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Cyclooxygenase-2 expression in Warthin’s tumour
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Abstract

Objectives: To determine whether cyclooxygenase-2 (COX-2) is overexpressed in Warthin’s tumours, and

to characterize its pattern of expression.

Methods: Twenty-one paraffin-embedded Warthin’s tumour specimens were analysed by
immunohistochemical staining for expression of human COX-2. Semi-quantitative analysis of the staining

was performed.

Results: In all of the specimens, we found that there was overexpression of COX-2 within the epithelial
component of the tumours, with no expression in the lymphoid components. There was also
overexpression of COX-2 in the salivary duct system of normal parotid tissue.

Conclusions: Our results suggest that COX-2 is up-regulated in the epithelial component of Warthin’s
tumours. Our findings support the hypothesis that Warthin’s tumours originate from heterotopic ductal
epithelial cells of the parotid gland. The role of COX-2 expression in the pathogenesis of Warthin’s

tumours remains to be determined.
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Introduction

Warthin’s tumour was initially described by
Hildebrand,' and first reported in English by A S
Warthin in 1929.> Over the years, this tumour has
been known by many different names, with the three
most popular being cystadenolymphoma, papillary
cystadenoma lymphomatosum, and Warthin’s
tumour. It consists of two components: an oncocytic
epithelial component, arranged in two layers, which
develops cysts and papillary projections, and a
variable lymphoid component containing follicles
with germinal centres. The tumour is unique among
salivary gland tumours in that it occurs almost
exclusively in the parotid gland,> has its
characteristic lymphoid component, and usually
occurs in men at a peak age between the fourth and
seventh decades of life.* This entity is a completely
benign tumour, with the risk of malignant
transformation being exceedingly rare, and only a
few reports of such transformation have previously
been published.

Cyclooxygenase (COX) catalyzes the synthesis of
prostaglandins (PG) from arachidonic acid. Two
enzyme isoforms have been identified: COX-1 which
is constitutively expressed as a housekeeping gene in

most cells, and COX-2 which is expressed as an early-
response gene, activated by various stimuli including
inflammatory cytokines, growth factors, and
oncogenes.” Elevated COX-2 expression has been
shown to occur in several malignancies, including
colorectal,® breast,” lung® pancreatic,’ gastric,”
hepatocellular," and skin carcinomas.”” In the head
and neck, COX-2 has been reported to be up-
regulated in squamous cell carcinomas,” and
differentiated thyroid carcinomas.* To our
knowledge, there have been no studies which have
examined the expression of COX-2 in salivary
tumours. In this study, our aim was to determine if
there was COX-2 immunohistochemical expression in
a series of Warthin’s tumours, and to further
characterize the pattern of distribution of this enzyme.

Materials and methods

Tissue specimens of Warthin’s tumour diagnosed at
the National University Hospital, Singapore
between 1997 and 2001 were studied. The specimens
were taken from a total of 21 consecutive patients
who underwent surgical resection, all of whom were
male. The mean age at the time of diagnosis was 57
years (age range from 38 to 82 years) and the
specimens were all unilateral tumours.
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The paraffin-embedded tissues were cut serially
4-5 pm thick and mounted on the pre-coated slides.
For each case, haematoxylin and eosin (H&E)
staining for one tissue section was performed for
histological review and the other sections were
subjected to immunoperoxidase staining using COX-
2 monoclonal antibody (catalogue no. 160112,
Cayman Chemicals). Negative test controls in each
staining series included sections in which the primary
antibody was replaced by buffer solution. Normal
parotid tissue specimens were used as negative tissue
controls, and histological samples of COX-2-positive
nasopharyngeal carcinoma specimens were used as
positive external controls.

