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Abstract CD44 is a transmembrane adhesion molecule
which has been previously shown to be useful in the dif-
ferentiation of benign papillary lesions from invasive car-
cinoma in several different areas including sinonasal
mucosa and breast tissue. CD44 expression has previously
been shown to be lost in invasive carcinoma and retained in
benign papillary lesions in both of the above locations. In
addition, studies have evaluated oral mucosal lesions for
CD44 expression and found a loss with invasive squamous
cell carcinoma when compared to normal epithelium,
hyperplasia, and squamous papillomas, which stained
particularly strongly. To the best of our knowledge, no
study has evaluated CD44 expression when comparing
salivary ductal papillomas in comparison to oral papillary
SCCA. In this study 18 cases of intraductal papilloma were
compared to 19 cases of oral papillary SCCA. Within the
ductal papilloma group, all cases stained either absent
(6 %), weakly (33 %), or moderately (61 %) with 76 %
expressing the stain diffusely and 24 % focally. In com-
parison, the papillary squamous cell carcinoma cases
expressed the CD44 moderately (26 %) or strongly (74 %)
with 100 % showing diffuse staining. Thus, the CD44
expression was contrary to expectation based on previous
studies, which we hypothesize is due to the extremely well
differentiated nature of papillary SCCA which expressed
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Keywords CD44 - Salivary ductal papillomas -
Papillary squamous cell carcinoma -
Immunohistochemistry

Introduction

CD44, a transmembrane cell adhesion molecule, has been
studied for the potential to differentiate benign papillary
lesions from invasive carcinoma in several different types
of tissue. It has been shown to be universally present in
sinonasal ductal papillomas but lose expression when
invasive squamous cell carcinoma (SCCA) arises in these
lesions [1]. Similar results have been shown comparing
intraductal breast papillomas to invasive papillary carci-
noma [2—4].It has also been demonstrated to be downreg-
ulated in oral dysplasia and SCCA when compared to
normal oral epithelium, epithelial hyperplasia, and oral
squamous papillomas [5]. Oral squamous papillomas in
particular have been shown to stain strongly to CD44, often
more strongly than the normal oral epithelium [5].
Salivary intraductal papillomas are a family of benign
lesions that occur mainly in the minor salivary glands and
include sialadenoma papilliferum, inverted ductal papil-
loma, and intraductal papilloma. Sialadenoma papilliferum
are a papillary growth which project out of a minor salivary
gland duct onto the surface epithelium. Inverted and
intraductal salivary papillomas occur within the duct,
though inverted ductal papillomas maintain a connection to
the surface epithelium of the oral cavity. Both generally
present as submucosal masses and are histologically simi-
lar to papillary proliferation of ductal-type epithelium
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inside a salivary duct [6]. Prior reports of immunohisto-
chemistry (IHC) of oral ductal papillomas have found
positivity to cytokeratin (CK) markers such as AE1/3,
Cam5.2, CK7, 8, 13, 14, 18, and 19 along with epithelial
markers such as epithelial membrane antigen (EMA) and
carcinoembryonic antigen (CEA) [7-12]. The lesions have
very little to no potential for malignant transformation, and
in most cases no recurrence is reported after simple exci-
sion [6]. Salivary ducts, however, may be secondarily
affected by oral SCCA which may sometimes result in
difficulty in diagnostic distinction from the more cellular
forms of ductal papillomas.

Papillary SCCA is a variant of oral SCCA which may
display a rather benign appearance due to the extremely
well differentiated form it often takes, resulting in a diag-
nostic dilemma and confusion with benign papillary con-
ditions, particularly larger lesions in high risk locations
such as floor of the mouth or ventral tongue. Papillary
SCCA is most often found in the oropharynx, oral cavity,
hypopharynx, larynx, and sinonasal tract, all areas where
benign squamous papilloma occurrence is also high
[13, 14]. It has been linked to human papillomavirus
(HPV), though this association has not been conclusively
proven [14]. It has been associated with a better prognosis
than other forms of SCCA in the head and neck, but
exhibits a high rate of local recurrence [14, 15].

