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worst pattern of invasion

ABSTRACT
Oral (OSCC) and cutaneous (CSCC) squamous cell carcinomas are epithelial neoplasms,
which are both derived from keratinocyte cells. However, the etiology and prognosis of
OSCC and CSCC are different. The main etiological factors behind OSCC are tobacco
smoke and alcohol consumption, and for CSCC it is UV-radiation. OSCC has poorer
prognosis than CSCC.
In order to be invasive, cancer cells have to pass various barriers. They have to disrupt
cell-to-cell junctions, penetrate basement membranes, and invade connective tissue.
The pattern of invasion of tumors varies strikingly. Some invade in large border fronts
while others invade in single cell manner. Expression of the transmembrane proteins,
E-cadherin and syndecan-1, in cell membrane are lost during tumor invasion, and therefore
loosening cell adhesion. Matrix metalloproteinases (MMP) are tissue proteinases, which
have a proteolytic role in various physiological events and during tumor progression
MMPs are capable of degrading extracellular matrix (ECM) proteins but also have an
immunomodulatory role. Toll-like receptors (TLRs) are part of the innate immunity and
can recognize exogenous pathogen associated molecular patterns or endogenous damage
associated molecular patterns. Cancer cells may use TLRs to induce tumor-promoting
LQÀDPPDWLRQ
The aim of the study was to examine possible cellular and molecular differences between
OSCC and CSCC explaining their different behaviors as cancers despite having cellular
similarities. The study included 36 OSCC and 27 CSCCs from patients with early stage
WXPRUV 7KH RYHUDOO DQG GLVHDVHVSHFL¿F VXUYLYDO ZDV UHWURVSHFWLYHO\ HYDOXDWHG ZLWK D
histological risk assessment (HRA) model and histological risk assessment score (HRS).
We performed immunohistochemical staining for E-cadherin, Snail (Snail1), Syndecans
DQG 003V DQG DQG7/5V DQG ,QYLWURZLWKRUDODQGFXWDQHRXVFHOO
OLQHV WKH HIIHFW RI7/5 OLJDQG ÀDJHOOLQ RQ SUROLIHUDWLRQ PLJUDWLRQ DQG LQYDVLRQ ZDV
studied.
26&&SDWLHQWVKDGZRUVHGLVHDVHVSHFL¿FVXUYLYDOWKDQ&6&&SDWLHQWVDQGWKLVFRUUHODWHG
with the invasion depths of the OSCC tumors. OSCC had a more severe histological
pattern of invasion than CSCC. E-cadherin and Syndecan-1 expression decreased in the
invasive front of OSCCs and CSCCs. Syndecan-1 expression in the tumor stroma was
KLJKHULQ26&&WKDQLQ&6&&LQWXPRUVZLWKDQLQYDVLRQGHSWKRIRYHUPP003
7 was mainly expressed in the invasive front of OSCC and CSCC and was stronger in
OSCC than in CSCC. MMP-8 and MMP-9 were mainly expressed in the peritumoral
LQÀDPPDWRU\ FHOOV 7/5 H[SUHVVLRQ ZDV VWURQJHU LQ 26&& WKDQ LQ &6&& ,Q YLWUR
7/5OLJDQGÀDJHOOLQLQFUHDVHGSUROLIHUDWLRQPLJUDWLRQDQGLQYDVLRQRIOHVVDJJUHVVLYH
oral and cutaneous cell lines, but failed to do so with the most aggressive oral cancer cell
line.
13

,QFRQFOXVLRQWKH26&&SDWLHQWVRIWKLVVWXG\KDGSRRUHUGLVHDVHVSHFL¿FVXUYLYDOWKDQ
CSCC patients. Increased stromal syndecan-1 expression in OSCC, MMP-7 expression
LQWKHLQYDVLYHIURQWRIWKHWXPRUDQG003H[SUHVVLRQLQLQÀDPPDWRU\FHOOVFRXOG
partly explain the differences in survival between OSCC and CSCC.
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INTRODUCTION
Normal oral mucosa and cutaneous tissue have mainly similar functions and structure.
%RWKDUHPDGHRIVXSHU¿FLDOHSLWKHOLXPDQGIURPWKHXQGHUOLQLQJFRQQHFWLYHWLVVXH2UDO
DQGFXWDQHRXVHSLWKHOLXPVDUHPXOWLOD\HUHG VWUDWL¿HG DQGWKXVKDYHDEDVDOOD\HUZKHUH
mitosis takes place, a prickle layer, a granular layer, and a keratinized layer. The epithelium
functions as a barrier against external threats such as pathogens, chemicals and other
substances. It also has various other physiological functions. Epithelial cells are called
keratinocytes. Tight junctions attach these cells to each other. Connective tissue gives the
epithelium strength and nourishes it. Oral mucosa has varying degree of keratinization.
Cutaneous tissue is mainly keratinized. Normal cutaneous appendages such as sweat
glands and hairs are mainly absent in oral mucosa.(1,2)
Normal keratinocytes evolve through premalignant lesions to full-blown invasive cancer
in a multistep process, in which multiple mutations modulate cells until these cells become
cancer cells. Although different cells can achieve this cancerous stage by various means,
Hanahan and Weinberg suggested in 2000 six acquired capabilities ‘hallmarks of cancer’
WKDWWKHPDMRULW\RIFDQFHUVSRVVHVV7KHVHZHUHFDQFHUFHOOV¶DELOLW\WREHVHOIVXI¿FLHQW
from external growth signals, having an insensitivity to growth-inhibitory signals,
evasion of programmed cell death, limitless replicative potential, sustained angiogenesis,
and activating tissue invasion and metastasis. In recent studies numerous new ‘cancer
hallmarks’ have been suggested and the events underlying these have been studied. This
concept is timely and very evident in carcinomas. 
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REVIEW OF THE LITERATURE
ORAL SQUAMOUS CELL CARCINOMA
Oral squamous cell carcinoma (OSCC) is an epithelial neoplasia and the most common
oral cancer. It can appear in all oral anatomical sites. Non-tongue oral cancers are located
LQWKHJXPV ,&'& ÀRRURIPRXWK ,&'& VRIWDQGKDUGSDODWH ,&'& FKHHN
PXFRVDYHVWLEXODUHWURPRODUDUHDDQGRWKHUXQVSHFL¿FDUHDVRIWKHPRXWK ,&'& 
&DQFHUVRIOLS ,&'& DUHFODVVL¿HGVHSDUDWHO\DVZHOODVWKHDQWHULRUWZRWKLUGVRI
tongue (ICD C02) and basal tongue (ICD C01).(5,6)7KHUHDUHYDULRXVGH¿QLWLRQVRIRUDO
cancer in the literature (7),QWKLVWKHVLVRUDOFDQFHURUPRXWKFDQFHUDUHGH¿QHGDVFDQFHUV
RI WKH LQQHU DVSHFWV RI WKH XSSHU DQG ORZHU OLS RWKHU DQG XQVSHFL¿HG SDUWV RI WRQJXH
JXPVÀRRURIPRXWKSDODWHDQGRWKHUDQGXQVSHFL¿HGSDUWVRIWKHPRXWK ,&'&
&&& +HDGDQGQHFNFDQFHUVDUHGH¿QHGDVFDQFHUVRIWKHODU\Q[
pharynx, lip and oral cavity, paranasal sinus and nasal cavity, salivary gland and occult
primaries of the head and neck (8).
Etiology

The major etiological factors for OSCC are tobacco smoke and alcohol. Other risk factors
are chewing tobacco, human papilloma virus (HPV), betel chewing, and poor oral health.
(9)
The increased risk of oral cancer among smokers has been evident for almost halfFHQWXU\,QRYHUDOOVPRNHUV¶ULVNIRURUDOFDQFHULVDSSUR[LPDWHO\WLPHVKLJKHU
when compared to non-smokers and the risk increases with the frequency and duration of
smoking in one’s lifetime.(10,11) After cessation of smoking, the risk of oral cancer, due to
VPRNLQJGHFUHDVHVDQG¿QDOO\GLVDSSHDUVLQ\HDUV(12). Chewing tobacco is considered
to have an increased risk (users odd ratio (OR) = 9.5, non-users OR = 3.6) and mortality
for oral cancer   3RRU RUDO KHDOWK HJ QXPEHU RI PLVVLQJ ¿OOHG RU GDPDJHG WHHWK
frequency of check-ups, and periodontal disease are associated with increased risk of
oral cancer even when potentially confounding factors have been taken into account (9).
Although Scandinavian smokeless tobacco (tobacco placed under the lip, sinus) has not
been reported to increase the risk of oral cancer, it has been reported to cause mucosal
lesions (15-18).
In various analyses the risk of oral cancer due to alcohol increases accordingly with
the daily quantity, duration of drinking, and with the lifetime cumulative consumption.
Overall, the risk of oral cancer due to alcohol consumption is about 18% (19). The combined
use of tobacco and alcohol multiplies their independent risks of developing oral cancer
DQGLWLVDURXQG(9)
Betel quid is a chewable stimulant containing an areca nut, betel leaves and sometimes
tobacco (20). Betel chewing has a higher risk for oral cancer than smoking or alcohol
16

consumption ORs for chewing betel being 1.5-3 times and 2-11 times higher than ORs for
smoking or alcohol consumption, respectively (21).
Incidence and mortality

In Nordic countries (Sweden, Iceland, Norway, Finland, and Denmark) age standardized
incidence rates (ASR) of oral cancer have been increasing in both men and females. The
increase has been higher with men from 1.05 (per 100,000 persons) in 1971 to 1.8 (per
100,000 persons) in 2011 and in women from 0.6 to 1.1 (per 100,000 persons). Time
trend analysis reveals that incidence rates among males and females have stayed relatively
FRQVWDQWDPRQJSHRSOHIURP\HDUVROGEXWDPRQJWKHROGHUFRKRUWV \HDUV
70+ years) incidence rates have been increasing until the late 2000s. Since 2007 incidence
rates have decreased among 50-69 and 70+ years old females (Figure 1,2). In men
mortality of oral cancer has increased from 0.5 in 1971 to the highest peak 0.8 in 1991-92
and descended to 0.6 in 2011. With women mortality of oral cancer in 1971 stood at 0.37
in 1996 and descended to 0.32 in 2011 (Figure 3).(22)

Figure 1. Age standardized incidence rates of mouth cancer in Nordic countries (22).
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Figure 2a. Incidence rates (age cohorts) of mouth cancer in Nordic countries (male) (22).

