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Introduction
Oral squamous cell carcinoma (OSCC) represents 95% of 

all forms of head and neck cancer, and over the last decade 
its incidence has increased by 50%.1 Recurrences, second 
primary lesions, field cancerization and skipped nodes are 
major obstacles in the successful therapy of OSCCs and 
therefore prognosis has remained poor for the past several 
decades.2 Despite new advances in therapy, overall long-term 
survival remains low and approximately 40–50% of patients 
with advanced disease die within 5 years.3

Epithelial tumor cells invade the stroma in groups or 
nests, which are surrounded by an extracellular matrix 
(ECM), producing reactive changes in the stroma. ECM is a 
dense lattice network of collagen and elastin, embedded in 
a viscoelastic ground substance composed of proteoglycans 
and glycoproteins.4 Interactions between tumor cells and the 
matrix is different from that of normal tissue and this may 
influence tumor proliferation, invasion and metastasis. A 
major challenge to cancer scientists is the development of 
improved methods to predict the metastatic aggressiveness of 
a patient’s individual tumor and identify and treat clinically 
silent micrometastases.5

In most organs, the principal proteinaceous components 
of the ECM are collagens that are produced by a variety of 
stromal cells predominantly fibroblasts. They provide much 

of the scaffold necessary for the organization of cells that 
constitute the tissue. Elastic fibers in oral cavity are commonly 
the oxytalan fibers and these are seen scattered among the 
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collagen bundles. Elastic fibers are of three types (oxytalan, 
elaunin and elastic) and these vary in their histochemical 
properties because of the varying amount of elastin in them.6 
Data from the literature indicate that cancer cells can specifically 
interact with the elastin by two elastin-binding proteins (EBP), 
S-gal/EBP and galectin-3.7

The basal lamina is considered as a physicochemical barrier 
to tumor invasion.8 It plays an essential role in the processes 
of metastasis. Its components are synthesized by epithelial 
cells and connective tissue.9 They form a dense network of 
collagen IV and other macro molecular components such as 
proteoglycans, glycoproteins, and glycosaminoglycans as well 
as laminin, fibronectin, and tenascins. 

The complexity of the metastatic process has forced 
investigators to focus on one step at a time in order to reduce 

the number of variables to a reasonable level.5 The role of 
fibrous components and ground substance in different stages 
of neoplasia still remains to be defined. The reactive changes 
in the tumor stroma may alter the biological aggressiveness 
of oral cancer. Even though various authors have studied the 
birefringence property of collagen fibers in different grades of 
OSCCs, the number of studies conducted on elastic fibers in 
OSCC are very limited.

Hence in this study, an attempt was made to evaluate 
the changes in various connective tissue components like 
collagen, elastin and glycoprotein in different grades of OSCCs 
using special stains which is easier to perform, cost-effective 
and available at most hospitals even in the rural areas. The 
changes were studied under light microscopy and compared 
with normal mucosa. Thus changes in the staining reactions of 

COLLAGEN (Staining intensity)
Group

Chi square = 
272.104

WDSCC MDSCC PDSCC CONTROL

ABSENT
Fields 11 12 61 1
% within group 9.2% 10.0% 50.8% 0.8%

WEAK
Fields 36 98 44 26
% within group 30.0% 81.7% 36.7% 21.7% P VALUE 

(SIGNIFICANT 
IF <0.05)

P<0.001
BRIGHT

Fields 73 10 15 93
% within group 60.8% 8.3% 12.5% 77.5%

Total Fields 120 120 120 120

Table 1: Scoring of staining intensity of collagen among different grades of oral squamous cell carcinoma and control group.

Table 2: Comparison of staining intensity of elastic fibers among different grades of oral squamous cell carcinoma and control group.

