
Abstract. Background: TGF-· and c-erbB-2 are important
mediators of tumor neoangiogenesis linked to the epidermal
growth factor receptor. Thus, we analyzed TGF-· c-erbB-2 and
tumor neoangiogenesis in vulvar carcinoma and determined
their prognostic significance. Patients and Methods: Seventy-five
carcinomas were evaluated for histological parameters. Tumors
were stained immunohistologically for TGF-·, c-erbB-2 and
factor VIII antigen. Results were analyzed statistically by Ã2-test,
Kaplan-Meier survival curves and log-rank-test. Results: Sixty-
five % of the carcinomas were positive for TGF-· in >50% of
the tumor cells. C-erbB-2 overexpression occurred in 47% of the
tumors, but there was frequently a high cytoplasmatic staining.
Twenty-nine % showed high microvessel densitiy. These tumors
were more likely to have vascular space involvement (p=0.02).
In carcinomas with TGF-· expression in >50% of the tumor
cells, microvessel density was increased (p=0.05). Overall and
disease-free survival tended to be reduced for tumors with high
TGF-· expression and microvessel density, but differences were
not significant. Conclusion: Tumor neoangiogenesis is an
important event in vulvar carcinogenesis which is related to the
expression of growth factors.

The induction of neoangiogenesis is an important event in

the development of malignant tumors involved in tumor

growth and the development of metastases (1).

Neoangiogenesis is a multistep process. First, tumor

proliferation with an insufficient vascular system results in

tissue hypoxia and lack of nutritive substances leading to

induction of angiogenesis (2). This is implemented by the

secretion of angiogenetic and antiangiogenetic factors with

predominance of angiogenetic factors in tumors (3).

Through these mediators, endothelial cells of existing blood

vessels secrete enzymes which attack the basal membrane.

New blood vessels lack the structure of mature vessels.

Frequently there are no pericytes, vessels are dilatated and

the basal membrane is incomplete and characterized by

transcellular fenestrae (4).

Important angiogenetic factors are vascular endothelial

growth factor (VEGF) and basic fibroblast growth factor

(bFGF), which act synergistically (5). Another important

mediator, which stimulates endothelial cell proliferation by

binding to epithelial growth factor receptor, is transforming

growth factor · (TGF-·) (6). Further overexpression and

amplification of human epidermal growth factor 2

(Her2/neu, c-erbB-2) elevates VEGF levels and stimulates

neoangiogenesis (7).

Microvessel density and expression of angiogenetic

factors are of prognostic significance in several carcinomas

(8-10). The aim of the present study was to evaluate

neoangiogenesis and regulation by mediators linked to the

epidermal growth factor receptor in vulvar squamous cell

carcinoma and their prognostic significance.

Patients and Methods

Patients and treatment. We investigated 75 patients with primary

squamous cell carcinoma of the vulva which were treated with local

excision or vulvectomy. Forty-six patients (61%) received ipsi- or

bilateral inguinal lymphadenectomy. Follow-up data were available

for 73 patients with a median follow-up time of 69 months. Five

vulvar biopsies without histopathological changes were used as

controls. 

Histology. The whole surgical specimen was examined histologically

using hematoxylin and eosin-stained large scale sections. For

carcinomas, grading according to the Gynecologic Oncology Group

(GOG) (11), count of mitotic figures, inflammatory infiltrate and

vascular space involvement were analyzed. Depth of infiltration was

measured between the base of the most superficial dermal papillae

and the deepest point of infiltration (12).

Immunohistochemistry. Tissues were fixed in formalin and embedded

in paraffin. Slides were deparaffinized in xylene for 10 minutes and
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hydrated in decreasing concentrations of ethanol and finally

phosphate-buffered saline. Monoclonal antibodies, mouse-anti-

TGF-·, clone 213-4.4 (Oncogene Science, Hamburg, FR Germany)

diluted 1:70 and mouse-anti-c-erbB-2, clone 3B5 (Immunotech,

Krefeld, FR Germany) prediluted, were used after microwave pre-

treatment in sodium citrate buffer pH 6.0 (Merck, Darmstadt, FR

Germany) for 20 minutes and blocking of endogenous peroxidase

with 3% hydrogen peroxide for 10 minutes. Factor VIII-antigen was

stained by polyclonal rabbit antibody A 0082 (Dako, Hamburg,

Germany) diluted 1:400. Staining was performed using the avidin-

biotin-complex (ABC) method and peroxidase-diaminobenzidine.