To the best of our knowledge, no study has compared
the expression of CD44 in oral salivary intraductal pap-
illomas and papillary SCCA. This study compared 18
cases of salivary intraductal papilloma to 19 cases of oral
SCCA with immunohistochemical staining for CD44 to
determine whether this stain may be useful in supporting
a histologic diagnosis and discriminating between these
two entities.

Materials and Methods

After obtaining institutional review board approval, blocks
were identified from the archives of the University of
Florida College of Dentistry oral biopsy service over a time
frame from 1980 to 2011 for salivary ductal papillomas and
oral papillary SCCA. 19 initial cases of each lesion were
chosen, although one case of salivary ductal papilloma was
later dropped from the study due to insufficient tissue
available. Of the final 18 cases of salivary ductal papil-
loma, 12 cases were diagnosed as sialadenoma papillife-
rum, and 6 cases as inverted or intraductal papillomas. The
19 cases of papillary SCCA were from multiple locations
within the oral cavity including floor of the mouth, tongue,
gingiva, and buccal mucosa.

Four micron sections of the tissue samples were
obtained and dried for 2 h in a 60 °C oven. A Ventana

Benchmark automated immunostainer was used and they
were first dewaxed then heat inducted epitope retrieval
was performed via the Ventana CC1 retrieval solution for
30 min at 95-100 °C. Anti-Human CD44s, Clone DF1485
(Dako North America Inc, Carpinteria CA), a mouse
monoclonal antibody, was diluted to 1:40 and applied to
the sections at 37 °C for 16 min. The antigen was visu-
alized by use of the Ultra View DAB detection kit
(Ventana Medical Systems Inc, Tucson AZ). Counter-
staining was performed with Ventana brand hematoxylin
followed by dehydration, clearing, and mounting on glass
slides.

A grading system was devised for evaluating the stain-
ing patterns based on a control of the staining level in
normal oral epithelium, of which the basal and spinous
layers stain with CD44 in a membraneous staining pattern
(Fig. 1). The following grades were assigned to each CD44
preparation in both the salivary ductal papilloma group and
the papillary SCCA group: 0 = absent or no staining,
1 = weaker staining than normal oral epithelial control,
2 = comparable staining to normal oral epithelial control,
3 = stronger staining than normal oral epithelial control. In
addition, slides were graded as to presence of focal versus
diffuse staining of CD44 (diffuse staining being equal to
greater than 70 % of cell membranes of the appropriate
areas of the basal third of the epithelium showing
expression).

Results

Results of CD44 staining in the salivary ductal papilloma
group (Fig. 2) showed the following (of 18 total cases): 1
case (6 %) showed “0” (absent staining), 6 cases (33 %)
showed “1” (weak staining), 11 cases (61 %) showed “2”
(comparable to control), and 0 cases (0 %) showed “3”
staining (strong staining). Of the cases that stained posi-
tively in this group 76 % (13 cases) stained diffusely and
24 9% (4 cases) showed focal staining only. Figure 3
demonstrates a typical staining pattern of weak to moderate
staining in the basal third of the epithelium in an intra-
ductal papilloma.

In the papillary SCCA cases the following results
(Fig. 4) were obtained (of 19 cases): 0 cases (0 %) “0”
(absent staining), 0 cases (0 %) “1” (weak staining), 5
cases (26 %) of “2” (comparable to control), and 14
cases (74 %) of “3” (strong staining). All cases (100 %)
stained diffusely. Figure 5 demonstrates a typical stain-
ing response for this group with strong and diffuse
staining extending above the basal third in a papillary
SCCA. A table comparing the two groups may be seen
in Fig. 6.
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Fig. 1 Normal oral epithelium shows moderate membraneous staining to CD44 in the basal third. This level of intensity was used as a control

for this study (CD44 immunostain magnification x10)

m 0=Absent
(n=1 or 6%)
m 1=Weak
(n=6 or 33%)
m 2=Moderate
(n=110r 61%)

M 3=Strong
(n=0or 0%)

Fig. 2 Ductal papilloma group CD44 results. CD44 staining on the
ductal papilloma group revealed the majority of cases (94 %)
exhibiting weak or moderate staining

