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Abstract Stroma desmoplasia was studied by immuno-

histochemistry for a-smooth muscle actin (a-SMA) in

17 instances of carcinoma ex-pleomorphic adenoma

(CXPA) classified according to the presence of epithelial

and myoepithelial cells and the degree of invasion: intra-

capsular, minimally and frankly invasive carcinoma. In

‘‘resident’’ pleomorphic adenoma, no desmoplasia was

detected. In invasive areas of the intracapsular type of

CXPA with only an epithelial component, desmoplasia

started to be revealed by the presence of myofibroblasts

close to the capsule. In the minimally invasive type,

myofibroblasts were seen in the septum between islands of

malignant cells and in focal peripheral areas of the tumor

interpreted as the actual front of invasion. In the frankly

invasive type of CXPA showing large blocks of cells,

intense desmoplasia was seen, also separating the tumor

cells from the neighboring normal tissue. In tumors with

cords and/or small nests of cells, desmoplasia was very

slight. In the invasive type of CXPA with a myoepithelial

component, a-SMA expression was seen in the septum

between the islands of cells. The expression was less

intense and not present in all areas of the stroma. In CXPA

with epithelial and myoepithelial cells, myofibroblasts

were rarely seen in the septum separating sheets of cells.

Thus, we may deduce that the presence of desmoplasia

parallels the capacity of invasion of CXPA by epithelial

cells, being minimum in the intracapsular and minimally

invasive type of CXPA and increasing as the tumor

becomes frankly invasive. Furthermore, we may also

conclude that in CXPA with a myoepithelial component,

desmoplasia is very rare.
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Introduction

Carcinoma ex-pleomorphic adenoma (CXPA) is a salivary

gland tumor derived from the malignant transformation of

a benign tumor, the pleomorphic adenoma, usually from a

long-standing or a recurrent tumor. It comprises 3% of all

salivary tumors, 12% of all salivary malignance, and 6.2%

of all pleomorphic adenomas [1].
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Our group has studied various aspects of this lesion,

such as cytoskeleton and proteins involved in cell cycling.

Recently, we demonstrated by immunohistochemistry that

CXPA is composed of tumors with either epithelium alone

or with epithelium and myoepithelium. These tumors were

classified as intracapsular, minimally invasive carcinoma,

and frankly invasive carcinoma. Furthermore, some of

these neoplasms may present intra-ductal areas also called

in situ carcinoma [2]. We studied the immunoprofile of

reactive myoepithelial cells, which surrounded the malig-

nant luminal epithelial cells, showing that these cells

become more differentiated and produce proteins related to

tumor suppressor function [3].

However, tumor growth is not only determined by the

tumor cells themselves, but it is also the result of a complex

and poorly understood interplay between tumor cells and

surrounding stromal tissue [4].

Studies have focused on stromal features of various

tumors, aiming to add more information to the diagnostic

and prognostic prediction of neoplastic lesions. In partic-

ular desmoplasia, a process characterized by deposition of

collagen by myofibroblasts, has been pointed out as a

valuable prognostic factor [5]. Myofibroblasts are regarded

as reparative cells, and the fibroblasts are thought to be

their precursor. Differentiation of fibroblasts into myofi-

broblasts is due to growth factor and cytokine activities,

amongst which, transforming growth factor-b1 (TGF-b1) is

the main agent [6].

The present study investigated the presence of stromal

desmoplasia by identification of myofibroblasts in CXPA

of salivary glands, aiming to correlate the later with the

subtype components and the invasion grade of CXPA.

Materials and Methods

The present study protocol was approved by the Ethics

Committee of School of Medicine of the State University

of Campinas, Brazil.

About 17 surgical samples from cases diagnosed as

CXPA were retrieved from the files of the Department of

Clinical Pathology at the State University of Campinas

Medical School. The tumors were classified according to

Brandwein et al. [7] taking into account the extension of

invasion beyond the capsule of the previous pleomorphic

adenoma as intracapsular (without invasion), minimally

invasive (£1.5 mm of invasion), and frankly invasive. The

tumors were also classified according to the presence of

epithelial and/or myoepithelial cells using immunohisto-

chemistry for cytokeratins (epithelial cells), vimentin, and

a-smooth muscle actin (a-SMA) (myoepithelial cells) as

previously described [2] (Table 1).

