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Abstract
Mucoepidermoid carcinomas are the most common type of salivary gland cancer. Most start in
the parotid glands. They develop less often in the submandibular glands or in minor salivary glands
inside the mouth. Adenoid cystic carcinoma is usually slow growing and often appears to be lowgrade when looked at under the microscope. Bcl-2 (B-cell lymphoma 2), encoded in humans by
the BCL2 gene, is the founding member of the Bcl-2family of regulator proteins that regulate cell
death (apoptosis), by either inducing (pro-apoptotic) or inhibiting (anti-apoptotic) apoptosis.
Objectives: To evaluate the hisopathological immunopositivity of Bcl-2 in Mucoepidermoid
carcinoma and Adenoid cystic carcinoma and compare the results with Clinicopathological
parameters and histological grades by using immunohistochemistry.
Thirty cases have been studied histologically, (15) cases of Mucoepidermoid carcinoma and
(15) cases of Adenoid cystic carcinomas were randomly retrieved for the period (2014 – 2018) the
archives were obtained from the Specialist Surgeries Hospital, Medical city, Baghdad, Iraq Iraq.
The correlations between the clinical and pathological parameters were statistically analyzed by
Chi-square test the expressions of K-i67 antigen were evaluated and the level of significance was
0.05 (two-sided).
All patients were included in this study 15 (50%) men and 15 (50%) women. Men to women
ratio was 1:1. The average age of patients was 52.3 years ranged (23-71 years) in males and 46.8
years ranged (35-57 years) in females. The palate was the most common site followed by the
parotid gland and the other sites. For MEC 4(26.7%) cases were grade (I), 3(20%) cases were
grade (II) and 8 (33.3%) cases (33.3%) were grade (III). While for ACC 6(40%) cases were grade
(I), 7 (46.7%) Cases were grade (II) and 2 (13.3%) Cases were grade (III). In Two tumors cases,
Positive Bcl-2 expression was observed in all studies cases with variable extent of immunostaining
except 2(6.7%) cases were negative expression.
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Introduction
The growth of abnormal cells results in
cancer and then develop of these cells in the
process of cell division. The DNA mutations of
number of cells that follow abnormal signals that
produce proteins that disrupt cellular balance and
lead to carcinogenesis to divide and differentiate
cells continuously. that produce proteins that
disrupt cellular balance. This signal autonomy
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then develops these cells, so that growth being
uncontrolled and proliferation occurred. This
proliferation will spread into cancer cells if it is
left1.
Salivary gland tumors are uncommon and
comprise approximately 1% of all neoplasms in
the whole body and the malignant salivary gland
neoplasms account for 0.3% of human
malignancies and for 3% to 6% of all head and
neck cancers 2. Salivary gland tumors are rare in
children; however, the frequency of malignancy is
higher in children compared to adults. About 35%
of all salivary gland tumors in children are
malignant and the most common malignant
salivary
neoplasms
are
mucoepidermoid
carcinomas(MEC) in children and adults 3. The
classification of WHO of the head and neck
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tumors contains 24 different types of salivary
carcinomas4. The degree of malignancy
comprising high grade, intermediate grade and
low grade determines more practically grouping
of salivary gland tumors. Another practical
grouping is based on the relative frequency of
their occurrence and this distinguished
mucoepidermoid carcinoma, adenoid cystic
carcinoma, and acinic cell carcinoma as a group
of most frequently occurring carcinomas 5.
Salivary gland neoplasms often show
different growth patterns and significant
morphologic variability may exist within a single
tumor and between different tumors 6.
Mucoepidermoid carcinoma (MEC) consists of
both epidermal and mucous cells in varying
proportion within the tissue 7. The incidence of
Mucoepidermoid carcinoma (MEC) presents less
than 10% of all salivary gland neoplasms 8,9.
Adenoid cystic carcinoma (ACC) is a rare slowly
enlarging epithelial tumor of the salivary glands.
It comprises 5% to 10% of all salivary gland
tumors. It usually arises in the fifth and sixth
decades of age and presents (31%) in minor
salivary glands and nearly 50% of all intra oral
ACC is located in the palate 10. Apoptosis is an
active distinct process of cell death that is
responsible for killing of injured, altered cells in
normal and in certain specific abnormal
circumstances like neoplasia 11,12.
Bcl-2 is an important proto-oncogene that
is involved in the controlling cell death by
inhibiting apoptosis in many physiologic and
neoplastic conditions of cell growth 13,14. Bcl‑2 is
located on the chromosome 18q21 and the B‑cell
lymphoma (Bcl‑2) family comprises different
regulators involved in apoptosis 15. The role of
Bcl-2 proto-oncogene as a new kind of oncogene
is the blocking of programmed cell death
(PCD)which has been seen primarily in follicular
B-cell lymphomas. In these lymphomas the Bcl-2
gene is moved into juxtaposition with powerful
enhancer elements in the immunoglobulin heavy
chain (IgH) locus, so the result is overproduction
of bcl-2 mRNAs and their encoded proteins 16. In
a number of cancers Bcl‑2 expression is
increased and it is thought to be involved in
resistance to conventional cancer treatment 17.
Many of malignant tumors depend on the
antiapoptotic activity of Bcl‑2 for tumor initiation
and maintenance 18. The behavior of the tumor
can be potentially detected by the antiapoptotic
marker such as Bcl‑2 19. The contribution of Bcl-2
Volume ∙ 13 ∙ Number ∙ 1 ∙ 2020