Figure 2b. Incidence rates (age cohorts) of mouth cancer in Nordic countries (female)
(22)
.
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Figure 3. Age standardized mortality rates of mouth cancer in Nordic countries (22).
+LVWRSDWKRORJ\DQG710FODVVL¿FDWLRQ

2UDO VTXDPRXV FHOO FDUFLQRPDV DUH FODVVL¿HG E\ 710FODVVL¿FDWLRQ V\VWHP DQG
histopathologically graded into well-, moderately-, and poorly differentiated (Table 1).
OSCC cells, depending on differentiation, have varying degrees of abnormal mitotic
activations, mitoses, and nuclear pleomorphisms. Well-differentiated carcinoma cells
resemble normal squamous epithelium with keratin pearl formation. Moderately
differentiated carcinoma cells are still recognized to be of epithelial origin, but have
less keratin pearl formation. Poorly differentiated OSCC loses its epithelial looks and
keratin pearl formation is absent. In the invasive front, OSCC tumor cells invade in
WKH IROORZLQJ SDWWHUQV SXVKLQJ ERUGHU ¿QJHUOLNH SDWWHUQ DQG ZLWK VPDOO FHOO LVODQGV
OSCC metastasizes mainly via lymphatic vessels, but vascular and perineural-invasions
are common. (5)
Treatment and prognosis

Stage of the cancer dictates the treatment of the OSCC. Early (stage I-II) cancers
ZLWK ZHOOGH¿QHG PDUJLQV DUH WUHDWHG ZLWK UHVHFWLRQ DQG ZLWK PRUH DGYDQFHG GLVHDVH
adjuvant radio or chemoradiotherapy is used.  Treatment of neck in oral cancer
depends on stage of the cancer and on lymph node status: neck dissection can be
XQLODWHUDO RU ELODWHUDO DQG UDGLFDO RU PRGL¿HG QHFN GLVVHFWLRQ (25). According to
1RUGFDQ WKH DJH VWDQGDUGL]HG UHODWLYH ¿YH\HDU VXUYLYDO RI RUDO FDQFHU SDWLHQWV LQ WKH
1RUGLFFRXQWULHVYDULHVEHWZHHQLQPDOHVDQGLQIHPDOHV 7DEOH (22).

19

Table 1.710FODVVL¿FDWLRQRI26&&WXPRUV 0RGL¿HGDQGUHSULQWHGZLWKWKHSHUPLVsion from Wiley Global (23)).

Table 2. Five-year age standardized relative survival (%) of OSCC patients diagnosed
between the years 2009 and 2013 in Nordic countries(22).
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CUTANEOUS SQUAMOUS CELL CARCINOMA
Cutaneous squamous cell carcinoma (CSCC) is an epithelial neoplasia and the second
most common nonmelanoma skin cancer after basal cell carcinoma (26). In this thesis
QRQPHODQRPD VNLQ FDQFHUV DUH GH¿QHG DV RWKHU DQG XQVSHFL¿HG PDOLJQDQW QHRSODVPV
of the skin (basal and squamous cell carcinomas, malignant neoplasm of sebaceous and
VZHDWJODQGV DQG.DSRVL¶VVDUFRPDRIWKHVNLQ ,&'&DQG& 

Etiology

The major factor behind the CSCC is UV-light and it is especially prominent in lightskinned individuals. Almost 60 percent of CSCC are found in sun exposed head and neck
regions (27). The incidence increases with cumulative sun exposure and aging (28,29). Immune
suppression is considered as a high risk for developing CSCC. The incidence of CSCC
among renal transplant patients is 18-36 times more frequent than in the general population
(28)
. Smoking doubles the relative risk of CSCC and it is regarded as an independent risk
factor for CSCC (30). In addition chemical carcinogens, thermal injury, chronic radiation,
and human papillomavirus are found to be etiological factors behind CSCC (31).

Incidence and mortality

The ASR for the non-melanoma skin cancers has been steadily increasing over the past 30
years in Nordic countries. In men the incidence rate has increased from 7 to 16 per 100,000
persons and for women from 3 to 10 per 100,000 persons. With time trend analysis we can
REVHUYHDPDMRULQFUHDVHRIWKHLQFLGHQFHUDWHVIRUWKH\HDUVROGDJHJURXSV ¿JXUH
 +RZHYHUPRUWDOLW\IRUQRQPHODQRPDVNLQFDQFHUVKDVEHHQVOLJKWO\GHFUHDVLQJLQ
men and in women (Figure 6)(22).
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Figure 4. Age standardized incidence rates of nonmelanoma skin cancer in Nordic countries (22).

Figure 5a. Incidence rates (age cohorts) of non-melanoma skin cancer in Nordic countries (male) (22).
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Figure 5b. Incidence rates (age cohorts) of non-melanoma skin cancer in Nordic countries (female) (22).

Figure 6. Age standardized mortality rates of non-melanoma skin cancer in Nordic
countries (22).
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+LVWRSDWKRORJ\DQG710FODVVL¿FDWLRQ

&XWDQHRXV VTXDPRXV FHOO FDUFLQRPDV DUH FODVVL¿HG LQ FOLQLFV QRUPDOO\ E\ WKH 710
FODVVL¿FDWLRQ 7DEOH +LVWRORJLFDOO\&6&&KDVDW\SLFDOPLWRVLVHQODUJHGQXFOHLDQG
a different degree of keratinization. Well-differentiated CSCC has a greater amount of
keratinization and a more normal cytological appearance. Moderately differentiated CSCC
manifest a lesser degree of keratinization and more mitotic activity. Poorly differentiated
CSCC has almost no keratinization and the cells resemble mesenchymal cells having lost
their epithelial origin. CSCC metastasizes mostly via lymphatic vessels, but vascular and
perineural-invasions are common (32).

Table 3.710FODVVL¿FDWLRQRI&6&&WXPRUV 0RGL¿HGDQGUHSULQWHGZLWKSHUPLVVLRQ
from Wiley Global (23)).
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Treatment and prognosis

The majority of CSCC cases are treated with surgical methods, which are electrodissecation,
cryosurgery, topical chemotherapy and surgical excision. Radiotherapy is used with more
aggressive lesions. Metastatic CSCC lesions are treated with adjuvant radiotherapy (33). In
1RUGLFFRXQWULHVDJHVWDQGDUGL]HGUHODWLYHWRWKH¿YH\HDUVXUYLYDORIQRQPHODQRPDVNLQ
FDQFHUYDULHVLQPDOHVEHWZHHQDQGLQIHPDOHVEHWZHHQ 7DEOH (22) .

Table 4. Five-year age standardized relative survival (%) of OSCC patients diagnosed
between 2009 and 2013 in the Nordic countries(22).

BIOMARKERS IN CANCER
$ELRPDUNHURUDPROHFXODUPDUNHULVGH¿QHGE\WKH1DWLRQDO,QVWLWXWHRI+HDOWK 1,+ 
as a “characteristic that is objectively measured and evaluated as an indicator of normal
biologic processes, pathogenic processes or pharmacologic response to a therapeutic
intervention”. A biomarker can be any molecule secreted by tumor cells, the body’s
VSHFL¿FUHVSRQVHWRZDUGVWXPRUVJHQHWLFPXWDWLRQVRUHSLJHQHWLFPRGL¿FDWLRQV 

In clinical use only few new cancer biomarkers have emerged in the past 25 years.
7KH SDWK IURP ¿QGLQJ D QHZ SURPLVLQJ ELRPDUNHU DQG WR XVH LW DV D QRQLQYDVLYH DQG
inexpensive screening tool is time consuming, expensive, and laborious (35). In 2001
Pepe et al published their proposal for “biomarker development for early detection of
FDQFHU´7KHSURSRVDOLVGLYLGHGLQWR¿YHSKDVHVWKH¿UVWSKDVHEHLQJDSUHFOLQLFDOVWXG\
to identify possible biomarkers in tumor tissue. The second phase is the development of a
noninvasive clinical assay that can distinguish cancerous from noncancerous specimens.
The third phase is a retrospective longitudinal study to assess the biomarker’s ability to
GHWHFWSUHFOLQLFDOGLVHDVH7KHIRXUWKSKDVHLVDSURVSHFWLYHVFUHHQLQJVWXG\DQGWKH¿IWK
DQG¿QDOSKDVHLVDFDVHFRQWUROVWXG\LQZKLFKHPSKDVLVLVRQWKHELRPDUNHU¶VDELOLW\WR
reduce cancer mortality.(36)

In addition to screening, some biomarkers are developed as prognostic markers for early
stage cancers. These biomarkers should be able to distinguish the subset of cancers that
are more likely to develop metastasis or local recurrence.
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At the moment various biomarkers are used to estimate the risk of developing cancers.
They are also used in screening, determining prognosis or in differential diagnosis.
Breast and ovarian cancers due to the mutation of breast cancer 1 and 2, early onset genes
(BRCA1 and BRCA2) are the most frequent hereditary breast and ovarian cancers, thus
genetic tests are used in estimating the risk of developing these cancers in families with
a history of BRCA1/2 gene mutations (37,38). Kirsten rat sarcoma viral oncogen homolog
(KRAS) mutation in colorectal cancer is associated with poorer prognosis and thus is a
prognostic marker (38). In the treatment of breast cancer multiple biomarkers are used to
characterize the disease and to individualize the treatment. Traditional clinicopathological
characteristic (tumor size, nodal status, tumor grade, lymphatic and vascular invasion)
dictate primary treatment and the adjuvant radio and/or chemotherapy in breast cancer.
At the moment predictive and prognostic biomarkers such as tumor hormone receptor
and human epidermal growth factor receptor 2 (HER2)/neu status, BRCA1/2 status are
substantially affecting treatment plans (39).

EPITHELIAL-MESENCYMAL TRANSITION
Epithelial-mesenchymal and mesenchymal-epithelial transitions

Epithelial and mesenchymal cells differ. Epithelial cells form layers of tightly attached
cells, which are closely connected via tight junctions, which are desmosomes, adherens
junctions and gap junctions. Epithelial cells have apicobasal polarization and basement
membrane under their epithelial layers. Mesenchymal cells do not usually form any
layers, nor do they have any polarization. Mesenchymal cells are capable of moving in
connective tissue  . Epithelial cells can be converted to mesenchymal cells in a process
called epithelial-mesenchymal transition (EMT). EMT is a multi-step process in which
epithelial cells obtain mesenchymal properties and lose their epithelial characteristics. The
reverse process is named mesenchymal-epithelial transition (MET). EMT and MET have
important roles during embryonic development  . EMT is needed in tissue regeneration,
LQÀDPPDWLRQDQGLQZRXQGKHDOLQJEXWLQDGGLWLRQ(07LVDFWLYHLQYDULRXVSDWKRORJLFDO
FRQGLWLRQVVXFKDV¿EURVLVDQGFDQFHUSURJUHVVLRQ  .
E-cadherin and Snail

E-cadherin is a transmembrane glycoprotein found at adherens junctions  . E-cadherin
has a direct role in cell adhesion and in controlling cell polarity  . During tumor invasion
cancer cells experience EMT-like transition. The crucial step of EMT and tumor progression
is the loosing of the E-cadherin in the cell membrane  . In addition, other epithelial
markers (desmoplakin, cytokeratin-18, Muc-1) are downregulated and mesenchymal
PDUNHUV YLPHQWLQ¿EURQHFWLQ DUHXSUHJXODWHGLQ(07  . One of the main repressors
RI(FDGKHULQDUH6QDLO 6QDLO DQG6QDLOZKLFKDUHIDPLO\RI]LQF¿QJHUWUDQVFULSWLRQ
factors. Snail binds to E-cadherin promoter and represses the e-cadherin transcription.
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This leads to loosening of the cell-to-cell adhesion and cell polarity  . EMT-signaling
is very complex, but the majority of the EMT-inducers repress E-cadherin expression via
the Snail family  . Meta-analysis of head and neck squamous cell carcinoma (HNSCC)
studies found that decreased or abnormal E-cadherin expression was associated with a
poorer prognosis  .
Syndecans

Syndecans are a family of transmembrane proteins with heparin- and/or chondroitin
VXOIDWHFKDLQV)RXUW\SHVRIV\QGHFDQVDQGKDYHEHHQLGHQWL¿HGLQPDPPDOV

. Syndecans interact with various ECM proteins and growth factors (50). Syndecans
are cleaved proteolytically in a process known as shedding. The extracellular portion of
the syndecan molecule can become a soluble agonist/antagonist and the shedding also
downregulates traditional syndecan signal transductions (51).
Syndecan-1 is mainly expressed in epithelial tissue. Syndecan-1 regulates cell-to-cell and
cell-to-ECM interactions. In the murine model, over-expression of syndecan-1 is reported
to have an effect on delaying skin wound repair (50). In oral epithelial dysplasia and in
OSCC decreased syndecan-1 expression is found. In addition, low syndecan-1 expression
in an invasive front is associated with a poor prognosis (52,53).
Syndecan-2 is mainly expressed in mesenchymal cells and in neural tissues. Syndecan-2
promotes angiogenesis via vascular endothelial growth factor (VEGF) signaling and in
syndecan-2-/- murine model the suppression of intersegmental vessels has been reported
(50)
. In lung carcinoma murine model syndecan-2 expression suppressed metastasis partly
by inhibiting the activation of MMP-2  . In contrast, up-regulation of syndecan-2 has
been reported in colon cancers (55).

