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Radiation Therapy Induces Tenascin Expression and
Angiogenesis in Human Skin
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In analysing radiation-induced connective tissue changes, we Tenascin is a large extracellular matrix glycoprotein. In fetal
studied tenascin expression, elastic � bres, angiogenesis and tissues it has been associated with morphogenesis. Its expres-
physio-mechanical properties in irradiated and contralateral sion in most adult tissues is restricted or absent (5–7). In skin,
healthy skin of radiotherapy-treated breast cancer patients. Skin tenascin is associated with wound healing, melanocytic tumors
biopsies were obtained from a radiotherapy-treated skin area and premalignant and malignant lesions (8–11). In a previous
and a corresponding non-treated skin area. Haematoxylin-eosin study, tenascin expression was found to be increased in pig
and VerhoeV stainings as well as immunohistochemical stainings cutaneous tissue after high-dose gamma radiation (12).
for tenascin and factor VIII were performed. Epidermal and However, tenascin expression in X-irradiated human skin has
total skin thickness, together with the amount of elastic tissue not been previously studied.
calculated by computerized digital image analysis, were meas- The recoil properties of skin are largely due to elastin,
ured. Suction blisters were induced on both skin areas. although the amount of this protein in dermal connective
Transepidermal water loss was analysed. Skin elasticity was tissue is low compared to that of collagen. A modi� cation of
also measured. Tenascin expression was found to be increased collagen synthesis as a result of irradiation has previously been
in irradiated human skin. In haematoxylin-eosin and factor VIII- established in both animal models and human skin (13–15).
stained sections, an increase in the number of blood vessels was Yet, elastic � bres in X-irradiated human skin have not been
detected. Although skin stiVness measured by an elastometer previously analysed.
was increased in irradiated skin, no marked diVerence in the In the present study, we analysed for the � rst time the
elastic � bres could be found between treated and non-treated distribution of tenascin expression in X-irradiated human skin
skin. The increased tenascin expression could be due to activation and the eVect of irradiation on dermal elastic � bres and
of cytokines as a result of irradiation. An increase in angiogenesis angiogenesis. The histological � ndings and physio-mechanical
could be caused by an activation of angiogenetic factors by properties of radiation-damaged skin were compared to those
irradiation or due to direct radiation damage on blood vessel of non-treated skin.
walls. Our � ndings suggest that the eVects of irradiation tend
to accumulate in the dermal parts of skin. The higher skin

MATERIALS AND METHODSstiVness values measured by elastometer in irradiated skin could
be due to an accumulation of dermal connective tissue as a

Subjects
result of irradiation. Key words: angiogenesis; human skin;
irradiation; tenascin. Twenty women were randomly chosen who had been treated for

breast cancer with mastectomy or breast-conserving surgery and
(Accepted August 17, 2001.) radiation therapy (Table I). The irradiated skin area was compared

with the contralateral non-treated skin area, and the subjects thusActa Derm Venereol 2001; 81: 329–333.
acted as their own controls. Patients with a condition or medication
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Radiation therapy used to treat cancer also produces damage
to adjacent tissues. In skin, the eVects of irradiation on

Histology and immunohistochemistryconnective tissue can be readily investigated.
In earlier studies, radiation-induced clinical and histopatho- A 4-mm biopsy was obtained under local anaesthesia from the

irradiated skin area (at least 2 cm from the operation scar) and thelogical changes in skin have been described. These include
contralateral non-treated skin area. Skin samples of 18 subjects were� brosis, blood vessel damage and telangiectasia (1, 2).
available for analysis. The specimens were � xed in 10% buVeredRecently, the molecular events underlying radiation-induced
formalin, embedded in paraYn and cut into 4-mm sections.

� brogenesis have been partially characterized. As a mechanism, Haematoxylin-eosin (HE) and VerhoeV stainings as well as immuno-
the activation of growth factors, such as TGF-b, has been histochemical stainings for tenascin and endothelial cells were

performed.suggested (3). Fibrogenesis has been suggested to be analogous
Monoclonal antitenascin 143DB7C8 (Locus, Helsinki, Finland) andto the events of normal tissue repair (4). However, the

polyclonal anti-human von Willebrand factor (factor VIII, FVIII )processes leading to � brosis remain to be solved in detail.
(Dako A/S, Denmark) were used. The sections for immunohistochem-

Information on the molecular mechanisms of skin connective istry were pretreated with pepsin digestion for factor VIII. No
tissue � brosis induced by radiotherapy would be necessary for pretreatment was given for antitenascin. The immunohistochemical

stainings were performed using an ABC/HRP kit (Dako A/S,� nding means to prevent or treat such conditions.
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Table I. Clinical data of the 20 subjects

Age Time from treatment Clinical staging (TNM)* Therapy
(years) (months) T1N0M0 T1N1M0 T2N0M0 T2N1M0 T1NXM0 A R Dose (Gy) Energy (MeV)

42–75 (mean 55) 10–96 (mean 26) 9 2 5 2 1 5 15 30–56 (mean 52) 6–10x (mean 7)
5–12e (mean 9)

TNM-staging – T: tumour size; N: involvement of the regional lymph nodes; M: metastasis.
A: breast ablation; R: breast resection; x: photon energy; e: electron energy.
*Data on TNM-grading of one of the patients not available.

