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Abstract We used three markers of cell proliferation —
mitotic counts, mitotic index and expression of prolifer-
ating cell nuclear antigen — to assess the proliferative ac-
tivity of a series of 78 low-grade salivary adenocarcino-
mas with myoepithelial participation classified according
to: their histological type, the predominant architectural
type, and the predominant cytological type. The series
included adenoid cystic carcinomas (40), epithelial-myo-
epithelial carcinomas (19), polymorphous low-grade ad-
enocarcinomas {12) and basal cell adenocarcinomas (7).
The proliferation indicators were found to be similar in
the first three groups, being significantly lower than in
the last. Tumours formed by basal cells had statistically
significant higher mitotic indexes than those predomi-
nantly composed of clear cells of myoepithelial type and
ductal cells. Tubular tumours, irrespective of the histo-
logical classification of the neoplasm, had proliferation
indexes similar to those found in cribriform neoplasms.
Solid tumours, whether formed by ductal or clear myo-
epithelial-type cells, had higher indexes than the neo-
plasms with differentiated (cribriform and tubular) pat-
terns. The highest mean values for every proliferation in-
dicator used were found in tumours with solid organiza-
tion that were predominantly formed by basal cells.
These results agree with the hypothesis that cell prolifer-
ation is inversely related to neoplastic differentiation.
The identification of the prevalent cell phenotype and ar-
chitecture may extend our knowledge from adenoid cys-
tic carcinoma, whose solid variant carries a worse prog-
nosis, and supports that the usual classification of this
group of salivary adenocarcinomas would benefit to be
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complemented with information on tumour architecture
and cellular composition.
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Introduction

Information on the proliferation characteristics of normal
and neoplastic human salivary gland tissues is scarce, es-
pecially in salivary gland carcinomas that express dual
differentiation {3, 5, 14, 16, 19, 20, 22]. This group of tu-
mours is formed by cells that exhibit both epithelial and
myoepithelial phenotypes and includes four entities: ade-
noid cystic carcinoma, epithelial-myoepithelial carcino-
ma, polymorphous low-grade adenocarcinoma and basal
cell adenocarcinoma [13, 18]. Similarities in their differ-
entiation characteristics and clinical behaviour and some
overlapping of their histological patterns argue in favour
of a common morphogenetic pathway for these neo-
plasms [1, 2]. Neoplastic cell features, as evaluated in
haematoxylin and eosin stained histological sections and
according to immunohistochemical characteristics, allow
the identification of variable proportions of ductal and
myoepithelial elements, together with a third cellular
type, represented by basal cells, of uncommitted differ-
entiation [3-5, 13, 14, 17].

We investigated the proliferative features of a series
of salivary gland adenocarcinomas with myoepithelial
participation using three methods: mitotic counts, mitotic
index and “proliferating cell nuclear antigen” (PCNA)
immunohistochemistry, attempting to improve character-
ization of this morphologically heterogeneous group of
neoplasms. In addition, we aimed to determine whether
these proliferation markers correlated with the architec-
tural and cytological tumour patterns potentially related
to tumour prognosis and to the process of neoplastic dif-
ferentiation and tumour histogenesis.
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Materials and methods

Seventy-eight cases of salivary gland adenocarcinomas with myo-
epithelial participation were studied. All the cases were reclassi-
fied according to the WHO classification [18] into the following
groups: adenoid cystic carcinoma (n = 40), epithelial-myoepithe-
lial carcinoma (n = 19), polymorphous low-grade adenocarcinoma
(n = 12) and basal cell adenocarcinoma (n = 7).

The age of the patients ranged between 18 and 83 years (medi-
an 56.5 years); 45 were women and 33 were men. The tumours
were located in the major glands in 36 and the minor glands in 42
cases.

The predominant architectural pattern and the predominant cell
composition, where predominant means consfituting more than
50% of the tumour area in each case, were evaluated on H&E-
stained sections obtained from 10% formalin-fixed, paraffin-em-
bedded tumour tissue.

Three architectural types were considered: cribriform (Fig. 1)
and tubular (Fig. 2), both corresponding to a “differentiated” glan-
dular arrangement, and solid (Fig. 3), with less than 50% of the tu-
mour volume composed of discernible glandular structures, and
considered "non-differentiated”, following Perzin et al.’s proposal
[15] for adenoid cystic carcinoma.

The cell types were classified as ductal cells: elements with
central nucleus, eosinophilic cytoplasm and displaying unequivo-
cal epithelial differentiation (Fig. 2), clear cells: elements with ir-
regular eccentric nucleus and clear cytoplasm and expressing an
immunocytochemical myoepithelial-cell phenotype (Figs. 2, 4),
and basal cells: elements with hyperchromatic large round to oval
nucleus and scant cytoplasm, and expressing uncommitted fea-
tures, either epithelial or myoepithelial, varying in proportion and
staining intensity (Fig. 4).

