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Abstract Vascular function and angiogenesis are regu-
lated by vascular endothelial growth factor-A (VEGF).
The purpose of this preliminary study was to address the
following questions: Is VEGF expression in the patellar
tendon more prevalent in patients with patellar tendinop-
athy than in individuals with normal, pain-free patellar
tendons? Which cell populations express VEGF in normal
and tendinopathic tendon? Is there a difference in symptom
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duration between VEGF+ and VEGF— tendons? We col-
lected patellar tendon tissue from 22 patients undergoing
open débridement of the patellar tendon and from 10
patients undergoing intramedullary nailing of the tibia.
VEGF expression was assessed immunohistochemically.
Relevant inflammatory and repair cell types were immu-
nolabeled. VEGF expression was absent from control
tendons, but was present in a subset of patients with his-
topathological evidence of angiofibroblastic tendinosis.
VEGEF was expressed in the intimal layer of tendon vessels,
but was absent in other cell types. Patients demonstrating
VEGF expression in the patellar tendon had a shorter
symptom duration (12 £ 7.8 months) than patients with
no detectable VEGF (32.8 &£ 23.5 months). VEGF may
contribute to the vascular hyperplasia that is a cardinal
feature of symptomatic tendinosis, particularly in cases
with more recent onset.

Introduction

Tendon injuries may be chronic or acute in nature, and
occur at a variety of common anatomic locations [24].
Acute tendon injuries include lacerations or ruptures,
whereas chronic injuries (tendinopathies) are typically
insidious in their onset. Achilles tendinopathy, patellar
tendinopathy (jumper’s knee), lateral epicondylalgia, and
rotator cuff tendinopathy are major causes of chronic
pain and disability both in general and recreational and
professional athletes [5, 17, 23]. Although many of these
tendinopathies resolve spontaneously [7] or with nonop-
erative treatment including eccentric training [4, 18, 25,
45], a proportion of injuries remain chronically symptom-
atic (painful and edematous) and require surgery [10, 41].
One report suggests chronic tendon injuries pass through
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several overlapping stages, including an initial tendinitis
(Stage I), followed by tendinosis (Stage II), complete
rupture (Stage III), and tendinosis plus other changes
including fibrosis or calcification (Stage IV) [21]. Tendi-
nosis is characterized histopathologically in the chronic
stage by the disruption of fibroblast arrays with prolifera-
tion and apoptosis, and the proliferation of vessels and
nerves containing sensory, nociceptive, and autonomic
elements [3, 11, 12, 20, 21, 37]. This histopathologic pic-
ture has been characterized as a “failed healing response”
and has also been termed “angiofibroblastic tendinosis” to
refer to the major finding of increased vascular and fibro-
blastic cellularity [28].

Modern imaging methods, color Doppler and power
Doppler ultrasound, reveal vascular hyperplasia in and
around painful tendons [34, 47]. Several authors report
an association between the appearance of excessive vas-
cular flow on power Doppler imaging and tendon pain
and impaired function [13, 29]. Thus, both clinical and
anatomic findings of regionally increased vascularity in
tendinopathies have sparked interest in the possible role of
angiogenesis in painful tendons [33, 34]. We previously
reported increased microvascular density, proliferation of
endothelial and smooth muscle cells, and increased peri-
vascular mast cell density in patient biopsies [22, 38, 39].

Vascular endothelial growth factor (VEGF), a potent
angiogenic cytokine and signaling peptide with seven
molecularly diverse isoforms [42], may play a role in this
process. VEGF regulates many genes that drive the adap-
tive and angiogenic response to hypoxia or inflammation in
pathologies such as cancer and soft tissue repair [42],
promoting endothelial cell proliferation, migration, and
survival, as well as the permeabilization of microvessels
leading to localized edema [1, 42].