primarily to malignant cell expansion by
increasing the rate cell survival rather than to
increase the rate of cellular proliferation, and
accumulation of an aberrant Bcl‑2 expression
within the cells could be an important mark in the
cause of cancer 20. The overexpression of Bcl-2
presented in most human low‑grade tumors and
this antiapoptotic activity of Bcl-2 has been
considered as being one of the most common
steps of tumorigenesis 21.
Materials and methods
Thirty cases, histologically diagnosed as a
salivary gland tumors were randomly retrieved
from the archives of Specialist Surgical Hospital,
Baghdad, Iraq for the period (2014 – 2018). They
consisted of (15) cases of Mucoepidermoid
carcinoma and (15) cases of Adenoid cystic
carcinomas. The work was performed in teaching
laboratories. The clinicopathological informations
in regard to age, gender and lesion site were
obtained from the patient files (chart). Formalin
fixed paraffin embedded tissue blocks were used.
In each block, one representative section was
stained with hematoxylin and eosin for
reassessment of histopathological diagnosis and
two other sections were prepared on adhesive
slides for detection of Bcl-2 by using
immunohistochemistry.
Paraffin blocks were cut in 4-μm thick
sections for optimum resolution with staining, and
then the sections were carried on adhesive slides
and left to dry upright in order to facilitate
adhesion between the sections and the charged
glass surface. The tissue sections were dried on
the slides by heating (overnight at 65 C°) in a hot
air oven to ensure that any moisture trapped
under the tissue is completely eliminated by
melting the paraffin and evaporation of the water
droplets. A section was considered either positive
or negative according to the presence or
absence of brown staining in cytoplasm of tumor
cells in regarding Bcl‑2 (Thermo Fisher Scientific,
Waltham, Massachusetts, USA).
The
immunostained
sections
were
examined using light microscope to assess the
prevalence of positive cases and the localization
of immunostaining within the tissues. In addition,
image analysis computer system was used to
assess area percentage of positive cells of the
immunostaining. By using the computer in Data
analysis and using SPSS version 19 computer
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software (Statistical Package for Social
Sciences) to statistical analyses. The categorical
data represent the scoring of studied parameters
thus they presented as percentage and count.
Frequency distributions for selected variables
were done first. The relationship between
categories was evaluated by Chi-square test. P
value was less than 0.05 considered statistically
significant.

grade (I), 3(20%) cases were grade (II) and 8
(33.3%) cases (33.3%) were grade (III). While for
Adenoid cystic carcinoma 6(40%) cases were
grade (I), 7 (46.7%) Cases were grade (II) and 2
(13.3%) Cases were grade (III). (Figure 1).

Results
In this comparative study the range of age
was divided into three groups, the first group <
40, the second group between (40−59) and the
third group ≥ 60. Patients included 15 (50%) men
and 15 (50%) women. Men to women ratio was
1:1. The average age of patients was 52.3 years
ranged (23-71 years) in males and 46.8 years
ranged
(35-57 years)
in females(Table
1).

