TGF β  signaling 
[15], a key factor in HNSSC carcinogenesis, as 
shown by several investigators, including our own 
group [16 – 18]. 

 Our data showed an up regulation in pN  �  tumors 
of SCARB2, also known as CD36L2, HLGP85 or 
LIMPII. Even though we do not know if it affects 
HNSCC carcinogenesis, SCARB2 was previously 
described as functioning as a thrombospondin-1 
receptor [19], which may have an effect sequestering 
TSP1 and inhibiting TGF beta activation, as shown 
in a rat model [20]. 

 G3BP2, whose function was so far unknown, was 
isolated by sequence homology with G3BP1, a pro-
tein able to interact with the SH3 domains of the 
Ras-GTPase activating protein [21]. G3BP2 overex-
pression seems to directly promote retention of IkB α  
in the cytoplasm interfering NF-kB/IkB α  complexes 
[22], whose aberrant activity has been described as 
critical in HNSSC carcinogenesis [23,24]. However, 
G3BP2 may exert a tumor suppressor role, which 
seems to be associated with MAP kinase-mediated 
VEGF down regulation [25]. 

 In conclusion, the coordinated expression of 
CSNK1A1, SCARB2, SPRR2B and G3BP2 mRNA 
may be predictive of the presence of lymph node 
metastasis in oral cancer. These genes could play rel-
evant biological roles integrating TGF β  and NFKB 
gene networks, which are critical in HNSCC car-
cinogenesis. Our data can interpreted as a proof of 
principle concept, with further studies necessary for 
biological and clinical validation.   
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