VEGEF is not highly expressed in adult tendon, but its
expression is increased in several animal models of acute
injury or mechanical loading, including an overuse model
[30, 33]. VEGF mRNA levels are elevated in homogenized
Achilles tendinosis biopsies [2] and could arise from
tendon fibroblasts, endothelial cells, or extrinsic cell pop-
ulations recruited to the site of the lesion. Further, VEGF
mRNA can be detected in ruptured Achilles tendon, but not
in normal adult tendon [32]. One study suggests tendon
rupture is preceded by degenerative changes including
evidence of hypoxia [19]. Thus, mechanical overload,
injury and inflammation, hypoxic conditions, or some
combination of the above could lead to increased expres-
sion of VEGF in tendon [33].

The purpose of our preliminary study was to address the
following questions: (1) Is VEGF expression in the patellar
tendon more prevalent in men and women with patellar
tendinopathy than in individuals with normal, pain-free
patellar tendons? (2) Which cell populations express VEGF

in normal and tendinopathic tendon? (3) Is there a differ-
ence in symptom duration between VEGF+ and VEGF—
tendons?

Materials and Methods

We obtained biopsies from the patellar tendons of 32
patients (mean age, 30 years; range, 2142 years), who
were divided into two groups. One group consisted of 22
patients with patellar tendinopathy (19 men and three
women; mean age, 30.4 years; range, 2240 years) with
pain at the infrapatellar pole for at least 3 months severe
enough to prevent them from participating in activities at
the preinjury level. MRI confirmed high signal changes that
corresponded to the area of pain (infrapatellar pole). The
duration of current symptoms ranged from 5 to 81 months.
These patients had been randomized to receive surgical
treatment for tendon pain with an open procedure, as part
of a clinical trial comparing the effects of eccentric exer-
cise and surgery [6]. The control group was comprised of
10 patients (seven men and three women; mean age,
28.2 years; range, 21-42 years) with normal patellar
tendons confirmed by clinical examination, with no current
or prior history of patellar tendon pain. These individuals
were being treated with intramedullary nailing for tibial
fractures. Exclusion criteria included: (1) age less than
18 years; (2) previous knee surgery; (3) corticosteroid
injections in or around the knee; (4) knee trauma requiring
medical attention; and (5) rheumatic or degenerative
knee conditions. All patients provided written, informed
consent. The study was approved by the University and
Hospital Research Ethics Committees, and was conducted
in accordance with the World Medical Association
Declaration of Helsinki. Patient confidentiality was pro-
tected according to the U.S. Health Insurance Portability
and Accountability Act.

The surgical technique and biopsy handling were iden-
tical in the two groups. Biopsies were taken from the
proximal bone-tendon junction, and the tendon tissue was
excised using a full thickness wedge-shaped incision that
was widest at the patellar pole (1 cm) and narrower distally
(2-3 cm in length). A suture was passed through the
proximal end of the tendon to aid orientation. Immediately
after the procedure, biopsies were transferred to Zamboni’s
fixative where they were stored for 4 to 24 hours, and
then washed in 0.1 M phosphate-buffered NaCl, pH 7.2,
with 15% sucrose (weight/volume) (PBS) and 0.1%
natriumazide. The entire biopsies were then stored in
PBS at 4°C for a minimum of 48 hours after which they
were embedded in paraffin. From each biopsy, we stained
one 5 pum tissue section for hematoxylin and eosin
(H&E) (general morphology) and one for Alcian blue
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(sulphated glycosaminoglycans) and viewed them at
100 x to 630 x magnification on a Zeiss Axioplan
upright microscope (Carl Zeiss Canada Ltd, Toronto,
Canada). We (AS, RS) examined the entire longitudinal
tissue section during analysis, avoiding areas of adipose or
peritendinous tissue.