TUMORS AND THEIR MICROENVIRONMENTS
Epithelial and connective tissue cells communicate via different signaling methods e.g.
by cell-to-cell interactions or via secreted molecules (56). Epithelium and connective tissue
together form a microenvironment and this sustains tissue integrity and cellular function.
In pathological tissue and especially in tumors, cancer dependent changes may modify the
tumor-stroma-cell interaction and promote the invasion and progression of tumors (56,57).
,QÀDPPDWLRQ

3UHYLRXVO\ LQÀDPPDWLRQ KDV EHHQ UHJDUGHG RQO\ DV KRVW¶V GHIHQVLYH PHFKDQLVP EXW
DOUHDG\ 9LUFKRZ VXJJHVWHG WKDW WKH LQÀDPPDWLRQ KDV D UROH LQ WXPRU SURJUHVVLRQ (58).
,QÀDPPDWLRQSOD\VDGRXEOHUROHLQYDULRXVSDWKRORJLFDOFRQGLWLRQVWXPRUSURJUHVVLRQ
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being one of them (59,60)&KURQLFLQÀDPPDWLRQKDVEHHQDVVRFLDWHGZLWKLQFUHDVHGULVN
RIYDULRXVFDQFHUV,QÀDPPDWLRQFDXVHGE\+3\ORULLQIHFWLRQKDVEHHQDVVRFLDWHGZLWK
JDVWULFFDQFHUVLQÀDPPDWRU\ERZHOGLVHDVHV &KURQ¶VGLVHDVHDQGFROLWLVXOFHURVD ZLWK
colorectal cancer and chronic hepatitis with hepatocellular carcinoma (58,61).
7RXQGHUVWDQGWKHUROHRILQÀDPPDWLRQLQFDUFLQRJHQHVLVRQHKDVWREHIDPLOLDUZLWKWKH
LQÀDPPDWRU\ FRPSRQHQW RI WXPRU PLFURHQYLURQPHQWV ,QÀDPPDWLRQ DV D SURFHVV LV D
host’s response to pathogens, chemical irritation or tissue injury. The early stage or acute
LQÀDPPDWLRQRFFXUVZKHQPDFURSKDJHVDQGPDVWFHOOVUHFUXLWQHXWURSKLOVWRWKHVLWHRI
LQÀDPPDWLRQ$IWHUWKH¿UVWSKDVHPDQ\W\SHVRILQÀDPPDWRU\FHOOVHJOHXNRF\WHVDQG
O\PSKRF\WHVDUHDWWUDFWHGWRWKHLQÀDPPDWRU\VLWHDQGWKHVHFHOOVFRQWULEXWHWRPDLQWDLQLQJ
WKHLQÀDPPDWRU\UHVSRQVHDJDLQVWWKHLQIHFWLRQ (62):KLOHWKHLQÀDPPDWLRQLVRQJRLQJ
YDULRXVIHHGEDFNPHFKDQLVPVWU\WRGHFUHDVHRUFRQWDLQWKHLQÀDPPDWRU\UHVSRQVHDQG
FOHDULQÀDPPDWRU\FHOOVIURPWKHDUHD9DULRXVFKHPRNLQHVKDYHDGRXEOHUROHLQLQGXFLQJ
DQGGRZQUHJXODWLQJWKHLQÀDPPDWRU\UHVSRQVH(62,63)$FXWHLQÀDPPDWLRQFDQWXUQFKURQLF
LIWKHLQÀDPPDWRU\UHVSRQVHFDQQRWEHVROYHGGXHWKHSHUVLVWHQFHRISDWKRJHQFKHPLFDORU
SK\VLFDOLUULWDWLRQ,QFKURQLFLQÀDPPDWLRQO\PSKRF\WHVPDFURSKDJHVDQGSODVPDFHOOV
DUHWKHSUHGRPLQDQWLQÀDPPDWRU\FHOOV7KHVHFHOOVDQGHVSHFLDOO\DFWLYDWHGPDFURSKDJHV
SURGXFHDFRQVWDQWÀRZRIF\WRNLQHVFKHPRNLQHVUHDFWLYHR[\JHQDQGJURZWKIDFWRUV
&KURQLFLQÀDPPDWLRQFDQGDPDJHWLVVXHVDQGLQWKHORQJUXQFDXVHSRWHQWLDOO\PDOLJQDQW
lesions (61,63).
7ZRSDWKZD\VFDQSURGXFHLQÀDPPDWLRQLQDWXPRU¶VPLFURHQYLURQPHQW,QWKHH[WULQVLF
SDWKZD\ LQÀDPPDWRU\ FRQGLWLRQV DUH DEOH WR LQFUHDVH WKH ULVN RI FDQFHU $ FODVVLFDO
example of an extrinsic pathway is the increased risk of gastric cancer caused by H.Pylori
infection. In the intrinsic pathway genetic changes cause neoplasias. These mutations
DFWLYDWH YDULRXV RQFRJHQHV 7KLV HQDEOHV WKH DFWLYDWLRQ RI LQÀDPPDWRU\ SDWKZD\V DQG
LQÀDPPDWLRQ 'XH WR WKHVH WZR SDWKZD\V LQÀDPPDWLRQ LV SUHVHQW LQ DOPRVW DOO WXPRU
microenvironments  7KHVHWZRSDWKZD\VDFWLYDWHLQÀDPPDWRU\WUDQVFULSWLRQDOIDFWRUV
HJQXFOHDUIDFWRUNDSSDOLJKWFKDLQHQKDQFHU 1)ț% SDWKZD\DQGK\SR[LDLQGXFLEOH
factor 1a (HIF1alpha) pathways in tumor cells. Tumor cells produce chemokines and
F\WRNLQHV7KHF\WRNLQHVDUHDEOHWRDFWLYDWHWKHLQÀDPPDWRU\WUDQVFULSWLRQDOIDFWRUVLQ
VWURPDOLQÀDPPDWRU\FHOOVDQGWXPRUFHOOV7KLVFDVFDGHOHDGVWRWKHSURGXFWLRQRIPRUH
LQÀDPPDWRU\PHGLDWRUVDQGLQÀDPPDWLRQ  .
7KHLQÀDPPDWRU\FHOOVLQ¿OWUDWLQJWXPRUPLFURHQYLURQPHQWDUHPDLQO\WXPRUDVVRFLDWHG
macrophages (TAM) and neutrophils (TAN). In addition, dendrite cells, natural
NLOOHU FHOOV 1.  DQG O\PSKRF\WHV DUH SDUW RI WKH LQÀDPPDWRU\ FHOO LQ¿OWUDWH LQ WXPRU
microenvironments (66,67),QÀDPPDWRU\FHOOVDUHFDSDEOHRIKDYLQJSURDQGDQWLWXPRUJHQLF
HIIHFWVHJ0PDFURSKDJHVSURGXFHW\SH,SURLQÀDPPDWRU\F\WRNLQHV LQWHUOHXNLQ
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LQWHUOHXNLQDQGWXPRUQHFURVLVIDFWRUDOSKD 71)Į DQGLQFRQWUDVW0PDFURSKDJHV
produce type-II protumorgenic cytokines (interleukin 10, Transformative growth factorEHWD 7*)ȕ (68).
&DQFHUDVVRFLDWHG¿EUREODVWV

Fibroblasts are an important part of normal connective tissue and they synthetize ECMSURWHLQVVXFKDVFROODJHQVDQG¿EURQHFWLQV,QDGGLWLRQWKHVHFHOOVVHFUHWHVROXEOHJURZWK
factors and proteinases and regulate the surrounding cells, ECM and basement membrane

'XULQJZRXQGKHDOLQJ¿EUREODVWVEHFRPHP\R¿EUREODVWVZKLFKDUHVSHFLDOL]HG
¿EUREODVWVFDSDEOHRIDKLJKHUDFWLYLW\RI(&0V\QWKHVLV(71).
&DQFHU FHOOV LQGXFH WKH IRUPDWLRQ RI P\R¿EUREODVWOLNH FDQFHUDVVRFLDWHG ¿EUREODVWV
(CAFs) in stroma. These cells are large spindle shaped cells that look like mesenchymal
FHOOV&$)VDUHLGHQWL¿HGE\GHVPLQ7K\L¿EUREODVWVDFWLYDWLRQSURWHLQ )$3 DQGE\
DOSKDVPRRWKPXVFOHDFWLQ Į60$ (72,73). CAFs are not only derived from one cell type.
6WURPDOP\R¿EUREODVWVDQG¿EUREODVWVKDYHEHHQVXJJHVWHGWREHPDMRUVRXUFHRI&$)V
In addition, it has been suggested that CAFs are transformed from epithelial cells by EMT
and from endothelial cells by the endothelial-mesenchymal transition (EndMT) (73). CAFs
VHFUHWHYDULRXVJURZWKIDFWRUVDQGF\WRNLQHVHJ7*)ȕDQG¿EUREODVWVHFUHWHGSURWHLQ
(FSP1). FSP1 from CAFs can promote tumor growth. In addition, conditioned CAFsmedia can induce EMT in tumor cells in vitro  . Worse survival rates have been reported
for oral cancer patients with higher amounts of CAFs (75-77).
Toll-like receptors

Toll like receptors (TLR) recognize various endogenous and exogenous components and
are a type of pattern recognition receptors. TLRs are family of transmembarane proteins
DQG LQ KXPDQV WHQ LVRIRUPV RI7/5 KDYH EHHQ LGHQWL¿HG7/5V DUH SDUW RI WKH LQQDWH
immunity system and they are also active in adaptive immunity. TLRs are found in all
epithelial and endothelial cells, in cells of the immune system, and in adipocytes (78,79).
TLRs recognize damage associated molecular patterns (DAMPs) and pathogen associated
molecular patterns (PAMPs). DAMPs are endogenous components e.g. nuclear acids or
proteins released during necrosis or tissue damage. PAMPs are conserved structured from
bacteria or viruses (80,81). TLRs have a three-part structure: a leucine-rich repeat in the
ectodomain, a transmembrane domain, and an IL-1receptor TIR-domain in the cytosol
(82)
. Activation of TLR leads to dimerization of two TLRs and the association of myeloid
differentiation primary response protein 88 (Myd88) with the cytoplasmic side of the
7/5V DQG WKLV HQDEOHV WKH DFWLYDWLRQ RI GRZQVWUHDP SURWHLQV ,Q 7/5 DQG 7/5 D
bridging adaptor Myd88-adaptor-like protein MAL is needed for Myd88 recruitment (83).
In TLR-3 exclusively Toll/interleukin 1 receptor (TIR)-domain-containing adaptor protein
inducing interferon-beta adaptor protein (TRIF) is used to activate the Myd88-independent
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SDWKZD\,Q7/5WKH0\GDQGWKH0\GLQGHSHQGHQWSDWKZD\VZLWK75,)DQGWKH
TRIF-related adaptor molecule (TRAM release) adaptor proteins are available  . Finally,
DFWLYDWLRQRI7/5VOHDGVWRWKHDFWLYDWLRQRIQXFOHDUIDFWRUN% 1)ț% DQGWKHLQGXFWLRQ
RILQÀDPPDWRU\F\WRNLQHV )LJXUH (85).

