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Abstract

Objectives: This study aims to compare the polarization colors of the collagen fibers in the connective tissue wall
(CNT) of radicular cyst (RC), dentigerous cyst (DC), odontogenic keratocyst (OKC), and calcifying odontogenic
cyst (COC).

Methods: Collagen in the CNT of ten patients diagnosed with RC, DC, OKC, or COC was stained with picrosirius
red staining and examined under a polarizing microscope. The birefringence of collagen fibers of odontogenic
cysts (OCs) regarding the frequency and the labeling index (LI) scores based on the proportion of mature collagen

(orange-red fibers) and immature collagen (greenish-yellow fibers) were compared.

Results: The orange-red polarization color was observed predominantly in the CNT of DCs (90.0%), RCs (70.0%),
and OKCs (60.0%). Meanwhile, the greenish-yellow polarization color predominated in the CNT of COCs samples
(50.0%). The mean LI values of RCs, DCs, OKCs, and COCs were 1.93+0.73, 1.90+0.44, 2.03+0.93, and 1.40+0.59,
respectively. There is no statistically significant difference between the groups (p>0.05).

Conclusions: Although no statistically significant difference between OCs was observed, the collagen fibers of
COCs were different from other OCs. The greenish-yellow polarization color predominantly observed in COCs
suggested that the CNTs of some COCs might play a role in the cystic neoplasm behavior.
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Introduction

Odontogenic cysts (OCs) are a heterogeneous group
of diseases derived from the epithelial and remnant cells
of tooth-forming apparatus.'!) They are classified into two
groups including inflammatory cyst and developmental
cyst.(l) OCs comprise three parts: lumen, epithelial-lined
lumen, and surrounded fibrous connective tissue wall
(CNT). About 7.0-12.0% of all biopsies from oral and
maxillofacial region have been diagnosed with OCs in-
cluding radicular cysts (RCs), dentigerous cysts (DCs),
odontogenic keratocysts (OKCs), and calcifying odonto-

genic cysts (COCs).1-?) RCs are inflammatory in origin
and are associated with non-vital teeth. DCs are attached
to cementoenamel junction of unerupted teeth.>?) OKCs
are developmental cysts. They are characterized by locally
aggressive behavior and tendency to recur in case of
incomplete removal or in the presence of satellite cysts.>®
COCs show variable clinical behavior. Some of them
show recurrence.®> The most common cyst of the jaws
is RCs (55.0%), followed by DCs (about 20.0%), OKCs
(about 10.0%), and COCs (< 1.0%), respectively.>)

The epithelial lining of such OCs has been exten-
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sively investigated regarding their roles in cystic prolifer-
ation.() Although previous studies have reported various
transcriptional and translational changes associated with
lesion progression, the pathogenesis and biological behav-
iors of OCs remain relatively unknown.?® For example,
in 2005, World Health Organization (WHO) suggested
that OKC and COC should be classified as cystic neo-
plasm (keratocystic odontogenic tumor and calcifying
cystic odontogenic tumor, respectively).?) However, in
2017, the WHO has reclassified the OKC and COC as a
cystic lesion.>*) There is considerable debate regard-
ing whether OKC and COC are a cystic neoplasm or a
cystic lesion.*>) Previous studies have indicated that not
only the epithelium but also the CNT of OCs is partly
responsible for pathogenesis and biological behaviors of
0Cs.D The reciprocal interaction between epithelial and
mesenchymal cells (epithelial-mesenchymal interaction)
is considered to be important for normal odontogenesis
and pathogenesis of OCs.(®?) Thus, the mesenchymal
influence of CNT may play a vital role in the growth and
epithelial expression of OCs.(7)

Collagen is the major fibrous protein in CNT.® It
provides structural support to the extracellular matrix
of CNT and maintains integrity of cellular structure.®
Collagen-related diseases usually arise from genetic
mutation or nutritional deficiencies.” Collagen deposi-
tion and change in the collagen composition are the main
pathological characteristic of some neoplasms including
oral cancers.®1% Hence, the study of orientation and orga-
nization of collagen fibers may be useful in understanding
the behaviors of OCs. Picrosirius red (PSR) is a strong and
elongated anionic dye molecule that can react with cation-
ic collagen fibers and enhance their birefringence effects
under polarized light.®*!") Combination of PSR stain-
ing and polarization microscopy has been used to study
the fiber thickness and density of collagen packing.(®!?)
This method serves as a tool for the structural analysis of
collagen (procollagen, intermediate, and pathological
collagen fibers).(>"1?)

