ORIGINAL RESEARCH

Epithelial and Stromal Syndecan-1 roles on the
biological behavior of Dentigerous cyst, Ameloblastoma
and Ameloblastic Carcinoma.
Shaza Ismail Ahmed Hasan, Sherief Youssef Mohamed El Nagdy, Mona Mohsen Abdo Ibrahim

Abstract
Background: Dentigerous cyst diagnosis is simple but several case reports have documented neoplastic changes arising from
them. Ameloblastoma is a common benign Odontogenic tumor with an aggressive manner and a high rate of recurrence.
Ameloblastic Carcinoma is the malignant counterpart of Ameloblastoma but usually difficult to be distinguished from each
other’s. Hence, need for Immunohistochemical markers may help achievement of accurate diagnosis.
Objectives: Evaluation of Epithelial and Stromal Syn1 expressions and their roles in tumorigenesis and biological behavior of
Dentigerous cyst, Ameloblastoma and Ameloblastic Carcinoma.
Methods: Tissue samples comprising of 54 archived histopathologically confirmed cases of (10 Dentigerous cysts, 29
Ameloblastomas and 15 Ameloblastic Carcinoma). The sections were subjected to Immunohistochemical staining according to
a standard protocol using antibody to Syn1.
Results: Stromal Syn1 expression was higher in Desmolpastic Ameloblastoma than other Conventional Ameloblastoma
subtypes. Unicystic Ameloblastoma showed higher Stromal Syn1 than Dentigerous cyst. Ameloblastic Carcinoma showed the
highest immune-reactivity to Stromal Syn1 than Conventional Ameloblastoma. While, Epithelial Syn1 immune-reactivity was
weak.
Conclusions: Desmoplastic Ameloblastoma behaves in a more aggressive manner than other subtypes.Stromal Syn1 are
highly expressed in aggressive and malignant odontogenic tumors and could be used together as prognostic predictor tool for
odontogenic tumors.
Keywords: Odontogenic tumors, Dentigerous cyst, Ameloblastoma, Ameloblastic Carcinoma Immunohistochemistry,
Syndecan-1.
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Introduction
Odontogenic lesions are common; some of them represent
hamartomas. While, others represent neoplasms with variable
levels of aggressiveness and tendency to metastasize.1
Dentigerous cyst (DC) is often asymptomatic and discovered
on routine dental x-ray.2 Previous studies reported a neoplastic
transformation of DC into Unicystic Ameloblastoma (UAB) or
conventional AB. 3–5 Hence, DCs histopathological diagnosis is
critical.2
Ameloblastoma (AB) is a common benign odontogenic tumor
(OT). It is has a local aggressive manner and high recurrence rate,
and a considerable liability for malignancy changes as well as
metastasis.6,7 Ameloblastic Carcinoma (AC) is a rare aggressive
malignant OT. It shows cytological atypia of the epithelial
components within the benign histological features of AB even in
the absence of metastasis.8,9
Syndecan-1 (Syn1) is a transmembrane proteoglycan that is
expressed in epithelial and stromal cells, and has a significant
role in the biological processes, such as cell to cell and cell to
extracellular matrix (ECM) adhesion.10 Syn1 expression is often
altered in human tumors; it might be either tumor initiator
or tumor suppressor in the same tumor type, as in colorectal
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Cancer and prostate cancer.11-14 Stromal expression and loss of
epithelial Syn1 expression is a sign for poor prognosis.15 Similar
Studies on its expression in OTs is limited and its actual role in
the pathogenesis and biology of these tumors remains unknown.
Aim Of The Study: Evaluation of Epithelial and Stromal Syn1
expression and its roles on the biological behavior of DC, AB and
AC.

© The Author(s). 2022 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc-sa/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source,provide a link to the Creative Commons license and indicate if changes were made. If you remix, transform, or build upon the
material, you must distribute your contributions under the same license as the original. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Epithelial and Stromal Syndecan-1 roles on the biological behavior of Dentigerous cyst, Ameloblastoma and Ameloblastic Carcinoma.