Figure 7. 6FKHPDWLFGLDJUDPVKRZLQJDFWLYDWLRQRI1)ț%E\7/5V0\GLVQHHGHG
IRUWKHDFWLYDWLRQRIWKHGRZQVWUHDPSURWHLQV7/5DQG7/5XVHEULGJLQJDGDSWRU
0$/WRUHFUXLW0\G7/5XVHV75,)DGDSWRUSURWHLQLQVWHDGRI0\G7/5LV
capable of using the Myd-88 pathway and the Myd-88 independent pathway with TRIF
DQG75$0DGDSWRUSURWHLQV 0RGL¿HGDQGUHSULQWHGZLWKWKHSHUPLVVLRQIURP1DWXUH
Publishing Group (NPG)  ).

TLRs have double roles in cancers: TLR agonists are capable of activating the innate and
DGDSWLYHLPPXQHV\VWHPVDQGFDXVHDQWLWXPRUJHQLFLQÀDPPDWLRQ7/5DJRQLVW&S*
has been studied for the treatment of various cancers e.g. colorectal-, breast-, and lung
cancers (86). However, tumor cells can recruit immune cells to the tumor microenvironment
and these immune cells produce tumor-promoting cytokines (87). In vitro oral cancer
FHOOVH[SUHVVDOPRVWDOOWKH7/5V 7/5DQG  (88). The table below gives
an in depth description of TLRs with their cellular localization, adaptor molecules and
expression in various cancers (Table 5).
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TLR-4

6LOHQFLQJRI7/5LVUHSRUWHGWRLQFUHDVHEUHDVWFDQFHUPHWDVWDVLV,QDGGLWLRQ7/5FDQ
induce or promote cytotoxic T-cell response towards tumor cells. In wound healing TLRH[SUHVVLRQKDVEHHQVKRZQWREHLQWKHZRXQGHGJHV(89,90). Various immunomodulators
KDYH EHHQ GHYHORSHG IRU 7/5 7KHVH PRGXODWRU\ DJRQLVWVDQWDJRQLVWV WDUJHW 7/5
 7/5 DQWDJRQLVWV LQ VRPH VWXGLHV KDYH EHHQ FDSDEOH RI UHGXFLQJ SURWXPRUJHQLF
LQÀDPPDWLRQ7/5 DJRQLVWV KDYH EHHQ XVHG WR LPSURYH DQWLWXPRUJHQLF LPPXQLW\ LQ
patients (91)7/5DJRQLVW/LSRSRO\VDFFKDULGH /36 LVUHSRUWHGWRLQGXFHSUROLIHUDWLRQ
and cytokine production of oral cancer cell lines in vitro (92). &RQÀLFWLQJUHVXOWVKDYHDOVR
been reported (88).
TLR-5

TLR-5 is a bacteria-recognizing receptor in the cell membrane. TLR-5 expression has
been associated with various cancers e.g. gastric and cervical cancers  . TLR-5 ligand
ÀDJHOOLQDVWUXFWXUDOSDUWRIWKH6DOPRQHOODHQWHULFDÀDJHOOXPLVVKRZQWRLQGXFHF\WRNLQH
expression in vitro (88). TLR-5 is suggested to be an independent predictor of oral tongue
cancer mortality (95)+RZHYHULQWKHPXULQHPRGHOPRGL¿HG7/5DJRQLVWLVUHSRUWHG
to be capable of activating antitumor immune response by stimulating natural killer cells
and CD8+ T-cells (96). It appears that the role of TLR-5 in various cancers is still somewhat
unclear (87).
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Table 5.2YHUYLHZRI7/5VORFDOL]DWLRQDGDSWRUPROHFXOHVRXUFHRIOLJDQGDQGH[SUHVVLRQLQYDULRXVFDQFHUV 0RGL¿HG(97,98)
Covered by CCC Annual License and Academic and Creative Commons (CC)).

TISSUE PROTEINASES
Matrix Metalloproteinases

Matrix metalloproteinases (MMPs) are a family of zinc binding endopeptidases. There
DUHDWOHDVWGLIIHUHQW003VRIZKLFKDUHIRXQGLQKXPDQV003VDUHFODVVL¿HG
LQWRHLJKWGLIIHUHQWHQWLWLHV7KUHHDUHFHOOPHPEUDQRXVSURWHLQVDQG¿YHDUHH[WUDFHOOXODU
proteins. The basic structure of MMPs includes an amino-terminal pre domain, a
prodomain (or propeptide domain) and a catalytic domain with an active zinc-binding
site. A simple hemopexin domain connected to the catalytic site with a hinge is found in
all the MMPs except in the minimal domain MMPs (7 and 26) and in MMP-23 (Figure 8).
MMPs are synthetized in an inactive form and their activation requires the cleaving of a
prodomain. ProMMPs are mainly cleaved by other MMPs (99,100). MMPs are regulated by
metalloproteinase tissue inhibitors (TIMP) gene expression and by other MMPs (100-102).
MMPs are capable of degrading most ECM molecules and MMPs can change cell-to-ECM
junctions and thus increase cell motility. MMPs also affect cell-signaling pathways  .
Increased levels of MMPs are found in various cancers and their expression correlates
with reduced survival. Due to their ability to process non-matrix bioactive substrates such
as cytokines, growth factors and chemokines, MMPs are known to have pro- and antitumorigenic effect on tumors (99,103-105). The table below describes MMPs and their ECMsubstrates (Table 6).

Figure 8. Basic structures of MMPs: A) An aminoterminal predomain, a prodomain
and a catalytic domain with an active site zinc atom. B) Basic MMP structure with a
hemopexin domain linked by a hinge region to the catalytic domain.
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MMP-7

MMP-7 (Matrilysin) is mainly expressed in mucosal tissue and is the smallest member of
the MMP-family (107). MMP-7 degrades various ECM proteins e.g. gelatins and collagen
type-IV and laminin (108). Increased expression of MMP-7 has been reported in infected
tissue and in various cancers e.g. oral, skin, colon, lung and breast cancers  . In the
tumor microenvironment, tumor cells are the main source of MMP-7 in contrast to other
MMPs (115). In an in vitro study, MMP-7 mRNA silenced breast cancer cell lines had
reduced proliferation. When these silenced cancer cells were injected to an in vivo murine
PRGHO FDUFLQRPDV KDG VLJQL¿FDQWO\ ORZHU JURZWK UDWHV DQG VL]HV WKDQ QRQ003
silenced carcinomas (116). In oral cancer MMP-7 expression is localized in the invasive
front (115-117).
MMP-8

MMP-8 (Collagenase-2) is mainly found in polymorphonuclear (PMN) leukocytes but is
present also in many other PMN-lineage cells (118,119). MMP-8 is very potential in degrading
type-I collagen but is also capable of degrading other collagens. MMP-8 expression has
been reported in breast, oral and colon cancers (120,121). An increased risk of skin cancer
and delayed wound healing are reported in MMP-8 null mice. In addition, MMP-8/-- mice
have a greater risk for tongue OSCC.(105,122,123). MMP-8 expression is associated with the
survival of tongue OSCC patients (123).
MMP-9

MMP-9 (Gelatinase-B) is normally present in PMN leukocytes and has a role in normal
GHYHORSPHQWZRXQGKHDOLQJDQGLQÀDPPDWLRQ003H[SUHVVLRQLVIRXQGLQYDULRXV
pathological conditions such as bone resorption, chronic wounds and malignancies  .
MMP-9 is induced by growth factors, chemokines and by other secretive factors (125).
In the literature, MMP-9 is associated with pro- and anti-tumorigenic effects. Increased
expression of MMP-9 expression is found in colon, breast and skin cancers (99). MMP-9
promotes tumor invasion and angiogenesis by releasing and activating TGF-ȕ and VEGF
in vitro (126). In contrast, some studies suggest that MMP-9 down-regulated cancer cells
cannot metastasize and MMP-9 is capable of reducing cancer cell apoptosis. In addition,
MMP-9 null mice showed a decrease in distant metastasis (127-129). In oral cancer, higher
MMP-9 expression is found when compared to normal tissue and MMP-9 expression is
associated with poorer survival in HNSCC (130,131).
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Table 6. 2YHUYLHZRI003VDQGWKHLU(&0VXEVWUDWHV 0RGL¿HGDQGUHSULQWHGZLWK
the permission from NPG and Wolters Kluwer Health, Inc. (99,100,106)).
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HISTOLOGICAL RISK ASSESSMENT MODEL
Histological risk assessment (HRA) models are developed to clarify the prognosis of
different tumors. In oral cancer, a subset of patients will develop local recurrence in
spite of clean resection margins. To distinguish these more aggressive cancers from their
less aggressive counterparts, various researchers have proposed different histological
multivariable models. HRA models (Brandwein-Gensler et al (2005) and Almangush et
al.  KDYHSURPLVLQJUHVXOWV%UDQGZHLQ*HQVOHUHWDO  LQWURGXFHGDPRGHO
based on tumors and tumor microenvironments and the model is associated with prognosis
in oral cancer. The worst pattern of invasion (WPOI), lymphocytic host response (LHR)
and perineural invasion were the studied histological variables in the Brandwein-Gensler
model. (132,133) The WPOI is the area at the invasive front where the worst type of invasion
LVWDNLQJSODFH$OPDQJXVKHWDO  KDYHSXWIRUZDUGWKHLURZQ+5$PRGHOQDPHG
BD, which stands for tumor budding and depth of invasion. This model is associated with
poor prognosis in early-stage oral tongue cancer  .
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AIMS OF THE STUDY
7KHDLPRIWKHVWXG\ZDVWR¿QGSRVVLEOHGLIIHUHQFHVEHWZHHQ26&&DQG&6&&LQ
order to clarify their different clinical behavior. The following study questions were
formulated:
x Do OSCC and CSCC have different histological invasion patterns?
x Are E-cadherin and Snail expression different in OSCC and CSCC and can they
explain the different behaviors of these tumors?
x How do Syndecan-1 and -2 expressions differ between OSCC and CSCC?
x Are MMP 7,-8, and -9 differently expressed in OSCC and CSCC?
x 'RWKH7/5DQGKDYHDUROHLQ26&&DQG&6&&"
o 'RHV7/5OLJDQGÀDJHOOLQLQGXFHPLJUDWLRQSUROLIHUDWLRQDQGLQYDVLRQ
of oral and cutaneous cancer cell lines in vitro?
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MATERIALS AND METHODS
PATIENT MATERIAL AND SAMPLE COLLECTION (I-IV)
We enrolled all the early stage (T1/T2NOM0) non-tongue oral and head and neck cutaneous
squamous cell carcinomas treated between 2001-2010 in Helsinki University Hospital
WR RXU VWXG\ 7KH SDWLHQWV ZHUH FROOHFWHG IURP WKH 4SDWL ¿OHV KRVSLWDO LQIRUPDWLRQ
system) from the Department of Pathology, Helsinki University and Helsinki University
Hospital. In total 63 patients were enrolled into this study. In publications I and III 36 were
OSCC and 25 were CSCC patients, in publication II 35 were OSCC and 25 were CSCC
patients, and in publication IV 36 were OSCC and 27 CSCC patients. The number of
patients in the publications varied according to available tumor material. All the patients
ZHUHWUHDWHGDFFRUGLQJWRKRVSLWDOJXLGHOLQHV:HFROOHFWHGIRUPDOLQ¿[HGDQGSDUDI¿Q
embedded (FFPE) tissue blocks from the archives of the Department of Pathology. An
RUDOSDWKRORJLVW -+ UHYLHZHGDQGUHFODVVL¿HGWKHWXPRUVOLGHV7KHWDEOHEHORZ 7DEOH
7) shows the clinicopathological variables.

