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1  | INTRODUC TION

Cancer‐related cytokines have surfaced as 1 of the hallmarks of can‐
cer.1 Amongst them, tumor necrosis factor, interleukin (IL)‐1, IL‐6 
and IL‐8 act as vital intermediaries of inflammation‐mediated tumor‐
igenesis.2 protein whose potential diagnostic value in oral squamous 

cell carcinoma (OSCC) has been publicized is tumor necrosis factor‐α 
(TNF‐α), a pro‐inflammatory cytokine extensively articulated all 
through transformation and progression of oral cancer.3

The TNF superfamily consists of numerous cytokine ligands 
and receptors that control several biological processes like cell 
death and survival, proliferation and differentiation.4,5 Tumor 
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Abstract
Aim: To study the expression of tumor necrosis factor‐like weak inducer of apoptosis 
(TWEAK) and fibroblast growth factor‐inducible immediate early response protein 
14 (Fn14) in oral squamous cell carcinoma (OSCC), to elucidate the possible role of 
TWEAK‐Fn14 in OSCC development.
Methods: Immunohistochemistry for TWEAK‐Fn14 was performed on 61 oral mu‐
cosal samples: healthy oral mucosa (HOM; N  =  15); oral dysplastic lesions (ODL; 
N = 15); and OSCC (N = 31). Extent of staining (ES) and immunoreactive score (IRS) 
were assessed. The data was statistically analyzed.
Results: All OSCC expressed TWEAK, and the Fn14 expression was noted in 90% of 
OSCC. A significant difference in the TWEAK and Fn14 expression was noted among 
the groups. ES and IRS of TWEAK‐Fn14 significantly increased in OSCC compared 
with ODL and HOM. ES of TWEAK was significantly higher than Fn14 in all 3 groups. 
ES of TWEAK‐Fn14 was significantly higher at the invasive tumor front (ITF) than in 
the whole tumor. TWEAK‐Fn14 showed a significant association with clinicopatho‐
logical parameters of prognostic significance.
Conclusion: Findings suggest that TWEAK and Fn14 may participate in the growth 
and progression of OSCC. Increased expression of TWEAK‐Fn14 at the ITF may fa‐
cilitate increased proliferation, altered differentiation and invasion.
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necrosis factor‐like weak inducer of apoptosis (TWEAK, also fa‐
miliar as TNFSF12, APO3L, CD255), recognized in 1997 as a part 
of the TNF superfamily of ligands, is a multifunctional cytokine; 
and due to its pro‐inflammatory properties it has been suggested 
that it plays a vital task in various physiological and pathological 
conditions.6-8 TWEAK, through its receptor fibroblast growth fac‐
tor inducible 14‐kDa protein (fibroblast growth factor‐inducible 
immediate early response protein 14 [Fn14] also recognized as 
TNFRSF12A, TWEAKR, CD266), which was first illustrated in 1999 
as a growth factor‐inducible protein, commands several cellular 
activities.6 TWEAK signaling through its receptor Fn14, contains 
a TNF receptor‐associated factor (TRAF) binding sequence, result‐
ing in the activation of the canonical nuclear factor (NF)‐κB, non‐
canonical NF‐κB and mitogen‐activated protein kinase pathways. 
This differential activation of NF‐κB pathways by TWEAK is based 
on the capacity of Fn14 signaling.9 Therefore, TWEAK‐Fn14 has the 
potential to influence multiple cellular responses depending on the 
cell type and circumstance.8

TWEAK is usually expressed in tissues and synthesized as a type 
II transmembrane glycoprotein that, after a proteolytic cleavage, cir‐
culates in plasma as a soluble active form (sTWEAK).10 TWEAK acts 
through its cognate receptor, a type I transmembrane protein, Fn14, 
which has been reported by Wiley et al. in 11. It is 102 a.a. in length 
following signal peptide cleavage, making it the smallest in the TNF 
receptor superfamily. The Fn14 cytoplasmic tail, important for signal 
transduction, is 28  a.a. in length. TWEAK is the only TNF super‐
family associate that binds to Fn14.12 TWEAK plays a physiological 
role in tissue repair after acute injury. In contrast, TWEAK plays a 
pathological role in chronic inflammatory disease; when constantly 
triggered, it promotes chronic inflammation, pathological hyperpla‐
sia, angiogenesis and hinders differentiation of progenitor cells.8 
Fn14 is almost not present in healthy tissues. After injury, Fn14 is 
upregulated, assisting the communication with its ligand TWEAK 
and its trimerization. In chronic injury, the TWEAK‐Fn14 interaction 
partakes in pathological tissue remodeling, promoting proliferation, 
migration, differentiation, apoptosis, inflammation, angiogenesis and 
matrix degradation.13

