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Abstract

Halofuginone, an inhibitor of collagen a1(l) gene
expression was used for the treatment of subcuta-
neously implanted C6 glioma tumors. Halofuginone had
no effect on the growth of C6 glioma spheroids in vitro,
and these spheroids showed no collagen a1(l) expres-
sion and no collagen synthesis. However, a significant
attenuation of tumor growth was observed in vivo, for
spheroids implanted in CD-1 nude mice which were
treated by oral or intraperitoneal (4 g every 48 hours)
administration of halofuginone. In these mice, treatment
was associated with a dose-dependent reduction in
collagen a1(l) expression and dose - and time-depen-
dent inhibition of angiogenesis, as measured by MRI.
Moreover, halofuginone treatment was associated with
improved re-epithelialization of the chronic wounds
that are associated with this experimental model. Oral
administration of halofuginone was effective also in
intervention in tumor growth, and here, too, the treat-
ment was associated with reduced angiogenic activity
and vessel regression. These results demonstrate the
important role of collagen type | in tumor angiogenesis
and tumor growth and implicate its role in chronic
wounds. Inhibition of the expression of collagen type |
provides an attractive new target for cancer therapy.
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Introduction

Angiogenesis, the formation of new vessels, is essential for
embryogenesis, wound healing, and regeneration, in addi-
tion to its contribution to the maintenance and progression of
solid tumors. New vessels are formed by proliferation and
migration of endothelial cells in response to the release of
diffusible angiogenic factors in concert with the effects of
components of the extracellular matrix (ECM). For example,
tube formation can be induced in vitro by culturing
endothelial cells within 3-D gels of collagen type | [1] or
within plasma clots [2]. Capillary endothelial cells cultured on
interstitial collagens (type I/lll) proliferate to form a contin-
uous cell layer, whereas on basement membrane collagens
(type IV/V), they do not proliferate, but rather aggregate to

form tube-like structures [3]. During angiogenesis, endothe-
lial cells extensively remodel the ECM around them by
secreting enzymes that digest the preexisting basement
membrane, and by synthesizing collagen and other mole-
cules which form the ECM of the new capillaries. The
microvascular ECM undergoes dynamic changes before
achieving its final maturation, starting with the formation of
a fibrillary network of fibronectin and type V collagen, followed
by the accumulation of a subendothelial matrix of laminin and
type IV collagen, and concluding with deposition of types I
and Il collagen fibrils in the perivascular space [2]. The
absence of collagen types | and Il during vascular sprouting
and their accumulation in later stages of angiogenesis
suggest that they may exert a stabilizing effect on the
structure of the mature microvessel, by strengthening the
extracellular framework of the microvascular wall [2].

It has been suggested that collagen type |, one of the
major components of the ECM is involved in angiogenesis.
Capillary endothelial cells reorganize into a network of
branching and anastomosing capillary-like tubes when
sandwiched between two layers of type | collagen gel [1].
Moreover, when collagen type | fibrils make contact with the
apical side of the endothelium, they act as a stimulus to
provide a template for vascular tube formation [4]. Mono-
clonal antibodies directed to the « chain of the integrin a4,
the major integrin receptor for type | collagen on capillary
endothelial cells, enhance the number, length, and width of
capillary tubes formed by endothelial cells [5]. Anti-ax34
antibodies have been found to maintain the endothelial cells
in rounded morphology and to inhibit both their attachment to
and their proliferation on collagen, but not on fibronectin,
laminin or gelatin matrices [5]. Thus, restriction of specific
cell-matrix interactions can affect capillary formation.
Unfortunately, the elucidation of the precise role in angiogen-
esis of any component of the ECM in general and of collagen
type | in particular has been hampered by the lack of inhibitors
for specific ECM components.
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Previously, we demonstrated that halofuginone, an
alkaloid originally isolated from the plant, Dichroa febrifuga,
and commonly used as a coccidiostat in chickens and
turkeys, suppressed avian skin collagen synthesis in vivo[6].
In animal models with excessive deposition of collagen, such
as the murine chronic graft-versus-host disease (cGvHD)
and the tight skin (TSK) mouse, halofuginone negated the
increase in skin collagen and prevented the thickening of the
dermis and the loss of the subdermal fat [7]. In addition,
halofuginone has been reported to reduce pulmonary fibrosis
in bleomycin-treated rats [8], to prevent dimethyInitrosamine-
induced liver cirrhosis [9], to reduce peritendinous fibrous
adhesions following surgery [10], to prevent post-operation
abdominal [11] and uterine [12] adhesion formation in rats,
and to inhibit bladder carcinoma angiogenesis and tumor
growth [13]. In all these models, halofuginone inhibited
collagen «1(l) gene expression and collagen type | synthesis
[14]. In culture, halofuginone has been found to attenuate
collagen a1(l) gene expression and collagen production by
murine and avian skin fibroblasts [15]; it also reduced
collagen «1(l) gene expression and collagen synthesis in
human fibroblasts derived from scleroderma and cGvHD
patients, and attenuated the transforming growth factor g
(TGFp)-induced increase in collagen «1(l) gene expression
by normal human skin fibroblasts [16]. Halofuginone
specifically inhibited the gene expression of collagen type
a1(1), but not type «2(l), type 11 [16], type Il [17] or type X (M.
Pines, unpublished data). Recently, we reported that topical
treatment of a cGvHD patient with halofuginone caused an
attenuation of collagen a1(l) gene expression demonstrating
human clinical efficacy [18].