Glostrup, Denmark) in accordance with the manufacturer’s irradiated and non-irradiated skin samples. Epidermal thick-
instructions. For negative controls, the antibody was substituted with ness was similar in both radiotherapy-treated and healthy skin
phosphate-buVered saline (PBS) solution.

samples (Table II).The amount of immunohistochemical staining for tenascin in the
In non-treated skin, the immunohistochemical reaction forsections was graded visually under a light microscope (Olympus BH-2,

Japan) and given a score from 1 to 3. The scoring was used for antitenascin antibody was expressed primarily as a narrow
statistical analysis. band in the papillary dermis beneath the epidermis, in the

Skin blood vessels in the FVIII-stained sections were counted under blood vessel walls and adjacent to the cutaneous appendices.a light microscope (Olympus BH-2, Japan). A 20 ´ objective was
Expression of tenascin was not seen in epidermis, lower dermisused. The number of blood vessels was counted from both the upper

and the lower dermis of the section. The acquired sum of blood vessels or subcutaneous fat (Fig. 1). In irradiated skin, the staining
was divided by the number of � elds counted from each part of a for tenascin beneath the epidermis was more intense, thicker
section, and the mean was used for calculations. and continuous. Immunohistochemical staining showed a

Blinded procedures were used in examining the sections.
marked increase in tenascin expression in irradiated skin
( p = 0.026 ).

Suction blisters and physical parameters In irradiated skin samples, an increase in the number of
blood vessels in comparison with healthy skin was foundSuction blisters were induced in the irradiated skin area and the
(Fig. 2). The mean number of blood vessels was 19.2 in thecontralateral healthy skin area using a disposable suction blister device

Dermovac® (Ventipress Oy, Lappeenranta, Finland) in accordance upper dermis of irradiated skin and 14.7 in the upper dermis
with the method of Kiistala (16). Procollagen propeptides were of non-treated skin. In the lower dermis, the corresponding
determined from suction blister � uid as described previously (15). � gures were 8.2 in irradiated skin and 6.4 in non-treated skinAlso skin thickness was measured using a 20 MHz ultrasound scanner.

(Fig. 3). In the upper dermis of irradiated skin, the numberWater evaporation of both examined skin areas of a subject was
measured as basal transepidermal water loss (TEWL) using an evapori- of blood vessels was markedly increased in FVIII-stained
meter (EP1, Servomed, Stockholm, Sweden) prior to the induction of sections compared with non-treated skin ( p = 0.010). In the
suction blisters. lower dermis of irradiated skin, the number of blood vessels

Skin elasticity was measured with a DermaLab® unit (Cortex
was also increased in irradiated skin samples, although theTechnology, Hadsund, Denmark) in accordance with the manufac-
diVerence was not statistically signi� cant ( p = 0.223). In bothturer’s instructions (17, 18). This device measures the stiVening of the

skin by registering the power of vacuum needed to pull the skin for a HE and FVIII-stained sections, there appeared to be a greater
certain distance. Three measurements were made from both irradiated number of large blood vessels in irradiated skin compared to
and non-treated skin, and the mean was used for calculations. non-irradiated skin.

Computerized digital image analysis
Computerized digital image analysis

VerhoeV staining was performed to visualize elastic � bres. The propor-
tional area of elastic � bres was measured using computerized morpho- The mean thickness of the epidermis was 45.9 mm in irradiated
metric analysis. A Nikon EFD 3 (Japan) light microscope with a 40 ´ skin and 43.1 mm in non-treated skin ( p = 0.355). In the upper
E Plan objective was used. The video signal was analysed with a

(papillary) dermis, the proportional area of elastic � bres wasMCID-M4 image analysis system (Imaging Research Inc.). Six � elds
3.3% in irradiated skin and 3.1% in non-treated skin ( p =were analysed from each section, three from the upper (papillary)

dermis and three from the lower (reticular) dermis. The proportional 0.805). In the lower (reticular) dermis, the proportional area
area of elastic � bres in the scan area was calculated. The thickness of of elastic � bres was 5.6% in irradiated skin and 5.9% in non-
epidermis was measured from 10 separate sites of each section. treated skin ( p = 0.617) (Table II). There was no marked

diVerence in the morphology of elastic � bres between irradiated
Statistics and non-irradiated skin.