For counterstaining, Mayer’s hemalaun was used. Sections were then

dehydrated and mounted in permount. For each slide, a negative

control with the same antibody idiotype as the primary antibody was

performed. As positive control a breast cancer was used.

Immunohistological evaluation. Evaluation of the immuno-

histochemical results was performed retrospectively and blindly. 

C-erbB-2 was categorized according to standard procedure as 0, +,

++, +++. For TGF-· staining, the percentage of positive cells was

determined by counting 200 cells. The percentage was classified in

subgroups of 0-50% and >50%. For evaluation of microvessel

density (MVD), three hot spots were identified under low

magnification (40x) and the vessels counted in the stroma adjacent

to the invasive cancer under high magnification (200x) (13, 14). The

results were classified as low, medium and high MVD (15).

Statistics: The significance of the association between staining

results and semiquantifications with histological and clinical tumor

parameters was analysed by Ã2-test at a significance level of

·=0.05. For disease-free survival and overall survival, Kaplan-

Meier analysis using log-rank-test was performed. For analysis of

overall survival, patients who died because of intercurrent disease

were not included in the study.

Results

All 5 biopsies without histopathological changes showed

TGF-· expression with low intensity in the cytoplasm of

basal and parabasal epithelial layers. Twelve % of the

carcinomas showed TGF-· expression in 0-10% of the

cytoplasm of the tumor cells, 23% in 11-50% and 65% in

>50%. Most tumors exhibited a diffuse staining, but in 13%

TGF-· expression was restricted to basal areas of infiltrating

tumor aggregates (Figure 1 A, B). Further the cells of the

inflammatory infiltrate were positive for TGF-· (Figure 1C).

Correspondingly, there was a significant correlation with the

severity of the imflammatory reaction (p=0.02), but not with

other histological parameters (Table I).

Membrane c-erbB-2 overexpression was present in 47%

(++/+++) and 21% (+++) with a strong cytoplasmatic

background staining in several cases. C-erbB-2 overexpression

was correlated with high count of mitotic figures in the tumor

(p=0.02) and high-grade tumors (p=0.04) (Table I).

Twenty-nine % of the tumors had a high MVD (Figure 2),

39% had low MVD and 32% medium MVD. High MVD was

significantly correlated with vascular space involvement

(p=0.02). Tumors with high MVD had a significantly stronger

inflammatory reaction (p=0.004) and lower count of mitotic

figures (p=0.002) (Table I). In carcinomas with TGF-·

expression in >50% of the tumor cells, MVD was significantly

higher (p=0.05). There was no correlation of c-erbB-2

overexpression with MVD or TGF-· (Table II). Disease-free

and overall survival seemed to be reduced for tumors with

high TGF-· expression and MVD according to Kaplan-Meier

curves, but the differences were not significant (Figures 3, 4).

Discussion

The 5 cases of vulvar epithelium without histopathological

changes analyzed showed TGF-· expression with low intensity

in the basal and parabasal epithelial layers accounting for less

than 50% of the epithelial cells. Weak TGF-· expression has

been observed previously in 100% of normal epithelium (16).

Contradictory results have been obtained for squamous

epithelium of the cervix uteri, with total lack of TGF-·

expression in normal cervical epithelium (17).

TGF-· overexpression is defined in previous studies by

expression in more than 20% of the tumor tissue (17, 18).

According to this definition, 85% of the carcinomas would

show TGF-· overexpression. Since normal vulvar epithelium

expressed TGF-· in <50% of the epithelial cells and

immunohistologically there was a big difference between

tumors with expression in 0-50% and >50% of the tumor

cells, we defined overexpression as positive staining in >50%.

Thus 65% of the carcinomas showed an elevated expression

of TGF-·. An immunohistological study on vulvar epithelial

disorders recognized TGF-· in 100% of normal epithelium,

vulvar intraepithelial neoplasia (VIN) and invasive cancer,

but there was an increase of staining intensity from normal

epithelium to cancer (16). Further, TGF-· mRNA assay was

positive in all analyzed vulvar carcinomas (19). The high

percentage of TGF-· overexpression supports an important

effect of TGF-· in vulvar carcinogenesis. Further, the positive

correlation of TGF-· expression with MVD indicates that

TGF-· is an important mediator of neovascularisation in

vulvar cancer, which has been shown previously for

esophageal squamous cell carcinoma (20).