STUDY ETHICS (I-IV)
The Local Ethics Committee of Helsinki University Central Hospital approved this study
Dnro (198/13/03/02/2009). All the work has been done in accordance with the Declaration
of Helsinki.

EVALUATION OF INVASION MODEL (I)
The Brandwein-Gensler model was the most suitable invasion model and thus was used
in this thesis. WPOI was evaluated on normal HE-slides at the invasive front in the areas
ZLWKWKHZRUVWLQYDVLRQW\SHV7KH:32,ZDVFODVVL¿HGLQWRWKHIROORZLQJIRXUW\SHV
WXPRULQYDVLRQLQEURDGSXVKLQJERUGHU 7\SH ³¿QJHUOLNH´WXPRULQYDVLRQLQODUJH
tumor islands, or in a broad bushing manner (Type 2), tumor invasion in a separate tumor
island with more than 15 cells per island (Type 3), tumor islands with less than 15 cells
SHULVODQGRUVLQJOHFHOOLQYDVLRQ 7\SH /+5ZDVGH¿QHGE\WKUHHSDWWHUQVGHQVH
continuous lymphoid tissue surrounding the tumor (Pattern 1), large lymphoid tissue
patches at the interface (Pattern 2), little or none lymphoid tissue (Pattern 3) (132). We used
D PRGL¿HG KLVWRORJLFDO ULVN DVVHVVPHQW VFRUH +56  EDVHG RQ WKH %UDQGZHLQ*HQVOHU
model (Table 8).
7KH GHQVLW\ RI &$)V ZHUH GH¿QHG LQ WKH IROORZLQJ IRXU W\SHV WXPRU VWURPD ZLWK QR
CAFs (Type 0), stromal CAFs with epithelioid or spindle morphology (Type 1), Spindle
CAFs patterns in stroma (Type 2), dense overlapping CAFs throughout the whole stroma
(Type 3) (136). The evaluation was done by A.A.
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Table 7. Clinicopathological variables of the study population.
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Table 8.+LVWRORJLFDO5LVN$VVHVVPHQW6FRUH +56  0RGL¿HGDQGUHSULQWHGZLWKWKH
permission from Wolters Kluwer Health, Inc. (132)).

IMMUNOHISTOCHEMISTRY (I-IV)
Automatic immunohistochemical (IHC) staining for the slides was performed in a
VWDLQLQJ PDFKLQH $XWRVWDLQHU  /DE9LVLRQ 8. /WG 1HZPDUNHW 8.  7KH $YLGLQ
%LRWLQ &RPSOH[ $3&  PHWKRG ZDV XVHG 1RQVSHFL¿F ELQGLQJ ZDV EORFNHG ZLWK 
min incubation on DAKO peroxidase-blocking solution (Dako, Glostrup, Denmark).
The primary antibody incubation lasted for 1h. The primary antibody incubation was
followed by a30 min incubation with the Dako Real Envision/HRP detection system
(Dako, Glostrup, Denmark). For visualization Dako REAL DAB+ Chromogen ((Dako,
Glostrup, Denmark) was used. The slides were washed with phosphate buffered saline
3%6 RUZLWK7ZHHQEHWZHHQHYHU\VWHS,QÀDPPDWRU\JLQJLYDOWLVVXHZDVXVHG
as a positive control. Samples without primary antibody were used as a negative control.
Manual IHC staining was performed according to the following protocol: The slides
ZHUHGHSDUDI¿QL]HGZLWK[\OHQHDQGUHK\GUDWHGZLWKZDWHUWKURXJKDGHVFHQGLQJDOFRKRO
VHULHV)RUDQWLJHQUHWULHYDODPLQSHSVLQWUHDWPHQWDW&ZDVSHUIRUPHG$PHWKDQRO
hydrogen peroxidase solution was added for 20 min at room temperature (RT) to block
endogenous peroxidase activity. The Vectastain Elite ABC kit (Universal) (Vector
Laboratories, Burlingame, CA, USA) was used for IHC. Thirty-minute incubation at
57 ZLWK WKH QRUPDO VHUXP   ZDV XVHG WR EORFN QRQVSHFL¿F ELQGLQJ 7KH VOLGHV
ZHUHLQFXEDWHGZLWKWKHSULPDU\DQWLERG\IRUPLQDW&DQGRYHUQLJKWDW&7KH
VHFRQGDU\DQWLERG\ZDVXVHGIRUPLQDW&DQGDIWHUZDUGVWKHVOLGHVZHUHLQFXEDWHG
IRUPLQDW&ZLWK9HFWDVWDLQ$%UHDJHQWV7KHVOLGHVZHUHYLVXDOL]HGZLWKDPLQR
9-ethylcarbazole (AEC) and counterstained with Hematoxylin (Merck KGaA, Darmstadt,
Germany). Between each step, the slides were washed with PBS. The Manual IHC method
ZDVRQO\XVHGLQWKHSUHOLPLQDU\SKDVHRIWKHVWXG\$OOWKH¿QDOVWDLQLQJVZHUHSHUIRUPHG
ZLWKDQ$XWRVWDLQHU7KHDQWLERGLHVXVHGLQWKHVWXG\DUHVKRZQLQ7DEOH
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Table 9. A list of used antibodies * (137,138), monoclonal antibody (mAb), polyclonal antibody (pAb)

EVALUATION OF IMMUNOHISTOCHEMISTRY (I-IV)
The immunohistochemical staining results were evaluated in a semi-quantitative manner.
Scores varied from 0 (no staining), 1 (mild staining, 30% or less), 2 (moderate staining,
± DQG VWURQJVWDLQLQJRYHU 7KHPHWKRGZDVPRGL¿HGIURPRXUSUHYLRXV
,+&TXDQWL¿FDWLRQPRGHOV(139). The slides were evaluated separately by J.H and A.A and
if any disagreement emerged the slides were re-evaluated until consensus was achieved.
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STATISTICAL ANALYSIS (I-IV)
To test for differences between OSCC and CSCC in their clinicopathological variables
or in their IHC staining results, non-parametric tests were used. When possible, cross
tabulation with the Fisher exact test was used. Otherwise the Mann-Whitney U-test was
used. Kendall’s Tau was used to test for correlation. In the cell culture studies the univariate
t-test and Manova were used. All the tests were two-tailed and a p-value of 0.05 or less
ZDVXVHGDVDVWDWLVWLFDOO\VLJQL¿FDQWOLPLW2YHUDOODQG'LVHDVHVSHFL¿FVXUYLYDODQDO\VLV
were performed with the Kaplan Meier test and log-rank test was performed to test for
differences between OSCC and CSCC. The follow-up times were calculated from the time
of diagnoses (PAD) until death or the end of the follow-up period. The median follow-up
SHULRGZDVPRQWKV PLQ PRQWKVPD[ PRQWKV IRU26&&DQGPRQWKV
(min = 11.0 months and max = 60 months) for CSCC.

CELLS AND CELL CULTURE (IV)
Oral tongue carcinoma cell lines HSC-3 (JCRB0623) and SAS (JCRB0620) were
FXOWLYDWHG LQ  'XOEHFFR¶V 0RGL¿HG (DJOH 0HGLXP '0(0 ) ,QYLWURJHQ
Carlsbad, CA, USA) with 10% fetal calf serum (Invitrogen, Carlsbad, CA, USA), 100
8POSHQLFLOOLQJPOVWUHSWRP\FLQȝJPODVFRUELFDFLGQJPOIXQJL]RQH
QJPOK\GURFRUWLVRQH DOOIURP6LJPD$OGULFK$\UVKLUH8. 1RQLQYDVLYH+39
positive gingival keratinocyte (IHGK) was cultured in keratinocyte serum free medium
(keratinocyte-SFM) (Gibco, Carlsbad, CA, USA) and treated with 100 U/ml penicillin,
JPOVWUHSWRP\FLQQJPO)XQJL]RQHȝ0&D&O2 (all from Sigma-Aldrich,
$\UVKLUH8. ȝJPOERYLQHSLWXLWDU\H[WUDFWDQGQJPO(*) *LEFRCarlsbad,
CA, USA)  &XWDQHRXV&KDUDVWUDQVIRUPHG+D&DWFHOOOLQHV ,,$ ZHUHFXOWXUHG
in DMEM (high glucose) and treated with 10% fetal calf serum (Invitrogen, Carlsbad,
CA, USA), 100 U/ml penicillin, 100 μg/ml streptomycin, 1 mmol/l sodium pyruvate, 50
ȝJPO DVFRUELF DFLG  QJPO )XQJL]RQH  QJPO K\GURFRUWLVRQH DOO IURP 6LJPD
Aldrich, Ayrshire, UK)  7KH\ZHUHDOOFXOWXUHGLQDKXPLGL¿HGDWPRVSKHUHRI
CO2DW&

CELL PROLIFERATION AND MIGRATION (IV)
Twenty-four or forty-eight-hour proliferation assays were performed for HSC-3, SAS,
,+*. ,,$ FHOO OLQHV 7KH FHOOV ZHUH ¿UVW FXOWXUHG LQ ZHOO SODWHV IRU K DQG
afterwards washed with PBS. Serum-free Opti-Mem (Invitrogen Carlsbad, CA USA)
ZLWK RU ZLWKRXW  QJPO ÀDJHOOLQ )/$67 6 W\SKLPXULXP ,QYLWURJHQ 6DQ 'LHJR
USA) was added. Six parallel assays were performed. After the incubation period, BrdU
labelling solution was added and the absorbance values were measured according to
the manufacturer’s instructions (Cell Proliferation ELISA BrdU, Rocher, Mannheim,
Germany).
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0LJUDWLRQ DVVD\V ZHUH SHUIRUPHG IRU WKH +6& 6$6 ,+*. ,, DQG$ FHOO OLQHV
In HSC-3 80 000 cells per well were used whereas for other cell lines 100 000 cells per
ZHOOZHUHXVHG7KHFHOOVZHUHFXOWXUHGLQWKHLUQRUPDOPHGLDLQZHOOSODWHV ,ELGLFHOO
FXOWXUHLQVHUWV,ELGL0DUWLQVULHG*HUPDQ\ IRUK$IWHULQFXEDWLRQWKHLQVHUWVZHUH
UHPRYHGDQGWKHFHOOVZHUHZDVKHGZLWK3%6)ROORZLQJ¿QDOFRQFHQWUDWLRQVQJPO
QJPOQJPORUQJPOÀDJHOOLQZHUHDGGHGWRWKH cell culture media (1%
FBS media), apart for the IHGK cell lines where Opti-MEM (Gibco, Carlsbad, CA, USA)
was used. The images were captured with a Leica microscope at the beginning and at
regular intervals during the migration assay. All the analyses were performed with ImageJ
software  .