The goal of the present study was to evaluate the role of
collagen type | in angiogenesis and tumor progression. To do
so, we used the previously described hypervascularity,
aggressive tumor progression, and inhibition of wound repair
of C6 glioma spheroids implanted in surgical incisions [19].
This system provides a model for tumor recurrence along
surgical incisions, and has led to the hypothesis that under
these conditions, inhibition of angiogenesis may inhibit tumor
recurrence without attenuating, and possibly improving
wound repair [19]. In the present study, we evaluated the
ability of halofuginone to affect angiogenesis, tumor growth,
and wound healing, when it was applied before C6 glioma
spheroid implantation on the wound site or after the
establishment of the tumor. Our results demonstrate that
halofuginone inhibited the neovascularization and tumor
growth in a dose-dependent manner, and facilitated the
wound healing. Thus, halofuginone could be used as an
important tool in understanding the role of collagen in tumor
progression and in wound healing, and it may become a
novel and promising antiangiogenic agent in cancer therapy.

Materials and Methods

Materials
Sirius Red F3B was obtained from BDH Laboratory
Supplies (Poole, England). A rat collagen a1(l) 1600-bp

probe was a generous gift from B. E. Kream, University of
Connecticut, CT, USA. Halofuginone bromhydrate was
obtained from Roussel UCLAF (Paris, France).

Cell Culture and Spheroid Preparation

C6 rat glioma cells were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM) supplemented with 5% fetal calf
serum (FCS, Biological Industries, Israel), 50 units ml~"
penicillin, 50 ug ml~' streptomycin, and 125 ug ml™"
fungizone (Biolab Ltd.). Aggregation of cells into small
spheroids of about 150 yum was initiated by replating cells
from confluent cultures onto agar-coated bacteriological
plates. After 4 to 5 days in culture, the spheroid suspension
was transferred to a 250-ml spinner flask (Bellco, USA) and
the medium was changed every other day for 30 to 40 days.
All culture operations were at 37°C and 5% CO,. Other
culture conditions were as reported previously [19,20].

Spheroid Implantation in Nude Mice

Male CD1-nude mice (2-month-old, 30 g body weight)
were anesthetized with 75 nug/g Ketamine + 3 1.g/g Xylazine
(i.p.), and placed in a sterile laminar flow hood. A single
spheroid per mouse, about 1 mm in diameter, was implanted
subcutaneously in the lower back at the site of a 4-mm
incision, using a Teflon tubing, as reported previously [19].
The incision was formed with fine surgical scissors and
closed with an adhesive bandage (Tegaderm®, USA).