VEGF expression was examined using a well-charac-
terized mouse monoclonal antibody raised against amino
acids 1-140 of VEGF of human origin (Santa Cruz clone
sc-7269). We performed immunohistochemistry using an
autostainer (DAKO Diagnostics, Glostrup, Denmark). The
sections were cleared in xylene (3 x 15 minutes), quen-
ched for 15 minutes in 3% hydrogen peroxide, incubated in
protein-free blocking solution (DAKO) for 15 minutes,
then exposed to 100 pL of primary antibody diluted 1:50 in
0.1% bovine serum albumin in TBS for 1 hour. We used a
secondary anti-mouse IgG antibody (DAKO), followed by
incubation with APAAP (DAKO) for 30 minutes. The
signal was visualized with New Fuschin as the substrate
(Sigma-Aldritch, Oakville, Canada). Identically fixed and
processed tonsil with or without the VEGF antibody was
used as positive or negative control, respectively. In tonsil,
scattered VEGF positive leukocytes and endothelial cells
were seen only in the positive controls.

As in previous studies [22, 38, 39], we used the fol-
lowing mouse monoclonal antibodies to identify cell types
potentially expressing VEGF: CD68 (Signet KP1 clone,
Cedarlane Laboratories, Hornby, Canada) for macro-
phages, CD3 (DAKO, clone F7.2.38) for T-lymphocytes,
mast cell tryptase (DAKO, clone AA1l) for mast cells,
CD31 (DAKO, clone JC70A) for endothelial cells, o-
smooth muscle actin (Biomeda 1A4) for perivascular cells
and myofibroblasts. For mast cell tryptase, sections were
cleared in xylene (3 x 15 minutes), steamed in sodium
citrate for 3 x 5 minutes, incubated at 37° with 0.1%
trypsin in 0.1% calcium chloride pH 7.3 for 5 minutes,
quenched for 15 minutes in 3% hydrogen peroxide, incu-
bated in protein-free blocking solution (DAKO) for
15 minutes, then exposed to 100 pL. of primary antibody
diluted 1:50 in 0.1% bovine serum albumin in TBS for
1 hour. A secondary anti-mouse IgG antibody (DAKO)
was used, followed by incubation with APAAP (DAKO)
for 30 minutes. The signal was visualized with New
Fuschin as the substrate. CD68 and a-SMA processing was
identical to mast cells but without the trypsin pre-treat-
ment. For T-lymphocytes and CD31, we used the CSA II
detection system (DAKO) with 3,3’-diamino-benzidine
as the chromogen (Vector Laboratories, Burlingame,
U.S.A)). Identically fixed and processed tonsil with or
without the primary antibody was used as positive or
negative control, respectively. In tonsil, mast cells,
lymphocytes, macrophages, and endothelial cells were
labeled only in the positive controls.

@ Springer

We (AS, RS) examined slides with the patient/control
identity code masked with black tape. Using a 40 x
objective lens, the entire tissue section was scanned and all
areas of nonartifactual, cellular VEGF staining were
captured at 1392 x 1045 pixels with a digital camera
(Retiga Exi 1394, Qimaging Corp, Burnaby, Canada). To
be considered nonartifactual, the staining had to be red,
intracellular and absent in negative controls. Based on the
number of fields with positive staining, each section was
considered VEGF-positive or VEGF-negative. To be con-
sidered positive, specific cellular staining had to be present
in three or more captured viewing fields. This method
ensured that sections with only one or two areas of staining
were not considered positive.

We computed means and standard deviations (SD). We
compared VEGF presence or absence between normal and
tendinosis tissue using the Fisher exact probability test. We
compared the mean symptom duration (in months) of
tendinopathy patients with and without VEGF expression
using an unpaired t-test. All statistical tests were carried
out using SPSS 13.0 (SPSS Inc., Chicago, IL).

Results

Patellar tendon from control subjects was normal in all
cases but one, which showed mild cell rounding. VEGF
was more often (p = 0.03) observed in tendinopathy
samples than normal samples. VEGF expression could be
detected in eight of 22 patient samples, but was absent in
all control tendons.

When present, VEGF was localized to endothelial cells,
rather than fibroblasts, perivascular cells, or inflammatory
cell types (Fig 1A-D).