Elastic fiber  (Staining intensity) Group Chi-Square= 
36.542WDSCC MDSCC PDSCC CONTROL

ABSENT Fields 55 50 30 45
% within group 45.8% 41.7% 25.0% 37.5%

WEAK Fields 61 65 64 66 P  VALUE 
(SIGNIFICANT 

IF <0.05)
% within group 50.8% 54.2% 53.3% 55.0%

BRIGHT Fields 4 5 26 9
% within group 3.3% 4.2% 21.7% 7.5% P  value<0.001

Total Fields 120 120 120 120

Table 3: Comparison of staining intensity of  glycoproteins among different grades of oral squamous cell carcinoma and control group

  Glycoproteins

(Staining intensity)

Group

Chi-Square= 
158.804

WDSCC MDSCC PDSCC CONTROL

ABSENT
Count 12 21 71 14
% within group 10.0% 17.5% 59.2% 11.7%

WEAK
Count 46 79 37 41 P VALUE 

(SIGNIFICANT 
IF <0.05)% within group 38.3% 65.8% 30.8% 34.2%

BRIGHT
Count 62 20 12 65

P value <0.001
% within group 51.7% 16.7% 10.0% 54.2%

Total Count 120 120 120 120
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the stromal components reveal an underlying   change in the 
biochemical level which needs to be studied further.   

Objectives:   
To evaluate and compare staining intensity of various 

components of connective tissue such as collagen, elastic 
fibers and glycoprotein around tumor islands among three 
histological grades of OSCC and normal oral mucosa.

Materials and Methods
This study was undertaken by retrieving the archival records 

and the formalin-fixed paraffin-embedded tissue blocks of 
histologically confirmed cases of oral squamous cell carcinoma 
from the Department of Oral Pathology and Microbiology 
after obtaining the Institutional Ethical Committee Clearance. 
Cases of anaplastic carcinoma were excluded from the study. A 

total of 36 cases of histologically diagnosed oral squamous cell 
carcinoma (12 well differentiated, 12 moderately differentiated 
and 12 poorly differentiated OSCC) and 12 sections of normal 
mucosa as the control group were selected for this study. The 
control samples were taken from normal healthy mucosa of 
patients coming for minor surgical procedures like crown 
lengthening, surgical removal of impacted tooth etc, after 
taking informed consent. Three sections were taken from each 
paraffin block. H and E staining was done for the study sections 
to confirm the diagnosis (according to Broder’s grading system 
(1920)).

Paraffin embedded tissue blocks were sectioned at 5μ 
thickness and were stained with connective tissue specific stains 
like PAS and Verhoeff’s- Van Gieson, using specific protocols 
for each stain. PAS stain was used for staining glycoproteins 
and it gave magenta as positive colour. Verhoeff’s stain and 

Fig. 1: Collagen fibers around the tumor islands in (A) WDSCC (VVG stain) 10x; (B) MDSCC (VVG stain) 40x; (C) absence of 
staining in PDSCC (VVG stain) 40x; (D) Normal mucosa (VVG stain)10x 

Fig. 2: Histopathological section revealing (A) elastic fibers in normal mucosa; VVG stain (10x) (B) wavy and fragmented elastic 
fibers near the tumor islands in PDSCC; (C) clumped and fragmented elastic fibers adjacent to tumor cells; (D) tumor cells 
infiltrating in between elastic fibers (blue arrow) and collagen fibers in PDSCC; VVG stain (40x).

Fig. 3: (A) glycoproteins adjacent to the tumor islands in WDSCC; stained 
positive with Periodic acid-Schiff stain (40x); (B) absence of staining with PAS 
around tumor cells in PDSCC (40x).

A B DC

A B DC

A B
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Van Gieson stain were used for elastic and collagen fibers. 
Elastic fibers and cell nuclei were stained black and collagen 
fibers were stained red. Salivary glands in the connective tissue 
served as positive control for PAS and collagen fibers in the 
lamina propria and elastic fibers in the artery were taken as 
control for Verhoff’s-Van Gieson stain. Staining intensity was 
scored as 1= absent, 2 = weak, 3 = bright. All the three grades 
of OSCC’s and control group were evaluated for staining 
intensity of each component around tumor islands. A total of 
10 fields (10x) in each slide were assessed for staining intensity 
of collagen, elastic fiber and glycoprotein. Thus 480 fields were 
assessed for each component. To elucidate the associations 
between different parameters, Chi square test was used as 
nonparametric test. Two observers viewed all the slides to 
eliminate subjective bias, and the data were analyzed using 
Kappa statistics to eliminate interobserver bias. Kappa value 
for collagen, elastic fiber and glycoprotein are 0.974,0.974, 0.968 
respectively which shows good agreement with other observer. 
Thus, the observation made by one observer was subjected to 
further statistical analysis. The data was analyzed using the 
computer softwares, Microsoft Excel version 7 & Statistical 
Package for Social Sciences (SPSS) version 20. A p value of less 
than 0.05 would be considered as significant for the statistical 
test.