ORGANOTYPIC MYOMA INVASION MODEL (IV)
7UDGLWLRQDO P\RPD LQYDVLRQ DVVD\ ZDV SHUIRUPHG ZLWK +6& 6$6 ,, DQG$ FHOO
lines. The method is described in more detail by Nurmenniemi et al (2009)  . Myoma
discs prepared from the uterine leiomyoma were placed into a transwell and 700 000 cells
ZHUHSXWRQWKHWRSRIHDFKP\RPD$IWHUKRXUVWKHP\RPDVZHUHWUDQVIHUUHGWR
well plates. The cell culture media was changed every three to four days. The myomas
ZHUH¿[HGLQIRUPDOLQDQGHPEHGGHGLQSDUDI¿QDIWHUIRXUWHHQGD\V)ODJHOOLQLQGXFHG
P\RPDLQYDVLRQDVVD\ZDVSHUIRUPHGZLWK+6&DQG,,FHOOOLQHV&HOOFXOWXUHPHGLD
ZLWKQJPOÀDJHOOLQRUZLWKRXWZDVXVHG7KHLQFXEDWLRQSHULRGZDVGD\V
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RESULTS
HISTOLOGICAL RISK ASSESSMENT MODEL (I)
The WPOI distributions in OSCC and CSCC were different. OSCC had poorer WPOI
WKDQ&6&& 3  ,Q26&&RIWKHWXPRUVKDGWKHKLJKHVW:32,W\SHDQGLQ
&6&&RQO\HOHYHQSHUFHQWRIWXPRUVKDGW\SH:32,/+5VXUURXQGLQJWKHWXPRUDQG
distribution of CAFs around the tumor were similar for both OSCC and CSCC (Figure 9).

Figure 9. Worst pattern of invasion (WPOI): invasion in a broad pushing border (Type 1) (a), large tumor islands (Type 2) (b), tumor invasion with a separate tumor island having more than 15 cells per island (Type 3) (c), tumor islands
ZLWK OHVV WKDQ  FHOOV SHU LVODQG RU VLQJOH FHOO LQYDVLRQ 7\SH   G  [ PDJ 
,Q26&& SDWLHQWV RISDWLHQWVKDGJRRG SDWLHQWV KDGLQWHUPHGLDWH
and 8.3% (3 patients) had poor overall survival probability according to the HRS. In
&6&&   SDWLHQWV  KDG JRRG   SDWLHQWV  LQWHUPHGLDWH DQG  
patients) poor overall survival probability according to the HRS. No statistical differences
were found between OSCC and CSCC by the HRS. The HRS was not associated with
¿YH\HDUGLVHDVHVSHFL¿FVXUYLYDOLQ26&&RULQ&6&&
In OSCC, invasion depth correlated with CAFs and with WPOI (r = 0.522 p = 0.05, r = 0.3
p = 0.025 respectively). In CSCC, CAFs were associated with invasion depth (r = 0.522,
S DQG:32,ZLWKO\PSKRF\WLFLQ¿OWUDWH U S   )LJXUH 
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Figure 10. The density of CAFs: tumor stroma with no CAFs (Type 0) (a), stromal CAFs
with epithelioid or spindle morphology (Type 1) (b), spindle CAFs patterns in the stroma
(Type 2) (c), dense overlapping CAFs throughout the whole stroma (Type 3) (d). (10x mag.).

SURVIVAL ANALYSIS (I, III)
2YHUDOODQGGLVHDVHVSHFL¿FVXUYLYDODQDO\VLVZDVSHUIRUPHGXVLQJ.DSODQ0HLHUDQDO\VLV
Overall survival for OSCC was 69.7% (2-years) and 55.1% (5-years), and for CSCC
DQGUHVSHFWLYHO\'LVHDVHVSHFL¿FVXUYLYDOIRU26&&DQG&6&&ZHUH
(2-years), 62.1% (5-years) and 91% (2-years), 79.7% (5-years) respectively. OSCC had a
VWDWLVWLFDOO\VLJQL¿FDQWORZHU¿YH\HDUGLVHDVHVSHFL¿FVXUYLYDOWKDQ&6&& S ORJ
UDQN ,QDGGLWLRQORZHU¿YH\HDUGLVHDVHVSHFL¿FVXUYLYDOZDVIRXQGLQ26&&SDWLHQWV
ZLWKLQYDVLRQGHSWKVRYHUPPZKHQFRPSDUHGZLWKSDWLHQWVZLWKLQYDVLRQGHSWKVRI
PPRUOHVV S ORJUDQN 1RVWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHVZHUHIRXQGIRU
OSCC and CSCC in overall survival (Figure 11).
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Figure 112YHUDOODQGGLVHDVHVSHFL¿FVXUYLYDORI26&&DQG&6&&
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E-CADHERIN AND SNAIL (I)
In normal oral and cutaneous tissue E-cadherin expression was cell membranous.
E-cadherin was expressed on carcinoma cell membranes in both OSCC and CSCC.
Some cytoplasmic E-cadherin expression was also found in carcinoma cells. E-cadherin
expression was lost in the invasive fronts of both tumor types’ cell membranes. No
differences were found between OSCC and CSCC in E-cadherin expression.
Similar snail expressions were found in normal oral and cutaneous tissue. Snail was
detected mainly in the cell nuclei of OSCC and CSCC tumors. In addition, diffuse
cytoplasmic Snail expression was found in OSCC and CSC.

SYNDECANS (II)
Syndecan-1

Cell membranous syndecan-1 expression was found in normal oral and cutaneous tissue.
Cytoplasmic and cell membranous syndecan-1 expression was found in the carcinoma
cells in both OSCC and CSCC. Syndecan-1 expression was lower in the invasive front of
the OSCC (p = 0.018, Fisher Exact) and CSCC (p < 0.001, Fisher Exact) when compared
to normal oral and cutaneous tissue. Syndecan-1 expression in the invasive front of the
OSCC and CSCC was negatively associated with invasion depth (r = -0.339 p = 0.025,
&6&&U S .HQGDOO¶V7DXUHVSHFWLYHO\ 

,Q 26&& DQG &6&& VWURPDO FROODJHQ ¿EHUV DQG LQÀDPPDWRU\ FHOOV ZHUH SRVLWLYH IRU
V\QGHFDQ  :KHQ WKH LQYDVLRQ GHSWKV ZHUH RYHU  PP WKH DPRXQW RI V\QGHFDQ
SRVLWLYHFROODJHQ¿EHUVDQGLQÀDPPDWRU\FHOOVZHUHJUHDWHULQ26&&WKDQ&6&& S 
S )LVKHU([DFWUHVSHFWLYHO\ /RZHU¿YH\HDUGLVHDVHVSHFL¿FVXUYLYDO
ZDVIRXQGLQ26&&SDWLHQWVZLWKVWURQJVWURPDOV\QGHFDQH[SUHVVLRQLQLQÀDPPDWRU\
cells when compared to patients with none to moderate stromal syndecan-1 expression in
LQÀDPPDWRU\FHOOV S ORJUDQN 
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Syndecan-2

In normal oral tissue no syndecan-2 expression was found and in normal cutaneous tissue
mild syndecan-2 expression was found. Syndecan-2 expression was mainly cytoplasmic
and similar throughout the tumor epithelium of OSCC and CSCC. No differences were
found in syndecan-2 expression between OSCC and CSCC.
,QVWURPDOWLVVXHV\QGHFDQH[SUHVVLRQZDVIRXQGLQWKH26&&DQG&6&&LQÀDPPDWRU\
cells. In non-malignant stroma surrounding a tumor, syndecan-2 expression was higher in
&6&&WKDQLQ26&&LQWXPRUVZLWKLQYDVLRQGHSWKVRYHUPP S)LVKHUH[DFW 
DQGPP S)LVKHU([DFW 6\QGHFDQH[SUHVVLRQZDVQRWDVVRFLDWHGZLWKWKH
GLVHDVHVSHFL¿FVXUYLYDORI26&&DQG&6&&SDWLHQWV

MMPs (III)
In normal oral epithelium low levels of MMP-7 expression was detected and in normal
cutaneous tissue no expression was found. MMP-7 was expressed in OSCC and CSCC
tumor cells in separate small cell islands and in single cell invasion manner. The main
MMP-7 expression was located in the invasive fronts of tumors (Figure 12a and b). MMP7 expression in the invasive fronts of tumors was higher in OSCC than in CSCC (p =
0.017, Mann-Whitney).
Very mild MMP-8 expression was present in normal oral and cutaneous tissue but no
MMP-8 expression was found in OSCC and CSCC cells. Interestingly, peritumoral
LQÀDPPDWRU\FHOOVZHUHSRVLWLYHIRU003 )LJXUHFDQGG 1RGLIIHUHQFHVZHUH
found between OSCC and CSCC in their MMP-8 expression.
In normal oral and cutaneous epithelium only a mild MMP-9 immunopositivity was
found. Carcinoma cells of OSCC and CSCC were positive for MMP-9 throughout the
WXPRU003SRVLWLYLW\ZDVSUHVHQWLQLQÀDPPDWRU\FHOOVDURXQGWKHWXPRUDQGLWZDV
VLJQL¿FDQWO\KLJKHULQ26&&WKDQLQ&6&& S 0DQQ:KLWQH\8WHVW  )LJXUH
12e and f).
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Figure 12. Immunohistochemical staining for MMP-7, MMP-8 and MMP-9. Strong MMP7 expression in the OSCC invasive front (a) and moderate in an CSCC invasive front (b). Negative MMP-8 expression in the OSCC (c) and CSCC (d). tumor epithelium MMP-8 positive
VWDLQLQJLQSHULWXPRUDOLQÀDPPDWRU\FHOOV DUURZ 003SRVLWLYLW\LQ26&& H DQG&6&&
I WXPRUHSLWKHOLXPDQG003SRVLWLYHSHULWXPRUDOLQÀDPPDWRU\FHOOV DUURZ 7KHLQVHWVDUHKLJKOLJKWLQJ003DQGSRVLWLYHLQÀDPPDWRU\FHOOV [PDJ,QVHWV[PDJ 

49

TOLL-LIKE RECEPTORS (IV)
7/5 ZDV GLVWLQFWO\ H[SUHVVHG LQ DOO OD\HUV RI QRUPDO RUDO PXFRVD DQG FXWDQHRXV
HSLWKHOLXP7/5ZDVH[SUHVVHGLQWKHFHQWHURIWKHWXPRUVDQGLQWKHLQYDVLYHIURQWVRI
26&&DQG&6&&DQGLQDGGLWLRQ7/5H[SUHVVLRQZDVSUHVHQWLQVWURPDOLQÀDPPDWRU\
FHOOV1RGLIIHUHQFHVZHUHIRXQGEHWZHHQ26&&DQG&6&&IRU7/5H[SUHVVLRQ1HLWKHU
GLG7/5FRUUHODWHZLWKWKHFOLQLFRSDWKRORJLFDOIHDWXUHVRIHLWKHU26&&RU&6&&
TLR-5 was expressed only in the basal cell layer of normal oral and cutaneous epithelium.
In OSCC and CSCC TLR-5 expression was found throughout the whole carcinoma tissue.
,Q WKH FHQWHU RI WKH WXPRUV F\WRSODVPLF7/5 H[SUHVVLRQ ZDV VLJQL¿FDQWO\ KLJKHU LQ
OSCC than in CSCC (p = 0.037, Mann-Whitney U test). In OSCC, a negative association
was found between TLR-5 expression in the invasive front and the pathological
differentiation grade (r = -0.360, p = 0.015) Otherwise, no correlations were found for the
clinicopathological features of either OSCC or CSCC.