TWEAK is a trimeric cytokine; it is likely that TWEAK binding 
promotes Fn14 trimerization, TRAF association, signal pathway ac‐
tivation, changes in gene expression and thus cellular response.7 
Therefore, it is involved in the pathogenesis of various diseases. The 
Fn14 ligand receptor pair likely plays an important role in a variety 
of cellular processes and in the pathogenesis of several human dis‐
eases, including cancer.14 Despite the variety of pathologies that 
TWEAK has been allied with, there is currently not enough infor‐
mation regarding its expression in OSCC. Studies have indicated 
that the expression of TWEAK‐Fn14 is upregulated in many solid 
tumors compared with healthy tissues.15 Currently, limited data ex‐
ists regarding TWEAK‐Fn14 in OSCC. So, this study was undertaken 
to evaluate the relation of TWEAK‐Fn14 in oral carcinogenesis by 
examining TWEAK and Fn14 expressions in different oral tissue 
samples. An immunohistochemical (IHC) evaluation of TWEAK‐Fn14 
expressions in healthy oral mucosa (HOM), oral dysplasia lesions 

(ODL) and OSCC tissue samples was carried out. This investigation 
also analyzed the association of TWEAK‐Fn14 expression with clini‐
copathological features of OSCC.

2  | MATERIAL S AND METHODS

A case‐control study was undertaken to assess the expression 
of TWEAK and Fn14 in OSCC and to compare it with oral dys‐
plasias and healthy controls. Immunostaining for TWEAK and 
Fn14 was performed on 61 oral mucosal samples: HOM (N = 15), 
ODL (N  =  15) and OSCC (N  =  31). All specimens were obtained 
from subjects who underwent treatment in the Department of 
Oral Surgery or in the Cranio‐facial Unit (CFU) of the institu‐
tion. Institutional ethical clearance for the proposal was obtained 
from the institutional ethical committee (IRB no. 2016/S/OP/51). 
Confirmed cases of ODL and OSCC were included in the study. 
For the control group, samples were obtained from systemically 
healthy participants who were undergoing minor oral surgical pro‐
cedures. Cases with systemic diseases and OSCC cases who had 
received preoperative chemotherapy or radiotherapy before sur‐
gery were excluded.

Clinical data were obtained by examining the participants in the 
Department of Oral Diagnosis and histopathological details were 
analyzed in the Department of Oral Pathology by reviewing the he‐
matoxylin‐eosin‐stained sections obtained from participants’ tissue 
samples. Treatment and recurrence details of OSCC cases were ob‐
tained from CFU.

61 oral mucosal samples were subjected to IHC with primary an‐
tibodies: TWEAK antibody (catalogue no. NBP1‐76695) and Fn14/
TWEAK‐R antibody (catalogue no.  NBP2‐34499), procured from 
Novus Biologicals (Centennial, CO, USA). Secondary antibodies 
were obtained from the Quanto Detection system (Thermo Fisher 
Scientific, Waltham, MA, USA). Standardization was performed 
as per the manufacturer's instructions: TWEAK and Fn14 are 
prestige antibodies which are available in the concentrated form 
(1 unit = 0.1 mg). Staining was performed according to the manufac‐
turer's protocol. The IHC‐stained slides were examined, imaged and 
analyzed using a Leica microscope (Wetzlar, Germany). The number 
of samples stained, localization, extent of staining (ES) and staining 
intensity (SI) were assessed.