Discussion

CD44 is a receptor for hyaluronate, which is a component
of the extracellular matrix, thus allowing it to act as a
transmembrane adhesion molecule [16]. It also binds
fibronectin and collagen [17]. It functions as a lymphocyte
homing receptor as well [17]. CD44 has many uses in
histopathology, including as an epithelial marker, in the
differentiation of some forms of lymphoma, and in
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evaluating early urothelial carcinomas [18, 19]. Expression
of CD44 has been studied in many different types of can-
cer, and the majority show loss of CD44 expression to be
linked to a worse prognosis [20]. This loss of CD44
expression has been linked to a worse prognosis in lar-
yngeal carcinoma, tongue carcinoma, breast carcinoma,
ovarian carcinoma, prostate carcinoma, urothelial carci-
noma, melanoma, gastro-intestinal stromal tumor (GIST),
and carcinoid tumors, although in some of these tumors an
association has failed to have been replicated in other
studies [20-28]. Conversely, other tumors have shown the
opposite effect with high expression signaling worse
prognosis, particularly hematologic malignancies such as
multiple myeloma and non-Hodgkin lymphoma [29, 30].
CD44s is the standard subtype, but splice variants (CD44v)
have been identified and evaluated as well in which up to
10 variant exons can be inserted into the molecule [31]. It
has been hypothesized that it is the loss of adhesion
properties with loss of CD44 expression that allows for
increased levels of invasion and worse prognosis in some
types of malignancy [20].

The use of CD44 in distinguishing benign from malig-
nant papillary breast lesions has been evaluated in several
studies. Saddik and Lai [2] studied 11 intraductal papillo-
mas of the breast and 10 papillary carcinoma cases. Their
results showed that 100 % of intraductal papillomas of the
breast showed staining to CD44s of greater than 70 %
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Fig. 3 Typical staining pattern of ductal papilloma group with weak
staining mainly confined to the basal third of the epithelium
demonstrated in this case of intraductal papilloma (a hematoxylin

H O=absent
(n=0or 0%)

W 1=weak
(n=00r 0%)

W 2=moderate
(n=5or 26%)

M 3=strong
(n=14 or 74%)

Fig. 4 Papillary SCCA group CD44 results. CD44 staining on the
papillary SCCA group revealed 100 % of cases exhibiting moderate
or strong staining

while 80 % of papillary carcinomas showed staining of less
than 10 %, and they concluded that the stain was “useful to
distinguish” between the two pathologic entities [2].
Another study looked at 101 intraductal papillomas and 59
papillary carcinomas of the breast in 2005[4]. Their results
demonstrated that 45 % of ductal papillomas were positive
for CD44s, as opposed to only 8 % of the papillary carci-
nomas, a significant difference, and concluded that CD44

and eosin magnification x5, b CD44 immunostain magnification x5,
¢ CD44 immunostain magnification x20)

may be useful as an adjunct stain to differentiate [4].
Finally, Troxell et al. [3] studied 39 intraductal papillomas,
3 atypical papillomas, 25 carcinomas arising from ductal
papillomas, and 28 papillary carcinomas of the breast.
Their results showed that 79 % of intraductal papillomas
were positive for CD44s as compared to 42 % of the car-
cinomas, but due to the high rate of positivity in the car-
cinoma group they concluded that CD44 was not helpful in
differentiating between the two [3].

A separate study evaluated CD44s staining in sinonasal
papillomas when compared to invasive squamous cell
carcinoma. Ingle et al. evaluated 76 cases of sinonasal
inverted papillomas (SIP), 2 cases of SIP with carcinoma-
in situ, and 10 cases of SIP with frank invasive SCCA [1].
They found that 100 % of the SIP and the SIP with car-
cinoma-in situ were positive for the stain, while a loss of
CD44 expression was found in the SIP with SCCA group
(60 % negative, 40 % weakly positive) [1]. They con-
cluded that for SCCA arising in SIP, loss of CD44 was
associated with carcinoma development [1].