To the best of our knowledge, only a few studies have
evaluated the nature of the collagen fibers in the CNT of
OCs by determining polarized colors using PSR staining.®)
Moreover, the results still remain controversial.® There is
no information about the polarization color pattern of the
collagen fibers in the CNT of COC. In addition, precise

knowledge of the roles of CNT in clinical behaviors of
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OCs still lacks. Thus, this research qualitatively and quan-
titatively investigates as well as compares the polarization
colors of the collagen fibers in the CNT of RC, DC, OKC,
and COC using PSR staining together with polarizing
microscopy. The potential correlation between the nature
of collagen fibers and the clinicopathological variables is
also explored. The study results are expected to provide
a better understanding about the biological behaviors of
these lesions and be able to predict proper treatment plan

as well as prognosis.

Sample collection and histological evaluation

The samples included 40 formalin-fixed paraffin-
embedded (FFPE) tissue blocks which were achieved
from the Department of Oral Surgery and Oral Medi-
cine, Faculty of Dentistry, Srinakharinwirot University,
from January 2015 to December 2020. RC, DC, OKC,
and COC each had 10 blocks and irritation fibroma tis-
sues from tongue as positive control had 2 blocks. The
negative control (fibroma tissue omitted picrosirius red
staining) was used. Two oral pathologists (intercalibra-
tion were assessed with kappa = 94) had confirmed the
histological diagnoses based on the WHO classification of
odontogenic cysts and tumors year 2017. For qualifying
the OCs which were non-inflammatory cyst (DC, OKC,
and COC). We selected only the cases with mild inflam-
mation observed histopathologically for this study. This
study was approved by the research ethics committee of
Strategic Wisdom and Research Institute, Srinakharin-
wirot University, Bangkok, Thailand (reference number:
SWUEC/X-499/2563).

Picrosirius red staining and evaluation

In Brief, All FFPE OCs were cut into sections (4-uM
each). After deparaffinization in xylene and ethanol, each
of sections was rehydrated in distilled water. Sections
were subsequently incubated in picrosirius red (sirius red
picrate solution obtained from Bio Optica Milano s.p.a.,
Italy) at room temperature for 1 h. After that, the samples
were rinsed with distilled water, then counterstained with
Mayer’s hematoxylin, dehydrated, and finally mounted
with coverslip. The staining procedures were performed
according to the manufacturer’s protocol to assure sensi-
tivity and specificity of the staining. CU performed the
picrosirius red staining in all tissues. All sections were

examined by polarizing microscopy (Motic Asia, Hong
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Kong). One thousand one cells from each of 3 random
fields were examined per section by 2 oral pathologists.
The polarization colors of the collagen in CNT were
scored using a semi-quantitative method as the ratio of
mature collagen (orange-red fibers) to the total number
of collagens and the ratio of immature or pathological
collagen (greenish-yellow fibers) to the total number of
collagens. The scores were assigned as complete imma-
ture and pathological collagen (score 0), mixed mature
and pathological collagen — predominantly pathological
collagen presented — (score 1), mixed mature and patho-
logical collagen — predominantly mature collagen pre-
sented — (score 2), and complete mature collagen (score
3). The scores were accepted if they agreed with both two
investigations (intercalibration were assessed with kappa
=91). The mean score obtained from each case was calcu-
lated and used as labeling indices (LI) for each sample. To
identify the nature of collagen fibers in the CNT of OCs,
the samples were categorized into two groups based on the
scores. Score 0 or 1 of 2 out of 3 random fields was cate-
gorized as greenish-yellow polarization color. Meanwhile,
score 2 or 3 of 2 out 3 random fields was categorized as

orange-red polarization color.

Statistical analysis

Fisher’s exact test was used to examine the associa-
tion between the polarization colors of collagen fibers in
CNT of OCs and clinicopathologic information. Mean LI
among RC, DC, OKC, and COC were compared using
one-way ANOVA test. A p-value of <0.05 was considered
to be statistical significance.

Results

Clinicopathologic information of the OCs samples
are summarized in Table 1. No correlation between nature
of collagen fibers and clinicopathologic data (sex, age,
largest cyst diameter, location, and histology) was
observed (p>0.05) (Table 2-5).