Serial sections, 3 lm in thickness, were obtained from

paraffin-embedded samples and the dewaxed sections were

processed for epitope desmasking (Table 2). Endogenous

peroxidase was blocked by incubation in 3% hydrogen

Table 1 Sex, age, localization,

component, and degree of

invasion of the carcinoma

ex-pleomorphic adenoma

* Data not available

Case Sex Age

(years)

Salivary gland Component Degree

of invasion

1 Female 44 Submandibular Epithelial Intracapsular

2 Male 58 Parotid Epithelial Intracapsular

3 Female 50 Parotid Epithelial Intracapsular

4 Female 37 Submandibular Epithelial Intracapsular

5 Female 51 Parotid Epithelial Intracapsular

6 Female 65 Parotid Epithelial Minimally

invasive

7 Female 43 Parotid Epithelial Minimally

invasive

8 Female 89 Submandibular Epithelial Minimally

invasive

9 Male 74 Parotid Epithelial Minimally

invasive

10 Female 62 Submandibular Epithelial Frankly invasive

11 Male 66 Parotid Epithelial Frankly invasive

12 Male * Parotid Epithelial Frankly invasive

13 Male 44 Parotid Epithelial Frankly invasive

14 Female 55 Palate Myoepithelial Frankly invasive

15 Male 65 Parotid Myoepithelial Frankly invasive

16 Female 50 Parotid Myoepithelial Frankly invasive

17 Female 74 Palate Myoepithelial Frankly invasive
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peroxide. After washing, the sections were incubated with

primary anti-vimentin, anti-a-SMA, and anti-desmin

(Table 2).

Signal detection was performed using the DAKO

EnVision Peroxidase procedure (DAKO, Carpinteria, CA,

USA), followed by a diaminobenzidine chromogen solu-

tion and counterstaining with Mayer’s hematoxylin.

Wall vessel and myoepithelial cells of the normal sali-

vary glands included in the tumoral specimens were used

as positive internal control.

The labeled sections were qualitatively evaluated by two

independent pathologists.

Results

In this investigation, the immunohistochemical expression

of a-SMA was evaluated to detect myofibroblasts respon-

sible for stromal desmoplasia. Our results disclosed that

vimentin was positive for both fibroblasts and myofibro-

blasts; desmin was not detected in myofibroblasts. This

expression was studied in CXPA tumors with an epithelial

component—5 intracapsular, 4 minimally invasive, and 4

invasive—and 4 invasive tumors with both epithelial and

myoepithelial cells or with only a myoepithelial cell

component.

‘‘Residual’’ Pleomorphic Adenoma

a-SMA expression was observed only in vessel walls and,

in focal areas, in rare plasmacytoid and fusiform myoepi-

thelial cells. Few myoepithelial cells surrounding ductal

structures were also positive. No desmoplasia was detected

in the stroma.

Carcinoma Ex-Pleomorphic Adenoma Without

a Myoepithelial Component

Intracapsular

In areas of in situ carcinoma of the intracapsular type, there

is a strong expression of a-SMA in benign myoepithelial

cells around ductal structures (Fig. 1A0). In invasive areas

of CXPA which are still inside the pleomorphic adenoma

capsule, initiation of desmoplasia starts with the presence

of myofibroblasts expressing a-SMA close to the capsule

(Fig. 1A@).

Minimally Invasive

Myofibroblasts were seen in septae between blocks of

malignant cells and in focal peripheral areas of the tumor

interpreted as the invasion front (Fig. 1B).

Frankly Invasive

In invasive CXPA showing large islands of cells, intense

desmoplasia was seen, separating the tumor cells from the

neighboring normal tissue (Fig. 1C). However, when the

tumor was represented by cords and/or small nests of cells,

desmoplasia was very slight (Fig. 1D).

Carcinoma Ex-Pleomorphic Adenoma with

Myoepithelial Component

Frankly Invasive

In CXPA with only myoepithelium, a-SMA expression

was seen in some malignant myoepithelial cells and in

the septum among the blocks of cells. The expression was

less intense and not present in the entire stroma (Fig. 1E).

