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Abstract

Background—In hypertrophy, progressive loss of function due to impaired diastolic compliance
correlates with advancing cardiac fibrosis. It has been shown that endothelial cells contribute to
this process through endothelial-to-mesenchymal transition (EndMT) due to inductive signals such
as TGF-p. Vascular endothelial growth factor (VEGF) has proven effective in preserving systolic
function and delaying the onset of failure. In this study, we hypothesize that VEGF inhibits
EndMT and prevents cardiac fibrosis, thereby preserving diastolic function.

Methods—Newnborn rabbits underwent banding of the descending aorta. At 4 and 6wks,
hypertrophied animals (H) were treated with intrapericardial VEGF protein (T) and compared to
controls (C; n=6/groups). Weekly transthoracic echocardiography measured peak systolic stress.
At 7wks, diastolic stiffness was determined through pressure-volume curves, fibrosis by Masson’s
Trichrome (MT) and hydroxyproline assay (HP), EndMT by immunohistochemistry, and
activation of TGF-p and SMAD2/3 by gRT-PCR.

Results—Peak systolic stress was preserved during the entire observation period and diastolic
compliance was maintained in T (H:20+1 versus T:11+3 and C:12+2, p<0.05). Collagen was
significantly higher in H (MT: H:3.1+0.9 versus T:1.8+0.6, and HP: H:2.8+0.6 versus T:1.4+0.4;
p<0.05). Fluorescent immunostaining showed active EndMT in H, but significantly less in T,
which was directly associated with a significant increase in TGF-B/SMAD-2 mRNA expression.

Conclusions—EndMT contributes to cardiac fibrosis in hypertrophied hearts. VEGF treatment
inhibits EndMT and prevents the deposition of collagen that leads to myocardial stiffness through
TGF-B/SMAD-dependent activation. This presents a therapeutic opportunity to prevent diastolic
failure and preserve cardiac function in pressure-loaded hearts.
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In response to increased pressure loading, the myocardium adjusts by altering myocardial
structure and function. This series of complex cellular and molecular changes ultimately
leads to the progression of compensated hypertrophy to heart failure. Cardiomyocytes are
central to the contractile function of the myocardium but the cardiac interstitium and its
fibrillar collagen matrix also play a critical role in cardiac performance (1). Morphological
changes involve hypertrophy and apoptosis of cardiomyocytes, but the destruction of the
dynamic balance within the extracellular matrix, affecting vascularization, and collagen
synthesis and degradation is equally as important (2,3,4). During the compensated stage of
hypertrophy, these changes permit the parallel increase in cardiomyocyte growth and
collagen deposition. In contrast, later, excess deposition of collagen occurs as a result of
combined effects of loss of cardiomyocytes with increased extracellular matrix serving to
replace necrosed or apoptotic cardiomyocytes, change in growth factor profile, creating an
anti-angiogenic environment leading to rarefaction of the microvasculature and resulting
cardiomyocyte loss, and mechanical forces, with activation of transforming growth factor-p
(TGF-B) (2,5,6). Increased collagen content of the heart (fibrosis) is tightly linked to TGF-p
signaling, thus, making TGF-p a target for heart failure treatment (7,8).

The TGF-p family is a class of structurally related proteins which regulates cell growth and
apoptosis, cellular proliferation and migration, as well as extracellular matrix remodeling
(9). SMAD proteins are the intracellular signaling pathway proteins of the TGF-p
superfamily. In addition to TGF-B, fibrosis is often associated with other growth factors such
as vascular endothelial growth factor (VEGF). VEGF down-regulation accompanied by up-
regulation of endogenous anti-angiogenic proteins has been found to result in increased
organ fibrosis, whereas VEGF up-regulation has anti-fibrotic effects (10). As we have
previously shown, microvascular rarefaction, as a result of up-regulated levels of anti-
angiogenic in combination with lack of increase of pro-angiogenic stimuli in the
hypertrophied myocardium, is a key component for the development of heart failure (4,11).
Microvascular rarefaction has been attributed to loss of endothelial cells through a process
called endothelial-to-mesenchymal transformation (EndMT) which has been shown to
significantly increase the pool of fibroblasts (12). Promoting fibroblast growth increases
extracellular collagen, and decreases ventricular compliance (8), causing a shift of the
pressure-volume curve upwards and to the left, as a higher pressure is needed to fill the
ventricle to the same volume (13). Impaired diastolic contractile function is a direct result of
increased fibrosis (14) and is increasingly recognized as an important component of heart
failure (6). VEGF’s intricate participation in the regulation of normal development and its
ability to modify pathologic processes in the heart are evidence of its therapeutic potential
for cardiac dysfunction which we further examine in this study.

