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ANGIOGENIC PROPERTIES OF CERVICAL DYSPLASIA

RESULTS

Factor Vifi Staining of Normal and Dysplastic Epithelium.
TWenty-three lesions were immunostained with antibodies to factor
VIII antigen. The specimens represented 3 condyloma, 3 CIN I, 6 CIN
II, and 11 CIN III lesions. CIN lesions demonstrate enhanced factor
VIII stainingcomparedwith normaladjacentepithelium(Figs. 1 and
2). The effect is confined to the region immediately beneath the

epithelium and does not extend into the stroma below. High power
microscopy revealed an extensive reticular network of vessels under

lying the lesions compared with normal epithelium (Fig. I , C and D).
In addition, the areas of neovascularization are sharply demarcated
between the dysplastic and normal tissue (Fig. 1, E and F).

Endocervical stroma contains mucus-secreting endocervical glands
which are lined by columnar epithelium. These glands are not angio
genic as detected by factor VIII staining (Fig. 2A). Columnar epithe
hum can be replaced by squamous epithelium through the normal
process of metaplasia; when dysplasia is present, dysplastic cells can
replace the glandular epithelium. Fig. 2B shows such a gland in the
process of being replaced by dysplasia. There is pronounced factor
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Fig. 1. Enhanced staining for factor VIII antigen immediately benesth the basement membrane subtending dysplastic epithelium. Representative fields of normal (A and C) and
dysplastic (B and D) lesions were photographed through an Axiophot microscope. Lesions were histologically graded as CIN III (B and F) and CIN II (D and E). N, normal epithelium;
D, dysplasia. Bar: 100 g.tmfor A, B, E and F; SO @mfor C and D.
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Fig. 2. Enhanced staining for factor VIII antigen immediately surrounding endocervical glands that have been replaced by dysplastic epithelium. Representative normal endocervical
glands (A) and a gland replaced by dysplastic epithelium (B) were photographed through an Axiophot microscope. The lesion was graded as CIN Ill. Arrows, boundary between normal
columnar epithelium (right) and dysplasia (left). Bar, 100 ,im.
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VIII staining surrounding that part of the gland involved in the dys
plastic process, and again the angiogenic response is confined to the
regions immediately subtending the dysplastic epithelium. This phe
nomenon was observed in many examples of endocervical glands
containing dysplasia.

Comparison of the vessel counts of condyloma and CIN I lesions
with the counts of adjacent tissue showed no significant difference (P
= 0.31 by Mann-Whitney U test). Comparison of the vessel count

from CIN II and CIN III lesions with that from the adjacent normal
tissue showed a statistical difference (P = 0.0006). Since there was a
wide range in the values for both the normal tissue and the lesions, the
data were also expressed as a ratio of the vessel count of the lesion
divided by the normal epithelium from the same patient (angiogenic
ratio). Comparison of the angiogenic ratios with the grade of CIN
revealed that the degree of angiogenesis increases with the severity of
the lesion (Fig. 3). The difference between the angiogenic ratios of the
less advanced lesions (condyloma and CIN I) and the CIN III lesions
is statistically significant (P = 0.014 by Mann-Whitney U test),

3.0

whereas the difference between the angiogenic ratios of the CIN II
lesions and the CIN III lesions shows no statistically significant dif
ference (P = 0.08). These data suggest that the angiogenic properties
of CIN become more pronounced as the lesion progresses toward
more advanced histology.

Presence of Factor Vill-staining Structures within the Epithe
hum. In addition to the enhanced staining for factor VIII-related
antigen in the boundary between the epithelium and the stroma, some
specimens revealed the presence of numerous, large factor Vill-posi
tive structures within the epithelium itself(see Fig. 1, B and E). These
structures presumably reflect stromal vascular papillae extending into
the upper levels ofthe dysplastic epithelium. These vascular structures
were present in S of 11 (45%) CIN III lesions, 1 of 6 (16%) CIN II
lesions, none of the CIN 1/condyloma lesions and none of 23 samples
of normal epithelium. Statistical analysis confirms that the presence of
stromal vascular papillae within the upper half of the epithelium is
correlated with the grade of the dysplasia (tJ? = 14.6, P = 0.002).
Comparison of the angiogenic ratios of the CIN III lesions containing
vessels in the upper half of the epithelium with those not containing
them revealed no statistical difference (P = 0.073 by Mann-Whitney
U test). This result suggests that growth of the stromal vascular
papillae into the upper layers of the epithelium does not represent a
continuation of the process of neovascularization along the basement
membrane but rather a separate process.

Measurement of Inflammation in Dysplastic Epithelium. Dys
plastic tissues elicit a host immune response, and inflammatory cells
are known to contain and secrete many angiogenic compounds (12).
Accordingly, the appearance of angiogenesis in dysplastic tissues may
reflect the host response to the lesions and may not be induced by the
dysplastic cells themselves. To address this possibility, tissue sections
from 18 lesions were stained with antibodies to CD68, a macrophage
marker. The inflammatory ratio (CD68-positive cells/unit area in dys
plastic tissue divided by CD68-positive cells/unit area in normal tis
sue) was compared with the angiogenic ratio for each lesion (Fig. 4).
There was no statistical correlation between the angiogenic and in
flammatory ratios. These data suggest that the angiogenic phenotype
is independent of the amount of inflammation present and therefore

may reflect a property of the dysplastic cells themselves.
HPV â€˜typingof CIN III Lesions. The development of cervical

dysplasia and cancer is strongly correlated with the presence of HPV.
Certain strains of HPV, most commonly HPV 6 and 11, are associated
with condyloma and only rarely with CIN or cancer, whereas HPV 16
and 18 are most commonly associated with cancer; an intermediate
risk group (HPV 31, 33, 35, 51, 52, and 58) is associated with CIN and
less commonly with cancer (13). We noted a marked heterogeneity in
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Fig. 3. Comparison of angiogenic ratio with grade of dysplasia. Angiogenic ratios were
derived for each lesion as described in â€œMaterialsand Methods.â€•Bars, SE.
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5- whenimplantedintherabbitiris(16).Inatransgenicmousemodel
system for the development of fibrosarcomas, the angiogenic corn