A

Table 1: The difference in age and gender
distribution between the MEC and ACC.
According to Site distribution in MEC and ACC,
the palate was the most common site followed by
the parotid gland and the other sites (Table 2).

B

Figure 1: (A) Well-differentiated Mucoepidermoid
carcinoma. H & E stain, grade (І). (X20), (B)
Adenoid cystic carcinoma, tubular growth pattern.
H & E stain, grade (ІІ). (X20).

Table 2: The difference in oral sites distribution
between the MEC and ACC.
In regarding to histopathological grading of
Mucoepidermoid carcinoma were categorized
according to growth pattern 4(26.7%) cases were
Volume ∙ 13 ∙ Number ∙ 1 ∙ 2020

The present study revealed diffuse
cytoplasmic staining for Bcl-2, immunoreactivity
was found in the basal cell layer, whereas
suprabasal
cells
showed
no
Bcl-2
immunoreactivity. The intensity of Bcl-2 staining
was weak (1+) compared to lymphocytes within
the same section in both malignant tumors.
Adjacent salivary gland ducts, lymphatic tissue,
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and nerves also expressed Bcl-2 in the nonneoplastic salivary gland tissue. In MEC cases,
positive Bcl-2 expression was observed in all
studies cases with variable extent of
immunostaining except one case was negative
expression. 7 (46.7%) cases with weak positive
expression, 6 (40%) cases with moderate
positive expression and 1 (6.7%) case with
strong positive expression. In ACC, also one
case (6.7%) was negative expression with Bcl-2
and 4 (26.7%) cases with weak positive
expression, 6 (40%) cases with moderate
positive expression and 4 (26.7%) case with
strong positive expression (Figure 2).

C

A

D
Figure 2. (A) Moderate positive Bcl-2
immunohistochemical
expression
in
Mucoepidermoid carcinoma, high grade (X20),
(B) High positive Bcl-2 immunohistochemical
expression in Mucoepidermoid carcinoma, high
grade (X20), (C) High positive Bcl-2
immunohistochemical expression in adenoid
cystic carcinoma, moderate grade (tubular
pattern) (X20), (D) Moderate positive Bcl-2
immunohistochemical expression in adenoid
cystic carcinoma, low grade (Cribriform pattern)
(X20).
The interpretation of the results by
correlating and cross tabulating with the clinical
and histopathological categories. For MEC the
highest expression of Bcl-2 staining levels on the
high grade (poorly differentiated MEC) were 8
(53.3%) cases and the lowest expression on the

B
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moderately grade (moderately differentiated
MEC) were 3 (20%), while for ACC the highest
expression of Bcl-2 staining levels on the
moderately differentiated (tubular pattern) were 7
(46.7%) cases and the lowest expression on the
poorly differentiated (solid pattern) were 2
(13.3%) cases. The correlation between the
expression Bcl-2 staining and the tumor grade
level for MEC and ACC was non-significant (P=
0.79) and (P=0.95) respectively (Figure 3).

Figure 3 (A): Frequency distribution between the
grading of MEC and scoring of Bcl-2 expression
(B): Frequency distribution between the grading
of ACC and scoring of Bcl-2 expression.
Volume ∙ 13 ∙ Number ∙ 1 ∙ 2020