In CXPA composed of epithelial and myoepithelial

cells, the expression of a-SMA was present only in myo-

epithelial malignant cells. No stromal myofibroblasts were

seen in the majority of the specimens. Myofibroblasts

expressing a-SMA were rarely seen in the septum sepa-

rating sheets of cells (Fig. 1F).

Discussion

In the present study, we have analyzed the presence of

desmoplasia along different stages of CXPA development.

Our results showed that desmoplasia parallels the change in

behavior of CXPA: at first there is no desmoplasia in

Table 2 Clone, pretreatment for epitope desmasking, dilution and incubation times for primary antibodies

Antibody Clone Pretreatment Dilution Incubation time (min)

Vimentina V9 Citrate 0.01 M; pH 6.0; 95�C; 30 min 1:800 40

a-Smooth muscle actina 1A4 No pretreatment 1:300 40

Desmina DE-R-11 Citrate 0.01 M; pH 6.0; 95�C; 30 min 1:100 40

a DAKO, Carpinteria, CA, USA
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pleomorphic adenoma; it starts appearing in invasive areas

of intracapsular type, although still inside the PA capsule;

and finally, the desmoplasia becomes intense in invasive

type of CXPA with only epithelial cells but scarce in

CXPA with myoepithelial cells. In tumors with a minimal

degree of invasion, myofibroblasts were observed in focal

peripheral areas interpreted as the real invasion front.

Tumor development and progression has been consid-

ered to be a consequence of an imbalance between

apoptosis and proliferation of transformed cells. Prolifer-

ation is the result of genetic aberrations which trigger the

activation of oncogenes and/or loss of tumor suppressor

genes. However, progression towards a malignancy

requires a dynamic interaction between tumor cells and the

environment in which they thrive. This interaction pro-

motes changes in the tumoral stroma, including the

appearance of desmoplasia. An excellent review of the role

of tissue stroma in cancer invasion has been presented by

de Wever and Mareel [8].

Desmoplasia is characterized by collagen fibers plus

myofibroblasts, mesenchimal cells sharing characteristics

with smooth muscle cells and fibroblasts. Morphologi-

cally, this cell is defined by stress fibers and well-

developed cell-matrix interactions (fibronexus). Myofi-

broblasts are large spindle-shaped cells with indented

nuclei, reflecting their myogenic nature. Immunocyto-

chemical characterization of the myofibroblast is based on

a combination of different markers such as positivity for

a-SMA, vimentin, prolyl 4-hydroxylase, and absence of

cytokeratin [9–11]. Growth factors, such as transforming

growth factor-b (TGF-b), produced by tumoral cells have

been suggested to be responsible for the transdifferentia-

tion of fibroblasts to myofibroblasts, first described in

wound healing.

Myofibroblasts have been observed in tumors of various

origins—colon [12], breast [13, 14], liver [15], lung [16],

prostate [17], and pancreas [18]—mainly at the invasion

front. Desmoplastic response in the invasion front was

Fig. 1 Immunohistochemistry of a-SMA in CXPA. (A0) and (A@)
Intracapsular type, with epithelial component. (A0) Strong expression

of a-SMA in the benign myoepithelial cells surrounding the ductal

structures of in situ areas. (A@) Presence of myofibroblasts positive

for a-SMA close to the capsule. (B) Minimally invasive type, with

epithelial component. Desmoplasia is observed in invasion front. (C)

and (D) Frankly invasive type, with epithelial component. Strong

expression of a-SMA in myofibroblasts revealing intense desmoplasia

in septum among blocks of malignant epithelial cells (C) and discrete

desmoplasia among small nests of cell (D). (E) Frankly invasive type,

with epithelial and myoepithelial components. Expression of a-SMA

is seen in a few myofibroblasts in the stroma. Observe the strong

expression of a-SMA in malignant myoepithelial cells of ductal

structures. (F) Frankly invasive type, with myoepithelial component.

Presence of myofibroblasts is very rare in the tumoral stroma. a-SMA

is detected in myoepithelial cells and wall vessel
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observed in more than 90% of pancreatic carcinoma [19].