TGF-· was positive in the cytoplasm of tumor cells and

inflammatory cells, indicating that both cell populations are

important for the production of this mediator. Analogous

results have been obtained for adenocarcinoma of the

gastro-esophageal junction (21). Corresponding TGF-·

expression was correlated with the severity of the

inflammatory infiltrate. The Kaplan-Meier curve analysis

with non-significant reduction in disease-free and overall

survival, which may be explained by the low patient number,

suggests a prognostic significance for TGF-·. An association

with reduced overall survival has previously been shown for

squamous cell carcinomas of head and neck, esophageal and
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colorectal carcinoma (20, 22, 23). However, there are also

contradictory results in other carcinomas, for example

laryngeal squamous cell carcinoma (24).

Overexpression of c-erbB-2 occurred in 47% (++/+++).

These results are consistent with findings in other carcinomas

(25, 26) and in vulvar carcinoma with overexpression in 46%

(27). C-erbB-2 was characterized by a high cytoplasmatic

staining, which has been described for squamous cell

carcinoma of the head and neck (28). Overexpression was

correlated with high-grade tumors and high count of mitotic

figures, which has been shown for breast carcinomas (29).

However, the correlation of c-erbB-2 overexpression with

MVD in breast cancer (15) could not be reproduced for vulvar

cancer. Supporting this observation, an inverse correlation has

been analyzed for squamous cell carcinoma of head and neck

(28). Further, there was no prognostic value of c-erbB-2

overexpression, which is contradictory to previous findings

(27), although studies on different carcinomas could not show

a prognostic value, for example in squamous cell carcinoma

of the head and neck (28). Nevertheless, there is an important

predictive value regarding the therapeutic effect of

trastuzumab. Thus, in case of generalized disease, the use of

this substance should be reflected in the 47% of c-erbB-2-

overexpressing vulvar carcinomas.

High MVD was significantly correlated with vascular

space involvement. This could be explained by the immature

vascular structures in tumor-induced neoangiogenesis, which

increase the risk of vascular infiltration (1). Further, there

was a positive correlation of high MVD with low count of

mitotic figures, perhaps as a result of low stromal

components in these tumors, and with the severity of the

lymphoplasmacytic infiltrate, which has been observed

previously in laryngeal squamous cell carcinoma (30) but

could not be reproduced in vulvar cancer.

Kaplan-Meier curve analysis seems to show reduced

disease-free and overall survival for tumors with high MVD,

but the differences were not significant, which may be

explained by the small number of patients. The prognostic

relevance of MVD has been demonstrated for carcinoma of

the vulva (31) and other organs, for example keratinizing

squamous cell carcinoma of the uterine cervix and breast

cancer (15, 32), although there are contradictory results

(33). Also, an increase of MVD has been observed from

normal epithelium over low- and high-grade intraepithelial

neoplasia to invasive cancer for cervix, vulva and anus (14,

34, 35). MVD may become a predictive factor identifying

VIN lesions which are more likely to become invasive (36).

In conclusion, angiogenesis is an important event in

vulvar carcinogenesis, being regulated by angiogenetic

factors like TGF-·. Further studies are required to clarify

the independent prognostic significance of neoangiogenesis

in vulvar cancer.
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Table I. Correlation of TGF-·-, c-erb B2-staining and MVD with histological parameters.

TGF-· c-erbB-2 MVD

<50% >50% X2-test 0/+/++ +++ X2-test low medium high X2-test

Tumor type

keratinizing 22 37 47 12 21 20 18

basaloid/condylomatous 4 12 ns 12 4 ns 8 4 4 ns

Inflammatory reaction

no 1 2 3 0 2 1 0

weak 8 4 10 2 7 3 2

intermediate 6 19 16 9 12 9 4

strong 8 21 24 5 7 10 12

extremely strong 3 3 p=0.02 6 0 ns 1 1 4 p=0.004

Grading

G1 5 20 23 2 10 5 10

G2 12 22 25 9 13 12 9

G3 9 7 ns 9 7 p=0.04 6 7 3 ns

Count of mitotic figures

0-3/10hpf 6 16 19 3 7 3 12

4-5/10hpf 11 18 24 5 13 9 7

>5/10hpf 9 15 ns 14 10 p=0.02 9 12 3 p=0.002

Vascular space involvement 

no 10 29 31 8 20 11 8

yes 16 20 ns 26 10 ns 9 13 14 p=0.02

pN

pN0 5 20 20 5 8 10 7

pN1,2 7 14 ns 19 2 ns 5 9 7 ns
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Figure 1. TGF-· staining in squamous cell carcinomas. 
A - diffuse in >50% of the tumor cells
B - restricted to basal areas of infiltrating tumor aggregates
C - in the lymphoplasmacytic infiltrate
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Figure 2. Immunohistological analysis of the microvessel density (MVD).
A - low MVD (6 vessels / high-power field)
B - high MVD (18 vessels / high-power field)
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Table II. Correlation of the immunohistological staining results for TGF-a,
c-erbB-2 and MVD.