Discussion
In present study, men to women ratio
was 1:1, while in most other studies the ratio was
1:1.3 which showed women predominance for
ACC and other salivary gland tumors22. However,
there are studies reporting men predominance in
ACC23, and in others reporting an equal gender
distribution24,25. The mean age of patients was
48.6 years but in other studies was 46 years and
53% of them were in 4th and 5th decades. This
finding of mean age correlated with other
previous studies26,27. The origin of MEC of
salivary gland from pluripotent reserve cells of
excretory ducts which differentiates into columnar,
mucous and squamous cells28.
The gross appearance of Low-grade MEC
are small and partially encapsulated tumor
tissues and microscopically characterized by the
presence of more mucous producing cells29.
MEC is characterized by prominent cystic
structures lined by mature mucous, intermediate,
or epidermoid cells in addition to solid areas are
not evident and prominent fibrous stroma often is
present. ACC is a rare malignant tumor
accounting for 2% to 4% of all head and neck
malignancies 27. It most commonly occurs in
minor salivary glands, and palate is the most
common site (>= 50% of cases), while in our
study the ratio was 40%, so this finding is nearly
23,30
accordance
with
other
findings
.
Microscopically, the tumor cells of ACC are two
types, first cells that lined the duct and second
the myoepithelial cells 10.
The characteristic feature of ACC is the
perineural or perivascular spread without stromal
reaction. In many studies, the most common
pattern of ACC was the cribriform pattern with
incidence of (50%) of cases, but in current study
was tubular pattern (46.7 %) of cases27,31. The
family of Bcl-2 gene has an important role in the
regulation the death and survival cycle of cells
without
affecting
cell
proliferation.
Overexpression of Bcl-2 prevents the death of
epithelial cells, but it is cannot immortalize cells
nor cause tumorigenesis in immortalized cells 32.
However, the early event in carcinogenesis may
appear to be overexpression of the antiapoptotic
Bcl-2 and subsequent cooperation with cellular
and viral oncogenes 33.The immunohistochemical
expression of Bcl-2 has been evaluated in some
salivary gland tumors such as pleomorphic
adenoma, monomorphic adenoma, Warthin’s
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tumor, basal cell adenoma, mucoepidermoid
carcinoma, adenocarcinoma(NOS), acinic cell
carcinoma, adenoid cystic carcinoma, anaplastic
carcinoma, squamous cell carcinoma, and basal
cell adenocarcinoma in addition to its use as an
immunohistochemical
marker
in
the
differentiation between two malignant tumors of
salivary glands is not been reported. Bcl-2
reactivity in ACC was found to be the strongest
when compared to other malignant salivary gland
tumors such as acinic cell carcinoma,
mucoepidermoid carcinoma, and undiﬀerentiated
carcinoma and this was attributed to the fact that
other tumor genes that inﬂuence apoptosis may
be present in salivary gland tumors but bypass
the Bcl-2 associated apoptotic pathway; such
genes include p53, Rb tumor suppressor genes,
and c-myc proto-oncogene and this is
accordance with current study 34.
In non-neoplastic tissue of salivary glands,
the adjacent salivary gland ducts, lymphatic
tissue, and nerves are expressed Bcl-2 as in
cases of this study, so Bcl-2 positivity was
observed in ductal but not in acinar cells, while
Other studies have also reported Bcl-2
expression in basal cells of striated and excretory
ducts, indicating that these cells are reserve cells
that acinar, myoepithelial, and most luminal cells
are negative for Bcl-2 35. The staining intensity of
solid pattern of ACC was significantly lower than
cribriform and tubular subtypes according to
Freier et al study, an unexpected ﬁnding since
solid ACC is clinically more aggressive and may
inherit a higher number of cytogenetic
aberrations 36. A higher expression of Bcl-2 was
noted in the solid and cribriform types of ACC
suggesting that Bcl-2 expression might be
associated with myoepithelial cells as these
types have more myoepithelial than ductal cells
37
. Furthermore, in the regulation of apoptosis
there was a signiﬁcant inverse correlation
between Bcl-2 reactivity and the apoptotic index
that found to be supporting the suppressing
mechanism of Bcl-235. Soini et al. compared Bcl2 expression in pleomorphic adenomas and in
malignant salivary gland tumors comprising of
mainly ACC and MEC, found 100% positivity in
pleomorphic adenoma and 64% positivity in
malignant tumors, in contrast, present study
showed a higher expression of Bcl-2 in ACC
(26.7%) and lesser expression in MEC (6.7%).
Thus the cell survival rate is generally
higher in ACC than MEC. This finding is in
Volume ∙ 13 ∙ Number ∙ 1 ∙ 2020