The categorization of the tumours according to these three cell
types was further achieved by using a panel of antibodies that in-
cluded: anti-cytokeratins 5, 6, 8, 17 and 18, S-100 protein, alpha
smooth muscle actin and vimentin [7] (I. Fonseca, J. Soares, un-
published data). Ductal cells always expressed positivity for low-
molecular-weight keratins, clear cells were found to be positive for
S-100 protein and smooth muscle actin, and basal cells expressed
both epithelial and myoepithelial markers irregularly distributed
and with variable frequency.

Mitotic counts were obtained by evaluating the number of mi-
toses in 10 high power fields (HPF), using a light optic micro-
scope with a field area of 0.16 mm?. The mitotic index was calcu-
lated as the number of mitoses present in a total of 1000 tumour
cells and was expressed as a percentage.

A representative section of each tumour was used for staining
with PC10/PCNA (Dako, ref. M879) antibody. Briefly, 5-itm sec-
tions were collected onto poly-L-lysine (Sigma)-coated slides that
were allowed to dry overnight at room temperature (20°C). They
were then deparaffinized in xylene, re-hydrated in ethanol of de-
creasing concentrations and the endogenous peroxidase was
blocked using 0.5% hydrogen peroxide in methanol for 10 min.
The slides were incubated with the PC10 antibody at a dilution of
1:150 for 30 min at room temperature, followed by the secondary
antibody (Dako, ref. Z259, 1:50) and the streptABC complex/HRP
(Dako, K377, 1:25) for 30 min each. The reaction was developed
using DAB (Sigma). The sections were counterstained with Har-
ris” haematoxylin, dehydrated and mounted with Entellan.

The positive results were represented by brown (light to dark)
nuclear staining. In each case approximately 1000 randomly se-
lected nuclei were assessed. An ocular mesh was used to prevent
recounting, and the percentage of PCNA-positive cells was calcu-
lated.

The results obtained were compared using the Chi-square test
for tabulated data and the Kruskal-Wallis test for comparison of
means.

Results

Mitotic counts ranged between O and 11, with a mean
value of 2.06 + 2.16 mitoses per 1.6 mm2. Lower counts
were observed in the groups of epithelial-myoepithelial
carcinoma and adenoid cystic carcinoma, each with a
median value of 1 mitosis per 10 HPF (Table 1). The
highest count was verified in the group of basal cell ade-
nocarcinoma (median: 4 mitoses per 10 HPF). There was
a statistically significant difference between counts of
adenoid cystic carcinoma, epithelial-myoepithelial carci-
noma and polymorphous low-grade adenocarcinoma vs
basal cell adenocarcinoma (P = 0.01; Table 1).

Cribriform and tubular variants of adenoid cystic car-
cinoma had median mitotic counts of 1 and 2, respective-
ly, lower than that of the solid variant of the tumour (me-
dian = 3 mitoses per 10 HPF) or of the basal cell adeno-
carcinomas (median = 4 mitoses per 10 HPF).

In the groups of adenoid cystic carcinoma and poly-
morphous low-grade adenocarcinoma, tumours with sol-
id architecture had mitotic counts over their respective
median value in 83.0% and 75.0% of the cases.

Tumours predominantly composed of basal cells
showed mitotic counts higher than those of tumours pre-
dominantly formed of either ductal or clear cells. The
difference between median values did not, however,
reach statistical significance. The group of adenoid cys-
tic carcinomas predominantly formed by basal cells had
lower mean mitotic counts than that of basal cell adeno-
carcinoma group (2.28 + 1.97 vs 528 = 3.81 per
10 HPF). Among the clear-cell-predominant tumours, ir-
respective of their histological type, there were no signif-
icant differences in the median values of their mitotic
counts.

The mean value for the mitotic index was of 7.92 +
6.00% in the whole series (Table 1). The limit values
were observed in the adenoid cystic carcinoma group
(6.86 = 4.52%) and the basal cell adenocarcinoma group
(16.27 + 9.47%). The mitotic indexes of adenoid cystic
carcinomas, epithelial-myoepithelial carcinomas and
polymorphous low-grade adenocarcinomas were statisti-
cally significantly lower than that of basal cell adenocar-
cinomas (P = 0.04; Table 1).