¢ Cyclooxygenase-2 (COX-2) is overexpressed
in many malignancies, but has not previously
been shown to be expressed in salivary gland
tumours

e This study shows that COX-2 is overexpressed
in the epithelial component of Warthin’s
tumour and in the salivary ductal epithelium
of the surrounding normal parotid tissue

e This supports the hypothesis that Warthin’s

tumours originate from heterotopic salivary
ductal epithelium

COX-2 immunohistochemistry

The slides were microwaved for 20 minutes in citrate
buffer at pH 6.0, followed by endogenous peroxidase
block by 0.6 per cent H,O, in methanol for 30
minutes. The slides were then incubated overnight
with COX-2 primary antibody (1:500) at room
temperature. This was followed by DAB incubation
and counterstaining with Mayer’s haematoxylin.

Immunohistochemical assessment

After confirming the validity of the test batch, COX-
2 staining intensity and immunoreactivity were
evaluated by the same observer (T C P). A validated
method of semiquantitative evaluation of the
immunohistochemical stains was performed, and this
involved comparison of the staining intensity and the
estimated proportion of the positively stained cells
with the total number of tumour cells.”” In brief, the
staining intensity was graded and subdivided into
four categories (0 = negative, 1 = weakly positive, 2 =
moderately positive, 3 = strongly positive), and the
proportion of positively stained cells were also
subdivided into four categories (0 = negative, 1 =
<10% positive cells, 2 = 10-50% positive cells, 3 =
>50% positive). The overall score for each test
specimen was then obtained by multiplying the
intensity score with the immunoreactivity score. An
overall score of >4 would suggest an overexpression
of COX-2 whereas a score of 1-4 suggested weak
expression, and 0 was negative.
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Results

All 21 analysed specimens of Warthin’s tumour
showed overexpression of COX-2 (scores > 4) within
the epithelial component of the tumour entities. The
staining pattern was localized to both the basal and
luminal layers of the oncocytic epithelial component
(Figure 1), with the cells showing strong cytoplasmic
activity and little nuclear staining. There was no
staining detected in the lymphoid component of the
tumours. Strong COX-2 immunoreactivity was also
present in the secretory ductal system of the
surrounding normal parotid gland in all of the
analysed specimens (Figure 1(d)). In stark contrast,
there was no COX-2 expression in the rest of the
normal parotid tissue.

Discussion

While COX-2 expression has been closely associated
with carcinogenesis and has been shown to be up-
regulated in many solid malignancies, we believe our
study has shown for the first time the overexpression
of COX-2 in a salivary gland tumour. Up-regulation
of COX-2 has been postulated to promote
carcinogenesis by inhibiting apoptosis,'® promoting
angiogenesis,” and enhancing invasiveness.”
However, the exact mechanism by which COX-2
overexpression results in neoplasia is still debated.”
Nevertheless, there have been suggestions of using
selective COX-2 inhibitors to prevent and treat
human cancers, although epidemiologic and
randomized studies are lacking. There appears to be
a definite positive relationship between Warthin’s
tumour and cigarette smoking, with smokers having
an eight to nine times risk of developing Warthin’s
tumour when compared to non-smokers.”” The
increasing frequency of this tumour in women is also
thought to be related to the increased tobacco use
among them.” There is now increasing evidence that
cigarette smoke can induce the expression of COX-
2.2% Further investigation is clearly needed to
establish whether cigarette smoking influences the
expression of COX-2 in salivary tissue and its role in
the subsequent development of Warthin’s tumours.
While the exact aetiology and pathogenesis of
Warthin’s tumour remain to be determined, several
hypotheses have been proposed to try to explain the
origin of this unusual tumour. The most common
hypothesis suggests that the tumour originates from
salivary ducts trapped in intra- and periparotid
lymph nodes during embryological development.*
The detection of normal nodal structures such as
subcapsular sinuses, and the occurrence of these
tumours in periparotid lymph nodes lends support to
this hypothesis. This concept is further supported by
the findings that the tumour has a specific
predilection for the parotid gland and is not found in
the submandibular or sublingual glands. A second
hypothesis which is less commonly subscribed
proposes that the tumour begins as an epithelial
neoplasm, and that the lymphoid element represents
a secondary inflammatory or immunological
response.”” Teymoortash et al. have recently
investigated the status of sex hormone receptors in
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COX-2 immunohistochemisty and H&E staining of Warthin’s tumour and parotid tissue. (a) and (b) show Warthin’s tumour

stained with H&E and anti-COX-2 antibody, respectively (magnification X40). (c¢) COX-2 expression was localized only to the

epithelial component of Warthin’s tumour (X100). (d) The salivary ductal system of normal parotid tissue also stained positively
for COX-2 (x100).