Material and Methods
This study was retrospectively applied on 54 paraffin embedded
tissue samples that were collected from archives of oral pathology
labs, Dentistry Faculties; Mansoura and Alexandria Universities.
Tooth germ tissues were used as a normal tissue control, and Tonsil
tissues were used as a positive control. This Study was approved
by the local Ethics Committee in Research, faculty of Dentistry,
Mansoura University (Code Number A04260219).
A. Immunohistochemical markers:
“Universal Kit: Power Stain TM 1.0 Poly HRP DAB Kit for Mouse
+ Rabbit. Syndecan-1 / CD138 [EP201] antibody (AN837-5M;
BioGenex, USA); Primary Rabbit Monoclonal antibody (ready to
use).”
B. Methods:
Clinical and radio-graphical data were collected from the
patient´s files when available. Two serial tissue sections (4μm
thickness) were cut (one section for H and E to confirm the diagnosis
according to the current WHO Histopathological Classification of
OTs16 and one section was mounted on positive charged coated
slide for Immunohistochemical (IHC) evaluation of Syn1 antibody
according to manufacturer’s instructions).
Deparaffinization and rehydration of slides in xylene and
alcohol respectively. Slides were immersed in buffered citrate
PH6 (10 minutes), heated, blocked (30 minutes) with 1.5% Santa
Cruz Biotechnology. Incubation of primary antibody at room
temperature (45 minutes). 1:2 drops of anti- Syn1 was used, Slides

were washed twice with PBS, then were treated with 4-5 drops of
Ultra Vision biotinylated goat anti-polyvalent secondary antibody
(10 minutes), rewashed in PBS (3 minutes). Then were treated
with streptavidin–biotin enzyme (DAKO, Denmark) (10 minutes),
rewashed in PBS (3 minutes). Application of 3.3- Diaminobenzidine
tetrahydrochloride (DAB) drops as a chromogen, then washed
with PBS (3 minutes). Slides were counterstained with Mayers
hematoxyline and mounted using xylene-based mounting medium
(3 minutes). Positive brown deposits were detected.
Evaluation was done at two different levels: epithelial
(Syn1E) and stromal (Syn1S); according to the stained cells. Slides
were examined under a light microscope; five selected nonoverlapping fields were evaluated at 400X magnification. Dark
brown cytoplasmic and/or membranous staining of the tumor cells
was considered positive. The staining intensity was evaluated as
following: Negative, Weak, Intermediate, and Strong. Percentage
was semi-quantitatively scored using four grades scoring; (0)
Negative expression = 0% positive cells, (1) Low expression = 1–10%
positive cells, (2) Moderate expression = 11–50% positive cells, and
(3) High expression = >50% positive cells. The cases were evaluated
at two different levels: Epithelial (Syn1E) and Stromal (Syn1S)17,18
C. Statistical analysis:
Statistical analysis was performed using program of SPSS 16, IBM
Corporation. Kruskal Wallis test and Mann Whitney test were used
to compare groups of non-parametric data, Spearman's correlation
coefficient test was used correlating different parameters, and A P
value <0.05 was considered statistically significant.

A

Conv. AB Subtypes

Table 1: Syn1E and Syn1S Expression and Intensity as regard to (Conventional AB subtypes), (Unicystic ameloblastoma and DC) and
(Conventional AB and Ameloblastic Carcinoma):
Syn1E Expression