We have already shown that exogenous administration of VEGF is effective in preserving
systolic function and delaying the onset of failure by improving cardiac perfusion,
preventing apoptosis of cardiomyocytes, and degrading extracellular matrix through the
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activation of matrix metalloproteinases (2,3). In this study, we hypothesize that exogenous
administration of VEGF prevents cardiac fibrosis through inhibition of EndMT and, thereby
preserves diastolic compliance of the hypertrophied left ventricle.

Material and Methods

Animal Model

We established a pressure-overload hypertrophy model through banding of the descending
thoracic aorta in ten-day-old New Zealand White rabbits (Millbrook Farms, Concord, MA).
For all surgical procedures, anesthesia was induced with intramuscular ketamine (50—
60mg/kg 1.M.) and xylazine (2-5mg/kg 1.M.), and maintained with isoflurane (0.5-2%) via
face mask. Animals were monitored for anesthesia depth through assessing ear pinch, blink
reflex and respiratory rate. Bupivacaine 0.25% (<3mg/kg) was injected locally and for
postoperative pain medication, buprenorphine (0.1mg/kg I.M.) immediately after surgery
once and followed by keteroloac (1mg/kg 1.M.) was provided for the first 72 hours to
minimize discomfort from the surgical procedure. Animals were examined daily for signs of
pain for the first week postoperatively. At four and six weeks old, animals received 2ug/kg
rhVEGFg5 (R&D Systems, Minneapolis, MN) through intrapericardial administration under
the same anesthetic and analgesic management as described above. Details about this model
have been previously published by our group (2,3). Unsedated, slightly restrained animals
were followed by weekly transthoracic echocardiography using a Philips 7500 equipped
with a S12 transducer. Two-dimensional cross-sectional images and M-mode of the LV were
obtained for measurements of LV peak systolic stress as we have previously described in
more detail (15). The study endpoint was chosen based on survival data from our previous
studies using this animal model (2).

Animal Care

All animals received humane care in compliance with the “Principles of Laboratory Animal
Care” formulated by the National Society for Medical Research and the “Guide for the Care
and Use of Laboratory Animals” prepared by the National Academy of Sciences and
published by the National Institutes of Health (NIH Publication No. 86-23, revised 1996).
The protocol was reviewed and approved by the Institutional Animal Care and Use
Committee at Boston Children’s Hospital.

Determination of Fibrosis

De-paraffinized tissue sections obtained from untreated hypertrophied hearts (n=7), VEGF-
treated hypertrophied hearts (n=7), and sham-operated controls (n=7) were stained with
Masson’s Trichrome which results in fibrotic (collagen-enriched) areas appearing blue and
cellular elements appearing red. Slides were visualized using a microscope with a Nikon 10x
objective and a 10x eyepiece. Collagen content was measured through morphometric
differentiation of blue collagen fibers and red cellular components on 15 random fields of
vision (LV free wall and intraventricular septum) per each part of the tissue section using
imaging system software (AxioVision, Zeiss, Germany). Papillary muscles were excluded
from the measurement of fibrosis. Percentage area of fibrosis was calculated by dividing the
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sum of the fibrotic areas of all sections by that of the total tissue areas and used as the index
for the degree of fibrosis as described by Tanaka et al (16).