Warthin’s tumour and demonstrated that there is a
similar pattern of expression of progesterone
receptors in their series of Warthin’s tumours,
with expression being limited to the salivary
duct system and epithelial components of the
tumour only.”® Brennan et al. also investigated
the expression of the enzyme type 2 nitric oxide
synthase (NOS2) in Warthin’s tumours by
immunohistochemistry. NOS2 is associated with the
increased production of nitric oxide which has been
implicated in the pathogenesis of many solid
tumours.”’” They found widespread NOS2 expression
in the epithelial cells of all 23 cases of Warthin’s
tumour studied, and additional expression in the
salivary duct epithelium of normal parotid tissue. We
have found in our study a very similar pattern of
overexpression of COX-2 in the epithelial cells and
in the normal surrounding salivary duct epithelium.
Taking these findings in consideration, we favour the
explanation that the proliferation of heterotopic
salivary ductal epithelium results in the formation of
this unique tumour.
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Conclusion

We have demonstrated that COX-2 is up-regulated
in the epithelial component of Warthin’s tumours
and in the salivary duct system of the normal parotid
gland. These findings support the hypothesis that the
oncocytic cell aggregates in Warthin’s tumours are
derived from normal salivary ductal epithelial cells.
Further work is needed to establish the role of COX-
2 in the pathogenesis of this unique and unusual
salivary gland tumour.

References

1 Hildebrand O. Uber Angeborene epitheliale Cysten und
Fisteln des Halses. [Congenital epithelial fistulas and cysts
on the neck.] Arch Klin Chir 1895;49:167-92

2 Warthin AS. Papillary cystadenoma lymphomatosum. J
Cancer Res 1929;13:116-25

3 Eveson JW, Cawson RA. Warthin’s tumor
(cystadenolymphoma) of  salivary glands: a
clinicopathologic investigation of 278 cases. Oral Surg Oral
Med Oral Pathol 1986;61:256-62

4 Batsakis JG. Tumors of the Head and Neck: Clinical and
Pathologic Considerations,2nd edn. Baltimore: Williams &
Wilkins, 1979:54-6


https://doi.org/10.1258/0022215054352117

518

5

10

11

12

13

14

15

16

17

Williams CS, Mann M, DuBois RN. The role of
cyclooxygenases in inflammation, cancer and
development. Oncogene 1999;18:7908-16

Eberhart CE, Coffey RJ, Radhika A, Giardiello FM,
Ferrenbach S, DuBois RN. Up-regulation of
cyclooxygenase 2 gene expression in human colorectal
adenomas and adenocarcinomas. Gastroenterology
1994;107:1183-8

Subbaramaiah K, Telang N, Ramonetti JT, Araki R, Devito
D, Weksler BB, et al. Transcription of cyclooxygenase-2 is
enhanced in transformed mammary epithelial cells. Cancer
Res 1996;56:4424-9

Hida T, YatabeY, Achiwa H, Muramatsu H, Kozaki K,
Nakamura S, et al. Increased expression of cyclooxygenase-
2 occurs frequently in human lung cancers, specifically in
adenocarcinomas. Cancer Res 1998;58:3761-4

Tucker ON, Dannenberg AJ, Yang EK, Zhang F, Teng L,
Daly JM, et al. Cyclooxygenase-2 expression is upregulated
in human pancreatic cancer. Cancer Res 1999;59:987-90
Ristamaki A, Honkanen N, Jankala H, Sipponen P,
Harkonen M. Expression of cyclooxygenase-2 in human
gastric carcinoma. Cancer Res 1997;57:1276-80