TGF-·

<50% >50%

c-erbB2 0/+ 16 24

++ 3 16

+++ 7 9 ns

<50% >50%

MVD low 14 15
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high 6 16 p=0.05

MVD

low medium high

c-erbB2 0/+ 15 13 12

++ 7 7 5

+++ 7 4 5 ns

Figure 3. Kaplan-Meier curves for disease-free (a) and overall survival (b)
analyzed by TGF-· expression in 0-50% and >50% of the tumor cells.

Figure 4. Kaplan-Meier curves for disease-free (a) and overall survival (b)
analyzed by high MVD versus low and medium MVD.

a

b

a

b



9 Vermeulen PB, Van den Eynden GG, Huget P, Goovaerts G,

Weyler J, Lardon F et al: Prospective study of intratumoral

microvessel density, p53 expression and survival in colorectal

cancer. Br J Cancer 79: 316-322, 1999.

10 Yamanaka Y, Friess H, Buchler M, Beger HG, Uchida E, Onda

M et al: Overexpression of acidic and basic fibroblast growth

factors in human pancreatic cancer correlates with advanced

tumor stage. Cancer Res 53: 5289-5296, 1993.

11 Kabulski Z and Frankman O: Histologic malignancy grading in

invasive squamous cell carcinoma of the vulva. Int J Gynaecol

Obstet 16: 233-237, 1978.

12 Wilkinson EJ, Rico MJ and Pierson KK: Microinvasive

carcinoma of the vulva. Int J Gynecol Pathol 1: 29-39, 1982.

13 Weidner N: Current pathologic methods for measuring

intratumoral microvessel density within breast carcinoma and

other solid tumors. Breast Cancer Res Treat 36: 169-180, 1995.

14 Saravanamuthu J, Reid WM, George DS, Crow JC, Rolfe KJ,

MacLean AB et al: The role of angiogenesis in vulvar cancer,

vulvar intraepithelial neoplasia, and vulvar lichen sclerosus as

determined by microvessel density analysis. Gynecol Oncol 89:

251-258, 2003.

15 Koukourakis MI, Manolas C, Minopoulos G, Giatromanolaki A

and Sivridis E: Angiogenesis relates to estrogen receptor negativity,

c-erbB-2 overexpression and early relapse in node-negative ductal

carcinoma of the breast. Int J Surg Pathol 11: 29-34, 2003.

16 Wu X, Xin Y, Yao J, Hasui K, Tsuyama S, Yonezawa S et al:
Expression of epithelial growth factor receptor and its two ligands,

transforming growth factor-alpha and epithelial growth factor, in

normal and neoplastic squamous cells in the vulva: an immuno-

histochemical study. Med Electron Microsc 34: 179-184, 2001.

17 Konishi I, Ishikawa Y, Wang SY, Wang DP, Koshiyama M,

Mandai M et al: Expression of transforming growth factor-alpha

in the normal cervix and in benign and malignant lesions of the

uterine cervix. Br J Obstet Gynaecol 101: 325-329, 1994.

18 Rusch V, Klimstra D, Venkatraman E, Pisters PW, Langenfeld

J and Dmitrovsky E: Overexpression of the epidermal growth

factor receptor and its ligand transforming growth factor alpha

is frequent in resectable non-small cell lung cancer but does not

predict tumor progression. Clin Cancer Res 3: 515-522, 1997.

19 Xynos FP, Klos DJ, Hamilton PD, Schuette V and Fernandez-

Pol JA: Expression of transforming growth factor alpha mRNA

in benign and malignant tissues derived from gynecologic

patients with various proliferative conditions. Anticancer Res

12: 1115-1120, 1992.

20 Li Z, Shimada Y, Uchida S, Maeda M, Kawabe A, Mori A et
al: TGF-alpha as well as VEGF, PD-ECGF and bFGF

contribute to angiogenesis of esophageal squamous cell

carcinoma. Int J Oncol 17: 453-460, 2000.