The percentage of TWEAK/Fn14 immunopositive cells was ob‐
tained from 20 random fields per case/section using a 20x objective 
lens. Results were classified as follows for the percentage of positive 
tumor cells (PC): score 0, no immunoreactivity; score 1+, 1 to less 
than 10% PC; score 2+, 10%‐50% PC; score 3+, more than 50% to 
80% PC; score 4+, more than 80% to 100% PC. The SI was evaluated 
by 2 independent observers, in a random order, at ×200 magnifica‐
tion. Overall epithelial expression of TWEAK and Fn14 was scored 
from 0 (no staining), 1+ (mild staining), 2+ (moderate staining) to 3+ 
(strong staining). Results for PC and SI were multiplied, resulting in 
an immunoreactivity score (IRS) ranging 0‐12. IRS 9‐12 was defined 
as TWEAK/Fn14High and IRS 0‐8 was defined as TWEAK/Fn14Low.
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The data were analyzed using SPSS version 19.0 software (IBM, 
Armonk, NY, USA). The data were tabulated as mean ± SD, median, 
range and percentages. Kruskal‐Wallis ANOVA, Mann‐Whitney U‐
test, χ2‐test and Spearman's rank correlation coefficient tests were 
applied. P < .05 was regarded as statistically significant.

3  | RESULTS

Positive IHC reactivity to TWEAK and Fn14 showed as diffuse 
brown cytoplasmic staining. TWEAK‐Fn14 expression was mostly 
localized in the cytoplasm and very little showed membrane loca‐
tions. In biopsies of HOM, mild‐moderate cytoplasmic staining for 
TWEAK and Fn14 was observed in all basal and suprabasal keratino‐
cytes. Mild‐strong cytoplasmic staining of TWEAK‐Fn14 was noted 
in the keratinocytes of the ODL. OSCC showed 100% immunopo‐
sitivity for TWEAK. Amongst these, 48% showed strong reaction, 

while the remaining 52% cases revealed mild to moderate reaction. 
Positive cytoplasmic expression of TWEAK was detected in some 
inflammatory cells around the tumor. Fn14 expression was observed 
in 90% of cases. Among these, 57% showed strong reaction, while 
the remaining 42.8% cases revealed mild to moderate reaction.

The ES of TWEAK showed a significant difference among study 
groups. A trend of gradually increasing mean of TWEAK from HOM 
to OSCC tissues was observed. ES was highest in the OSCC group 
followed by ODL and HOM, and with significant differences as noted 
by the pairwise comparisons between groups. TWEAK expression 
was significantly increased in ODL and OSCC compared with HOM 
(Table 1, Figure 1). There was no statistically significant difference in 
the SI among study groups. A significant difference in the IRS among 
the study groups, and a significant comparative difference between 
ODL and OSCC (P = .016), and HOM and OSCC (P = .019), was seen.

The ES of Fn14 showed a significant difference among study 
groups. ES was highest in the OSCC group followed by ODL and HOM. 
Pairwise comparisons revealed a significant difference between ODL 
and OSCC, and HOM and OSCC groups (Table 2, Figure 2). A significant 
difference in the SI was observed among study groups and significant 
differences between ODL and OSCC (P = .009), and HOM and OSCC 
(P = .016) by pairwise comparison. The difference in the IRS among the 
study groups was significant, and also between ODL and OSCC groups 
(P = .001), and HOM and OSCC (P = .005) by pairwise comparison.

Statistically significant differences between the extent of 
TWEAK and Fn14 staining in all 3 groups were noted (P < .05). The 
ES was higher with TWEAK than with Fn14 in all 3 groups. The ex‐
tent of TWEAK and FN14 staining showed a significant positive cor‐
relation in OSCC (P = .001, r = .79).

The extent of TWEAK staining was significantly higher at the 
invasive tumor front (ITF) than in the whole tumor (WT) with sig‐
nificant positive correlation (P =  .001, r =  .82).The extent of FN14 
staining was significantly higher at the ITF than in the WT with a 
significant positive correlation (P = .001, r = .93).