In general, we found that the orientation pattern of
collagen fibers in COC was different from other OCs
(RC, DC, OKC). The comparison of the predominant
polarization colors exhibited by collagen fibers in OCs is
summarized in Table 6. The orange-red polarization color
predominated in the CNT was observed in 9 out of 10
(90.0%), 7 out of 10 (70.0%), and 6 out of 10 (60.0%) in
DC, RC, and OKC samples, respectively. Meanwhile, the
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greenish-yellow polarization color predominated in the
CNT was observed in 5 out of 10 cases (50.0%) in COC
samples (Figure 1 and 2). Figure 3 showed the positive
control and negative control for the picrosirius red staining
The mean LI values of RC, DC, OKC, and COC were
1.93+0.73, 1.90+0.44, 2.03+0.93, 1.40+0.59, respec-
tively. Although there was a decrease in the mean LI of
COC compared to other OCs, no statistically significant
difference between the groups was observed (p>0.05) as

shown in Table 7.

Discussion

Epithelial-mesenchymal interaction plays a crucial
role in morphogenesis and cellular differentiation of the
tooth bud and in pathogenesis of odontogenic lesions.(!>!4
CNT may be regarded as not only a structural support
of the cystic wall but also as a functional part indicating
the behavior of the OCs.®”) Collagen is a major organic
constituent of the CNT.®®!5) PSR staining combined with
polarizing microscopy is a simple and specific method
stained for collagen fibers.*!V) The thickness, maturity,
and packing of collagen cause the differences in polariza-
tion colors reflecting the nature of collagen fibers in OCs.
(7:12.16) pSR comprises six sulfonate groups that can react
with the basic amino acids in the collagen molecules and
increase the birefringence property of collagen.(®!117)
The increase in birefringence produced by PSR staining
under polarizing light can differentiate the different types
of collagen fibers such as type I and type III collagen
fibers. Type I collagen fibers are coarsely packed, thick, and
mature, showing a strong birefringence with orange-red
polarization color. Meanwhile, type III collagen fibers
form loosely packed, thin fibrillar, immature or patho-
logical collagen, showing a weak birefringence of green-
ish-yellow color profile.®>'") To date, although there are a
few studies have reported the packing nature of collagen
fibers in OCs and have suggested that the differences
might influence their biological behavior, the study results
remain uncertain.®) Thus, this study assessed the nature
of collagen fibers in the CNT of various OCs and cor-
related the results with their clinicopathological features
to predict the aggressive behaviors of OCs using PSR and
polarizing microscope. Our study showed that a predomi-
nance of greenish-yellow polarization was noted in COC
samples as compared to RC, DC, and OKC samples. The

mean LI of COC was decreased compared to other OCs,
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Table 1: Clinicopathological characteristics of the odontogenic cysts included in this study.

Samples 10 (100.0) 10 (100.0) 10 (100.0) 10 (100.0)
Sex

Male 5(50.0) 5(50.0) 3(30.0) 6 (60.0)

Female 5(50.0) 5(50.0) 7 (70.0) 4 (40.0)
Age (years)

<35 5(50.0) 6 (60.0) 4 (40.0) 7(70.0)

>35 5(50.0) 4 (40.0) 6 (60.0) 3(30.0)
Mean + S.D. 32.1£16.1 35.0+20.6 40.3£15.5 26.1£16.5
Largest cyst diametera (cm)

<2 5(50.0) 6 (60.0) 3(30.0) 4 (40.0)

>2 5(50.0) 4 (40.0) 7 (70.0) 6 (60.0)
Location

Maxilla 6 (60.0) 7 (70.0) 3(30.0) 6 (60.0)

Mandible 4 (40.0) 3(30.0) 7 (70.0) 4 (40.0)
Histology

Daughter cyst presented N/A N/A 2 (20.0) N/A

No daughter cyst N/A N/A 8 (80.0) N/A

*Evaluated from the radiographic images,
RC = Radicular cyst, DC = Dentigerous cyst, OKC = Odontogenic keratocyst, COC = Calcifying odontogenic cyst N/A = Not available.

Table 2: Analysis of the correlations of nature of collagen fibers and clinicopathologic data in radicular cysts.