accordance with Garlifante et al study and others
35,38
. The degree of malignancy of the most
malignant tumors is related to the activity of
carcinoma cells 39. The increased expression of
Bcl-2 in epidermoid cells of MEC can be
correlated with increased survival rate of these
cells and tumors with predominance of these
cells. A recent report of Bcl-2 expression in MEC
by Yin et al that concluded that Bcl-2 is one of
the potentially useful markers for survival in
patients with MEC in minor salivary glands 40.
The selective survival advantage of the B cells
that promotes their neoplastic expansion is
provided by Bcl-2 proto-oncogene. The concept
that defective programmed cell death contributes
to malignancy was established by studies of Bcl2, representing a major step forward in current
understanding of tumorigenesis. In recent years
there are increased hopes of administration of
new experimental therapies targeting Bcl-2 family
proteins as an anticancer drug 41.
The immunohistochemical expression of
Bcl-2 is highly variable in epithelial malignancies.
The cell type and degree of differentiation may
effect on the Bcl-2 expression in addition to other
factors such as viral infection may also contribute
to high levels of Bcl-2 in epithelial malignancies
32
. Elevated Bcl-2 expression was related to the
possible protection against apoptosis, so some
studies stated that 90% (18 out of 20) of cases
showed positive expression and both layers of
the neoplastic epithelium (basal and luminal
cells) showed positive immunoreactivity, with
cytoplasmic localization, surrounded by a
negatively stained stroma and this agreed with
this study 42. The lack of Bcl-2 expression in
these cells may be linked to the degree of
differentiation. Terminal differentiated cells like
the mucous cells, normal acinar cells, salivary
gland duct cells also do not express Bcl-2, but
basal cells of the normal oral epithelium express
Bcl-2 43,44.
Genetically, there are certain domains of
homology between family members termed Bcl-2
homology domains that are critical for various
aspects of their activities, including the induction
or suppression of cell death. However, the
mechanism of the apoptosis of cells that is
regulated by proteins of Bcl-2 gene family is still
unclear. Collected evidence has also showed
that these proteins hetero-dimerize and
homodimerize with each other and that the
relative proportions of these dimers appear to
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determine whether a cell becomes apoptotic or
not, Thus, the evaluation of several proteins in
the Bcl-2 family might be more important than
changes within single protein level for the
understanding of the role that played by the Bcl-2
family in the regulation of apoptosis 45,46.
Conclusions
In conclusion, the palate was the most
common site followed by the parotid gland and
the other sites in MEC and ACC. The
immunohistochemical expression of Bcl-2 could
be used as an effective biomarker to predict
aggressive biologic behavior of MEC and ACC.
The evaluation of several proteins in the Bcl-2
family that play an important role in the regulation
of apoptosis. The correlation between the
expression Bcl-2 staining and the tumor grade
level for MEC and ACC was non-significant.
However, further investigations with larger
samples are needed to reach further results.
Declaration of Interest
The authors declare that there is no
conﬂict of interests.
References
1. Harun Achmad et al. Apoptosis Induction (Caspase-3, -9) and
Human Tongue Squamous Cell Carcinoma VEGF Angiogenesis
Inhibition using Flavonoid’s Ethyl Acetate Fraction of Papua Ant
Hill (Myrmecodia pendans) SP-C1. Journal of International
Dental and Medical Research 2018; 11 (1): 276-284
2. Speight PM and Barrett AW. Prognostic factors in malignant
tumors of the salivary glands. Br J Oral Maxillofac Surg 2009;
47(8): 587-593.
3. Lowe LH, Stokes LS, Johnson JE, et al. Swelling at the angle of
the mandible: imaging of the pediatric parotid gland and
periparotid region. Radiographics. 2001; 21(5):1211–27.
4. Barnes L et al. World healh organization classification of
tumors: Pathology and genetics of the head and neck
tumors. Lyon, France: IARC Press; 2005.
5. Luukkaa H et al. Salivary gland cancer in Finland 1991-96: An
evaluation of 237 cases. Acta Otolaryngol 2005; 125: 207-14.
6. Turk AT and Wenig BM. Pitfalls in the Biopsy Diagnosis of
Intraoral Minor Salivary Gland Neoplasms: Diagnostic
Considerations and Recommended Approach. Adv Anat Pathol
2014; 21: 1-11.
7. Natheer H, Omer H, Kawas S. Immunohistochemical analysis of
p53 and bcl‑2 in benign and malignant salivary gland tumors. J
Oral Pathol Med 2010; 9:48–55
8. Boahene DO, Olsen KD, Lewis JE, Pinheiro AD, Pankratz VS,
Bagniewski SM; Mucoepidermoid carcinoma of parotid gland.
Arch Otolaryngol Head Neck Surg, 2004; 130: 849-356.
9. Simon D, Somanathan T, Ramdas T, Pandey M; Central
Mucoepidermoid carcinoma of mandible – A case report and
review of the literature. World J Surg Oncol, 2003; 1(1): 1–5.