TWEAK IRS showed significant association with OSCC associ‐
ated with oral submucous fibrosis (OSF), invasive front grading (IFG), 

TA B L E  1   Comparison of quantitative expression (extent of 
staining) of tumor necrosis factor‐like weak inducer of apoptosis 
(TWEAK) among the groups

Groups

TWEAK

ANOVA PMean ± SD

HOM 13.50 ± 5.61 22.090 .001

ODL 40.36 ± 25.38

OSCC 72.65 ± 22.82

Pairwise comparison of quantitative expression of TWEAK between 
the groups

Parameter Groups Groups U P

TWEAK HOM ODL 9.000 .016

ODL OSCC 59.0 .001

HOM OSCC 0.000 .001

HOM, healthy oral mucosa; ODL, oral dysplastic lesions; OSCC, oral 
squamous cell carcinoma.

F I G U R E  1   Photomicrograph depicting the expression of tumor necrosis factor‐like weak inducer of apoptosis (TWEAK) in (A) healthy 
oral mucosa, (B) oral dysplasia and (C) oral squamous cell carcinoma (Objective magnification 10x, 20x; 3,3′‐diaminobenzidine‐tetrachloride 
chromogen, TWEAK monoclonal antibody)
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surgical margins and pattern of invasion (POI) (Table 3). A statisti‐
cally significant difference in the extent of TWEAK staining was 
noted between tumors with positive and negative surgical margins 
(P = .038), infiltrative and pushing POI (P = .028), and between grades 
of IFG (P = .001). Tumors with positive surgical margins, infiltrative 
type PI and poor differentiation based on IFG showed a significantly 
higher extent of TWEAK staining than their counterparts (Figure 3).

Fn14 IRS showed significant association with age, OSCC associ‐
ated with OSF, IFG, surgical margins, TB and POI (P < .05). The ex‐
tent of Fn14 staining revealed a significant difference in parameters 
like surgical margins, bone involvement (BI), tumor thickness (TT), 
extraoral swelling, TB, POI and IFG (P < .05) (Figure 4). Tumors with 
positive surgical margins, with bone involvement, TT of more than 
1.5 cm, large tumors with extraoral swelling, tumors with high‐in‐
tensity TB, infiltrative type POI and poor differentiation based on 
IFG showed a significantly higher extent of Fn14 staining than their 
counterparts (Table 4).

4  | DISCUSSION

TWEAK‐Fn14 is comparatively low in normal tissues but undergoes 
a dramatic upregulation in settings of injury and disease.8 TWEAK‐
Fn14 is expressed in tumor tissue and TWEAK stimulates some cel‐
lular processes coupled with tumor progression.7 The expression 
of TWEAK in OSCC is entirely cytoplasmic. The absence of nuclear 
TWEAK indicates probable inactivation of its protective function in 
tumor progression.16 TWEAK expression is significantly increased 
locally in target tissues in cancer, all of which are related to infiltra‐
tion of inflammatory cells or activation of resident innate immune 
cells.6,8 In OSCC, a tumor that is characterized by an intense inflam‐
matory component, TWEAK and Fn14 are highly expressed, as ob‐
served in this study.17 Fn14 has been reported to be overexpressed 
in most solid tumors relative to non‐tumors,12,18 even though it has 
been hardly addressed in OSCC. In this study, the expression of 
Fn14 was significantly upregulated in tumors compared with that of 
ODL and HOM. In all probability, there is a constant or continued 
TWEAK‐Fn14 activation which may be accountable for increased 
expression in tumors. Gene expression analysis of TWEAK‐Fn14 
in OSCC tissues found a gradual significant increase in the expres‐
sion pattern of these molecules from control to cancerous tissues.18 
In most analyses, TWEAK expression is increased in tumor tissues 
compared with normal, which may trigger the proliferation or mi‐
gration activity.12 Hence, TWEAK may contribute to progression of 
tumors.16 TWEAK‐Fn14 upregulates vascular endothelial growth 
factor expression to promote ovarian cancer metastasis and regu‐
lates the invasive capacity of breast cancer cells.18

