
Abstract. Purpose: In order to investigate the early changes
in the expression of tenascin-C, following irradiation and the
associated functional impairment of salivary glands. Materials
and Methods: Fifteen rabbits were used for the study. Five
provided control parotid gland tissue and a further 10 rabbits
were scintigraphically examined prior to and 24 h after 15/30
Gy. Glands were studied histologically using HE-staining and
tenascin-C antibodies. Results: Reduction in the salivary
ejection fraction (SEF) was observed in all irradiated glands.
Simultaneously, a marked re-distribution of tenascin-C
expression was noticed. Reactivity detected in the intercalated,
secretory ducts and perineurinal regions prior to radiation was
noticed intracellularly after 24 h. Furthermore, nerves showed
tenascin-C expression in the Schwann cells, but no longer
perineurinally. Myofibroblasts were also observed in the
stroma. Conclusion: This study proves the ability to predict
functional disorders of salivary function as early as 24 h after
radiation and provides evidence of the participation of
tenascin-C in the pathological process of radiation-induced
damage in salivary glands.

Radiation-induced dysfunction of salivary glands still

represents a main side-effect of radiotherapy, influencing

speech, chewing and swallowing in patients irradiated for

head and neck malignancies. Many studies have tried to

localise the target site of radiation damage, indicating either

early cell membrane injury and interphase cell death (1) or

mesenchymal alteration occurring later, including changes

in the extracellular matrix such as laminin and collagen IV

remodelling and fibrosis (2-4).

Tenascin-C (TN-C) is one ECM component which is

prominent during tissue restructuring in several normal and

pathological processes, including embryonic development (5,

6), epithelial-mesenchymal interaction (7) and wound

healing (8). Recently, the role of extracellular matrix

proteins such as tenascin and fibronectin has also been

assessed during tissue restructuring in different sites, such as

the subepithelial layer of cutaneous and mucosal tissue,

conjunctival mucosa, skin and neuronal tissue, following

surgical intervention, radiotherapy, or UV exposure (9, 10).

An examination of TN-C expression during normal

mammary gland development indicated that it was

differentially regulated at each stage of development; an up-

regulation was noticed during involution associated with

apoptosis of acinar cells (11, 12). Remodelling in the

expression of tenascin-C has also been observed in numerous

salivary gland tumors like adenoid cystic carcinoma (13),

pleomorphic adenoma (14) mucoepidermoid, myoepithelial

and undifferentiated carcinoma (15). However, the influence

of ionised radiation on the expression of tenascin-C in

salivary glands following radiotherapy and the correlation

with associated dysfunction is still unknown. 

The key goal of this study was to investigate the

distribution pattern of tenascin in normal and irradiated

parotid acinar cells and the relationship with functional

impairment in an established rabbit experimental model. In

order to evaluate the functional impairment of salivary gland

tissue, we additionally carried out sialoscintigraphy

simultaneously with the immunohistochemical investigation.

Radiogenic impairment of salivary glands is characterized by

either reduction of the salivary ejection fraction (16, 17) or

decrease of the capacity to trap the radiotracer (18). Change

of tracer uptake in this procedure provides a reliable

surrogate parameter of acinar cell function (19-21).
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Materials and Methods

Animals and study design. Fifteen healthy male, New Zealand

rabbits of 2.5-3.5 kg weight were used for the study. They were

purchased from Charles-River-Wiga GmbH, Sulzfeld, Germany,

kept under laboratory conditions and alternating 12-h day/night

rhythm and received standard food (AltrominR) and water ad
libitum. All animals were acclimatised for at least one week before

starting the study and then randomised into 3 groups. Experimental

procedures were approved by the local authority according to the

current German law on the protection of animals.

Ten rabbits underwent a first scintigraphy as described below.