NMR Microimaging of the Implanted Spheroid

NMR experiments were performed on a horizontal 4.7 T
Bruker-Biospec spectrometer using an actively RF de-
coupled surface coil, 2 cm in diameter, and a bird-cage
transmission coil, as reported previously [19,21]. Mice were
anesthetized with 75 ug/g Ketamine +3 ug/g Xylazine (i.p.),
and placed supine with the tumor located at the center of the
surface coil. Gradient echo (GE) images were acquired with
a slice thickness of 0.5 mm, TE of 10 ms, TR of 230 ms and
256 <256 pixels matrix resulting in in-plane resolution of 110
um. Growth of the capillary bed was reflected by reduction of
the mean intensity at a region of interest of 1 mm surrounding
the spheroid [19-22]. Data are reported here as the
apparent vessel density (AVDygr =—In S(a)/S(0)), where
S(a) is the mean intensity at a region of interest of 1 mm
surrounding the spheroid and S(0) is the mean intensity of a
distant muscle. Tumor volume was determined from two
orthogonal sets of multislice gradient echo images covering
the entire tumor. MRI data were analyzed on an Indigo-2
work-station (Silicon Graphics, USA) with Paravision soft-
ware (Bruker, Germany). The statistical significance of the
results was determined with Student’s ttest or ANOVA.
Errors reported are the standard deviations.

Preparation of Sections, In Situ Hybridization and Histo-
chemistry

Multicellular spheroids and samples from tumors adher-
ent to skin were collected into phosphate-buffered saline
(PBS) and fixed overnight in 4% paraformaldehyde in PBS at
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4°C. Serial 5-um sections were prepared after the samples
had been dehydrated in graded ethanol solutions, cleared in
chloroform, and embedded in Paraplast (Oxford, St. Louis,
MO). Differential staining of collagenous and noncollagen-
ous proteins was performed with 0.1% Sirius Red with 0.1%

H&E

collagen
content

collagen

typel

gene
expression

control

Fast Green as a counterstain, in saturated picric acid. By this
procedure, collagen is stained red [23]. For hybridization, the
sections were deparaffinized in xylene, rehydrated through a
graded series of ethanol solutions, rinsed in distilled water (5
minutes), and incubated in 2xSSC (1xSSC contains 0.15 M

halofuginone

Figure 1. In vitro effect of halofuginone on C6 glioma spheroids. (A,C,E) Control spheroids. (B,D,F) Halofuginone-treated spheroids (4 days, 10~ M). (A,B) Eosin
hematoxylin stain. (C,D) Sirius Red stain of collagen. (E,F) In situ hybridization of collagen «.1(I) expression. Scale bar, x 0.5 mm.
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NaCl and 0.015 M sodium citrate) at 70°C for 30 minutes The
sections were then rinsed in distilled water and treated with
pronase (0.125 mg/ml in 50 mM Tris—HCI, 5 mM EDTA, pH
7.5) for 10 minutes. After digestion, the slides were rinsed
with distilled water, post-fixed in 10% formalin in PBS,
blocked in 0.2% glycine, rinsed in distilled water, rapidly
dehydrated through graded ethanol solutions, and air dried
for several hours. Before hybridization, the 1600-bp rat
collagen a1(l) insert was cut out from the original plasmid
(pUC18) and inserted into pSafyre. The sections were then
hybridized with digoxigenin-labeled collagen «1(l) probe
[9,11]. All the preparations for in situ hybridization within
each experiment were performed simultaneously with the
same probe and with the same specific activity, and all
sections were dipped in emulsion and exposed for the same
length of time. Digitized maps of the in situ hybridization
sections were analyzed using National Institutes of Health
(NIH) IMAGE software. A binary presentation was derived
and used in determination of the stain density (all tumor
areas, five tumors per treatment).

Results

Halofuginone Had No Effect on C6 Glioma Spheroids In
Vitro

C6 glioma spheroids in culture did not express the gene
for collagen «1(l), as demonstrated by in situ hybridization
(Figure 1; no red stain in Sirius sections C,D and no
expression of collagen a(l) in E,F). In addition, there was no
difference in growth rate as manifested by spheroid
diameter, between spheroids that were cultured in the
presence of halofuginone (1078 M for 10 days) and the
control spheroids. Exposure to halofuginone at 1078 M has
been previously reported to optimally suppress the expres-
sion of collagen «a(l) in other cells [7].

