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Abstract:
Background: Myofibroblasts (MF) are fibroblasts having features 
like smooth muscle. Characteristic of this MF is the presence of 
a contractile apparatus. The transforming growth factor beta 1 
(TGF-β1) has an important role in the conversion of fibroblasts in to 
MF and their maturation is due to platelet-derived growth factor. Some 
neoplastic epithelial cysts and tumors have a property to progress in to 
the aggressive lesion. Stromal MF is responsible for their aggressiveness 
and biological behavior. So, aim of the present study is to assess and 
compare immunohistochemically the frequency of stromal MF in 
different odontogenic cysts mainly Odontogenic keratocysts (OKC), 
Dentigerous cysts (DCs) and Radicular cysts (RCs).
Materials and Methods: Immunohistochemical assessment of 
stromal MF was done on 45 cases, 15 cases of OKCs, DC, and RC, 
respectively. Frequency of MF was find out as a number of alpha 
smooth muscle actin (α-SMA) positive stromal cells in 10 high 
power fields. Cases of oral squamous cell carcinoma (OSCC, n = 5) 
was serve as a control.
Results: OKC had the highest mean number of α-SMA positive 
cells per field (26.8 ± 5.193) followed by DC (14.2 ± 3.493) while 
RC had the lowest cells (12.5 ± 3.155). The OSCC which used as 
a control showed the highest number of α-SMA positive cells per 
field (28.6 ± 3.050).
Conclusion: The Present study showed that the stroma is not only 
responsible for the support and the maintenance of the epithelial 
tissue but also play a major role in the aggressive behavior of the 
lesion. OKC contains numerous MF in their stroma, which is similar 
with that found in cases of OSCC representative of its aggressive 
behavior and increased chances toward recurrence.

Key  Words: Dentigerous cyst, myofibroblast, odontogenic 
keratocyst, radicular cyst, transforming growth factor beta 1

Introduction
Myofibroblasts (MF) are fibroblasts having features like a 
smooth muscle. Characteristic of this MF is the presence of 
a contractile apparatus.1,2 Transdifferentiation of fibroblasts 
into MF is occurs due to transforming growth factor beta 1 
(TGF-β1) cytokine and their maturation is done by platelet-
derived growth factor (PDGF).1-3 Vascular smooth muscle 
cells possess alpha smooth muscle actin (α-SMA), which is the 
actin isoform expressed by MF and coordinately regulated by 
TGF-β1. Synthesis of extracellular matrix (ECM) and force 
generation are the roles of MF due to which tissue contraction 
and ECM reorganization takes place during wound healing.1,2 
At least three local events are needed to generate α-SMA 
positive differentiated MF: (1) Accumulation of biologically 
active TGF-β1. (2) Presence of specialized ECM proteins 
like the ED-A splice variant of fibronectin and (3) High 
extracellular stress, arising from the mechanical properties of 
the ECM and cell remodeling activity.4

MF are found in normal conditions, as well as pathological 
conditions.1 Pathological conditions of oral mucosa and jaw 
bones which shows presence of MF are nodular fascitis, giant 
cell fibroma, peripheral giant cell granuloma and cyclosporine-a 
induced gingival hyperplasia.1

MF is present in the stroma reaction of epithelial tumors 
and may promote the progression of cancer invasion. The 
tumor promoting effect of MF is based on the direct cytokine 
stimulation of cancer cells, maintenance of vascularity and on 
their capacity to produce enzymes which degrade molecules 
like lysyl oxidase which enhance the structral integrity of 
matrix.5

Due to stromal MF progression of some neoplastic epithelial 
cysts and tumors takes place.1 There are many epithelial 
associated factors are responsible for the aggressive biological 
behavior of the odontogenic epithelium, but non-epithelial 
factors also helps in biological behavior of different types 
of odontogenic cysts and tumors.6 Very few studies were 
conducted based on this phenomenon. The coordinated 
activity of epithelial cells with their stroma is fundamental 
in controlling growth and differentiation in normal and 
pathological situations is now well-accepted.6
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The presence of MF in epithelial odontogenic cyst has not been 
thoroughly investigated. So, the present study was carried out 
to evaluate immunohistochemically the frequency of stromal 
MF within different odontogenic cysts mainly odontogenic 
keratocysts (OKCs), dentigerous cysts (DCs) and radicular 
cysts (RCs).