When the tumours were grouped according to the
aforementioned architectural types, solid tumours as a
whole showed higher mitotic indexes than the two differ-

Fig. 1 Low-magnification of a cribriform adenoid-cystic carcino-
ma. H&E, x185

Fig. 2 Epithelial-myoepithelial carcinoma: a tubular arrangement
forming small neoplastic ducts. A dual cell population is apparent,
with an outer layer of clear cells surrounding the darker, smaller
duct cells. H&E, x928

Fig. 3 Basal cell adenocarcinoma: solid tumour nodule formed
by basal cells, with a central, comedo-type necrosis. H&E, x371

Fig. 4 Basal cell adenocarcinoma: higher magnification of an ar-
ea in which the two cell types, clear and basal, are sharply appar-
ent. H&E, x928
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Table 1 Median mitotic counts

(MC), mitotic index (MI) and Classification n MC/10 HPF  MI1% PCNA%
percentage of PCNA-positive . . .
nuclei of the whole series Adenoid cystic carcinoma 40 1.0 6.8624.68 21.56x11.42
Epithelial-myoepithelial carcinoma 19 1.0 7.35+5.90 20.68+14.99
% P=0.01: ** P=0.04: Polymorphous low-grade adenocarcinoma 12 15 7.51+4.96 18.91x11.09
=0.U1; =0.04; Basal cell adenocarcinoma 7  4.0% 16.27+9.47*%*  43.16x25.38%**

#a% p=(0.02

Table 2 Mitotic counts, mitot-

ic indexes and percentage of Mitotic counts (median) ~ Mitotic index (%)  PCNA index (%)
“PCNA positive” nuclei corre- -
lated with the cytoarchitectural ~ Afchitectural pattern
patterns of the tumour collec- Differentiated/glandular 1.71£1.79 (1) 6.81x4.54 20.72+11.62
tive (mean+SD); median mitot-  Cribriform 1.71£2.08 (1) 6.35+4.52 20.66+12.25
ic counts are shown in round Tubular . ' 1.72+1.17 (2) 7.58+4.61 20.83+10.81
brackets) Non-differentiated/solid 2.65+2.59 (2)* 9.80+7.60%* 26.68+19.29%#*
Cytological type

) ] Basal 2.71£2.61 (2) 9.05+7.02 26.61+18.41

» P=0.05; ** P=0.03; Clear 1.4221.16 (1) 7.05+5.71 20.3114.45
P=0.08 (glandular versus  pyeqa] 1.76£1.98 (1) 7.19+4.64 20.44+9.43

solid)

entiated, cribriform and tubular, glandular types (9.80 =+
7.60 versus 6.81 = 4.54) (Table 2). The mitotic index of
the solid variant of adenoid cystic carcinoma, with 8.67
+ 4.52%, was similar to that found in the solid forms of
epithelial-myoepithelial carcinoma (8.00 + 6.43%), and
both these were significantly lower than the miotic index
of solid basal cell adenocarcinoma (P = 0.04). Tubular
forms of adenoid cystic carcinoma and epithelial-myo-
epithelial carcinoma also had similar mitotic indexes
(6.93 + 2.89% and 5.93 + 4.75%, respectively).

The neoplasms in which basal cells predominated pre-
sented higher mitotic indexes than tumours mostly
formed of either clear or ductal cells (Table 2). Adenoid
cystic carcinoma and polymorphous low-grade adenocar-
cinoma in which basal cells predominated had similar
mitotic indexes (7.05 £ 4.70% and 7.02 + 4.89%), which
were lower than that found in basal cell adenocarcino-
mas.

The mean value of the PCNA index (PCNA% posi-
tive) nuclei of the whole series was of 22.94 + 15.10%.
Mean values found in the epithelial-myoepithelial carci-
noma group (20.68 = 14.99%) and the adenoid cystic
carcinoma group (21.68 + 11.42%) were identical, but
significantly (P = 0.02) lower than that verified in the
basal cell adenocarcinoma group (43.16 + 25.38%).

Solid architecture was associated with a PCNA index
higher than the one verified in cribriform and tubular
types (Table 2). Among the glandular differentiated tu-
mours, cribriform neoplasms had lower mean PCNA in-
dexes than tubular tumours in the groups of adenoid cys-
tic carcinoma (cribriform, 21.32 = 12.20; tubular,
22.36 = 4.77) and polymorphous low-grade adenocarci-
noma (cribriform, 14.46 = 13.25; tubular, 23.32 = 11.56).

When tumour cytology was taken into consideration,
tumours mostly made up of clear cells had lower mean
PCNA indexes than did tumours mostly made up of duc-
tal cells. In the adenoid cystic carcinoma group, tumours
predominantly composed of basal cells had higher PCNA
indexes than the two other cytological groups (Table 2).

Irrespective of the histological classification, tumours
that associated a predominance of basal cells and solid
architecture showed the highest PCNA indexes, match-
ing the findings with mitotic counts and indexes.

In this particular group of tumours, immunocyto-
chemical determination of proliferative activity gave par-
allel results to the traditional indicators of cell division
assessed in H&E-stained slides (mitotic counts and mi-
totic index).