Results
On evaluation, the changes in the staining intensity of 

collagen among different grades of OSCC and normal mucosa 
revealed highly significant P value (P value < 0.001). Collagen 
was abundant in the stroma, particularly around the tumor 
islands in well differentiated squamous cell carcinoma (60.8%) 
(Figure 1A,1B). As tumor progressed to higher grades or poorly 
differentiated squamous cell carcinoma, a reduction in the 
collagen content was noticed in majority of the field (Figure 
1C). But few fields showed desmoplasia around tumor islands 
in poorly differentiated squamous cell carcinoma (PDSCC) 
(12.5%). Thus number of fields showing bright staining of 
collagen was high in control group (Figure 1D) followed by 
WDSCC (Table 1).

The changes in the staining intensity of elastic fibers and 
glycoprotein among different grades of OSCC and normal 
mucosa revealed highly significant P value (P value< 0.001). 
Increased amount of elastic fibers were noted in PDSCC as 
compared to other grades. But majority of these elastic fibers 
were short and fragmented in poorly differentiated OSCC 
group as compared to those in other group (Table 2) (Figure 2A, 
2B, 2C and 2D). In control group majority of the fields showed 
bright staining for PAS and distinct and homogenous basement 
membrane zone was observed. As tumor progressed to higher 
grades or poorly differentiated squamous cell carcinoma, a 
reduction in the PAS staining was noticed in majority of the 
field indicating a regressive change such as the lysis of stromal 
components (Table 3) (Figure 3A, 3B).

Discussion
Cancer is one of the major causes of morbidity and mortality 

even in this scientifically advanced twenty first century. For a 
long time, tumor cells were the main focus of cancer studies. 
However now it has been clearly established that tumor 
stroma is directly related with biological behavior of neoplasm. 

Extracellular matrix (ECM) comprises varied proportions of 
proteins and polysaccharides, organized in networks, which are 
responsible for the morphological, functional and pathological 
diversity of tissues, providing the appropriate substrate for 
growth and differentiation of varied cell types.10 Even minor 
alterations in a single ECM component can lead not only to 
altered physical and chemical properties of tissues but also to 
changes in cellular phenotype and cell-matrix interactions. It 
has been proposed that these changes in ECM structure and 
bioactivity in tissue function ultimately lead to development 
of disease.11

The evaluation of factors that influence metastasis is 
important for knowing better about tumor behavior and 
development of anti-cancer therapies. In the present study, 
host stromal response to the invading tumor cells showed some 
observable changes among different grades of oral squamous 
cell carcinoma (OSCC) when compared to the control stroma.

In well differentiated carcinoma, 73 fields (60.8%) out of 120 
showed bright staining for collagen. This finding is consistent 
with previous histochemical study conducted by George et 
al.2 They proposed that increased collagen production might 
be the products of benign fibroblasts or of the phenotypically 
altered tumor cells which have a capacity to express stromal 
components, thereby localizing the tumor cells and preventing 
metastasis.

Even in a single tumor there may be variations in the stroma, 
from one area to another; and composition of the stroma 
may change over time. In the present study, 36 fields (30.0%) 
showed weak staining of collagen fibers and 11 fields (9.2%) 
were devoid of any staining. A recent study by Li et al. in 2013 
found that collagen fiber content in OSCC tissue significantly 
correlated with tumor differentiation, recurrence and nodal 
status reflecting the key role of it in the carcinogenic process. 
Collagen fiber plays an important role in ECM destruction and 
remodeling.12

In poorly differentiated OSCC group, 15 fields (12.5%) 
showed bright staining,  44 fields (36.7%) showed weak staining 
and 61 fields (50.8%) are devoid of any staining. Thus in poorly 
differentiated OSCC group, majority of the fields around 
tumor islands have undergone degradative changes. Collagen 
degradation by proteases, including cathepsins and MMPs is 
important for cancer cell invasion.