Prevention of Angiogenesis and Tumor Progression by
Halofuginone

The role of collagen a1(l) in the early stages of tumor
progression was evaluated by initiation of halofuginone
treatment 1 week before spheroid implantation. Mice were
divided into six groups (five mice per group). Five groups
received intraperitoneal injections of halofuginone every
other day (0, 0.1, 0.5, 2, 4 ug/injection) and one group was
fed a diet containing 5 ppm of halofuginone. After 7 days,
C6 glioma spheroids (~750 pm in diameter, one spheroid
per mouse) were implanted subcutaneously in the lower
backs of the mice at the incision site. MRI studies were
performed on days 3, 10, 15, and 20 for a sample of mice
from each of the intraperitoneal groups (two mice from
each group); and on days 3, 10, and 15 for one of the mice
fed with halofuginone. As observed previously for spher-
oids implanted in a full-thickness dermal incision, the early
stages of neovascularization were enhanced in control
mice. In contrast, the development of the neovasculature
around the tumors in mice treated with halofuginone was
inhibited in a dose-dependent manner (Figure 2A). AVDyg,

measured 2 weeks after tumor implantation showed that
concentrations as low as 0.1 and 0.5 pg/injection inhibited
tumor neovascularization by 30% and 60%, respectively. In
mice treated with halofuginone at concentrations of 2 and 4
ug/injection, neovascularization was inhibited by 80%.
These findings were confirmed at the end of the experi-
ment by examination of skin specimen photographs for all
mice (Figure 3, column 2).

In contrast to the effect of halofuginone on neovascu-
larization, tumor growth was inhibited only by the highest
dose of halofuginone (4 upg/injection) or by oral adminis-
tration of halofuginone. The effect of halofuginone on tumor
growth was already apparent 10 days after C6 glioma
spheroid implantation and continued until the end of the
experiment. Tumor growth in mice treated with lower doses
of halofuginone was not significantly different from that in
the controls (Figures 2B and 4B). Three weeks after tumor
implantation, all the mice were sacrificed and the tumor
sizes were measured (Figure 4B). The tumors in mice
treated by oral administration of halofuginone were
significantly smaller than those in the controls (22.6+12
mm?® and 5612 mm?3, respectively; p=0.04). These mice
lost about 30% of their body weight, whereas mice injected
with the highest dose of halofuginone (4 ng/injection) did
not lose any body weight. In these mice, although the
tumors were much smaller than those in the controls, the
effect was not statistically significant, because of the large
variance (26+11 mm?®; p=0.053). There was no correlation
between weight loss and tumor growth rate in the orally
treated group.

Previously, we showed that wounds located less than 1
mm from a tumor implantation site did not complete re-
epithelialization even 3 weeks after the incision was made,
and inflammatory cells and blood clots were observed at
the wound site [19]. Halofuginone (oral administration or
i.p. administration of 4 ug/injection) significantly improved
wound healing, despite the presence of a tumor. Histolo-
gical sections of the tumors (oral administration and
injections of 4 ug/injection) demonstrated complete re-
epithelialization in four of five mice in each group. In
contrast, in all other groups, only in one of the five mice
was re-epithelialization completed. Blood clots were still
observed only in control mice and in mice treated with the
two lowest doses of halofuginone (0.1 and 0.5 ug/
injection; Figure 3, columns 1 and 6).

The level of collagen «1(l) expression was determined by
image analysis of the in situ hybridization (Figure 3, column
4), and total collagen content by Sirius Red staining (Figure
3, column 5). There was a dose-dependent effect on
collagen «a1(l) expression (Figures 3 and 4A), which was
significant for oral administration of halofuginone and for the
highest dose of halofuginone (4 pg/injection; p=0.025,
n=5).

Intervention of Established Tumors by Halofuginone

C6 glioma spheroids (~1 mm in diameter, one spheroid
per mouse) were implanted subcutaneously in the lower
backs of the mice, at the incision site. One week after
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Figure 2. Effect of halofuginone on tumor growth and neovascularization. (A)
AVD was measured from GE images at different intervals after tumor
implantation (n=2). Note the dose-dependent inhibition of tumor vasculariza-
tion by halofuginone. (B) Tumor volume was measured from GE images at
different intervals after tumor implantation (n=2).

tumor implantation, the mice were randomly divided into
two groups (n=6). One group was fed with a normal diet
and the other with a diet containing halofuginone (5 ppm)
which, as in the previous experiment, caused reduction in
body weight. The kinetics of tumor growth and vascular-
ization was followed, twice a week, with GE MRI, for three
mice per group. Three weeks after tumor implantation, the
mice were photographed and weighed, and the tumors
were taken to histology.