Meadawy et al.16 found that TWEAK expression was significantly 
downregulated in OSCC compared with that in normal mucosa. Zou 
et  al.12 reported that TWEAK mRNA expression was significantly 
downregulated in cervical cancer compared with normal. Peternel 
et  al.5 found that the TWEAK expression ranged from strong to 
completely absent in cutaneous carcinoma. A few researchers7,12 de‐
tected that TWEAK expression significantly decreased in carcinoma 
compared with normal tissue, possibly because of its consumption 

TA B L E  2   Comparison of quantitative expression (extent of 
staining) of fibroblast growth factor‐inducible immediate early 
response protein 14 (Fn14) among the groups

Groups

Fn14

ANOVA PMean ± SD

HOM 5.48 ± 7.31 19.009 .001

ODL 18.31 ± 18.69    

OSCC 54.83 ± 29.01    

Pairwise comparison of quantitative expression of Fn14 between 
the groups

Parameter Group Group U P

Fn14 HOM ODL 17 .103

ODL OSCC 53.0 .001

HOM OSCC 13.5 .001

HOM, healthy oral mucosa; ODL, oral dysplastic lesions; OSCC, oral 
squamous cell carcinoma.

F I G U R E  2   Photomicrograph depicting the expression of fibroblast growth factor‐inducible immediate early response protein 14 (Fn14) 
in (A) healthy oral mucosa, (B) oral dysplasia and (C) oral squamous cell carcinoma (Objective magnfication 10x, 20x; 3,3′‐diaminobenzidine‐
tetrachloride chromogen, Fn14 monoclonal antibody)
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in the process of Fn14 synthesis. The decreased levels of TWEAK 
in cancers may stimulate the synthesis of Fn14; there are reports of 
high levels of Fn14 in SCC/carcinoma in situ. It has been proposed 

that a high level of Fn14 is sufficient to cause biological effects with‐
out excessive TWEAK, and the increased expression of Fn14 may be 
in response to tumor cell‐derived growth factors.7,12

Parameters Category N IRS low IRS high χ2 P

Age (years) ≤40 8 3 5 0.860 .3543

>40 23 13 10

Sex Female 5 3 2 0.168 .682

Male 26 13 13

Habits Tobacco 
smoking

9 6 3 1.151 .0283

Gutkha 
chewing

22 10 12

Growth pattern Endophytic 17 10 7 0.784 .376

Exophytic 14 6 8

Size ≤4 cm 11 6 5 0.059 .809

>4 cm 20 10 10

Stage Early 5 3 2 0.168 .682

Advanced 26 13 13

Association with 
OSF

Absent 21 14 7 5.907 .015

Present 10 2 8

Broder's grade Well 21 12 9 0.79 .320

Moderate‐poor 10 4 6

IFG Well 17 14 3 15.387 .001

Moderate 7 2 5

Poor 7 0 7

LNM pN (0) 16 7 9 0.819 .366

pN (+) 15 9 6

ECS Absent 20 10 10 0.059 .809

Present 11 6 5

Surgical margins Absent 25 15 10 3.638 .05

Present 6 1 5

PNI Absent 26 14 12 0.322 .570

Present 5 2 3

Recurrence Absent 24 13 11 0.278 .598

Present 7 3 4

TT ≤1.5 cm 9 7 2 3.476 .062

>1.5 cm 22 9 13

TB Low 15 10 5 2.637 .104

High 16 6 10

POI 1‐2 13 10 3 5.743 .017

3‐4 18 6 12

Stroma Very low 11 4 7 1.621 .445

Low 8 5 3

Moderate 12 7 5

Inflammation Weak 11 5 6 4.327 .115

Intermediate 7 6 1

Strong 13 5 8

IFG, invasive front grading; LNM, lymph node metastasis; OSF, oral submucous fibrosis; PNI, peri‐
neural invasion; POI, patttern of invasion; TB, tumor budding; TT, tumor thickness. 

