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Background: The role of tumour inflammation and the dysplastic epithelial-stromal interactions on the nature of collagen fibres in the 
extracellular matrix of dysplastic epithelium is not fully understood. The present study was aimed to evaluate and compare the inflammation 
and pathological stromal collagen (loosely packed thin disorganized collagen) present in mild, moderate and severe epithelial dysplasias 
with that of inflammatory fibrous hyperplasias. The basement membrane intactness of epithelial dysplasias was also evaluated to determine 
if dysplastic epithelial mesenchymal interaction has any role in the integrity of stromal collagen in epithelial dysplasia.
Methods: Oral epithelial dysplasias, inflammatory fibrous hyperplasia and normal oral mucosal samples were used for the study. Packing, 
thickness and orientation of collagen fibres in mild, moderate and severe grades of oral epithelial dysplasias (n = 24), inflammatory 
fibrous hyperplasia (n = 8) and normal oral mucosal samples (n = 8) were analysed based on the polarisation of collagen fibres in  
picrosirius red polarising stain under polarising microscope.
Results: All the grades of epithelial dysplasias showed greenish yellow birefringence confirming the presence of loosely arranged 
pathological collagen in the presence of moderate inflammation. All the cases of inflammatory fibrous hyperplasia showed red polarisation 
hue and moderate inflammation. A statistically significant difference was found in the packing and orientation of collagen when epithelial 
dysplasias and inflammatory fibrous hyperplasia were compared (P ＜ 0.01). When the intactness of basement membrane integrity was 
compared in all the groups of epithelial dysplasia, a statistically significant result was obtained (P ＜ 0.05). 
Conclusions: Presence of significant amount of loosely packed thin disoriented collagen even in mild epithelial dysplasia suggests that 
tumourigenic factors are released to connective tissue stroma much earlier than expected. Hence we suggest considering the integrity 
of extracellular matrix collagen, intactness of basement membrane and inflammation associated with dysplasia along with the anaplasia 
of epithelial cells in the microscopic assessment of dysplastic epithelium.
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INTRODUCTION

Oral squamous cell carcinoma (OSCC) is usually preceded with 

epithelial dysplasia (ED) which is characterized by the anaplastic 

changes in stratified squamous epithelial cells. These anaplastic 

cells gradually degrade the basal lamina (BL) and invade into the 

underlying connective tissue stroma. The tensile strength or 

stiffness of the stromal extracellular matrix collagen (EMC) in the 

connective tissue can regulate the epithelial cell growth and 

migration in ED and OSCC. However, the dysplastic epithelial- 

stromal interactions and nature of collagen fibres in the extracellular 

matrix of dysplastic epithelium is not fully understood.

ED and oral squamous cell carcinoma are usually associated 

with chronic inflammation. Tumour inflammation is different 

from the self limiting normal inflammation and other inflam-

matory lesions. Dysplastic epithelial cells produce tumourigenic 

cytokines which attract granulocytes and macrophages.1 These 

innate immune cells can secrete matrix metalloproteinases 

(MMPs) and interleukins which alter the stromal collagen 

allowing the invasion of dysplastic epithelial cells.2 Additionally, 

integrity of stromal collagen can be modulated by lysyloxidases 

secreted by fibroblasts.3 The tensile strength or stiffness of 

extracellular matrix can regulate epithelial cell invasion and 

migration.4 BL is the barrier for the dysplastic epithelial cells from 

invading into the stroma. It is secreted and synthesised by 

epithelial cells and connective tissue.5,6 Once the BL is fully or 

partially degraded, the dysplastic epithelial cells directly interact 

with the extracellular matrix of connective tissue and invade.7

The collagen fibre thickness as well as packing of collagen can 

be determined using Picrosirius red staining followed by 

polarizing microscopy. The examination of collagen fibres by this 

method helps to differentiate normally packed thick bundles of 

collagen fibres and pathologic collagen (thin and loosely packed 

disorganised collagen). Red polarization hue is indicative of thick 

fibres of closely packed collagen and greenish polarization hue is 

indicative of loosely packed thin pathologic collagen.8 Picrosirius 

red is an elongated dye molecule which reacts with collagen and 

promotes the enhancement of its normal birefringence due to the 

fact that the dye molecules are aligned parallel with long axis of 

each collagen molecule.9 The alteration in stromal microenviron-

ment around ED or neoplasm can predict the prognosis of the 

condition and is also useful in generating new therapeutic targets.