One week later, 5 rabbits were irradiated with a single dose of 

15 Gy and a further 5 rabbits with 30 Gy, both under general

anaesthesia using a combination of 3 mg/kg (S)-Ketamin-

hydrochloride (Ketanest-SR) and 0.1 mg/kg Xylazin-hydrochloride

(RompunR) administered intramuscularly. Twenty-four hours after

irradiation, a second scintigraphy was performed with a subsequent

excision of salivary glands for histological examination. Five

animals were sham-treated but kept unirradiated and provided

control glandular tissue.

Quantitative salivary gland scintigraphy. Scintigraphy was performed

in a prone position using a gamma camera (Picker 3000 XP) with

LEUHR (low energy ultra high resolution) collimator. Dynamic

studies were acquired with 90 frames and 30 sec/frame after i.v.
application of 100 MBq 99mTcO4

- in 256 x 256 matrix. 0.01 mg/kg

Carbachol (DorylR) was administered at 20 min to stimulate saliva

secretion. Percentage uptake of the administered activity in the

parotid gland was calculated within 10.–19. and 36.-45. min. Then,

differences of uptake before and after administration of carbachol

were calculated by means of time-activity curves.

The second scintigraphy was always performed one week after

the first one, in order to avoid any disturbances by the remains of

radiotracer injected previously. The Salivary Ejection Fraction

(SEF) has been defined as follows:

SEF (%) = maximal uptake – remaining activity / maximal uptake

Irradiation. In general, anaesthesia X-ray irradiation was performed

using a 10 megavolt MEVATRON 74 – Siemens teletherapy unit

with a dose rate of 3 Gy/min. The rabbit was placed laterally and

covered with a 1-cm-thick tissue-equivalent bolus material. An axial

beam was directed from above towards the rabbit’s head, extending

from the retro-auricular region into the tip of the nose (field size

7.5 x 10 cm) thus including all salivary glands. Every side received

7.5 Gy/ 15 Gy and a whole exposure of 15 Gy/ 30 Gy was attained.

Tissue preparation and immunohistochemistry. After salivary gland

scintigraphy, biopsies attained from the parotid gland through a

submandibular incision were fixed in neutral phosphate-buffered

4% formalin. After a minimum of 48 h of fixation, the tissue was

processed by standard paraffin-embedding methods. Sections were

cut at 4 Ìm, deparaffinized and then stained with hematoxylin and

eosin (HE).

For immunohistochemical staining with monoclonal antibodies

against tenascin-C (TN2, diluted 1:25, Dako, Denmark), native

material was used. The APAAP technique was used for the

visualisation of the bound primary antibodies. The secondary rabbit

anti-mouse antibody and the APAAP complex were diluted 1:50

(both from Dako). Naphtol-AS-biphosphate (Sigma, USA) and

new fuchsin (Merck, Germany) were used as substrate and

developer, respectively. As negative control, the primary antibody

was replaced by a non-immune serum. Ten view fields of each

sample in every group were chosen at random and the degree of

tenascin-C reaction in relation to the whole viewed surface was

evaluated using the professional Soft Imaging System software

ANALYSISR . Values were expressed as mean±SEM in the

studied glands.

Data and statistical analysis. When proved to follow a normal

distribution, values of tracer uptake and tenascin-C reaction were

expressed as mean±SEM and the two-sided t-test for paired

samples was used to compare immunohistochemical and

scintigraphic data obtained prior to and 24 h after irradiation. The

SPSS software (Statistical Package for Social Sciences) was used

for evaluation. A level of p<0.05 was considered to be significant. 

Results

HE-staining. The main feature observed was secretory

retention in the acinar cells of irradiated glands, which led

to intracellular edema. Particularly, the cellular borders

were diminished and it was not possible to delimit adjacent

cells. Scattered vacuolopathy and a significant rise in the

number of aberrant nuclei was noticed in irradiated acinar

and ductal cells.

Tenascin-C. A tenascin-C matrix was observed in the control

as well as in the irradiated glands. However, the irradiated

glands showed a fundamentally different immunostaining,

in terms of expression pattern as well as quantity.