21 D'Errico A, Barozzi C, Fiorentino M, Carella R, Di Simone M,

Ferruzzi L et al: Role and new perspectives of transforming

growth factor-alpha (TGF-alpha) in adenocarcinoma of the

gastro-oesophageal junction. Br J Cancer 82: 865-870, 2000.

22 Grandis JR, Melhem MF, Gooding WE, Day R , Holst VA,

Wagener MM et al: Levels of TGF-alpha and EGFR protein in

head and neck squamous cell carcinoma and patient survival. J

Natl Cancer Inst 90: 824-832, 1998.

23 Barozzi C, Ravaioli M, D'Errico A, Grazi GL, Poggioli G,

Cavrini G et al: Relevance of biologic markers in colorectal

carcinoma: a comparative study of a broad panel. Cancer 94:

647-657, 2002.

24 Lee CS, Redshaw A and Boag G: TGF-alpha immunoreactivity

in laryngeal carcinoma: lack of prognostic value and correlation

to EGF-receptor expression. Aust N Z J Surg 66: 464-468, 1996.

25 Felip E, Del Campo JM, Rubio D, Vidal MT , Colomer R and

Bermejo B: Overexpression of c-erbB-2 in epithelial ovarian

cancer. Prognostic value and relationship with response to

chemotherapy. Cancer 75: 2147-2152, 1995.

26 Slamon DJ, Godolphin W, Jones LA, Holt JA, Wong SG, Keith

DE et al: Studies of the HER-2/neu proto-oncogene in human

breast and ovarian cancer. Science 244: 707-712, 1989.

27 Gordinier ME, Steinhoff MM, Hogan JW, Peipert JF, Gajewski

WH, Falkenberry SS et al: S-phase fraction, p53, and HER-

2/neu status as predictors of nodal metastasis in early vulvar

cancer. Gynecol Oncol 67: 200-202, 1997.

28 Giatromanolaki A, Koukourakis MI, Sivridis E and Fountzilas

G: c-erbB-2 oncoprotein is overexpressed in poorly vascularised

squamous cell carcinomas of the head and neck, but is not

associated with response to cytotoxic therapy or survival.

Anticancer Res 20: 997-1004, 2000.

29 Lopez-Guerrero JA, Navarro S, Noguera R, Almenar S, Pellin

A, Vazquez C et al: Histological tumor grade correlates with

HER2/c-erB-2 status in invasive breast cancer: a comparative

analysis between immunohistochemical (CB11 clone and

Herceptest), FISH and differential PCR procedures. Arkh Patol

65: 50-55, 2003.

30 Hagedorn HG and Nerlich AG: Microvessel density and

endothelial basement membrane composition in laryngeal

squamous cell carcinomas. Acta Otolaryngol 120: 891-898, 2000.

31 Obermair A, Kohlberger P, Bancher-Todesca D, Tempfer C,

Sliutz G, Leodolter S et al: Influence of microvessel density and

vascular permeability factor/vascular endothelial growth factor

expression on prognosis in vulvar cancer. Gynecol Oncol 63:

204-209, 1996.

32 Gasinska A, Urbanski K, Adamczyk A, Pudelek J, Lind BK and

Brahme A: Prognostic significance of intratumour microvessel

density and haemoglobin level in carcinoma of the uterine

cervix. Acta Oncol 41: 437-443, 2002.

33 Graflund M, Sorbe B, Hussein A, Bryne M and Karlsson M: The

prognostic value of histopathologic grading parameters and

microvessel density in patients with early squamous cell carcinoma

of the uterine cervix. Int J Gynecol Cancer 12: 32-41, 2002.

34 Lee JS, Kim HS, Jung JJ, Lee MC and Park CS: Angiogenesis,

cell proliferation and apoptosis in progression of cervical

neoplasia. Anal Quant Cytol Histol 24: 103-113, 2002.

35 Mullerat J, Wong-Te-Fong LF, Davies SE, Winslet MC and

Perrett CW: Angiogenesis in anal warts, anal intraepithelial

neoplasia and anal squamous cell carcinoma. Colorectal Dis 5:

353-357, 2003.

36 Bamberger ES and Perrett CW: Angiogenesis in benign, pre-

malignant and malignant vulvar lesions. Anticancer Res 22:

3853-3865, 2002.

Received August 2, 2004
Accepted February 8, 2005

Hantschmann et al: TGF-·, c-erbB-2 and Neoangiogenesis in Vulvar Carcinoma

1737