Shiota G, Okubo M, Noumi T, Noguchi N, Oyama K,
Takano Y, er al. Cyclooxygenase-2 expression in
hepatocellular carcinoma. Hepatogastroenterhology
1999:46:407-12

Buckman SY, Gresham A, Hale P, Hruza G, Anast J,
Masferrer J, et al. COX-2 expression is induced by UVB
exposure in human skin: implications for the development
of skin cancer. Carcinogenesis 1998;19:723-9

Chan G, Boyle JO, Yang EK, Zhang F, Sacks PG, Shah JP,
et al. Cyclooxygenase-2 expression is up-regulated in
squamous cell carcinoma of the head and neck. Cancer Res
1999:;59:991-4

Cornetta AJ, Russell JP, Cunnane M, Keane WM,
Rothstein JL. Cyclooxygenase-2 expression in human
thyroid carcinoma and Hashimoto’s thyroiditis.
Laryngoscope 2002;112:238-42

Remmele W, Schicketanz KH. Immunohistochemical
determination of estrogen and progesterone receptor
content in human breast cancer. Pathol Res Pract
1993;189:862-6

Tsujii M, DuBois RN. Alterations in cellular adhesion and
apoptosis in epithelial cells overexpressing prostaglandin
endoperoxide synthase 2. Cell 1995;83:493-501

Tsujii M, Kawano S, Tsuji S, Sawaoka H, Hori M, DuBois
RN. Cyclooxgenase regulates angiogenesis induced by
colon cancer cells. Cell 1998;93:705-16

https://doi.org/10.1258/0022215054352117 Published online by Cambridge University Press

A HCLOY, T CPUTTL LK STAN

18Tsujii M, Kawano S, DuBois RN. Cyclooxygenase-2

expression in human colon cancer cells increases metastatic

potential. Proc Natl Acad Sci USA 1997;94:3336-40

19

20

21

22

23

24

25

26

27

Marx J. Cancer research. Anti-inflammatories inhibit
cancer growth-but how? Science 2001;291:581-2

Cadier M, Watkin G, Hobsley M. Smoking predisposes to
parotid adenolymphoma. Br J Surg 1992;79:928-30
Lamelas J, Terry JH, Alfonso AE. Warthin’s tumor:
Multicentricity and increasing incidence in women. Am J
Surg 1987;114:347-51

Anto RJ, Mukhopadhyay A, Shishodia S, Gairola CG,
Aggarwal BB. Cigarette smoking condensate activates
nuclear transcription factor-kappaB through
phosphorylation and degradation of IkappaB(alpha):
correlation with induction of cyclooxygenase-2.
Carcinogenesis 2002;23:1511-18

Badawi AF, Habib SL, Mohammed MA, Abadi AA, Michael
MS. Influence of cigarette smoking on prostaglandin
synthesis and cyclooxygenase-2 gene expression in human
urinary bladder cancer. Cancer Invest 2002;20:651-6
Thompson AS, Bryant HC. Histogenesis of papillary
cystadenoma lymphomatosum (Warthin’s tumor) of the
parotid salivary gland. Am J Pathol 1950;26:807-29
Allegra SR. Warthin’s tumor: a hypersensitivity disease?
Hum Pathol 1971;2:403-20

Teymoortash A, Lippert BM, Werner JA. Steroid hormone
receptors in parotid gland cystadenolymphoma (Warthin’s
tumour). Clin Otolaryngol 2001;26:411-16

Brennan PA, Umar T, Smith GI, McCauley P, Peters WJ,
Langdon JD. Expression of type 2 nitric oxide synthase
and p53 in Warthin’s tumour of the parotid. J Oral Pathol
Med 2002;31:458-62

Address for correspondence:
Andrew H C Loy,

Department of Otorhinolaryngology,
Tan Tock Seng Hospital,

Singapore 308433.

Fax: (65) 6357-7749
E-mail: andrew_loy@ttsh.com.sg

Dr A H C Loy takes responsibility for the integrity of the
content of the paper.
Competing interests: None declared



https://doi.org/10.1258/0022215054352117