Discussion

Proliferative activity measured by our methods was
found to be similar among tumours of the adenoid cystic
carcinoma, epithelial-myoepithelial carcinoma and poly-
morphous low-grade adenocarcinoma groups (Table 1).
In contrast, the three proliferation indicators were signif-
icantly higher in the basal cell adenocarcinoma group,
demonstrating that these neoplasms have a higher capac-
ity for division than the three other histological groups.
This statistically significant difference fits well with the
fact that basal cell adenocarcinomas, by definition, al-
most invariably exhibit a solid organization of cells of
basaloid morphology, the opposite being true for the ma-
jority of tumours of the three other histological types.
This conclusion strongly supports the relationship of the
cellular composition and tumour organization with pro-
liferative activity in bidifferentiated low-grade adenocar-
cinomas of the salivary glands.

It is generally accepted that, despite a certain degree
of variation, three main architectural patterns of tumour
organization and an identical number of cytological sub-
types are recognized among salivary gland adenocarcino-
mas with myoepithelial participation [6, 11]. Solid archi-
tecture is frequently associated with non-differentiated
neoplastic organization, usually opposed to the differen-
tiated pattern of tumours having glandular arrangements,
typified by cribriform and tubular architecture and, less



frequently, by concurrent papillary areas. Papillary ar-
rangements, mostly found in polymorphous low-grade
adenocarcinoma, never achieved a predominant pattern
in the tumour architectural pattern and were not consid-
ered in the study.

To compare the proliferative activity between archi-
tectural groups (glandular/differentiated versus sol-
id/mon-differentiated) and cytological groups (epithelial-
type versus myoepithelial-type versus basal-type), we in-
cluded in the same category neoplasms from each of the
four histological types. For this purpose, adenoid cystic
carcinoma, epithelial-myoepithelial carcinoma, polymor-
phous low-grade adenocarcinoma and basal cell adeno-
carcinoma were considered as a single “family” of enti-
ties.

In structural terms, we found that the group of tu-
mours showing differentiated glandular patterns, either
tubular or cribriform, presented mean values of the pro-
liferation markers studied lower than the group of solid
tumours, as is shown in Table 2. This difference had sta-
tistical significance.

It is commonly accepted that differentiation of normal
tissues is inversely related to the proliferating activity of
their cells and that the loss of tumour cell proliferative
capacity is associated with acquisition of a well-differen-
tiated pattern [10, 12, 21]. In a previous study of a series
of epithelial-myoepithelial carcinomas, the salivary tu-
mour type that mostly resembles normal intercalated
ducts, we showed that neoplastic proliferation was re-
stricted to modified myoepithelial cells and that in epi-
thelial cells forming typical ductal structures with a ter-
minally differentiated phenotype no evidence of prolifer-
ative activity was disclosed by immunohistochemistry
[8]. The typical glandular appearance (tubular and/or
cribriform) of adenocarcinomas associated with a re-
markable biphasic cell composition is associated with a
low rate of cell division and should express a well-differ-
entiated neoplastic organization compared with the com-
position of normal tissue [1, 2].

The three aforementioned indicators of cell prolifera-
tion also demonstrated that basal cells have higher prolif-
eration rate than myoepithelial-type cells and the latter a
slightly higher rate than ductal cells. These results allow
us to conclude that the cytological phenotype of the ele-
ments that predominate in the composition of the neo-
plasms might anticipate their proliferative capacity,
while identifying potential clinical behaviour as usually
correlated with the histological pattern of the neoplasms.

Previous studies on salivary gland tumour prolifera-
tion have mostly been restricted to the group of adenoid
cystic carcinomas and have used different methodolo-
gies, namely S-phase cytometric determination [16], Ki-
67/MIB1 [14, 19] and PCNA immunocytochemistry
[22], which biases the comparison of the different re-
sults. However, all these studies [14, 16, 19, 22] like
ours, demonstrate very consistently that solid adenoid
cystic carcinoma has proliferation index values double
those of more differentiated, cribriform and/or tubular
forms.
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Overall, our results in this group of salivary adenocar-
cinomas with myoepithelial participation fit well with
the view that tumour differentiation correlates inversely
to proliferation activity and that solid tumours, predomi-
nantly formed of basal cells, have increased potential for
local growth {9]. The proliferative indicators studied are
not informative markers of tumour prognosis and are of
no value for the evaluation of the individual case. How-
ever, in this particular group of neoplasms, cytodifferen-
tiation and architectural differentiation are morphologi-
cal indicators of potential clinical utility in addition to
the histological classification, extending to all salivary
adenocarcinomas with myoepithelial participation prog-
nostic criteria that have been suggested for adenoid cys-
tic carcinoma [15] and for epithelial-myoepithelial carci-
noma [7].
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