MATERIALS AND METHODS

The study group consisted of 40 samples of formalin fixed 

paraffin-embedded tissue blocks retrieved from the Department 

of Oral Pathology and Microbiology, Mar Baselios Dental College, 

Kerala, India. Ethical clearance was obtained prior to this study 

from the concerned ethical committee (Mar Baselios Medical 

Mission).

1. Picrosirius red polarising staining

EDs were classified into mild, moderate and severe according 

to the international histological classification of tumours. Eight 

samples of each grade of ED and eight samples of inflammatory 

fibrous hyperplasia along with eight normal oral mucosal 

samples were used for the study. Paraffin-embedded tissue 

blocks were sectioned at 5 m thickness; the sections were 

floated onto the slides. Sections were incubated at 60oC on the 

slide warmer for the proper adhesion of sections to the slides. 

Sections were then deparaffinised, hydrated and stained with 

Picrosirius red stain (Sigma-Aldrich, St. Louis, MO, USA) for 

collagen and viewed under polarising microscope. picrosirius red 

stained slides were evaluated to determine the nature of collagen. 

Collagen fibres showed polarizing colours varying from orangish 

red (OR), yellowish orange (YO) and greenish yellow (GY). The 

percentage of OR, YO, GY fibres were assessed using Lawrence 

and Mayo grid eye piece in polarising microscope at 10 focal areas. 

The polarizing colours were assessed in subepithelial zone, 

intermediate zone and deep zone of the connective tissue stroma.

2. Periodic acid–schiff staining

Paraffin embedded sections of the same tissue blocks were 

sectioned at 5 m, deparaffinised, hydrated and stained with 

periodic acid–Schiff (PAS) (DAKO, Carpinteria, CA, USA) to 

determine the basement membrane integrity in all the grades of 

EDs. The PAS basement membrane staining was graded as patchy 

or intact. The haematoxylin and eosin stained sections of the 

same slides were used to assess the amount of inflammation in 

each sample.

3. Statistical analysis 

The data obtained was subjected to statistical analysis and 

basic variation statistical values were calculated. Chi-square test 

was used for comparison at significance level P  ＜ 0.05 with SPSS 

ver. 14 (SPSS Inc., Chicago, IL, USA).

RESULTS

In the present study, 8 controls were stained with picrosirius 

red stain and they showed predominantly reddish orange 
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Group
GY 

predominant
OR 

predominant
YO 

predominant
Total

Mild dyspalsia 7 (83.3) 0 1 (12.5) 8
Moderate dysplasia 8 (100) 0 0 8
Severe dysplasia 8 (100) 0 0 8
Total 23 0 1 24

Values are presented as number (%) or number only. GY, greenish 
yellow; OR, orangish red; YO, yellowish orange.

Table 1. Comparison of polarization colors of collagen fibers be-
tween various grades of epithelial dysplasias

Figure 1. Picrosirius red polarising staining. (A) Normal buccal mucosa showing predominantly reddish orange bifringence in the lamina propria. 
Arrows showing bundles of collagen fibres with reddish orange polarising bifringence (×40). (B) Mild epithelial dysplasia with stromal collagen 
showing thin loosely packed and separated greenish yellow polarising collagen fibres. Arrows showing greenish yellow polarising collagen fibres
and Areas of transition of yellowish orange and reddish orange collagen fibres to greenish yellow fibres (×40). (C) Moderate epithelial dysplasia 
showing greenish yellow polarising collagen fibres. Arrows indicating greenish yellow collagen fibres (×40). (D) Moderate epithelial dysplasia 
with deeper areas of connective tissue collagen showing greenish yellow bifringence and arrows indicating greenish yellow collagen fibres and 
areas of transition of yellowish orange and reddish orange collagen fibres to greenish yellow (×40). (E) Severe epithelail dysplasia with collagen
fibers showing greenish yellow birefringence. Arrows indicating greenish yellow collagen fibres (×40). (F) Severe epithelial dysplasia with deeper 
areas of connective tissue stroma with collagen fibres showing greenish yellow birefringence. Arrowsindicating greenish yellow collagen fibres 
(×40). (G) Inflammatory fibrous hyperplasia showing reddish orange polarising birefringence predominantly. Arrows showing reddish orange 
collagen fibres (×10).

Figure 2. Normal buccal mucosa showing orangish red (OR) hue 
in the presence of normal negligible inflammation. YO, yellowish 
orange; GY, greenish yellow.
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Group GY predominant OR predominant YO predominant Total

Moderate infalmmation 0 5 (100) 0 5
Severe infalmmation 0 3 (100) 0 3

Values are presented as number (%) or number only. GY, greenish yellow; OR, orangish red; YO, yellowish orange.