Proliferation assay

)ODJHOOLQ LQGXFHG SUROLIHUDWLRQ RI 6$6 S   XQSDLUHG WWHVW  DQG ,, S  
XQSDLUHG WWHVW  LQ K %U'8DVVD\  $IWHU D K LQFXEDWLRQ ÀDJHOOLQ LQFUHDVHG WKH
SUROLIHUDWLRQ RI 6$6 S   XQSDLUHG WWHVW  ,, S   XQSDLUHG WWHVW  DQG
A5 (p < 0.0001, unpaired t-test) cell lines. Flagellin failed to increase the proliferation of
+6&RU,+*.FHOOOLQHVDIWHUKRUKLQGXFWLRQV

Migration assay

+RUL]RQWDOPLJUDWLRQZDVLQFUHDVHGE\ÀDJHOOLQLQWKHIROORZLQJFHOOOLQHV,+*. 0DQRYD
) S  ,, 0DQRYD) S  DQG$ 0DQRYD) S 
 FHOOVLQGRVHGHSHQGHQWPDQQHU,QWKH+6&DQG6$6FHOOOLQHVÀDJHOOLQLQFUHDVHG
migration was not seen (Figure 13a, and b).
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Figure 13a.:RXQGKHDOLQJDVVD\)ODJHOOLQLQFUHDVHGWKHPLJUDWLRQRI,+*. 3  
,, 3  DQG$ 3 0DQRYD 
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Figure 13b. Wound healing assay of HSC-3 cell lines at three time points.

Myoma invasion assay

In the organotypic myoma invasion assay the different invasion capabilities of oral and
cutaneous cancer cell lines were studied. The highly aggressive HSC-3 invaded in stringDQGEXGGLQJOLNHSDWWHUQVWKHOHVVDJJUHVVLYH6$6DQG,,IRUPHGDQHSLWKHOLDOOD\HURQ
WRSRIWKHP\RPDDQGLQYDGHGLQ¿QJHUOLNHRULQODUJHFHOOLVODQGSDWWHUQV7KHEHQLJQ
A5 formed mainly an epithelial layer on the top of the myoma and no invasion was seen
LQWRP\RPDWLVVXH )LJXUH 7KHPHDQLQYDVLRQGHSWKVZHUHPP +6& PP
6$6 PP ,, DQGPP $ $ÀDJHOOLQLQGXFHGP\RPDLQYDVLRQDVVD\
ZDVSHUIRUPHGWRVWXG\WKHHIIHFWRIÀDJHOOLQLQGXFWLRQ QJPO RQLQYDVLRQ+6&
DQG,,FHOOOLQHVZHUHVWXGLHGLQWKLVLQYDVLRQDVVD\DQGÀDJHOOLQLQFUHDVHGWKHLQYDVLRQ
RI,,FHOOV S XQSDLUHG7WHVW EXWIDLOHGWRLQFUHDVHWKHLQYDVLRQRI+6&FHOOV
)LJXUH ,QDGGLWLRQÀDJHOOLQKDGQRHIIHFWRQWKHSHUFHQWDJHRI.LSRVLWLYH,,RU
HSCC-3 cells in the myoma model.
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Figure 14. HE-staining of traditional myoma invasion assays for HSC-3 (a), SAS (b),
,, F $ G 

Figure 157UDGLWLRQDOP\RPDLQYDVLRQDVVD\IRU+6&6$6,,DQG$ D )ODJHOOLQ
LQGXFHGP\RPDLQYDVLRQDVVD\IRU+6&DQG,, S XQSDLUHGWWHVW  E 
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DISCUSSION
7KLVWKHVLVH[DPLQHGHDUO\VWDJH26&&DQG&6&&7KHIRFXVRIWKHVWXG\ZDVWR¿QG
differences between OSCC and CSCC. The study was conducted by examining different
epithelial and stromal factors in tumor and tumor microenvironments. Survival analysis
was performed. In addition, the types of invasion were studied.

Our patient cohort consisted 63 patients with 36 early stage OSCCs and 27 early stage
&6&&V$IWHUD¿YH\HDUIROORZXSWKHRYHUDOOVXUYLYDOUDWHLQ26&&ZDVPXFKKLJKHU
WKDQ LQ &6&& +RZHYHU WKH ¿YH\HDU GLVHDVHVSHFL¿F VXUYLYDO UDWH LQ 26&& ZDV
VLJQL¿FDQWO\ORZHUWKDQLQ&6&&3DWLHQWVLQWKH&6&&FRKRUW PHDQDJH\HDUV ZHUH
much older than in the OSCC cohort (mean age 66 years). The studied HRA model HRS
was not associated with survival of OSCC and CSCC. In addition, the study population
was small, thus one should beware of over-interpreting the survival data in this study.
Although various HRA models have been introduced in multiple studies. A HRA model,
ZKLFKLVVLPSOHWRXVHDQGKDVSURJQRVWLFYDOXHLVGLI¿FXOWWRSURGXFH  . In order
to obtain a better understanding of the different HRA models one have to compare
these studies, such as those by Brandwein-Gensler, Almanguishi, Martinez-Gimeno and
Odell who have introduced HRA models and used them to investigate OSCC patients.
The Brandwein-Gensler and Martinez-Gimeno studies patient cohorts involved tongue
and non-tongue OSCC patients in all the T-stages. The studies by Odell and Almangush
involved early-stage tongue OSCC patients. All the papers evaluated, at least, the following
histological variables: pattern of invasion and lymphocytic host response  . We
PDLQO\XVHGDPRGL¿HG%UDQGZHLQ*HQVOHU+5$PRGHOZKHQFRPSDULQJWKHGLIIHUHQFHV
between OSCC and CSCC. In our study we found that OSCC has a poorer overall WPOI
score than CSCC. However, HRS revealed that our OSCC and CSCC patients had similar
overall survival probabilities.
According to previous studies the amounts of LHR correlate negatively with the survival
of patients with OSCC (132,133). In our research only a minority of cases had little or no LHR
and the majority of OSCC and CSCC tumors had dense LHR surrounding the tumors.
This might be due to the early stage cancers in this study. LHR might regulate the host
UHVSRQVHWRZDUGVDWXPRU,QHDUO\VWDJHFDQFHUV/+5LVVWLOOGHQVHDQGWKHLQÀDPPDWRU\
FHOO FRPSRVLWLRQ LV SURLQÀDPPDWRU\ EXW GXULQJ D WXPRU¶V SURJUHVVLRQ WKH WXPRU¶V
VWURPDOLQÀDPPDWRU\FHOOSKHQRW\SHVWUDQVIRUPLQWRWKHSURWXPRUJHQLFIRUP  .
2QH ¿IWK RI RXU 26&& DQG &6&& FDVHV KDG GHQVH RYHUODSSLQJ &$)V WKURXJKRXW WKH
whole tumor stroma. In addition, the CAFs in our study were associated with the invasion
depth of both the OSCC and CSCC. It has been reported that OSCC patients who have
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tumors with higher amounts of CAFs in their stroma have lower overall survival rates (136).
CAFs can be seen more as a phenotype than as single cells inducing tumor progression.
This change in phenotype might be related to increased communication between tumors
and their microenvironments  .
$ GH¿QLWH VLJQ RI (07 LV WKH ORRVLQJ RI (FDGKHULQ H[SUHVVLRQ DQG WKLV HYHQW LV DOVR
reported in the invasive front of tumors  . According to the literature Snail downregulates E-cadherin (151). In OSCC, the loss of E-cadherin has been associated with poorer
survival (152). In our OSCC and CSCC patients the loss of E-cadherin in the invasive fronts
RIWXPRUVZDVHYLGHQWDQGLWPD\UHÀHFW(07RUDQ(07OLNHSKHQRPHQRQ:KDWVRHYHU
no differences were found between OSCC and CSCC for E-cadherin or Snail expression.
In the literature the loss of epithelial cell membranous syndecan-1 expression has been
associated with diminishing adhesion and loosening of the attachment to the ECM. This
¿QDOO\HQGVXSDWIDFLOLWDWLQJPLJUDWLRQDQGLQYDVLRQRIWXPRUFHOOV(153). In OSCC, the loss
of syndecan-1 has been associated with poor prognosis and lymph node status  .
A decrease in syndecan-1 expression may similarly enable the cells to invade deeper.
In our results syndecan-1 expression in tumors correlated negatively to invasion depth
VXSSRUWLQJWKHSUHYLRXV¿QGLQJV
In various cancers increased stromal syndecan-1 expression has been hypothesized to be
part of tumor invasion and metastasis and in some studies this has been associated with
poor prognosis (153,155-159). In our study, deeply invasive OSCC tumors had higher amounts
RIV\QGHFDQH[SUHVVLRQLQVWURPDOFROODJHQ¿EHUVDQGLQLQÀDPPDWRU\FHOOV7KLVPLJKW
be due to soluble syndecan-1 molecules, which might be inducing tumor progression.
Stromal syndecan-1 expression was less common in deeply invasive CSCC samples than
in their OSCC counterparts.
Syndecan-2 has been rarely studied in oral or in cutaneous cancers. In the literature,
increased syndecan-2 expression has been reported to have tumorigenic properties in vitro
(160)
. However, curiously, in pancreatic carcinomas, epithelial syndecan-2 expression was
positively associated with their prognoses and stromal syndecan-2 expression had no effect
on their prognoses (161). In our study OSCC and CSCC had similar syndecan-2 expression
in tumor and in tumor stroma but syndecan-2 expression was distinctly different in the
non-malignant stroma of OSCC and CSCC. Syndecan-2 expression of non-malignant
stroma was higher in CSCC than in OSCC.
In some prostate carcinoma studies the properties of non-malignant stroma such as
SODWHOHWGHULYHGJURZWKIDFWRUUHFHSWRUEHWD 3'*)5ȕ H[SUHVVLRQKDYHEHHQDVVRFLDWHG
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ZLWKFDQFHUVSHFL¿FVXUYLYDO(162). The reason behind the abundant syndecan-2 expression
in the non-malignant stromal tissue of CSCC could be the role of syndecan-2 in melanin
synthesis (163). However, more research is needed to clarify the role of non-malignant
stroma and the role of syndecan-2 in these tumors.
MMPs have been thoroughly studied in various cancers. Lately in addition to the
proteolytic functions of MMPs, their immunomodulatory functions have been reported