Materials and Methods
Study cases
Formalin-fixed, paraffin-embedded blocks from cases of 
odontogenic cysts, were retrieved from the files of the 
Department of Oral and Maxillofacial Pathology. These 
included: 15 cases of OKC-parakeratinized type from non-
syndromic patients (OKC-P), DC and RC respectively. Five 
cases of oral squamous cell carcinoma (OSCC) served as 
control. Diagnoses were done on the basis of WHO criteria 
for odontogenic cysts by the help of Hematoxylin and Eosin 
stained slide.

Staining procedure
Fresh sections were cut at 3 µ thickness. Immunohistochemically 
staining was done using the α-SMA antibody. On positive 
charged slides sections were mounted. Dewaxing was done in 
xylene and then in ethanol, sections were dehydrated. Distilled 
water was used for rinsing followed by sections were placed in 
3% H2O2 for 10 min and then again rinsed in distilled water for 
15 min. After that slides were placed in citrate buffer solution, 
pH = 6, in a microwave at 92°C for 10 min for antigen retrieval. 
Then slides were allowed to cool at room temperature for 
20 min then for antibody detection slides were exposed to 
primary α-SMA.

Evaluation of α-SMA stained sections
Randomly representative fields were selected and seen under 
high power. Grid, which contains 25 squares, was used for 
counting the cells. Ten fields were chosen for each section, 
immediately beneath the cystic epithelial lining grid was 
focused. For OSCC grid was placed immediately adjacent to 
tumor island, cords, and nests. Each α-SMA positive cell was 
counted, excluding those surrounding blood vessels and the 
total number of positive cells for all 10 examined fields per case 
was calculated. Results were presented as the mean number of 
α-SMA positive cells per field for each type of cysts.

Statistical analysis
Differences in the mean number of α-SMA positive cells per 
field among all types of lesions and comparision among the 
group of odontogenic cysts were analyzed using one-way 
ANOVA test. Statistical significance was at P < 0.05.

Results
The mean number was counted for α-SMA positive cells 
per field in all cases of OKC, DC, RC and OSCC (Table 1). 
Among the cysts OKC had the highest mean number of 
α-SMA positive cells per field (26.8 ± 5.193) followed by DC 

(14.2 ± 3.493), while RC had the lowest cells (12.5 ± 3.155). 
The OSCC which used as a control showed the highest number 
of α-SMA positive cells per field (28.6 ± 3.050). Beneath and 
parallel to the basement membrane of these cystic lesions 
spindle cells showing fine α-SMA-positivity were located 
(Figures 1-3). While for OSCC spindle cells surrounding the 
tumor island, cord and nest were considered (Figure 4). Some 

Table 1: Mean number of α‑SMA positive cells per high power 
field (±SD) in odontogenic cysts and OSCC.

Odontogenic cysts and OSCC MEAN α‑SMA/HPF (±SD)
OKCs 26.8±5.193
DCs 14.2±3.493
RCs 12.5±3.155
SCC 28.6±3.050

SD: Standard deviation, OKCs: Odontogenic keratocysts, DCs: Dentigerous cysts, 
RCs: Radicular cysts, SCC: Squamous cell carcinoma, OSCC: Oral squamous cell carcinoma, 
α-SMA: Alpha smooth muscle actin, HPF: High power field

Figure 1: Photomicrograph showing myofibroblast due 
to alpha-smooth muscle actin expression in odontogenic 
keratocysts just beneath the cystic lining in the connective 
tissue wall (IHC stain, ×400).

Figure 2: Photomicrograph showing myofibroblast due to 
alpha-smooth muscle actin expression in dentigerous cyst just 
beneath the cystic lining in the connective tissue wall (IHC 
stain, ×400).
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small aggregates and short bundles of similar spindle cells were 
found within fibrous wall especially in OKC. Positive control 
for the specificity of the stain was considered to those α-SMA 
positive cells which surrounds the blood vessel.

The statistical analysis was done by using one way ANNOVA 
which gave ‘P’ value when the comparison was done between 
all cysta and OSCC. For OKC ‘P’ value was 0.2607 and for 
DC and RC ‘P’ value was 0.0001, respectively. There was 
no statistically significant difference in mean number of cells 
of OKC and OSCC while there was statistically significant 

difference in mean number of cells of DC and OSCC and RC 
and OSCC (Table 2).