Volume ∙ 13 ∙ Number ∙ 1 ∙ 2020

10. Triantafillidou K, Dimitrakopoulos J, Iordanidis F, Koufogiannis
D. Management of adenoid cystic carcinoma of minor salivary
glands. J Oral Maxillofac Surg 2006; 64: 1114-1120
11. Kerr JF, Winterford CM, Harmon BV. Apoptosis. Its significance
in cancer and cancer therapy. Cancer. Review. Erratum in:
Cancer 1994 Apr 15;73(8):2013-26.
12. Langlois NE, Eremin O, Heys SD. Apoptosis and prognosis in
cancer: rationale and relevance. J R Coll Surg Edinb. 2000;
45:211-9
13. Reed IC. Bcl-2 and the regulation of programmed cell death. /
Cell Biol 1994; 124: 1-6.
14. Korsnieyer SJ. Bcl-2 initiates a new category of oncogenes:
Regulators of cell death. Blood 1992; 80:879-86.
15. Tsujimoto Y et al. Cloning of the chromosome breakpoint of
neoplastic B cells with the t (14;18) chromosome translocation.
Science 1984; 226:1097–1099
16. McDonnell TI, Nunez G, Platt FM, Hockenbety DM, London I.,
McKearn JP, et al. Deregulated bcl-2-immunoglobulin
transgene expands a resting but responsive immunoglobulin M
and D Expression B-cell population. Ma/ Cell Biol 1990;
10:1901-7.
17. Cotter TG. Apoptosis and cancer: the genesis of a research
field. Nat Rev Cancer 2009; 9:501–507.
18. Certo M, Del Gaizo Moore V, Nishino M, Wei G, Korsmeyer S,
Armstrong SA, et al. Mitochondria primed by death signals
determine cellular addiction to antiapoptotic BCL‑2 family
members. Cancer Cell 2006; 9:351–365.
19. Borowska B, Filip A, Wojcierowski J, Smoleń A, Korobowicz E.
Estimation of prognostic value of bcl‑α L gene expression in
non‑small lung cancer. Lung Cancer 2006; 51:61–69.
20. Lo Muzio L, Staibano S, Pannone G, Bucci P, Nocini PF, Bucci
E, et al. Expression of cell cycle and apoptosis related proteins
in sporadic odontogenic keratocysts and odontogenic
keratocysts associated with the naevoid basal cell carcinoma
syndrome. J Dent Res 1999; 78:1345–1353.
21. Ramsay JA, From L, Kahn HJ. Bcl‑2 protein expression in
melanocytic neoplasms of the skin. Mod Pathol 1995; 8:150–
154.
22. Rapidis AD, Givalos N, Gakiopoulou H, Faratzis G, Stavrianos
SD, Vilos GA, et al. Adenoid cystic carcinoma of the head and
neck, Clinicopathological analysis of 23 patients and review of
the literature. Oral Oncolog 2005; (41): 328-335.
23. Stallmach I, Zenklusen P, Komminoth P. Loss of heterozygosity
at chromosome 6q23-35 correlates with clinical and histological
parameters in salivary glands adenoid cystic carcinoma.
Virchows Arch 2002; (44): 77-84.
24. Van Der, Waal JE, Becking AG. Snow GB, Van Der Waal I.
Distant metastases of adenoid cystic carcinoma of the salivary
glands and the value of diagnostic examinations during followup. Head Neck 2002; 779-83.
25. Konkemueller H, Eckardt A, Brachvoget P, Hausamen JE.
Adenoid cystic carcinoma of the head and neck a 20 years'
experience. Int J Oral Maxillofac Surg 2004; 33: 25-31.
26. Gnepp DR. Diagnostic surgical pathology of the head and neck.
Philadelphia: WB Saunders. 2001; 379.
27. Neville BW, Damm DD, Allen CM, Bouquot JE. Oral and
maxillofacial pathology. Philadelphia: WB Sanunders; 2002.
406-30.
28. Lee WH, Yoon JH; Mucoepidermoid carcinoma of hard palate: a
rare cause of hypervasculartumor. Yonsei Medical Journal,
2003; 44(4): 723-26
29. Munhoz EA, Cardoso CL, Tjioe KC, Santana E, Consolaro A,
Damante JH, Rurira-Bullen IR; Atypical clinical manifestation of
mucoepidermoid carcinoma in the palate. General dentistry,
2008; 57(6): 51-53.