Control glands: Paranchymal cells: The tenascin-C reaction

was limited to the basal membrane of the intercalated and

secretory ducts and some acinar cells (Figure 1A). The

percentage of labelled areas was 10.95±0.24%.

Stromal cells: Stromal fibroblasts showed no reaction and

were tenascin-C-negative in all samples.

Peripheral nerves: Nerves displayed a distinctive immun-

ostaining; there was strong staining of the perineurinal

fibroblasts whereas the inner part of the nerve, including the

Schwann cells, was negative (Figure 1C).

Peripheral vessels: An immunostaining of the vessel wall was

visualized in peripheral arteries and veins, while capillaries

were negative.

Irradiated glands: Paranchymal cells: In contrast to the

control glands, the majority of irradiated acinar cells

displayed a strong granular cytoplasmic immunostaining,

regardless of the radiation dose (87.33±1.06% of whole

sample; p<0.01) (Figure 1B). A fibrillar extracellular

tenascin-C reaction was not found. Nearly all intercalated

and secretory ducts were positive for tenascin-C.

Stromal cells: In contrast to the control glands, a small

subset of tenascin-C-positive stromal cells were observed.
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These tenascin-C-positive spindle cells showed an abundant

fibrillar cytoplasm and a moderately-enlarged nucleus

(Figure 2). In serial sections these cells displayed smooth

muscle actin positivity (data not shown) indicating a

myofibroblast phenotype.

Peripheral nerves: Nerves showed a partial loss of tenascin-C

staining perineurinally, whereas the Schwann cells turned

slightly positive in the cytoplasm (Figure 1D). 

Peripheral vessels: The blood vessels did not develop any

significant change in the tenascin-C expression pattern in

relation to the control glands. 

Scintigraphic data. Prior to irradiation, the initial 99mTc-

pertechnetate uptake of the parotid glands ranged from 0.14%

to 0.32% (0.293±0.011%). After application of carbachol, a

decrease of the remaining activity down to 0.172±0.013% was

observed in Region Of Interest (ROI), showing a significant

difference (p<0.01). The SEF was 41.29%.

In irradiated glands of both groups, the initial uptake was

0.215±0.014% and underwent only a limited reduction after

stimulation (0.189±0.028%). The SEF showed a significant

reduction in relation to control glands (SEF=12.09%,

p<0.05). No significant dose-related effect was found

(Figure 3).

Discussion

Radiation-induced damage of salivary glands after

radiotherapy of the head and neck region is a well known

phenomenon, and many studies have demonstrated the

morphological impairment of acinar cells as early as 1 h

after radiation (13). However, in these studies only minimal

light microscopic changes, or modification of the

ultrastructure, which are difficult to evaluate or quantitate,

were observed. To date, there is no specific indicator lesion

for radiation-induced injury of salivary glands, and no

appropriate marker for the initial damage could be

presented.

Our results demonstrated that tenascin-C expression

could be detected around blood vessels and the basement

membrane of intercalated duct cells in the control glands,

in concordance with Shrestha et al. and Sunardhi-

Widyaputra et al. (14, 15). We could observe an up-

regulation in this expression in glands irradiated with 15 or

30 Gy in all acinar cells, however, no dose-related effect

could be assessed. This early remodeling was associated with

a significant functional impairment, manifested as a

reduction of SEF. Again, no significant differences were

found between the two irradiated groups. These results

indicate that radiation-induced damage of salivary secretion

could be assessed as early as 24 h after radiation.

Radiation-induced redistribution of tenascin-C has been

recently shown in the subepithelial layer of the conjunctival

mucosa, indicating alteration in the extracellular matrix

constitution. It has been demonstrated that tenascin-C

expression was limited to the subepithelial collagen layer in

control conjunctival specimen, whereas an enhanced

reaction was observed in irradiated samples (10). In

parenchymal organs like salivary glands, this phenomenon

has not yet been investigated. Our results showed a

significant intracellular synthesis of tenascin-C in the acinar

cells as well as in the stromal fibroblasts, sparing the

extracellular space.