Syn1E Intensity

Syn1S Expression

Syn1S Intensity

Mean
Rank

Mean
Rank

Mean
Rank

Mean
Rank

Follicular

11.06

Acanthomatous

11.50

P

P

10.44

10.56

14.00
0.10

P

9.33

14.50
0.07

13.67
0.06

0.12

Desmoplastic

3.17

9.50

17.50

16.00

Plexiform

11.50

11.33

4.00

7.00

UAB

9.27

B

8.32
0.3

DC

11.90

Conv.AB

25.59

C

12.75

16.53

0.02*
8.00

19.76
0.07

17.87

13.00
.005**

7.00

24.90
0.02

AC

14.00
0.06

20.34
0.04

27.80

P

0.09
26.67

A-Test Used: Kruskal Wallis.
B &C- Test Used: Mann-Whitney test.
P: significant <0.05.
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Results
The studied 54 cases were histologically classified into10 DC
(Fig.1A), 10 UAB (Fig.1B), 19 Conventional AB (Fig.1C), and 15 AC
(Fig.1D). Conventional AB showed 4 different histological subtypes
as the following percentages; 8 Follicular (42.10%), 6 Plexiform
(31.50 %), 3 Desmoplastic (15.7%) and 2 Acanthomatous (10.5%).
Ameloblastic Carcinoma cases were histologically formed
of benign ameloblastomatous components which was invaded
with malignant features like; loss of normal cellular architecture,
excessive hemorrhage, cellular atypia, mitotic activity, nuclear
hyper chromatism, basilar hyperplasia, vascular invasion, clear cells
and focal areas of necrosis.
All the studied DC cases showed positive Syn1E immune
reaction that appeared along the cell membranes together with
little or no cytoplasmic staining. But, Syn1S was detected in 40%
(n=4) of cases and appeared in the cytoplasm of stromal fibroblasts
and some inflammatory cells (Fig 2A).
Syn1E expression was detected in 89.74% (n=17) of the 19
studied Conventional AB cases and in 90% (n=9) out of the 10
studied UAB cases. While, Syn1S expression was detected in 94.73%
(n=18) of Conventional AB cases and in 90% (n=9) of UAB cases. In
UAB, the expression of Syn1E was noticed in the membrane and/
or the cytoplasm of the neoplastic cystic epithelial cells, in the
intraluminal projections and in the tumor islands contained within
the cyst wall. In addition, Syn1S expression was found in the stroma
close to the epithelial neoplastic cells). (Fig. 2B).

A

C

In Conventional AB, Syn1E was mainly expressed in the
cytoplasm and/or membranes of the tumor epithelial cells. The
highest expression was detected in basal and suprabasal cells with
weak positivity in the central areas. Moreover, Syn1S expression
exhibited the same pattern as was in UAB cases. (Fig.2C). In AC
expression was membranous and/or cytoplasmic. It was observed
in the tumor epithelial cells except in undifferentiated areas where
the expression was weak or lost. Furthermore, Syn1S was expressed
in all of the studied AC cases (Fig.2D).
Statistical analysis revealed that Desmoplastic AB had the
lowest levels of Syn1E, and the highest levels of Syn1S than other
subtypes without significant difference (Table1A). Moreover, high
Syn1E levels in DC than UAB with no significant differences (Table
1B), and was higher in AC than Conventional AB with significant
difference in the expression (Table 1C). Syn1S levels were higher in
UAB than DC with statistical significant differences (Table1B), and
in (AC than Conventional AB) with significant differences in the
expression (Table 1C). No correlation was found between Syn1E
and syn1S expression and intensity either in DC, AB or AC (r=0.08,
0.21 & 0.09) respectively without significant differences (p = 0.53,
0.11 & 0.31) respectively.

Discussion
Odontogenic tumors originate from the tissues of tooth
forming apparatus due to altered degrees of inter tissue interaction
and various growth patterns.19 Neoplastic transformations from
DC have been documented in several case reports; so, submitting
B

D

Fig 1: (A) Dentigerous cyst showing thick epithelial cystic lining and dense fibrous CT (H and E, 200X). (B) Mural variant of UAB.
(C) Desmoplastic Ameloblastoma case showing, islands of odontogenic epithelium with variable shapes and sizes that proliferates within a
highly collagenous stroma (H and E, 100X). (D) Ameloblastic carcinoma case showing; area of Stromal necrosis, angiogenesis and hyperplasia
(Hand E, 400X).
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samples for pathology examination even when cysts exist clinically
as a conventional DC is required.20 Clinically and radiographically,
AB and AC are similar, but AC can be expected if there are more
uncommon aggressive features.21
Syn1 has a role in cellular proliferation, passage, and cell to ECM
interactions.22 Epithelial Mesenchymal Interaction (EMI) for cancer
cells increase cellular motility, which helps tumor cells to spread.23
Syn1 is expressed predominantly in epithelial cells and has a
significant role in maintaining their nature and morphology. Loss
Syn1 induces cells to acquire a fibroblast like phenotype.24 Stromal
expression of Syn1 and loss of epithelial expression is considered as
an indicator for poor prognosis.15 Epithelial and Stromal syn1 were
evaluated separately previously in different types of tumors25–27.
But, similar studies on OTs are still so limited.
According to our findings, the lining epithelium of DCs revealed
a high membranous Syn1E expression with little or no cytoplasmic
staining when compared with UAB without significant difference.
While, Syn1S showed higher levels in UAB than was in DC; this could
be due to the non-invasive nature of DCs when compared to UAB.
Similar observations were reported by Al-Otaibi et al., 2013 and
Hammad et al., 2020,17,28 who found Syn1 in the epithelial lining of
DC and Odontogenic Keratocyst (OKC), and explained lower Syn1