The causal role of the myofibroblast in the transition from

the non-invasive towards the invasive phenotype is sug-

gested by the finding that the appearance of myofibroblasts

precedes the invasive stage of the cancer. Thus, myofi-

broblasts are a common stromal element in the colon from

patients that have developed familial adenomatous polyp-

osis and larger villous adenomas which both frequently

transit toward invasive carcinomas [20].

In this study, looking at the epithelial tumors with a

minimally invasive degree of invasion, myofibroblasts

started being observed in focal peripheral areas. The same

pattern of expression by tenascin was demonstrated in a

recent study suggesting that the alteration of stroma may

play a role in invasion properties of this tumor [21]. We

recall that both tenascin and transdifferentiation of fibro-

blasts to myofibroblasts are signalized by TGF-b.

Growth factors such as TGF-b, which is produced by

tumoral cells, transdifferentiate fibroblasts to myofibro-

blasts, changing the cancer stroma which seems to be the

first signal of tumor invasion [8]. Besides the transdiffer-

entiation of fibroblasts into myofibroblasts, TGF-b in

tumors has multiple activities: it leads to critical changes in

cytokine balance, extracellular matrix proteins, proteinases,

and their inhibitors and provides combinatorial information

for invasion and survival, angiogenesis, and escape from

immune surveillance [22–24].

Controversial findings are described in the literature

about the role of desmoplasia in human tumors. It is not

known whether it gives to the tumoral cells a growth

advantage or it is a reaction of the host to inhibit cancer cell

progression. Caporale et al. [25], studying desmoplasia in

colorectal carcinoma, concluded that it may prevent cancer

invasiveness by building a barrier against tumor diffusion.

In salivary gland tumors, Sobral et al. [26] showed greater

desmoplasia in low-grade mucoepidermoid carcinoma

when compared with high-grade mucoepidermoid carci-

noma. Vasudev and Harris [27] and Schurch et al. [28, 29]

also related desmoplasia to low-grade tumors in breast

adenocarcinomas.

Alternatively, myofibroblasts not only stimulate cancer

cell invasion but also angiogenesis and shield the cancer

cell from the immune response preventing physical contact

between cancer cells and immune cells, an essential phe-

nomenon for cancer cell destruction. The presence of

myofibroblasts around progressive tumors is associated

with the absence of immune and inflammatory cells within

tumors [30].

It is also interesting to remember that TGF-b, which is

responsible for the desmoplasia, is related to cancer inva-

sion. Various studies have given support to this hypothesis:

high levels of TGF-b associated with colon cancer pro-

gression in men [31]; over expression of TGF-b in prostatic

cancer growth and invasion in vivo [32]; inhibition by anti-

TGF-b monoclonal antibodies of lung metastasis of

mammary cancer cells inoculated intraperitoneally into

athymic mice [33]; and, in transgenic mice, keratinocyte

targeted expression of TGF-b promotes cancer progression

as evidenced by the conversion rates of non-invasive

towards invasive lesions [34, 35].

The three cases of CXPA composed of epithelial and

myoepithelial cells, as well as the case composed only of

myoepithelial cells were all in the invasive stage, whereas

these tumors are usually identified just when they have

invaded outside the original or residual pleomorphic ade-

noma [2]. In these tumors, the desmoplasia characterized

by myofibroblasts was rarely observed in the septum sep-

arating sheets of cells. This fact probably is related to the

presence of myoepithelial cells, that also exhibit a-SMA

filament. It is important to emphasize the role of myoepi-

thelial cell as a tumor suppressor providing an important

defense against cancer invasion [3]. This function was

based on the capacity of myoepithelial cells to accumulate

abundant extracellular matrix and secrete relatively low

levels of matrix degradation proteinases but relatively high

levels of maspin and various other anti-invasion proteinase

inhibitors [36–38].

Based on our results, we may deduce that the presence

of desmoplasia parallels the capacity of the invasion of

CXPA composed by epithelial cells, starting in the invasion

front of the minimally invasive type of CXPA and

increasing as the tumor becomes frankly invasive. Fur-

thermore, we conclude that in CXPA with a myoepithelial

component, desmoplasia is very rare.
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