   Numerous investigators like Junqueira et al13, Aparrna 
venigella et al14 etc in their study using Picrosirius red staining 
followed by polarizing microscopy, selectively demonstrated 
collagen with an observable difference in the polarizing 
colours caused by fiber thickness as well as by the packing 
of the collagen. The examination of collagen fibers by this 
method served as a procedure to differentiate procollagens, 
and intermediate and pathological collagen fibers. A gradual 
change of polarizing colours of the collagen fibers from reddish 
orange to greenish yellow was observed from well to poorly 
differentiated squamous cell carcinoma, thus indicating that as 
the tumor progresses, there is a change from the mature form 
of collagen to an immature form. Thus the data evidenced from 
various previous studies indicate that weakly stained, loosely 
arranged collagen fibers around the tumor islands might be 
immature type III collagens.15

The present study also showed few fields of bright 
staining around tumor islands in PDSCC indicating a 
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densely collagenous stroma (Figure 2B). While collagen was 
traditionally regarded as a passive barrier to resist tumor 
cells, it is now evident that collagen is also actively involved 
in promoting tumor progression. It has been established 
that many malignancies are associated with a strong fibrotic 
reactions which is characterized by an accumulation of 
fibrillar collagen types I and III and increased degradation of 
type IV collagen.16 In case of breast carcinoma, desmoplasia 
is associated with adverse prognosis. Intravital imaging also 
shows that breast cancer cells and leukocytes migrate rapidly 
along collagen fibers. According to Paolo P Provenzano et al17, 
radial alignment of collagen fibers relative to tumors is also 
an important factor which facilitates invasion. These findings 
suggest that many of the effects of collagen are mediated by its 
architecture or by the dynamics of its remodeling rather than 
solely by protein level.

In control group, majority of the fields showed bright 
staining (77.5%) compared to other groups. The difference 
in staining intensity of collagen in the present study could 
be due to the action of enzymes such as collagenases or the 
metalloproteinases secreted by tumour cells or an abnormal 
disintegration of the matrix by the tumor cells. Thus collagen 
can be a double-edged sword in tumor progression, both 
inhibiting and promoting tumor progression at different stages 
of cancer development.

The elastic fibers present in various connective tissues of the 
body are responsible for physiologic elasticity of the organs. 
There is a scarcity in the current literature regarding changes 
in the elastic fibers in the stroma of OSCC cases. Elastosis is the 
presence of focal deposits of elastic tissue in abnormal amounts 
or locations. The present study showed a significant changes (P 
value <0.001) in the staining intensity of elastic fibers among the 
different grades of OSCC patients and normal control group. 
This study revealed a significant increase in the elastic fibers 
in PDSCC but their morphology was altered as compared to 
other groups.

In the previous study by Usha Agrawal,18 clumped short 
elastic fibers (VVG) were seen in 12 (16.7%) cases of OSCCs 
out of 72. The ultrastructural study demonstrated an increase 
in oxytalan, elaunin and elastic fibers and decrease in collagen 
fibers with some transformation changes associated with 
OSCCs and lymph node metastasis. Lymph node metastasis 
was seen in 23/72 (31.9%) cases. Since only 3 cases showed 
lymph node metastasis with fragmented bundles of elastic 
fibers, they concluded that the presence of elastic fibers have 
a limiting role in spread and metastasis of tumor. Since lymph 
node metastasis was not assessed in the present study, it is 
not possible to predict the exact role of elastic fibers in tumor 
progression.

According to Birgitte Bruun Rasmussen et al19 the highly 
differentiated tumors contained more elastin in their tumor 
tissue than the poorly differentiated tumors in breast cancer. 
Similar observations were demonstrated by Fukushima M 
et al20 in their studies on lung carcinoma. They suggested 
that the mean score of elastosis in the well-differentiated 
adenocarcinoma was higher than that in the moderately 
differentiated carcinomas(MD) and poorly differentiated (PD) 
types. The survival curves of adenocarcinoma with elastosis 
showed a significantly improved prognosis than of those 

without elastosis in the cases of stages IA and IB.  But findings 
of the present study were not consistent with previous studies. 
Current study showed that elastosis was more prominent in 
PDSCC as compared to other groups.