TA B L E  3   Association between tumor 
necrosis factor‐like weak inducer of 
apoptosis immunoreactive score (IRS) and 
the clinicopathological parameters of oral 
squamous cell carcinoma
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TWEAK‐independent Fn14 signaling can occur in vitro; whether 
TWEAK‐independent Fn14 signaling could occur in vivo is currently 
indefinite. TWEAK‐independent Fn14 signaling can occur when intra‐
cellular Fn14 levels attain a definite threshold level. Overexpression 
of Fn14 on the cell surface induces spontaneous trimerization and 
multimerization, and this receptor clustering promotes TRAF asso‐
ciation and intracellular cascade activation.7 Elevated expression 
of Fn14 has also been found in the keratinocyte‐originated can‐
cers.12,19,20 Elevated Fn14 expression promotes growth in gastric 
cancer.20 Accordingly, Fn14 is considered as a tumor‐specific cell sur‐
face biomarker and a tumor cell regulatory molecule.12,18

It is hypothesized that anarchy of apoptosis in cancer plays a role 
in the cancer development where the TWEAK‐Fn14 pathway may be 
involved. It is also mentioned in a few studies that TWEAK acted as 
a tumor suppression factor which is contrary to most cancer species 
reported in the literature. TWEAK suppresses malignant cell growth 
by binding to Fn14 to promote apoptosis or necrosis. TWEAK could 

induce necrosis through a lysosomal cathepsin B pathway or indirect 
induction of apoptosis by induction of autocrine TNF‐α or caspase 
pathways. Thus, it is contemplated that TWEAK/Fn14 may play an 
important role in inhibiting proliferation of cervical cancer cells and 
suppress the development of carcinoma.12

The Fn14‐TRAF2‐TNFR axis regulates the apoptosis and prolif‐
eration of tumor cells. TWEAK has been known to be an inducer of 
apoptosis of keratinocytes by engaging the Fn14 receptor if there is 
activation of the Fn14‐TRAF2‐TNFR1 axis.15

The literature has proposed the cell proliferative action of 
TWEAK as follows: it acts as a growth factor;8 it activates the tran‐
scription factor NF‐κB, which reverses the inhibition of cell prolif‐
eration; also, TWEAK promotes the proliferation of keratinocytes if 
infected by human papilloma virus (HPV). Activation of cytoplasmic 
caspase‐8 propagates various apoptotic signals in keratinocytes. E6/
E7 oncoproteins inhibit the caspase‐8 synthesis and promote TRAF2 
expression, and activation of the Fn14‐TRAF2‐TNR2 axis may be 

F I G U R E  3   Photomicrograph depicting the expression of tumor necrosis factor‐like weak inducer of apoptosis (TWEAK) in (A) well‐
differentiated squamous cell carcinoma, (B) moderately differentiated squamous cell carcinoma and (C) poorly differentiated squamous cell 
carcinoma (Objective magnfication 10x, 20x; 3,3′‐diaminobenzidine‐tetrachloride chromogen, TWEAK monoclonal antibody)

F I G U R E  4   Photomicrograph depicting the expression of fibroblast growth factor‐inducible immediate early response protein 14 (Fn14) 
in (A) well‐differentiated squamous cell carcinoma, (B) moderately differentiated squamous cell carcinoma and (C) poorly differentiated 
squamous cell carcinoma (Objective magnification 40x; 3,3′‐diaminobenzidine‐tetrachloride chromogen, Fn14 monoclonal antibody)
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TA B L E  4   The relation between the extent of Fn14 staining and the Clinicopathologic parameters of OSCC