TGF-ß is a growth factor, which is induced by radiation

and plays a mediator role in the communication between

the epithelial and stromal cells, leading to change in the

ECM and subsequent fibrogenisis and scarring (9, 22, 23).

It is also known that transformation of fibroblasts into

myofibroblasts requires TGF-ß, which is over-expressed

after radiation (24).We could observe myofibroblasts in the

stroma as early as 24 h after irradiation, regardless of the

applied dose. This stromal cell is known as a source of

tenascin-C and is responsible for later scar building. The

fibrillar extracellular deposition of tenascin obviously occurs

later and requires a certain density of myofibroblasts (25-

27), which are rare after 24 h in the stroma.

Acinar cell damage associated with up-regulation of

tenascin-C expression has been shown during hormone-

induced involution of mammary acinar cells (28). This may

provide a further mechanism by which up-regulation of

tenascin in salivary glands could be explained in spite of

hormonal independency. Related studies have demonstrated

that the expression of tenascin, like other ECM molecules, may

be suppressed by intact basement membrane (29). As shown

in the present study, damage to the basement membrane of

salivary acinar cells may implicate tenascin-C expression. A

more interesting aspect may represent the role of

myoepithelial cell-derived tenascin, which has also been

reported to be up-regulated in the myoepithelial/sub-basement

membrane region of involuting mammary glands (28).

Previous studies demonstrated a significant alteration of

smooth muscle cells following radiation and pulmonary

vascular disease (30, 31); this justifies the question of

whether impairment of the myoepithelial cells or/and

alteration of the related myoepithelial/sub-basement

membrane region induces tenascin-C expression.

Furthermore, such an alteration in the basolateral cell

membrane induces a change in the Na+/K+/Cl- co-

transporter and consequently in the uptake of pertechnetate

used in the sialoscintigraphy (21). Thus, a defect in the

acinar cell membrane may represent the initial target of

radiation injury in salivary acinar cells, simultaneously

influencing salivary secretion and ECM expression.

Another aspect highlighted by this study is the

perneurinal change in irradiated parotid gland tissue. The

partial loss of tenascin-C expression and the initial
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deposition in the Schwann cells may show, along with the

subsequent reduction of saliva excretion, pre-synaptic injury

at the neuromotoric level, preventing carbachol-induced

myoepthelial cell contraction (32).

In conclusion, radiation leads to early multiple

alterations in the salivary glands. The basolateral

membrane of the acinar cells appears to be the target-site,

implicating remodeling in the ECM in the sense of

intracellular tenascin-C expression and change of

pertechnetate uptake. The tenascin-C expression represents

an early marker for onset of radiation damage. Neuronal

alteration could play an additional role, influencing salivary

secretion and excretion. This paradigm explains the

relationship between early de novo expression of tenascin-

C and the impairment of salivary function and serves as a

global hypothesis of the pathogenesis of radiation damage

in salivary glands.
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Figure 1. A: Expression pattern of tenascin-C in acinar cells of the control glands. Labelling was only noticed around the striated and intercalated ducts
(arrows). B: Redistribution of tenascin-C 24 h following radiation, showing an increased intracellular expression (dotted arrows), beside the labelling of
striated and intercalated ducts (arrows). C: Strong immunostaining in the perineurinal part of the peripheral nerves in control glands (arrow).
D: Loss of perineurinal staining 24 h after radiation, associated with a moderate expression of tenascin-C in the Schwann cells (arrow).

Figure 2. Myofibroblasts noticed in the stroma of irradiated glands
(arrows) among acinar cells (AC), ductal structures (asterisks) and a
blood vessel (dotted arrow).
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