Development of neovasculature around the tumors in
mice treated with oral administration of halofuginone
stopped 4 days after treatment began, and regression
was observed 5 days later (Figure 5B). AVDyr measured
13 days after tumor implantation showed 47% lower
vascularization in treated mice than in the controls
(0.48+0.13 compared with 0.9+0.1; p=0.03). Sixteen
days after tumor implantation, vascularization in treated
mice was about 80% lower than in the controls (0.16+0.14
compared to 0.82+0.13; p=0.013). The reduction in the
tumor vascularization was accompanied by a significant
arrest in tumor growth in mice treated by oral administra-
tion of halofuginone (Figures 5A and 6). Tumor volume in
these mice was significantly smaller than in the controls 16
days after tumor implantation (0.28+0.13 cm® and
0.65+0.07 cm®, respectively; p=0.036) (Figure 5A4). As
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can be seen in the MRI analysis, the tumor in the control
animals is growing with time (Figure 6; arrow), whereas the
tumors in mice treated with halofuginone on day 7, after
the tumor was established, almost stopped growing and
were significantly smaller during the entire experiment
(Figure 6).

Discussion

The growth and metastatic properties of solid tumors are
directly influenced by the process of angiogenesis. Primary
tumor growth depends on nutrients supplied by infiltration of
blood vessels, while the same vessels also serve as conduits
for invasive cells and thereby accelerate the metastatic
process. The complex mechanism of angiogenesis provides
many steps that can be targeted by pharmacological
interventions for the treatment of tumors and wounds. The
involvement of ECM components in angiogenesis in vivo has
been studied extensively in recent years. Mathematical
models predict that ECM-mediated random motility and cell
proliferation, which are key processes in driving angiogen-
esis, and the dependence of these processes on the ECM
density and the rate of ECM remodeling determine the
angiogenic response [24]. Collagen type |, a major ECM
macromolecule has been found to be associated with, and
important to, the neovascularization process. For example,
drugs that promote early and marked angiogenesis have
been found also to cause increased collagen type |
deposition [25]. Conversely, delayed neovascularization in
aged mice was associated with decrease in collagen type |
and TGFg, the major promoter of collagen type | gene
expression [26]. Collagen type | has been found to contain
the required heparin-binding domains necessary for en-
dothelial tube formation [27]. Moreover, one of the early
events of angiogenesis is the expression of alpha prolyl 4-
hydroxylase gene, the major collagen cross-linking enzyme
[28]. The dose-dependent inhibition of tumor vascularization
by halofuginone (Figure 2A) implies once again that collagen
type | is essential for angiogenesis. It seems that collagen
type | also participates in persistent tumor-wounds, since
mice treated with halofuginone showed improved wound
healing even in the presence of a tumor. Thus, although
many angiogenic inhibitors have been directed toward
blocking the initial cytokine-dependent induction of new
vessel growth, the approach based on targeting collagen
type | synthesis, to inhibit neovascularization, provides a new
and promising therapy avenue.

C6 glioma cells do not synthesize collagen in culture and
were not affected by halofuginone (Figure1). When im-
planted, cells within the growing tumor expressed the
collagen «(1) gene. Expression of collagen «(1) was
inhibited by halofuginone (Figure 3), in agreement with our
previous observation which demonstrated a specific inhibi-
tion of collagen type a1(l) gene expression by halofuginone
in various models, with excess of collagen type | synthesis
(for review, see Ref. [14]). Consistent with the proposed
mode of action, halofuginone affected only collagen a1(l)
gene expression and reduced the level of newly synthesized
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Figure 3. Halofuginone improves wound healing and inhibits tumor growth in a dose-dependent manner. External (column 1) and internal (column 2) photographs of
the skin were taken 20 days after tumor implantation. Coronal GE images were taken 15 days after tumor implantation (column 3; tumors are marked with
arrowheads). Collagen «.1(l) gene expression (column 4) was evaluated by in situ hybridization (dark brown) and collagen content (column 5) by specific collagen
staining (red). Halofuginone treatment reduced expression of collagen «.1(1) in the tumor, but did not reduce pre-existing collagen deposited in the skin. Histological
eosin hematoxylin staining of the incision shows improved repair with halofuginone treatment (column 6). Scale bar, x5 mm for columns 1 to 3 and x 0.5 mm for

columns 4 to 6.

collagen within the tumor, without affecting the resident
collagen fibrils in the skin (Figure 3).