. While MMPs have been associated with tumor invasion and progression also some
anti-tumorigenic potential has been reported for MMPs (99,123). During tumorgenesis the
up-regulation of MMP-7 has been reported and the expression is mainly situated in the
invasive front of the tumor (116,165). Similarly, in our study MMP-7 expression was mainly
in the invasive front of tumors and this was higher in OSCC than in CSCC. MMP-7
expression has been associated with invasion and aggressive types of cances (115,117). Our
¿QGLQJVIRUWKLVDUHVLPLODUWRWKRVHRISUHYLRXVVWXGLHV
MMP-8 expression has been detected in various epithelial cancers e.g. oral, colon, and
breast cancers. MMP-8 expression has been associated with anti-tumorgenic effect both
in vitro and in vivo (120-123). Increased levels of MMP-9 have been reported in oral, skin,
breast, and colon cancers (130,166-168). In our early stage OSCC and CSCC tumors, MMP8 was absent and MMP-9 was mildly expressed in the tumor epithelium. MMP-8 and
003ZHUHSUHVHQWLQSHULWXPRUDOLQÀDPPDWRU\FHOOVRI26&&DQG&6&&2XUUHVXOWV
are different from previous studies. We were not able to identify MMP-8 expression in
WXPRUHSLWKHOLXP)RUIXWXUHUHVHDUFKZHK\SRWKHVL]HWKDWWKHLQÀDPPDWRU\FHOOVDUHWKH
main source of MMP-8 and -9 in the tumor microenvironment.
6WURPDOLQÀDPPDWRU\FHOOVDUHPDLQO\7$0VQHXWURSKLOVDQGLQDGGLWLRQQDWXUDONLOOHU
cells, lymphocytes and dendritic cells are part of the tumor microenvironment (66,169). Tumor
FHOOVDUHVXSSRVHGWRFRPPXQLFDWHZLWKLQÀDPPDWRU\FHOOVE\H[FUHWLQJFKHPRNLQHVDQG
MMPs are capable of controlling and cleaving chemokines (170,171). In the literature, as well
DVLQRXUVWXG\VWURPDO¿EUREODVWVDQGLQÀDPPDWRU\FHOOVDUHWKHPDMRUVRXUFHRI003
and MMP-9 in the tumor microenvironment (172,173). MMP-8-/- mice have been reported to
have increased risk for cutaneous cancers and MMP-9-/- mice have diminished neutrophil
LQ¿OWUDWLRQ  . In vitro, cancer cells (head and neck) have been reported to be able to
induce the release of MMP-9 from PMN-cells and in addition MMP-9 can sustain chronic
LQÀDPPDWLRQ (66,175-177)003SRVLWLYHLQÀDPPDWRU\FHOOVKDYHEHHQUHSRUWHGWRKDYHD
role in the carcinogenesis of SCC (178).
MMPs are capable of activating each other and especially MMP-7 can activate
proMMP-9 (179,180). One could speculate that MMP-7 from the tumor epithelium could
DFWLYDWHSUR003IURP301FHOOVDQGWKXVLQGXFHFKURQLFWXPRUJHQLFLQÀDPPDWLRQ
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In addition, MMPs are capable of shedding syndecan-1 and could in some conditions
induce tumor invasion (155,181).
7/5VKDYHEHHQVKRZQWRKDYHDGRXEOHUROHLQWXPRUSURJUHVVLRQ7/5H[SUHVVLRQKDV
been found in various tumors e.g. head and neck cancers and colon cancers and it has been
associated with tumor progression (89,182). In in vitroVWXGLHVWKH7/5OLJDQG/36KDV
shown potential for inducing proliferation and cytokine production (88,182). However, TLR DJRQLVWV KDYH EHHQ XVHG DV DQ LPPXQRWKHUDS\ DJDLQVW RUDO FDQFHU in vivo (183). TLROLJDQGÀDJHOOLQKDVEHHQUHSRUWHGWRLQGXFHF\WRNLQHH[SUHVVLRQin vitro. In previous
VWXGLHVWKHLQGXFWLRQRIF\WRNLQHH[SUHVVLRQE\7/5OLJDQGÀDJHOOLQKDVEHHQUHSRUWHG
(88)
. In addition, TLR-5 expression has been associated with increased mortality in tongue
OSCC (95). In our study TLR-5 expression was situated in the basal cell layer in normal
oral and cutaneous tissue. In OSCC and CSCC, TLR-5 was expressed throughout the
tumor epithelium and TLR-5 expression in the center of tumor was higher in OSCC than
in CSCC.
7KHHIIHFWRIÀDJHOOLQRQWKHSUROLIHUDWLRQLQYDVLRQDQGPLJUDWLRQRIFDQFHUFHOOVKDYHEHHQ
contested  :HVWXGLHGWKHHIIHFWRIÀDJHOOLQRQSUROLIHUDWLRQLQYDVLRQDQGPLJUDWLRQ
of oral and cutaneous cancer cell lines. Flagellin was able to increase proliferation,
invasion, and migration of less aggressive oral cancer cell lines and all the studied
cutaneous cancer cell lines. In addition, migration of non-malignant HPV transfected
,+*.DQGWKHFXWDQHRXVFHOOOLQHVZDVLQFUHDVHGE\ÀDJHOOLQ:HXVHGWKHRUJDQRW\SLF
P\RPD PRGHO WR LQYHVWLJDWH WKH HIIHFW RI ÀDJHOOLQ RQ RUDO +6& DQG FXWDQHRXV ,,
FDQFHUFHOOOLQHV)ODJHOOLQZDVDEOHWRLQGXFHWKHLQYDVLRQRIWKHPDOLJQDQWFXWDQHRXV,,
cell line but failed on the highly aggressive HSC-3 cell line. One explanation could be
that in OSCC more abundant TLR-5 expression is found when compared to CSCC and in
addition to this the TLR-5 pathway is already endogenously activated in aggressive oral
cancers. Our in vitro ¿QGLQJV VHHPHG WR VXJJHVWWKDWDFWLYDWLRQRIWKH7/5SDWKZD\
might lead to more aggressive and invasive behavior of less aggressive cancer cell lines.
An overview of the studied molecular markers in OSCC and CSCC is given in the table
below (Table 10).
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Table 10. Review of the literature of the studied biomarkers in OSCC and CSCC combined with the results of this study (- = no
staining/not expressed, + = positive staining/expressed, upward pointing arrow = increased expression, downward pointing arrow =
GHFUHDVHGH[SUHVVLRQ,) LQÀDPPDWRU\FHOOV

STUDY LIMITATIONS AND FUTURE DIRECTIONS
The patient material of the study was small and collected retrospectively, thus a possibility
of selection bias was present. The study was single centered and all the clinical data were
not available to the researchers.
We were not able to study the activation of the metalloproteinases in vitro, which makes
LW GLI¿FXOW WR XQGHUVWDQG WKH HIIHFWV RI 003V LQ WXPRU PLFURHQYLURQPHQWV 7KH VDPH
problem is evident in almost all of our papers. As immunohistochemistry was almost the
only method used, validation of the results with other methods was not undertaken. We
GLGQRWVWXG\WKHHIIHFWRIWKH7/5DJRQLVWÀDJHOOLQRQWKHDFWLYDWLRQRI1)ț%RUWKH
induction of cytokine production.
,ZRXOGSURSRVHWZRSDWKVIRUWKHIXWXUHVWXG\RI26&&DQG&6&&7KH¿UVWSDWKZRXOG
be a multicenter clinicopathological study on HRA models and survival. The second
path would be collecting individual tumors and studying mutations and the invasion
capabilities of each tumor in vitro.
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CONCLUSIONS
Taken together OSCC and CSCC are epithelial cancers which progress and invade in
similar steps. As described previously, OSCC has a poorer prognosis than CSCC, thus
single or more likely multiple differences should be found between these tumors. These
differences, if present, are situated in the tumor cells, in the tumor stromal cells, in the
communication between tumor cells and stromal cells or in the communication within
tumor cells or stromal cells. In our study, OSCCs and CSCCs expressed the following
histological, epithelial and stromal markers differently:

OSCC had poorer WPOI than CSCC, but stromal LHR and CAFs were similarly
expressed in OSCC and CSCC but did not predict OSCC or CSCC behavior.

E-cadherin and Snail were similarly expressed in OSCC and CSCC tumors. In both
OSCC and CSCC, E-cadherin expression in the tumor epithelium decreased in the
invasive fronts. E-cadherin and Snail expression could not explain the different
behaviors of these tumors in our study.

Syndecan-1 expression decreased similarly in the invasive fronts of OSCC and
CSCC possibly the result. Syndecan-1 expression in stromal tissue of tumors with
LQYDVLRQGHSWKVRYHUPPZDVKLJKHULQ26&&WKDQLQ&6&&:HSURSRVHWKDW
soluble syndecan-1 expression might induce this invasion.

MMP-7 was expressed mainly in the invasive fronts of OSCC and CSCC and the
expression was stronger in OSCC. MMP-8 and -9 were absent from the tumor
HSLWKHOLXP DQG ZHUH PDLQO\ LQ SHULWXPRUDO LQÀDPPDWRU\ FHOOV DQG LQ 26&&
peritumoral MMP-9 was more abundant than it was in CSCC.

TLR-5 was more strongly expressed in OSCC than in CSCC. In in vitro studies,
7/5OLJDQGÀDJHOOLQZDVDEOHWRLQGXFHWKHSUROLIHUDWLRQPLJUDWLRQDQGLQYDVLRQ
of less aggressive oral and cutaneous cell lines. Flagellin had no effect on the most
aggressive oral cancer cell line.
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Abstract
Objectives: Oral squamous cell carcinoma (OSCC) has poorer prognosis than cutaneous squamous
cell carcinoma (CSCC).Both are epithelial neoplasias, but the reasons for the difference in behavior are
poorly known. Worst Pattern of invasion (WPOI), lymphatic host response (LHR) and density of
cancer associated fibroblasts (CAFs) as well as epithelial-mesenchymal transition (EMT) markers Ecadherin and Snail were studied to create a histological risk assessment model easy to use.

Materials and Methods: Thirty-six OSCC and 25 CSCC with early-stage (T1-T2N0M0) were
enrolled into this study. Immunohistochemical staining was performed for E-cadherin and Snail. CAFs
were examined with alpha smooth muscle actin (-SMA). WPOI and LHR were addressed.

Results: The OSCC had higher WPOI value than CSCC. LHR and CAFs were similarly expressed in
OSCC and CSCC. Both in OSCC and CSCC, invasion depth correlated significantly with CAFs. No
differences were found in E-cadherin expression in tumor epithelium between these tumors.

Conclusions: Higher WPOI value was reported in OSCC when compared to CSCC. No difference
was detected between OSCC and CSCC in LHR or distribution of CAFs. One could suggest that the
WPOI describes the invasion potential of OSCC and could partly explain the different clinical behavior
of OSCC and CSCC.
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