Table 4. Polarisation of collagen in moderate and severe grades of inflammation in inflammatory fibrous hyperplasia

Group GY predominant OR predominant YO predominant Total

Moderate infalmmation 14 (100) 0 1 15
Severe infalmmation 9 (100) 0 0 9
Total 24 0 0 24

Values are presented as number (%) or number only. GY, greenish yellow; OR, orangish red; YO, yellowish orange.

Table 3. Polarisation of collagen in moderate and severe grades of inflammation in epithelial dysplasia

Group GY predominant OR predominant YO predominant Total

Epithelial dysplasias 23 (17.25) [1.92] 0 (6.00) [6.00] 1 (0.75) [0.08]  24 (24.00) [0.00]
Fibrous hyperplasia 0 (5.75) [5.75] 8 (2.00) [18.00] 0 (0.25) [0.25]  8 (8.00) [0.00]
Total 23 8 1 32

The chi-square statistic (2) is 32. The P-value is ＜ 0.00001. The result is significant at P ＜ 0.01. Values are presented as the observed 
number (the expected number totals), and [the chi-square statistic for each number]. GY, greenish yellow; OR, orangish red; YO, yellowish 
orange.

Table 2. Comparison of polarisation of collagen fibres between epithelial dysplasia and inflammatory fibrous hyperplasia

Figure 3. (A) Periodic acid–Schiff (PAS) stained moderate epithelial dysplasia showing patchiness at basement membrane zone (×40). (B) 
PAS stained severe epithelial dysplasia showing patchiness at basement membrane zone (×40).

bifringence in the lamina propria even in the presence of 

negligible amount of normal inflammatory cells (Fig. 1A and Fig. 

2). All the grades of EDs showed moderate to severe 

inflammation. Interestingly, mild ED showed predominantly GY 

birefringence in connective tissue stroma. Some areas showed 

gradual transition of reddish orange and YO collagen fibres to GY 

(Fig. 1B). Moderate and severe dysplasia showed GY polarising 

birefringence predominantly in sub epithelial and deeper 

connective tissue stroma (Fig. 1C∼1F). On comparison between 

mild, moderate and severe EDs by chi square, no significant 
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Group Inatact BL Patchy BL

Mild dyspalsia 8 (5.33) [1.33] 0 (2.67) [2.67]
Moderate dysplasia 6 (5.33) [0.08] 2 (2.67) [0.17]
Severe dysplasia 2 (5.33) [2.08] 6 (2.67) [4.17]

The chi-square statistic (2) is 10.5. The P-value is 0.005248. The result 
is significant at P ＜ 0.05. Values are presented as the observed num-
ber, (the expected number totals) and [the chi-square statistic for each 
number]. BL, basal lamina.

Table 5. Comparison of integrity of BL in various grades of epi-
thelial dysplasias by Per Iodic Acid Schiff method 

difference in the amount of pathological collagen was observed (P 

＞ 0.5) (Table 1).

All the samples of inflammatory fibrous hyperplasia showed 

red polarising birefringence and moderate to severe infla-

mmation (Fig. 1G). Red polarising hue is suggestive of closely 

packed normally oriented collagen fibres. Statistically significant 

result was found by chi square when the polarisation of collagen 

of ED and inflammatory fibrous hyperplasia was compared (P ＜ 

0.01) (Table 2). All the grades of EDs and inflammatory fibrous 

hyperplasia showed moderate amount of chronic inflammation. 

However, in the case of ED loosely packed GY disoriented collagen 

was found in the presence of moderate and severe inflammation 

(Table 3). Importantly, collagen fibres present in inflammatory 

fibrous hyperplasia showed reddish polarising bifringence in the 

presence of inflammation (Table 4). 

When the integrity of basement membrane was analysed with 

Per Iodic Acid Schiff staining, all the cases of mild ED showed 

intact basement membrane characterized by increased and 

uniform PAS staining. Out of eight cases of moderate dysplasia, 

four cases showed patchy PAS staining of BL and out of eight cases 

of severe dysplasia, five cases showed patchy PAS staining of BL 

(Fig. 3). A statistically significant difference (P ＜ 0.05) was 

observed on comparison of basal lamina integrity between 3 

grades of epithelial dysplasias using chi-square test (Table 5).