The stimulatory effect of wounds on tumors is a
recognized clinical phenomenon. We previously demon-
strated the enhancing effect of wound healing on tumor
angiogenesis and growth, using a system of a multicellular
spheroid implanted at different distances from an incision
[19,29]. The wound-tumor system presents a major
dilemma with respect to anti-angiogenic therapy, since
angiogenesis is an essential and integral part of the
healing process. If angiogenesis in wound healing and in

tumors share a common molecular pathway, inhibition of
one might affect the other. However, it is possible that the
excessive angiogenic activity associated with the tumor-
wounds is beyond that required for healing, and tissue
recovery could take place even if angiogenesis was
significantly inhibited. Most previously tested anti-angio-
genic therapies, including interferon o/3 [30], AGM-1470 (a
synthetic analogue of fumagillin) [31], and antibodies to b-
FGF [32] inhibit wound healing. In the present study,
halofuginone, which has been demonstrated to inhibit
surgery-induced adhesions in the intestine [11] and uterine
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horns [12], improved the repair of persistent tumor-
associated wounds (Figure 3).

One could expect that inhibition of angiogenesis would
provide effective anti-tumor therapy. We found that
halofuginone inhibited angiogenesis in a dose-dependent
manner, but only the highest doses blocked tumor growth
(Figure 2A and B). Thus, inhibition of angiogenesis
affected tumor growth only above a certain threshold.
The model used here of wound-associated glioma results
in highly vascular tumors [19,29]. In such tumors, it is
possible that angiogenesis is not limiting tumor growth,
and only when suppressed significantly, tumor growth rate
becomes sensitive to the vessel density. Improved wound
repair was observed even at concentrations in which
tumor growth was not significantly inhibited. Thus, the
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improved healing cannot be explained by the reduced
number of tumor cells.

Oral administration of halofuginone was highly effective
in prevention of tumor progression (Figures 2 and 3),
especially in inhibition of the growth of established tumors
(Figures 5A and 6). Moreover, reduction in the existing
AVD was observed (Figure 5B). Oral administration of
halofuginone was found to be superior to i.p. injection as
has been found in other systems [11], this may be due to
the longer half-life of halofuginone when administered
orally (data not shown). Halofuginone is one of very few
antiangiogenic factors that can be orally administered,
which makes this therapy clinically attractive. Although
reduction in body weight was observed in mice fed a
halofuginone-containing diet, the effect of halofuginone on
tumor progression could not have been due to nutritional
manipulation [33,34], because other routes of administra-
tion caused similar effects on the tumors without affecting
body weight (Figure 2). Mice, especially nude mice, have
been reported to respond with a reduction in food
consumption when fed halofuginone-containing diets, in
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Figure 5. Kinetics of tumor growth and neovascularization. Halofuginone
treatment began 7 days after tumor implantation (arrow). Tumor volume (A)
and AVD (B) were measured from GE images at different days after tumor
implantation. Control (filled circles, n=3) and oral administration of halofugi-
none (open circles, n=3). Note the arrest in tumor growth and regression of
vascularization for mice treated with halofuginone.
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Day 7
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control 1

halofuginone 1 control 2

halofuginone 2

Day 13

Figure 6. Kinetic analysis of the effect of halofuginone on tumor progression by MRI. Transverse gradient echo images were acquired on a Bruker 4.7 T
spectrometer using a whole body excitation coil and an actively decoupled 2 cm surface coil (TE=10 ms, TR=230 ms, field of view of 3.5 cm, slice thickness of 0.5
mm, and total acquisition time of 4 minutes). The arrowheads show the position of the implanted C6 glioma spheroid. Scale bar, x5 mm.

contrast to rats [11], rabbits [17], and chickens [6]. In those
species, maximal reduction in the expression of collagen
a1(l) gene expression was observed in the adhesion site,
in intima hyperplasia of blood vessels and in the skin,
respectively, before any change in body weight was
observed. The concentration of halofuginone in the diet
(5 ppm) was as used previously in other studies
[6,11,12].

In conclusion, inhibition of collagen type | synthesis by
halofuginone caused inhibition of tumor angiogenesis and
tumor progression, while it improved the repair of
persistent tumor-associated dermal incisions. These re-

sults provide additional evidence for the important role of
collagen type | in wound healing and in tumor angiogen-
esis and progression. Inhibition of collagen synthesis may,
therefore, provide a powerful therapeutic approach for the
treatment of cancer or other diseases characterized by
excessive angiogenesis.
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