The duration of symptoms in patients demonstrating
VEGF expression (n = 8) was greater (p = 0.015) than
that of patients without VEGF expression (n = 14)
(12 £ 7.7 months versus 32.8 & 23.5 months, respec-
tively). The symptom duration range was 5 to 18 months
for VEGF-positive patients, and 6 to 81 months for VEGF-
negative patients.

Discussion

Vascular function and angiogenesis are regulated by
VEGF. VEGF is not highly expressed in adult tendon but is
increased in several animal models of acute injury or
mechanical loading [30, 33]. VEGF mRNA levels are also
elevated in homogenized Achilles tendinosis biopsies [2].
Further, VEGF mRNA is expressed in ruptured Achilles
tendon, but not in normal adult tendon [32]. We therefore
asked whether VEGF expression in the patellar tendon is
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Fig. 1A-D (A) VEGF is express-

ed in endothelial cells in an area ; 5 --- . 2 -
of expanded endotendon (New 1 a F a /
k .. X - b
Fuschin, original magnifica- IR AT .
tion x 200). (B) Higher-power ! S o A
views demonstrate endothelial v AR ’

cells with cytoplasmic VEGF
staining (New Fuschin, original
magnification x 600). Note the
absence of staining in the tunica
media. (C) Higher-power views
demonstrate endothelial cells with
cytoplasmic VEGF staining (New
Fuschin, original magnifica-
tion x 600). (D) A capillary is
shown. Higher-power views dem-
onstrate endothelial cells with
cytoplasmic VEGF staining (New
Fuschin, original magnification x
400). Staining is localized to the
tunica intima of an arteriole.

more prevalent in individuals with patellar tendinopathy
compared to those with asymptomatic patellar tendons,
which cell populations are responsible for VEGF produc-
tion in tendon, and whether patients with VEGF-positive or
VEGF-negative patellar tendons differed in terms of
symptom duration.

We note several limitations. VEGF expression was
examined in a cross-sectional cohort of surgically treated
tendinopathy patients with symptom duration greater than
3 months. Studies of the temporal expression of factors
regulated by wound healing have generally been conducted
using acute injury models [27]. These studies have dem-
onstrated VEGF expression peaks early in the healing
process, eg, in the first week after an acute injury [8, 43]. In
our study VEGF expression may have reached maximal
levels at an earlier time point in the course of tendinosis
development. Nonetheless VEGF-positive and VEGF-
negative patients had differing mean symptom durations.
There was no detectable difference in age, gender distri-
bution or VISA-A score between patients with VEGF-
positive and VEGF-negative tendons. Another limitation is
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we did not measure other factors that may be involved in
angiogenesis, including other isoforms of VEGF, as well as
a host of other substances with well-known or emerging
roles in angiogenesis [35]. VEGF is the most potent
angiogenic peptide in humans, and its activity is largely
produced by activation of the tyrosine kinase VEGF
receptor 2, which stimulates endothelial cell proliferation,
survival, migration and tube formation [42].

We found eight of 22 patellar tendinopathy patients
demonstrated VEGF expression compared to 0/10 asymp-
tomatic tendons. VEGF expression was localized to
endothelial cells rather than to mast cells, fibroblasts, or
inflammatory cells. Patients demonstrating VEGF expres-
sion in the patellar tendon had shorter symptom duration
than those with no VEGF expression. Thus, the results are
consistent with the hypothesis that VEGF may contribute
to a temporally regulated angiogenic process as part of the
injury response in patellar tendinopathy [30, 33].

Normal adult tendons demonstrate a relatively low level
of vascularity due to their low metabolic rate, as well as
their mechanical requirements [33, 40]. Following injury,

@ Springer



1602  Scott et al.

Clinical Orthopaedics and Related Research

the metabolic requirements increase and correspondingly
tendons undergo an angiogenic response characterized by
the expression of VEGF and IGF-I, both of which may
contribute to the growth of vessels into the healing tendon
[15, 32]. One study in an animal model of supraspinatus
tendinopathy demonstrated upregulation of VEGF expres-
sion after 8 weeks of overuse [27].