Discussion
Same sources of odontogenic epithelium share by odontogenic 
cysts and tumors while different degrees of aggressiveness 
they exhibit in their biological behavior. This discrepancy has 
been attributed to differences in the specific features that the 
epithelial component acquires during lesion development. 
Many epithelial-associated factors are implicated in the relative 
aggressive biological behavior of the odontogenic epithelium 
that includes increased proliferative potential as reflected by 
various proliferative markers.1 OKC is an aggressive lesion 
with a variable biological behavior if it not adequately removed 
has chances of recurrence. The recurrence rate ranging from 
3 to 60%.6 The proliferative activity of the lining epithelium of 
OKC has been the subject of various investigations with the 
expression of p53, Ki67 and proliferating cell nuclear antigen 
(PCNA). These markers showed highest expression in OKC 
than in other types of cyst and due to this high proliferation 
index of OKC, it should be considered as benign tumor.7 While 
DC and RC were not having that much of recurrence rate and 
less proliferation index, so considered as a non-aggressive 
lesions.1,8

Many studies were conducted which demonstrates epithelial 
factors; only a few studies have investigated non-epithelial 
factors that could contribute to the variable biological behavior 
of the different types of odontogenic cysts. One of the study, 
which considered non-epithelial factor like collagen in walls 
of OKC, which studied histochemically by using picrosirius 
red and stained section were examined under a polarized 
microscope.9 Results found out that collagen fibers staining in 
OKC was similar to that previously reported in the odontogenic 
neoplasm.10 This indicates that stroma of OKC not just give 
structural support to the cyst wall but also play a part in 
neoplastic behavior.9

In general, stromal reaction to epithelial neoplasm is marked 
by the appearance of MFs. Literature says, a positive link can 
be suggested—when more MF is present in the stroma, a 
more aggressive behavior of the lesion can be anticipated.3,11 
Emergence of MF is because of PDGF and TGF-β1 which 
are released by neoplastic cells at a proinvasive state. TGF-β1 
is strongly chemotactic for fibroblast even at extremely small 
concentration. During migration toward the cancer cells that 

Table 2: Comparison among the group of odontogenic cysts were analyzed using one‑way ANOVA test.
Pair ‘t’ value ‘P’ value Degree of freedom Significant difference Remark
OKC and OSCC 0.6673 0.2607 9 Not significant There is no significant difference in mean 

number of cells of OKC and OSCC
DC and OSCC 6.944 0.0001 8 Significant There is significant difference in mean 

number of cells of DC and OSCC
RC and OSCC 8.793 0.0001 10 Significant There is significant difference in mean 

number of cells of RC and OSCC
OKCs: Odontogenic keratocysts, DCs: Dentigerous cysts, RCs: Radicular cysts, OSCC: Oral squamous cell carcinoma

Figure 3: Photomicrograph showing myofibroblast due to 
alpha-smooth muscle actin expression in the radicular cyst in 
the connective tissue wall (IHC stain, ×400).

Figure 4: Photomicrograph showing myofibroblast due to 
alpha-smooth muscle actin expression in oral squamous cell 
carcinoma surrounds the tumor island within connective tissue 
(IHC stain, ×400).
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secrete TGF-β1, fibroblasts encounter higher concentrations 
of TGF-β1, leading to their transdifferentiation into MF. 
This in turn, produces numerous molecules, growth and 
angiogenic factors, ECM components, and proteinases that 
together promote invasion and growth of neoplastic epithelial 
cells.3

In the present study, which evaluated quantitatively odontogenic 
cysts, has provided the findings that the stroma of these lesions 
harbor MF as reflected by α-SMA positive cells. Furthermore, 
it has been clearly shown that the mean number of MF, in 
the well-recognized aggressive odontogenic cyst (OKC), was 
high and did not differ significantly from that in OSCC. In 
contrast, known non-aggressive lesions (DC and RC) showed 
significantly lower results compared OKC.

Hence, present study showed the result that, increased 
expression of TGF-b1 was found in the epithelium of cysts 
mainly OKC12 and to a lesser extend in DC and RC similar to 
that described in the stroma of carcinomas including that of the 
oral cavity.13,14 These findings further provide an explanation to 
the increased frequency of MF in cases of OKC and to a lesser 
extend in DC and RC.

Conclusion
Hence, based on the present and previous studies, stroma is 
not only responsible for the support and the maintenance of 
the epithelial tissue but also play a major role in the aggressive 
behavior of the lesion. Odontogenic cyst with a high aggressive 
biological behavior, such as OKC, contains numerous MF in 
their stroma, which is similar with that found in cases of OSCC. 
So, OKC which is a developmental odontogenic cyst should 
consider as a tumor because of its aggressive behavior and 
named as Keratocystic odontogenic tumor.15

After surgical treatment, functional and aesthetic damage 
could be the complications of these extensive and aggressive 
odontogenic cysts. So, it is recommended to evaluate the 
stroma of these lesions for the frequency of MF and when 
abundant, there are certain anti-MF drugs3,16 and therapeutic 
agents is used which have ability reduce the extent of lesions 
prior to surgery.
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