Statistical evaluation was performed using the paired samples t-test.
For tenascin immunostaining, a non-parametric Wilcoxon signed

Physical parametersranks test was employed. SPSS for windows was used for the
calculations.

The mean basal TEWL was 7 g/m2 h in both treated and non-
treated skin. The skin stiVness value was higher in the irradi-
ated skin area (mean 15.1 MPa) than in the correspondingRESULTS
healthy skin area (mean 13.4 MPa) ( p = 0.026) (Table II ).

Histology and immunohistochemistry
There was also an increase of skin thickness in irradiated skin
( p = 0.004) (Table II).Collagen bundles and elastin � bres visualized by HE or

VerhoeV stainings did not show any marked diVerence between The clinical skin reactions among the subjects included
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Table II. Mean epidermal thickness, skin thickness, proportional area of elastic � bres in skin biopsies and skin elasticity of irradiated
skin area and contralateral non-treated skin area of the 20 patients (SD)

Epidermis (mm) Skin thickness (mm) Elastic � bres1 (%) Elasticity (Mpa)

I H I H I I H H I H
pd rd pd rd

45.9* 43.1 1.88* 1.63 3.3 5.6 3.1 5.9 15.1 13.4
(13.1) (6.7) (0.35 ) (0.21) (0.02) (0.02) (0.01) (0.02) (5.6) (4.7)

I: irradiated skin area; H: corresponding healthy skin area; Pd: papillary dermis; Rd: reticular dermis.
1Only 18 patients were examined with respect to elastic � bres and epidermal thickness.
*p = 0.004 for diVerence versus healthy skin.

a b
Fig. 1. Immunohistochemical staining for tenascin. Tenascin expression is increased in irradiated skin (A) compared to non-treated skin (B).

induration, telangiectasia and pigmentation of the irradiation- Especially at early stages of wound healing, tenascin
accumulates into the upper dermis. The fact that tenascintreated skin area.
deposition was observed in irradiated skin even several years
after treatment con� rms the hypothesis that irradiation-

DISCUSSION
induced damage is analogous to long-lasting wound healing.

As a side eVect of irradiation, telangiectasiae are foundIn this study, tenascin expression was studied immunohisto-
chemically in irradiated and normal human skin. For the � rst frequently (1), and in chronic radiodermatitis blood vessel

damage has been described (24). In the present study, thetime, an increase of tenascin expression in X-irradiated human
skin was demonstrated. number of blood vessels was increased in both the upper and

lower dermis of irradiated skin in comparison with non-treatedThe role of tenascin in vivo is as yet not clear. Although the
expression of tenascin in normal adult human skin is generally skin. Also, there appeared to be more large-calibre blood

vessels in the dermis of irradiated skin. The present � ndingslow (7), tenascin expression has previously been found to be
increased under certain pathological conditions, such as sclero- could be due to the activation of angiogenetic factors, such as

TGF-b, as a result of irradiation or due to the direct damagederma (19), hyperproliferative skin diseases (20), tumours
(11) and wound healing (8). of vascular walls by irradiation.

There was no diVerence in the proportional area or morpho-The increased tenascin expression in irradiated skin could
be due to the activation of cytokines as a result of irradiation. logical appearance of elastic � bres between X-irradiated and

non-treated skin. The reason for the higher values measured byTransforming growth factor b (TGF-b) is a cytokine that has
been shown to increase deposition of tenascin by � broblasts elastometer in treated skin could be an accumulation of connect-

ive tissue in irradiated skin, as demonstrated previously (15).(21). In several animal models, ionizing radiation has been
shown to induce TGF-b, which has been implicated as a The increased amount of collagen in irradiated skin could be

due to the activation of growth factors, such as TGF-b (3, 4).central cytokine in both tissue repair and � brotic conditions
(13, 22, 23). Also, we have previously found skin type I collagen cross-linking
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a b
Fig. 2. Immunohistochemical staining for blood vessels (F VIII). The number and diameter of blood vessels is increased in irradiated skin (A)
compared to non-treated skin (B).

dermal thickness by computerized image analysis showed no
marked diVerence between irradiated and non-irradiated skin.
Both epidermal thickness and epidermal function also seemed
to be unaVected by radiation therapy. However, in our previ-
ous work, both skin thickness and skin collagen synthesis were
found to be increased as a result of radiotherapy. The data
have been published in a separate article (15). These � ndings
suggest that the eVect of X-irradiation is more visible in the
dermal than in the epidermal parts of skin.

In conclusion, these � ndings indicate increased tenascin
expression in irradiated skin similar to that seen in wound
healing. Slightly enhanced angiogenesis in irradiated skin was
also detected. Epidermis and dermal elastic � bres were found
to be unaVected by irradiation, but an increase in the skin
stiVness values measured by an elastometer was detected,
implicating modi� cation of dermal connective tissue compon-
ents other than elastin as a result of irradiation.
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