According to J. G. Azzopardi et al21, elastosis was thought 
to be mainly the result of factors emanating from infiltrating 
carcinoma cells. These factors could stimulate fibroblasts and 
possibly other cells to produce elastic tissue. In their study 
elastosis was present in about 90% of scirrhous and infiltrating 
lobular catcinomas. But Raffaele David et al22 postulated that 
elastic tissue in the salivary gland tumors is produced by the 
myoepithelial-like tumor cells rather than by tumor stromal 
induction as has been described in some types of breast 
carcinomas.

The architecture of the elastic tissue took various forms in 
the present study. In OSCC groups, the elastic tissue was found 
predominantly surrounding the ducts and blood vessels and 
around the strands and sheets of the neoplastic cells. In some 
areas, the elastic tissue was predominantly in the form of long 
coarse fibers while in others, short, stumpy, and often curved 
fibers were observed (Figure 2B, 2C, 2D). Hence the increase in 
the amount of fragmented elastic fibers in poorly differentiated 
OSCC group in the present study indicates a disturbances in 
the ECM surrounding the tumor cells probably by the influence 
of MMPs produced in the stroma. This finding is in agreement 
with previous studies by Feinmesser M et al.23 Their findings 
indicated that the relationship between malignant melanomas 
and dermal connective tissue components, specifically elastin, 
might have prognostic significance. Studies also demonstrated 
that certain cancer cells can synthesize elastin and express lysyl 
oxydase, providing explanation for frequent appearance of 
elastic tissue in tumors such as breast or gastric cancers.7

On evaluation of staining intensity of glycoproteins in the 
connective tissue, very highly significant ‘P ’ value (P < 0.001) 
was noted using PAS among different grades of OSCC. In well 
differentiated OSCC, 62 fields (51.7%) showed bright staining 
around the tumor islands and also in basement membrane 
zone (Figure 3A). Many studies have proposed that malignant 
epithelial cells continue to synthesize, secrete and assemble 
basement membrane (BM) materials, such as laminin, entactin 
and heparan sulphate.2 In the present study, bright staining 
of PAS around the tumor islands, which were probably the 
secretion of basement membrane components by the tumor 
cells. 46 areas (38.3%) showed weak staining of glycoprotein 
particularly around the tumor islands/nests. This may be a 
regressive change such as the lysis of stromal components, 
creating pathway for cell migration. This degradation of 
ECM is induced by mediators released by tumor cells. This 
observations are supported by in vitro studies of Iozzo et 
al.24 Bernacki et al25 in their review described the presence 
of glycosidases in the interstitial fluid of various carcinomas 
which support the observations made in this study. 

In poorly differentiated OSCC, 71 fields (59.2%) showed 
negative PAS staining. Basement membrane zone is also 
indistinct and irregular in many areas with PAS staining 
(Figure 3b). This might be due to degradation of ECM by 
various matrix degrading enzymes like glycosidase, MMPs etc. 
This result is in agreement with previous studies of George J et 
al.2 Peter A. Jones had demonstrated that glycoprotein removal 
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markedly increases the susceptibility of elastin and collagen to 
hydrolysis26. Glycoprotein removal from the matrix by tumor 
cells may therefore rapidly accelerate the degradation of 
elastin and collagen by tumor-associated inflammatory cells. In 
control group, distinct and homogenous basement membrane 
zone was observed.

Conclusion
In the present study, it has been observed that stromal 

changes at the invading front of the tumor islands and with 
increasing grade of the tumor can be evaluated more efficiently 
with the use of various special stains. There was an increased 
stromal response in poorly differentiated carcinomas, when 
compared to the other grades. This finding further can prove 
to be an important factor in predicting tumor behavior. 
Determination of collagen and elastic fiber nature in different 
grades of oral squamous cell can help for targeting the stroma 
for various treatment strategies. When immunohistochemistry 
is an expensive and sensitive technique, normal histochemical 
special stains can be routinely done on biopsy specimen to 
understand the stromal changes and can be used as an adjuvant 
in determining the prognosis of OSCC cases.
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