Secondly, total collagen content was measured through determination of hydroxyproline
concentration (17). In brief, myocardial tissue was homogenized and solid material was
precipitated from the tissue homogenate with 10% trichloroacetic acid by centrifugation at
5000g for 30min at 4°C. The pellet was mixed with 12N hydrochloric acid and boiled at
110°C until samples were dry. The samples were re-suspended in 1.4% chloramine T in
0.5M sodium acetate/10% isopropanol and incubated for 20min at room temperature. Serial
dilutions of trans-4-hydroxy-L-proline standard were prepared starting at 0.5mg/ml.
Ehrlich’s solution (1.0 M p-dimethylaminobenzaldehyde in 70% isopropanol/30%
perchloric acid) was added to sample (or standard), mixed, and incubated at 65°C for 15min.
After samples returned to room temperature, the optical density of each sample and standard
was measured at 550 nm and the concentration was calculated from the hydroxyproline
standard curve and normalized to mg protein. All materials were obtained from Sigma-
Aldrich, St. Louis, MO.

Soluble and insoluble (cross-linked) collagen was isolated by pepsin digestion following a
protocol by Miller ef a/. (18) and subsequently hydroxyproline content was measured.

Determination of Diastolic Stiffness

At study end-point (7 weeks of age), animals were administered heparin (500 U/kg
intravenously) and euthanized with an overdose of ketamine (100 mg/kg 1V) and xylazine
(10 mg/kg 1V). The hearts were excised and, after aortic cannulation, were perfused in a
non-working, non-recirculating Langendorff method, as described previously in more detail
(19). Left ventricular end-diastolic compliance was determined with an intracavitary fluid-
filled latex balloon connected to a catheter-tipped micromanometer (Millar Instruments,
Houston, Texas) inserted through the left atrial appendage. After 15 minutes of stabilization,
the heart was relaxed through a 2-minute infusion of normothermic cardioplegic solution
(50mL) of modified Krebs-Henseleit buffer containing a final concentration of 22.5 mmol/L
KCI. Pressure-volume curves were recorded in untreated hypertrophied hearts (n=7), VEGF
treated hypertrophied hearts (n=7), and age-matched, sham-operated control hearts (n=7) by
blotting gradually increasing balloon volumes against measured end-diastolic pressures.
These curves were obtained to determine passive stiffness of the myocardium.

Determination of Endothelial-to-Mesenchymal Transition (EndMT)

Determination of EndMT was performed through immunohistochemical staining of frozen
sections with antibodies directed against CD-31, an endothelial cell marker (Dako,
Carpinteria, CA), and fibroblast-specific protein-1 (FSP-1; Dako, Carpinteria, CA) and a-
smooth muscle actin, fibroblast markers (a SMA,; Sigma-Aldrich, St. Louis, MS). Phospho-
SMAD?2/3 (Santa Cruz, Dallas, TX) was used for detection of activation of EndMT in
CD-31 positive endothelial cells when co-localized with respective nuclei. Secondary
immunoreagents conjugated to the red-fluorescent Alexa-647™ or green-fluorescent
Alexa-488™ fluorophores were used and nuclei were stained with blue fluorescent DAPI
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nucleic acid stain (Thermofisher, Cambridge, MA). Double-stained cells or nuclei,
respectively, were indicative of endothelial cells undergoing EndMT.

Determination of TGF-p Signaling Pathway Activation

Total RNA was prepared using Trizol reagent (Sigma-Aldrich, St. Louis, MS). 100ng/rxn of
RNA was transcribed and a One-Step PCR for TGF-B, SMAD2 and SMAD3 using a B-R 1-
Step SYBR Green qRT-PCR Kit (Quanta Biosciences, Gaithersburg, MD). Primers were
obtained from Eurofins MWG Operon (Huntsville, AL). Primer sequences were as follows:
TGF-B - forward 5’-tgaagttgcagcctatgcac-3” and reverse 5’-tggctgtaccacagcaagag-3”;
SMAD? - forward 5’-ggaatttgctgctcttctgg-3” and reverse 5’-ctgcctteggtattctgete-3;
SMAD?3 - forward 5’-ccctggctacctgagtgaag-3” and reverse 5’ -ggctcgcagtaggtaactgg-3”.
Conditions for quantitative PCR reaction were a primary incubation period at 48°C for 1
hour and a secondary incubation period at 94°C for 10 min, followed by 40 cycles of 94°C
for 15 sec, 53.4°C for 30 sec and 72°C for 45 sec using a Stratagene Mx3000P RT-PCR
machine (Agilent Technologies, Santa Clara, CA).