DISCUSSION

One important hall mark of cancer progression is the 

degradation of the extracellular matrix which allows the cancer 

cells to invade the surrounding stroma.10 Dysplastic epithelial 

cells promote inflammation, produce growth factors, hormones, 

cytokines and proteinases like MMP.11

In the present study even in mild ED we observed pathological 

(thin and loosely packed and disorganized) collagen exhibiting GY 

birefringence in polarising microscopy. In moderate and severe 

EDs also collagen showed GY birefringence. In our study we could 

find moderate to severe amount of chronic inflammation in all the 

grades of EDs and the presence of loosely arranged disoriented 

collagen fibres. Chronic inflammation associated with ED could be 

one of the reasons for the disorganisation and loose packing of 

collagen fibres. Anaplastic cells produce cytokines that attract 

innate immune cells such as granulocytes and macrophages. 

These innate immune cells can secrete MMPs and reactive oxygen 

species which can result in EMC degradation.12 Lymphocyte was 

found to be more in all the grades of dysplasias. Studies have 

postulated that T lymphocyte cells could suppress that 

anti-tumour immune response and intra-tumoural depletion of T 

cells can lead to the eradication of an established tumour along 

with development of long-term antitumor memory.13,14 Presence 

of closely packed collagen fibers with red polarization hue in 

inflammatory fibrous hyperplasia suggests that tumour inflam-

mation is different from other types of inflammation. This could 

be because in inflammatory fibrous hyperplasia, the inflam-

matory cells may induce the liberation of TGF  into the 

extracellular matrix. TGF  is a potent fibrogenic molecule which 

plays a synergic role in fibrous hyperplasia.15 All the controls 

showed OR polarization in extracellular matrix even in the 

presence of normal negligible inflammation. This indicates that 

tumour inflammatory cells in ED have the potential to liberate 

chemokines and extracellular matrix degrading factors whereas 

normal inflammatory cells in normal mucosa are protective in its 

function. Therefore, we can suggest that the inflammatory 

response present in inflammatory reactions is different from 

tumour inflammation.

Once the BL was fully or partially degraded, the neoplastic cells 

interacts with connective tissue stroma in which type 1 collagen 

is disintegrated, facilitating tumour invasion.16,17 In our study 

groups, moderate and severe dysplasia exhibited patchy staining 

pattern of PAS at the BL zone and GY thin loosely packed collagen 

fibres instead of thick reddish fibres in subepithelial zone and 

deeper zone. Along with tumour associated inflammatory cells, 

BL disintegration followed by epithelial mesenchymal interac-

tion could be one of the reasons for the disintegration of stromal 

collagen.

Interaction between tumour cells and extracellular matrix 

components is essential for tumour growth and metastatic 

activity.18,19 In our previous study on the expression of tumouro-

genic factor (inducible nitric oxide synthase enzyme) in all the 

grades of dysplasia we observed positivity even in mild 

dysplasia.20 Hence, in the early phase of dysplasia itself tumouro-

genic factors are released from the cells which could alter stroma 
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and adjacent cells. In the present study the presence of thin 

loosely packed pathological collagen in mild dysplasia could be 

due to tumour associated inflammation and the liberation of 

tumourogenic factors like proteinases in the early phase of 

dysplasia itself causing collagen disintegration giving a GY 

bifringence under polarising microscopy. Changes in collagen 

fibre structure represent a major disorganization of basic skeleton 

of extracellular matrix.21 This may be the reason for malignant 

transformation occurring in epithelium associated with lower 

grades of dysplasia.

In the present study normal collagen is replaced by thinner GY 

loosely packed collagen in mild, moderate and severe EDs. In the 

presence of moderate inflammation also, inflammatory fibrous 

hyperplasia showed thick bundles of normally oriented collagen 

fibres. Tumour inflammation, tumourogenic factors liberated by 

anaplastic epithelial cells and anaplastic epithelial mesenchymal 

interaction could be the reason for extracellular matrix degrada-

tion in EDs. In our study, even the mild ED showed loosely packed 

disorganised collagen fibres. Thus it is logical to assume that oral 

precancer may undergo carcinogenic changes in extracellular 

matrix level before exhibiting clinical evidence. This pathological 

collagen may not be evident in microscopic haematoxylin and 

eosin stained sections. Hence, we suggest that grading of ED 

based on the microscopic histology of epithelial cells alone is 

insufficient for the comprehensive diagnosis, treatment plan and 

prognosis prediction of oral precancers. Integrity of EMC, 

intactness of basement memeberane and tumour associated 

inflammation along with the anaplasia of epithelial cells have to 

be evaluated in the microscopic diagnosis of ED.
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