Parameters Category N Mean ± SD U-Value P‐value

Age ≤40 8 63 ± 20.76 66.5 .24

>40 23 52.04 ± 31.33

Sex Female 5 54.60 ± 43.77 61 .83

Male 26 54.92 ± 26.58

Habits Tobacco smoking 9 44.56 ± 30 81 .43

Gutkha chewing 22 59.09 ± 28.27

Type Endophytic 17 45.71 ± 28.24 82 .14

Exophytic 14 66 ± 26.90

Size ≤4 cm 11 53.27 ± 31.43 94 .5

>4 cm 20 55.75 ± 28.47

Clinical nodes pN(0) 11 46.91 ± 22.34 82.5 .25

pN (+) 20 59.25 ± 31.84

Clinical stage Early 5 39 ± 9.67 30.5 .06

Advanced 26 57.92 ± 30.63

Association 
with OSF

Absent 21 48.67 ± 29.12 67 .1

Present 10 67.90 ± 25.53

Broders grade Well 21 54.24 ± 26.28 96.5 .71

Moderate‐poor 10 56.2 ± 35.75

LNM pN(0) 16 53.19 ± 26.19 108 .63

pN(+) 15 56.67 ± 32.68

ECS Absent 20 51.60 ± 27.60 89 .38

Present 11 60.82 ± 32.01

Surgical 
margins

Absent 25 49.84 ± 28.79 33 .036

Present 6 75.83 ± 20.82

BI Absent 17 44.53 ± 28.51 69 .04

Present 14 67.43 ± 25.27

PNI Absent 26 52.35 ± 29.8 43.5 .24

Present 5 68 ± 22.9

Recurrence Absent 24 53.08 ± 28.12 66 .39

Present 7 61 ± 33.67

TT ≤1.5 cm 9 38.78 ± 19.14 47 .02

>1.5 cm 22 61.45 ± 30.17

Extraoral 
swelling

Absent 7 30 ± 23.60 30 .01

Present 24 62.13 ± 26.70

TB Low (1‐4) 15 46.27 ± 23.78 63.5 .02

High (>5) 16 62.94 ± 31.9

POI POI 1‐2 13 41.77 ± 20.27 48 .006

POI 3‐4 18 64.33 ± 31.20

ANOVA value

Stroma Very low 11 68.73 ± 23.87 4.53 .104

Low 8 47.13 ± 27.73

Moderate 12 47.33 ± 31.58

Inflammation Weak 11 52.09 ± 31.13 1.063 .588

Intermediate 7 42.86 ± 20.74

Strong 13 63.69 ± 30.21

(Continues)
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responsible for cell proliferation.15,21 Cross‐talk in keratinocytes be‐
tween TWEAK/Fn14 signaling and HPV16 infection may collaborate 
in regulating cell‐cycle progression.21

TWEAK induces phenotypic alterations of epithelial cells, accom‐
panied by loss of E‐cadherin and epithelial integrity. Downregulation 
of E‐cadherin is considered as a critical step in epithelial‐mesen‐
chymal transition (EMT).15 In the present study, a significantly in‐
creased expression of TWEAK‐Fn14 at the invasive front compared 
with the whole tumor was observed, emphasizing its potential role 
in EMT. Also, reports mention that TWEAK induces the production 
of matrix metallopeptidases or upregulates them.8,10,15 Thus, the 
TWEAK‐Fn14 axis may fuel the invasion and migration of tumor 
cells in OSCC. Findings of this study suggest that TWEAK and Fn14 
expression were higher in biologically aggressive tumors than their 
counterparts.

5  | CONCLUSIONS

TWEAK and Fn14 were expressed in oral tissue samples in this in‐
vestigation. The expression gradually increased from HOM to ODL 
and OSCC, which implies that TWEAK‐Fn14 may play a role in tumor 
growth and progression. TWEAK‐Fn14 expression showed a signifi‐
cant association with several clinicopathological parameters of prog‐
nostic significance like IFG, POI, TB and surgical margins. Increased 
expression of TWEAK‐Fn14 in OSCC at the ITF compared with the 
WT may facilitate increased proliferation, altered differentiation and 
invasion.

The present investigation analyzed the IHC expression of TWEAK‐ 
Fn14 in a small cohort of OSCC subjects, which may limit the statistical 
power of the study. The utility of TWEAK‐Fn14 requires validation in a 
larger cohort in order to subcategorize subjects based on clinicopath‐
ological characteristics. A few reports suggest that low pretreatment 
sTWEAK is an independent prognostic factor for clinical outcome in 
OSCC and that the TWEAK pathway plays an important role in regu‐
lation of locoregional control. Because the literature cites that blood 
sTWEAK levels are linked to TWEAK gene expression in tumors, we 
recommend future prospective studies involving OSCC subjects with 
simultaneous gene expression and IHC evaluation of Fn14 and TWEAK 

in tissue specimens; pretreatment and post‐treatment sTWEAK would 
provide clarity about their behavior as a biomarker.
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