Bahar et al. [5] evaluated a different variant of CD44,
CD44v6, with intraoral lesions. They studied 10 cases of
oral epithelial hyperplasia, 8 cases of oral squamous pap-
illoma, 19 cases of oral epithelium with dysplasia, and 38
cases of oral SCCA using the staining of normal oral

Fig. 5 Typical staining pattern of the papillary SCCA group with strong and diffuse staining demonstrated (a hematoxylin and eosin
magnification x5, b CD44 immunostain magnification x5, ¢ CD44 immunostain magnification x20)
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Fig. 6 Comparison of Ductal Papilloma group to papillary SCCA group
for CD44 expression. A distinct staining profile emerged with with lower
expression of CD44 in the ductal papilloma group. In addition, positivity
through the entire thickness of the epithelium was a feature noted
uniformly within the papillary SCCA group while the ductal papilloma
group only exhibited positivity in the basal third of the epithelium

epithelium as a benchmark for staining level. While epi-
thelial hyperplasia stained compatible to normal epithelium
and squamous papillomas stained comparable or stronger
to oral epithelium, 80 % of dysplastic lesions and 100 % of
SCCA showed loss of expression to CD44v6 [5]. They
concluded that CD44v6 might be useful as a progression
marker of oral dysplastic and invasive lesions [5]. An
earlier study by Herold-Mende et al. evaluated multiple
splice variants of CD44 in normal oral epithelium, dys-
plasia, and oral squamous cell carcinoma and found
downregulation of certain variants (CD44v7,v8, and v10)

with the maintenance of others (CD44v5 and v6) in the
cases of squamous cell carcinoma [31]. They found no
alteration of CD44v expression in dysplastic oral epithe-
lium [31].

Based on the previous studies, the expected outcome of
this study was that the salivary ductal papillomas would be
positive for CD44, and a loss of expression would be seen
in the papillary SCCA cases. The results were contrary to
these expectations, but distinctive staining patterns with
CD44 did emerge between the two groups. The salivary
ductal papillomas showed weak or moderately positive
staining, but the papillary SCCA cases all stained moder-
ately to strongly positive with the antibody. In addition, in
most cases, staining was limited to the basal and lower
levels of the ductal papillomas similar to normal control
oral epithelium but in the majority of papillary SCCA,
staining of CD44 extended throughout the entire thickness
of the lesion. The level of staining intensity of the papillary
SCCA in this study was more compatible with that reported
by Bahar et al. for oral squamous papillomas than that
reported for most types of invasive carcinoma in the sin-
onasal and breast locations previously studied as well
[1-5]. No prior studies evaluating the expression of CD44
in papillary SCCA as compared to other variants of oral
SCCA could be found in a search of the literature.

This study was initiated after encountering in our biopsy
service a case of papillary SCCA invading the sub-
mandibular salivary duct which appeared so well-differ-
entiated that it mimicked a very cellular intraductal or
inverted ductal papilloma with extremely minimal mucous
cell differentiation. This case was also stained for CD44
and showed diffuse and strong (“3”) membraneous stain-
ing throughout the lesion. This case is illustrated in Fig. 7.

Fig. 7 a Special case of papillary SCCA invading the submandibular
salivary duct showing a very cellular papillary proliferation with little
atypia (hematoxylin and eosin magnification x10). b Staining for
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CD44 demonstrates strong and diffuse membraneous expression
(CD44 immunostain magnification x10)
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In this case, staining with CD44 proved a useful adjunct to
confirm the diagnosis of papillary SCCA.

Conclusion

We hypothesize that it is the well differentiated nature of
papillary SCCA that causes the strongly positive staining
pattern for CD44. Given the somewhat better prognosis that
has been generally reported for the papillary form of SCCA,
the staining pattern may be a reflection of this. The results of
this study do not corroborate the findings of lower CD44
expression in carcinomas and thereby do not aid in differ-
entiating salivary ductal papillomas and papillary SCCA.
However, the findings may help to illustrate better the
extremely well differentiated nature of papillary SCCA in
comparison to other forms of invasive oral SCCA, especially
the potential retention of cell-adhesion properties in this
tumor as demonstrated by the strong expression of CD44.
This may support to the view that papillary SCCA is a
distinct very well differentiated variant of SCCA with a
much better prognosis as observed in many cases [32, 33].
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