Sex

Male (5) 3 2

Female (5) 0 5 Ul
Age (years)

<35(5) 3 2

>35(5) 0 5 016
Largest cyst diameter” (cm)

<2(5) 2 3 10

>2(5) 1 4
Location

Maxilla (6) 2 o 1.0

Mandible (4) 1 3 ’

“Evaluated from the radiographic images

YFisher’s exact test, p<0.05 indicated statistically significant
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Table 3: Analysis of the correlations of nature of collagen fibers and clinicopathologic data in dentigerous cysts.

43

Sex

Male (5)
Female (5)

Age (years)

<35(6)
> 35 (4)

Largest cyst diameter” (cm)

<2(6)
>2(4)

Location
Maxilla (7)
Mandible (3)
*Evaluated from the radiographic images
YFisher’s exact test, p<0.05 indicated statistically significant

Table 4: Analysis of the correlations of nature of collagen fibers and clinicopathologic data in odontogenic keratocysts.

Sex

Male (3)
Female (7)

Age (years)

<35(4)
> 35 (6)

Largest cyst diameter® (cm)

<2(3)
>2(7)

Location

Maxilla (3)
Mandible (7)

Histology
Daughter cyst presented (2)
No daughter cyst (8)
“Evaluated from the radiographic images

YFisher’s exact test, p<0.05 indicated statistically significant

1

(= S =

O -

(9]

W

1.0

1.0

1.0

1.0

0.2

1.0

0.5

1.0

0.46
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Table 5: Analysis of the correlations of nature of collagen fibers and clinicopathologic data in calcifying odontogenic cysts.

Sex

Male (6) 3 3 1.0
Female (4) 2 2 :
Age (years)
<35(7) 4 5 1.0
>35(3) 1 2 :
Largest cyst diameter” (cm)
<2(4) 2 2 1.0
>2(6) 3 3 ’
Location
Maxilla (6) 3 J 1.0
Mandible (4) 2 2 ’

*Evaluated from the radiographic images

bFisher’s exact test, p<0.05 indicated statistically significant

Table 6: The predominant polarization colors exhibited by collagen fibers in OCs.

10 (100.0) 3 (30.0) 7(70.0)
DC 10 (100.0) 1(10.0) 9 (90.0)
OKC 10 (100.0) 4 (40.0) 6 (60.0)
coc 10 (100.0) 5(50.0) 5(50.0)

RC = Radicular cyst, DC = Dentigerous cyst, OKC = Odontogenic keratocyst, and COC = Calcifying odontogenic cyst.

Table 7: The mean labeling indices of collagen fibers between odontogenic cysts.

10 (100.0) 1.93+0.73

DC 10 (100.0) 1.90+0.44
0.266

OKC 10 (100.0) 2.03£0.93

coc 10 (100.0) 1.4040.59

?One-way ANOVA test, p<0.05 indicated statistically significant.
RC = Radicular cyst, DC = Dentigerous cyst, OKC = Odontogenic keratocyst, and COC = Calcifying odontogenic cyst.
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Figure 1: Polarization colors of picrosirius red staining in radicular cyst (RC) and dentigerous cyst (DC) with the corresponding area of
hematoxylin and eosin staining. (A) RC sample shows moderate inflammation (arrow), (B) photomicrograph showing RC with predominant
orange-red birefringence exhibited by collagen fibers, (C) DC sample shows mild inflammation, (D) photomicrograph showing DC with
predominant orange birefringence exhibited by collagen fibers. Original magnification: x100

Figure 2: Polarization colors of picrosirius red staining in odontogenic keratocyst (OKC) and calcifying odontogenic cyst (COC) with the
corresponding area of hematoxylin and eosin staining. (A) OKC sample shows mild inflammation, (B) photomicrograph showing OKC
with predominant orange-red birefringence exhibited by collagen fibers, (C) COC sample shows mild inflammation with areas of the ghost
cells (asterisk), (D) photomicrograph showing COC with predominant greenish-yellow birefringence exhibited by collagen fibers. Original

magnification: x100
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B

Figure 3: Polarization colors of picrosirius red staining in tongue irritation fibroma (positive control) and tongue irritation fibroma omitted

picrosirius red staining (negative control). (A) photomicrograph showing positive control with red birefringence exhibited by collagen fibers,

(B) photomicrograph showing negative control without birefringence polarization color exhibited by collagen fibers.

however, no statistically significant difference between
the OCs was observed (p>0.05).