Page 186

Journal of International Dental and Medical Research ISSN 1309-100X
Immunohistochemical Evaluation of Bcl-2
http://www.jidmr.com
Mustafa Mohammed Abdulhussain and Ali Sami Mohsen

30. Bronner MP, Culin C, Reed JC, Furth EE: The bcl-2 protooncogene and the gastrointestinal epithelial tumor progression
model. Am J Pathol 1995; 146:20–26
31. Mils SE, Stenberg S. Diagnostic surgical pathology.
Philadelphia: Lippincott Williams and Wilkins. 2004; 946-947.
32. Lu QL, Abel P, Foster CS, Lalani EN. Bcl-2: Role in epithelial
differentiation and oncogenesis. Hom Pathol 1996; 27 :102-110.
33. Coultas L, Strasser A. The role of the Bcl-2 protein family in
cancer. Seminar in Cancer Biology 2003; (13):115-123.
34. Nagler RM, H. Kerner, S. Ben-Eliezer, I. Minkov, and O. BenItzhak, “Prognosticroleofapoptotic, Bcl-2, c-erbB-2and p53
tumor markers in salivary gland malignancies, Oncology 2003
;64(4) 389–398.
35. Soini Y, orm¨anen U. T¨, and a¨akk¨o P. P¨ “Apoptosis is
inversely related to bcl-2 but not to bax expression in salivary
gland tumors,” Histopathology 1998; 32(1) 28–34.
36. Freier K, Flechtenmacher C, Walch A etal., “Diﬀerential KIT
expression in histological subtypes of adenoid cystic carcinoma
(ACC) of the salivary gland,” Oral Oncology 2005; 41(9) 934–
939.
37. Jia L, Esguerra R. L, X. Tang et al., “Prognostic value of
apoptosis and apoptosis-associated proteins in salivary gland
adenoid cystic carcinoma,” Pathology International, 2004 ;54(4)
217–223.
38. Garlinfante G, Lazzaretti M, Ferrari S, Bianchi B, Crafa P. P53,
bcl-2 and Ki-67 expression in Adenoid cystic carcinoma of the
palate. Clinico-pathologic studies of twenty-one cases with long
term follow up. Pathol Res and Practice 2005; 200:791-99.
39. Hideo K et al. The relationship of the histologic grade at the
deep invasive front and the expression of Ki-67 antigen and p53
protein in oral squamous cell carcinoma. J Oral Pathol Med
2005; (34): 602-7.
40. Yin HF, Okada N, Takagi M. Apoptosis and apoptotic-related
factors in mucoepidermoid carcinoma of the oral minor salivary
glands. Pathol Int. 2000; 50:603-9.
41. Reed JC. Bcl-2-family proteins and hematologic malignancies:
history and future prospects. Blood. 2008 Apr 1;111(7):3322-30.
Review. Erratum in: Blood. 2008; 112:452.
42. Abd-Elhamid ES, Elshafei MM. Immunohistochemical
localization of mdm-2, p27Kip1 and bcl-2 in Warthin’s tumor of
the parotid gland. Diagn Pathol. 2009; 4:14.
43. Pammer J, Horvat R, Weninger W, Ulrich W. Expression of bcl2 in salivary glands and salivary gland adenomas. A
contribution to the reserve cell theory. Pathol Res Pract. 1995;
191:35-41.
44. Yáñez M, Roa I, García M, Ibacache G, Villaseca M. [Bcl-2
gene protein expression in salivary gland tumors]. Rev Med
Chil. 1999; 127:139-42
45. Oltvai ZN, Korsmeyer SJ. Checkpoints of dueling dimers foil
death wishes. Cell 1994; 79: 189-92.
46. Reed JC. Bcl-2: prevention of apoptosis as a mechanism of
drug resistance. Hematol-Oncol Clin North Am 1995; (9): 45174.

Volume ∙ 13 ∙ Number ∙ 1 ∙ 2020

Page 187