4 - pound basic fibroblast growth factor is made by premalignant and
malignant lesions but is secreted only by those lesions which have

progressed to the tumorigenic stage (17). In a transgenic model system
for the development of tumors of the f3-cells of the pancreatic islets,
angiogenesis appears in a subset of hyperplastic cells before they
become neoplastic at a frequency which correlates with tumor devel

- _______________________________________________ opment (6). These studies suggest that angiogenesis may precede the

U@ 20 30 40 50 60 development of invasive tumors in certain cases.

Our data constitute the first demonstration of the natural history of
the switch to an angiogenic phenotype in a naturally occurring human
preinvasive lesion and suggest that the neovascularization that accom
panies cervical dysplasia occurs in a series of stages. The earliest
event appears to be the elaboration of a localized complex microvas
culature subtending the abnormal growth, suggesting the diffusion of
angiogenic compounds from the dysplastic tissue. Since the degree of
angiogenesis does not correlate with the amount of inflammation in
the lesion, the angiogenic response likely reflects signals generated by
the dysplastic cells themselves. In a subset of advanced lesions, vas
cular stalks are also present within the upper thickness of the epithe

hum, suggesting that the next stage in angiogenesis involves the
elaboration of the factors that allow the extension of stromal vascular
papillae into the epithelium. It is not known whether these structures
would be detected colposcopically as punctation and mosaicism. it is
also not known whether the vascular stalks derive from preexisting

stromal vascular papillae or reflect further elaboration and maturation
of the reticular network of microvessels lining the basement mem
brane. Hypothetically, in the next stage of neovascularization, the
vessels would reach the surface of the epithelium and would be
detected colposcopically as atypical vessels, at which point the lesion
would have progressed to cancer (11).

Thus dysplasia may serve as a useful model for the dissection of the
stages involved in the neovascularization of a tumor. Whether the
molecular basis of these phases represents the continuum of a single
process or discrete processes is at present unknown and requires
elucidation of the factors responsible for the angiogenic response
described here. It is interesting to speculate that the angiogenesis
might be necessary for the growth, maintenance, or progression of
dysplastic lesions. If so, antiangiogenic compounds might have a
therapeutic role in the clinical management of dysplasia.
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Fig. 4. Comparison of the angiogenic ratio with the inflammatory ratio. Angiogenic and
inflammatory ratios were calculated as described in â€œMaterialsand Methods.â€•Statistical
comparisons by Spearmann's rank correlation of the values for condyloma and CIN I
(P > 0.95)andforCINIIandIII(P = 0.11)showednocorrelation.

the angiogenic ratio of the CIN III lesions, with some lesions having
almost no neovascularization (angiogenic ratio, 1.2) and others ap

pearing markedly angiogenic (angiogenic ratio, 4.4). It is possible that

HPV types associated with a more aggressive histology might invoke
a stronger angiogenic response; we therefore tested whether the de
gree of angiogenesis is a reflection of the HPV type present in the

lesion. HPV typing was performed on a subset of CIN III lesions
representing 2 lesions with a low angiogenic ratio (1.2) and 2 lesions
with high angiogenic ratios (2.3 and 4.4). Of the lesions with an
angiogenic ratio of 1.2, one was found by in situ hybridization to have
HPV 16/18 and the other had HPV 6/11. Both of the lesions with the
high angiogenic ratios had positive staining for HPV 30s. Thus, the
HPV type with the highest malignant potential was found in a lesion
with the lowest angiogenic ratio, and the lesions with the highest
angiogenic ratios contained the HPV types with the intermediate
malignant potential. Therefore, on this limited subpopulation of le
sions, no obvious correlation was found between the angiogenic phe
notype and the malignant potential of the HPV type.

DISCUSSION

Dysplastic lesions show enhanced staining for factor VIII antigen
compared with adjacent normal cervical epithelium in a process which
is variable but which is significantly enhanced in the CIN III lesions.

The neovascularization is confined to a narrow zone immediately
underlying the dysplastic epithelium and extends neither laterally nor
inferiorly from this zone. Endocervical glands replaced by dysplastic
cells also demonstrate angiogenesis, indicating that the effect is not
dependent on the location of the epithelium on the surface of the
cervix. A subset of CIN II and III lesions demonstrate a second type

of neovascularization, consisting of the presence of vascular stalks in
the upper layers of the epithelium where they are not normally found.
The fact that neovascularizationis most pronouncedin the advanced
lesions suggests either that enhanced vascular supply reflects the
increased metabolic activity of the lesion or that angiogenesis is an
important prerequisite for the subsequent development of invasive
clones. It is not possible to correlate the natural history of the lesions
with the angiogenic ratios since these lesions were excised for treat
ment.

Previous studies have documented that preneoplastic lesions pos
sess angiogenic properties. For example, tissue from mouse and hu
man mammary hyperplasia elicits an angiogenic response when trans
planted onto the rabbit iris, whereas normal breast epithelium does not
(14, 15). Human breast carcinoma in situ shows neovascularization as
detected by factor VIII staining (3). Preneoplastic bladder epithelium,
but not normal bladder epithelium, elicits an angiogenic response
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