expression in OKC compared with DC might be related to the local
aggressiveness and high potential rate for recurrence of OKC when
compared with clinical behavior of DCs.
According to the findings of this study, Syn1E was generally
expressed in the peripheral epithelial cells of AB, with a weak
reactivity in the center. This may refer to the active proliferating
nature of the peripheral cells which helps the tumor to increase
in size. Also in AC, Syn1E was expressed in most parts except in
less differentiated areas, where the expression was diminished
or absent. Martínez et al., 201729 found the same pattern of Syn1
expression in AB and AC. In the current work, AB showed higher
levels of Syn1E expression and intensity than was in AC. This was
supported by Urvashi et al., 2019 and Carreón et al., 201830,31
findings who related the decrease of Syn1E expression to increase
tumor progression and more invasive manner.
Ahmed Haji., 201327 suggested that Syn1 may have a role in
tumor stroma of some neoplasms. In the current research, Syn1S
expression and intensity showed higher levels in AC than AB.
Hence, the increase of Syn1S expression in AC than in AB could
be suggestive for greater invasive and more destructive biological
behavior. This was supported by the findings of a previous study on
AB31 which related high Syn1S expression to cell invasion, tumor

B

A

C

D

Fig. 2: (A) Dentigerous cyst case showing; membranous and cytoplasmic immuone positivity to Syn1E in the cyst lining epithelium and low
Syn1S expression in the cytoplasm of fibroblasts in the CT (Syn1, PAP-DAB, 200X). (B) Unicytic- L/I Ameloblastoma showing the expression of
Syn1 restricted to the lumial and intaluminal cystic epithelial contents with negative stromal reaction in the cyst wall (Syn1, PAP-DAB,100X).
(C) Follicular Ameloblastoma with Strong diffuse membranous and cytoplasmic Syn1 expression (Syn1, PAP-DAB, 100X). (D) Ameloblastic
Carcinoma cases showing: Diffuse cytoplasmic expression of Syn1 in the epithelium and CT (Syn1, PAP-DAB, 100X).
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progression, and metastasis.
The current work has evaluated the expression of Epithelial
and Stromal Syn1 markers according to the histological patterns
of Conventional AB; we found that the Desmoplastic subtype
of Conventional AB had the highest levels of Syn1S expressions
than the other subtypes without significant differences. Moreover,
it had the lowest levels of Syn1E. These findings could be due to
the more aggressive nature of the Desmoplastic type as was
mentioned by Zhi-Jun et al., 2009.32 However, the published data
about Conventional AB subtypes regarding to the proliferative
and invasiveness indexes still very controversial. No correlations
were detected between epithelial and stromal Syn1in DC, AB, or
AC. From this context, epithelial and stromal Syn1 may act as two
separate entities and better to be evaluated individually in future
studies on OTs. These findings were supported by the findings
of Alaeddini et al., 201926 who found no association between the
expression of stromal and epithelial Syn1 in Salivary Gland Tumors.

13.

14.

15.
16.
17.

18.

Conclusion

19.

Syn1S is highly expressed in ameloblastic carcinoma than
ameloblastoma so, it can be used to differentiate ameloblastic
carcinoma from aggressive ameloblastoma. Desmoplastic
ameloblastoma is the most aggressive than other subtypes.
Epethelial and Stromal Syn1 are acting as two separate entities.