For this study, 70.0% of RC cases showed a pre-
dominant orange-red birefringence (mean LI score of
1.93+0.73), which was in concordance with some previous
studies.”"!819 RC is an inflammatory cystic lesion of the
jaw originating from epithelial rests of Malassez result-
ing from the pulp necrosis.??? Inflammation can lead
to the increases in cytokines and growth factors which
promote fibroblastic and collagen fiber proliferation.!'®
Martin R er al.?" reported that transforming growth
factor beta 1 (TGF-B1) was an important cytokine in RC
which involved several biological mechanisms, including
being a chemoattractant for fibroblast that synthesizes
the extracellular matrix and collagen in tissue repair and
angiogenesis processes. The results in this study disagreed
with some previous studies which suggested that chronic
inflammation may destroy the structure and arrangement
of collagen fibers resulting in greenish-yellow polarizing
color found in RCs.???% It can be seen that the roles of
inflammation in CNT of RC are not clearly understood
and are required further investigation.

The predominant polarization color of collagen
fibers in DC was orange-red (90.0% cases, mean LI
score of 1.90+0.44), which was in line with previous
studies.”"!%20-2 The orange-red birefringence of collagen
fibers observed in DC is considered to be the mature,
coarsely packed collagen suggesting less aggressive
behavior and long-standing nature of the DC.?2-2%

OKC is still a controversy of OC that has been re-clas-
sified the terminology between cyst and tumor in recent
decades.®” This study found that the predominant color
of collagen fibers in CNT of OKC was also orange-red

(60.0% samples, mean LI score of 2.03+£0.93). These
results were in accordance with the studies of Aggarwal
et al.*® and Jahagirdar er al.>® However, they disagreed
with several previous researches which reported that the
color of collagen fibers in OKC was greenish-yellow
birefringence.(6’7’18’19’24’25) Recently (2017), the WHO
has categorized the OKC as non-neoplastic cystic lesion
regarding to its response to marsupialization followed
by enucleation technique.®?®) Moreover, Portes et al.?”
reported that no statistically significant difference was
observed in the Ki-67 (proliferation marker) immuno-
expression and immunostaining intensity between DC
and OKC using automated method, suggesting that they
belonged to the same developmental cystic lesion.?”) This
finding could be an evidence supporting that OKC might
be regarded as a cystic lesion rather than neoplasm.

To the best of our knowledge, this work is the first
study determining the packing nature of the collagen in
CNT of the COCs. The results demonstrated that the
predominance of greenish-yellow color, which origi-
nates from loosely packed, pathological collagen fibers,
was found in 50.0% of COC samples (mean LI score of
1.40+0.59). Due to the lower mean LI score compared
to other OCs, despite insignificance, the mesenchy-
mal composition of COC might differ from other OCs.
Although, in 2017, the WHO has reclassified COC as a
cystic lesion, there has been disagreement regarding its
concept and terminology for several years.>>) Previous
studies reported that the major polarization color of solid
multicystic and unicystic ameloblastoma was greenish

yellow 425

, which was similar to the major areas of
COC samples presented in this study. Moreover, it is

widely accepted that the genetic alteration involving COC
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is B-catenin mutation, which will be the basis of tumori-
genesis in COC.®® Thus, the finding is this work might
further support that some of COCs might be categorized
as a cystic neoplasm rather than a cyst lesion.

Again, this research is the first study that investi-
gates the association between nature of collagen fibers
and various clinicopathological variables including sex,
age, location, size, and histology (for OKC). The results
demonstrated that there was no significant correlation
between nature of collagen fibers and these clinicopatho-
logical data. This might be attributable to the small sample
size in this study.

Finally, the main limitation of this study is the small
sample size. Future studies with larger sample sizes (at
least 20 samples for each OCs) and the use of molecular
biology technique are required to verify the results in this
study. Moreover, in-depth study of the effect of mesen-
chymal component in the pathogenesis of odontogenic

lesions is needed.

Conclusions

The use of PSR staining with polarizing microscopy
proved to be an effective method to evaluate the nature
of the collagen fibers in different OCs. Determination of
the collagen fibers in OCs could provide the biological
behaviors of the lesions leading to the precise treatment
planning. Based on the frequency of polarization colors
and mean LI of the lesions, a predominant orange-red
birefringence was observed in the majority cases of RC,
DC, and OKC, whereas a greenish-yellow birefringence
was found in most areas of COC samples, which might re-
flect the cystic neoplasm behavior of some COCs. Further
studies using molecular biology are needed to confirm the

roles of CNT in pathogenesis of these lesions.
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