We found VEGF expression absent in those patients
with the longest duration of symptoms, yet these patients
still demonstrated angiofibroblastic tendinosis with mor-
phological evidence of increased vascularity. During the
later stages of neovascularization and vessel maturation,
VEGF expression declines and vessel survival and stability
is promoted by the presence of perivascular and vascular
smooth muscle-containing cells [14]. Whether mooth
muscle-containing cells play a role in the chronicity and
survival of neovessels in tendons will be a key point to
examine in the future, as many neovessels appear to persist
despite the absence of VEGF in the chronic stage. The
increased presence of vessels in tendinopathies is report-
edly an important aspect of the “failed healing response”
in tendons [28].

In addition to promoting the proliferation, migration and
survival of endothelial cells following an acute injury,
VEGF plays a role in the increased permeability of
immature vessels by influencing cell-cell contacts in the
vessel walls, thus contributing to soft tissue edema [1, 42].
It is less clear whether VEGF modulates vascular function
during overuse injuries. A recently proposed theoretical
model suggests chronic tendon loading leads to mechanical
trauma of the tissue with ensuing microruptures of the
tendon microvasculature [29]. These microvascular rup-
tures initiate a VEGF-mediated vascular remodeling and
edema that over time can become pathological [29].
According to this conceptual model, VEGF expression is
nearly completely repressed in healthy adult tendon due to
the presence of endogenous inhibitors, but is reexpressed
following mechanical overload. Our data are in accordance
with such a model, as we detected VEGF expression within
the endothelial cell layer only in tendinopathy patients and
always in association with other well-known features of
angiofibroblastic tendinosis. However, the actual conse-
quences of increased VEGF expression on endothelial
function in tendinopathic tendon remain to be determined.

VEGF expression is a recognized element of the
inflammatory response to soft tissue injury, being acutely
induced in endothelial cells in the wound environment by
hypoxia or by other cytokines and growth factors [40].
Alternatively, it has been proposed VEGF expression can
be induced directly in tenocytes by mechanical loading via
mechanotransduction pathways [31]. In support of the
possible relevance of this alternate mechanism of VEGF
upregulation in tendinopathy, the VEGF gene, along with
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its upstream transcriptional regulator HIF-1a, is expressed
in cultured rat tendon cells in response to cyclic stretch at
high (1 Hz) but not low (0.5 Hz) frequencies [31]. How-
ever, our data do not offer support for the hypothesis of
tenocyte-derived VEGF expression, as VEGF expression
was absent in tenocytes in both controls and patients.

Tendinosis lesions are characterized by increased num-
bers of fibroblasts and vascular cells (endothelial and
smooth muscle cells) and abnormal extracellular matrix [9,
21, 46]. An increased prominence of tenocytes demon-
strating proliferating cell nuclear antigen (PCNA) has been
reported in patellar and supraspinatus tendinopathies,
demonstrating proliferation of intrinsic cellularity may be
an ongoing phenomenon in chronic injuries [26, 36].
VEGF, along with many other peptides, promotes the
proliferation of fibroblasts [46] and endothelial cells [16].
VEGF treatment of tendon autografts led to an increase in
the number of endothelial cells, and increased numbers of
fibroblastic cells [44]. Therefore, it is possible VEGF
contributes in some part to the hypercellularity that char-
acterizes tendinosis lesions. Prior work with this set of
biopsies has demonstrated increased vascular density,
proliferation of endothelial and smooth muscle cells and
increased mast cell density in patient tendons [29, 30]. It is
likely any proliferative effect of VEGF would occur in
concert with other growth factors and cytokines present in
the lesion [27].

Our preliminary data are consistent with the concepts of
Kraushaar and Nirschl [21], who postulated the majority of
tendinopathies in athletes are due to angiofibroblastic
tendinosis, rather than tendonitis. Our data provides evi-
dence a potent angiogenic peptide, VEGF, may contribute
to the vascular hyperplasia that is a cardinal feature of
chronic tendinosis.
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