20.

References
1.

Bologna-Molina R, Salazar-Rodríguez S, Bedoya-Borella AM,
Carreón-Burciaga RG, Tapia-Repetto G, Molina-Frechero N.
A Histopathological and Immunohistochemical Analysis of
Ameloblastic Fibrodentinoma. Case Rep Pathol. 2013;2013:1–7.
2. Satya Bhushan NV V, Rao NM, Navatha M, Kiran Kumar B.
Ameloblastoma arising from A dentigerous cyst- A case report. J
Clin Diagnostic Res. 2014;8(5):23–5.
3. Junior R, Silva PD, Abiati WS, Kawakami RP, Silva D. Neoplastic
Transformation of Odontogenic Cyst. Clin Res Infect Dis.
2016;3(1):1022.
4. Moosvi Z, Tayaar SA, Kumar GS. Neoplastic potential of odontogenic
cysts. Contemp Clin Dent. 2011 Apr;2(2):106–9.
5. Nimonkar PV, Nimonkar SV, Mandlekar GP, Borle RM, Gadbail AR.
Ameloblastoma arising in a dentigerous cyst: Report of three cases.
J Oral Maxillofac Surgery, Med Pathol. 2014 Apr;26(2):233–7.
6. Effiom OA, Ogundana OM, Akinshipo AO, Akintoye SO.
Ameloblastoma:
current
etiopathological
concepts
and
management. Oral Dis. 2018;24(3):307–16.
7. Bassey GO, Osunde OD, Anyanechi CE. Maxillofacial tumors and
tumor-like lesions in a Nigerian teaching hospital: an eleven year
retrospective analysis. Afr Health Sci. 2014 Mar;14(1):56–63.
8. Singha S. Ameloblastic Carcinoma - Secondary Type, A Rare Case
Report and Distinction from Malignant Ameloblastoma. J Head
Neck Spine Surg. 2018;2(1):12–5.
9. Kumar A, Verma A, Baduni A, Kaur N. Ameloblastoma and its
Malignant Transformation: Treatment Ladder, Related Syndromes
and Controversies. Vol. 4, International Journal of Contemporary
Medical Research ISSN. Online; 2015.
10. Binder Gallimidi A, Nussbaum G, Hermano E, Weizman B, Meirovitz
A, Vlodavsky I, et al. Syndecan-1 deficiency promotes tumor growth
in a murine model of colitis-induced colon carcinoma. Karhausen J,
editor. PLoS One. 2017 Mar 28;12(3):e0174343.
11. Kim SY, Choi EJ, Yun JA, Jung ES, Oh ST, Kim JG, et al. Syndecan-1
expression is associated with tumor size and EGFR expression in
colorectal carcinoma: a clinicopathological study of 230 cases. Int J
Med Sci. 2015;12(2):92–9.
12. Hashimoto Y, Skacel M, Adams JC. Association of loss of epithelial
syndecan-1 with stage and local metastasis of colorectal

10

21.
22.
23.
24.
25.

26.

27.

28.
29.

30.
31.

32.

adenocarcinomas: an immunohistochemical study of clinically
annotated tumors. BMC Cancer. 2008 Jun 30;8:185.
Poblete CE, Fulla J, Gallardo M, Muñoz V, Castellón EA, Gallegos
I, et al. Increased SNAIL expression and low syndecan levels are
associated with high Gleason grade in prostate cancer. Int J Oncol.
2014 Mar;44(3):647–54.
Shimada K, Anai S, Fujii T, Tanaka N, Fujimoto K, Konishi N.
Syndecan-1 (CD138) contributes to prostate cancer progression by
stabilizing tumour-initiating cells. J Pathol. 2013 Dec;231(4):495–
504.
Couchman JR. Syndecan-1 (CD138), Carcinomas and EMT. Int J Mol
Sci. 2021;22:4227.
Soluk-Tekkeşin M, Wright JM. The world health organization
classification of odontogenic lesions: A summary of the changes of
the 2017 (4th) edition. Turk Patoloji Derg. 2018;34(1):1–18.
Al-Otaibi O, Khounganian R, Anil S, Rajendran R. Syndecan-1 (CD
138) surface expression marks cell type and differentiation in
ameloblastoma, keratocystic odontogenic tumor, and dentigerous
cyst. J Oral Pathol Med. 2013;42(2):186–93.
Etemad-Moghadam S, Alaeddini M. A comparative study of
syndecan-1 expression in different odontogenic tumors. J Oral Biol
Craniofacial Res. 2017;7(1):23–6.
Población U, Rayssa B, Cavalcante M, Moan; , Fernandes Costa J,
Sousa E Silva N, et al. Epithelial Odontogenic Tumors: Analysis of 156
Cases in a Brazilian Population Tumores Odontogénicos Epiteliales:
Análisis de 156 Casos en. Vol. 10, Int. J. Odontostomat. 2016.
Kalburge J, Latti B, Kalburge V, Kulkarni M. Neoplasms associated
with dentigerous cyst: An insight into pathogenesis and
clinicopathologic features. Arch Med Heal Sci. 2015;3(2):309–13.
Pandey S, Bhutia O, Roychoudhury A, Arora A, Bhatt K. Literature
review of 86 cases of mandibular ameloblastic carcinoma. Natl J
Maxillofac Surg. 2018;9(1):2.
Stepp MA, Pal-Ghosh S, Tadvalkar G, Pajoohesh-Ganji A. Syndecan-1
and Its Expanding List of Contacts. Adv Wound Care. 2015 Apr
1;4(4):235–49.
Dudás J, Ladányi A, Ingruber J, Steinbichler TB, Riechelmann H.
cells Epithelial to Mesenchymal Transition: A Mechanism that Fuels
Cancer Radio/Chemoresistance.
Xian X, Gopal S, Couchman JR. Syndecans as receptors and organizers
of the extracellular matrix. Cell Tissue Res. 2010 Jan;339(1):31–46.
Su G, Blaine SA, Qiao D, Friedl A. Membrane Type 1 Matrix
Metalloproteinase-Mediated Stromal Syndecan-1 Shedding
Stimulates Breast Carcinoma Cell Proliferation. Cancer Res. 2008 Nov
15;68(22):9558–65.
Alaeddini M, Yazdani F, Etemad-Moghadam S. Stromal and
epithelial syndecan-1 expression in benign and malignant
salivary gland tumors: which is more reflective of behavior? Braz J
Otorhinolaryngol. 2019;
Ahmed Haji Omar A, Haglund C, Virolainen S, Häyry V, Atula T, Kontio
R, et al. Epithelial and stromal syndecan-1 and -2 are distinctly
expressed in oral- and cutaneous squamous cell carcinomas. J Oral
Pathol Med. 2013 May;42(5):389–95.
Hammad HM, Nagrash OM, Safadi RA. Maspin, Syndecan-1, and
Ki-67 in the Odontogenic Keratocyst: An Immunohistochemical
Analysis. Int J Dent. 2020 Jul 14;2020:1–8.
Martínez-Martínez M, Mosqueda-Taylor A, Carlos-Bregni R,
Pires FR, Delgado-Azañero W, Neves-Silva R, et al. Comparative
histological and immunohistochemical study of ameloblastomas
and ameloblastic carcinomas. Med Oral Patol Oral Cir Bucal.
2017;22(3):e324–32.
Shetty UA. Immunohistochemical Study Of Syndecan-1 Expression
In Different Histological Subtypes Of Ameloblastoma And
Odontogenic Keratocysts. J Evol Med Dent Sci. 2019;8(4):260–4.
Carreón-burciaga RG, González-gonzález R, Molina-frechero N,
López-verdín S, Pereira-prado V, Bologna-molina R. Differences
in E-Cadherin and Syndecan-1 Expression in Different Types of
Ameloblastomas. 2018;2018.
Sun Z-J, Wu Y-R, Cheng N, Zwahlen RA, Zhao Y-F. Desmoplastic
ameloblastoma – A review. Oral Oncol. 2009 Sep;45(9):752–9.

Oral and Maxillofacial Pathology Journal, Volume 13 Issue 1 (January–June 2022)