Statistical Analysis

Results

Data were analyzed using SPSS software package (version 16.0, SPSS Inc., Chicago, IL).
One-way ANOVA was used for comparison among and between groups, or Kruskal-Wallis
test if normality was not passed, followed by Bonferroni’s or Dunn’s post-hoc analysis
where appropriate. Probability values of <0.05 were regarded statistically significant.

Peak Systolic Stress by Echocardiography

Normalization of wall stress as adaptive mechanism was preserved in VEGF-treated hearts
(Figure 1A). In contrast, untreated hypertrophied hearts failed to compensate and progressed
to failure (p<0.05; n=7/group). At study endpoint, heart weight to body weight ratios (g/kg)
were significantly higher in the untreated hypertrophied and VEGF-treated hearts compared
to controls (C: 4.23+0.2; H: 7.97+0.3; T: 7.65+0.4; p<0.001).

Passive Diastolic Compliance

As indicated in Figure 1B, the intracavitary pressure curve for increasing volumes in
arrested hearts was shifted to the left in the untreated hypertrophy group compared to
VEGF-treated and control hearts, indicating a lack of ventricular compliance secondary to
myocardial stiffness (H:20£1mmHg versus T:11+3mmHg and C:12+2mmHg; p<0.05).

Degree of Fibrosis

Total collagen as well as soluble and insoluble collagen, which was determined by
hydroxyproline assay (Figure 2), were consistently elevated in the untreated hypertrophy
group while remained at normal levels in VEGF-treated hearts. These results were supported
by analysis of Masson’s Trichrome staining which also showed significantly lower collagen
deposition in VEGF-treated hearts (Figure 3).
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Activation of EndMT

Comment

EndMT was investigated through fluorescent immunohiostochemistry using labeled
antibodies directed against CD31, an endothelial marker, and FSP-1 or aSMA, fibroblast
markers whereof FSP-1 and a SMA indicated the same staining pattern. Co-expression of
markers in an individual cell is considered an indicator of active transformation to a
mesenchymal phenotype. As indicated in Figure 4A and B, fluorescent immunostaining
showed the presence of cells undergoing EndMT in the untreated hypertrophy group (only
FSP-1 data shown) and significantly less endothelial cells undergoing EndMT were found in
VEGF-treated hypertrophied hearts (p=0.0001) and no EndMT was present in control hearts
(data not shown). PhosphoSMAD?2/3 was also used to determine activation of EndMT in
endothelial cells which showed that significantly more nuclei were positive in the untreated
hypertrophied hearts (Figure 4C and D).

The involvement of TGF-B and its down-stream mediators, SMAD2 and SMAD3, was
quantified through real-time PCR. Untreated hypertrophied hearts had a significant increase
in TGF-p and SMAD-2 mRNA expression compared to VEGF-treated hearts, suggesting
VEGF’s role in inhibiting the main signaling pathway of EndMT induction (Data expressed
as mean +SD in Figure 5).

In this study we confirm that EndMT contributes to cardiac fibrosis in pressure-overload
hypertrophied rabbit hearts. As we have already reported, exogenous VEGF is effective as
therapeutic strategy to preserve cardiomyocyte viability (2,3). At the same time we now
identify VEGF as an inhibitor of fibroblastic transformation of endothelial cells. Decreasing
the amount of collagen producing fibroblasts, prevents excessive deposition of collagen
which reduces myocardial diastolic stiffness and heart failure. VEGF-induced effects on
EndMT are mediated through down-regulation of TGF-p and SMAD-2. This presents a
therapeutic opportunity to halt the progression of diastolic failure and preserve cardiac
function in pressure-loaded hearts.

Under physiologic conditions, a network of collagen fibers serves a number of functions
important to the overall performance of the heart. It provides supportive scaffolding for
cardiomyocytes, myofibrils, and the vasculature, critical to maintaining the structural
integrity and overall geometry of the heart. The extracellular matrix tethers individual
myocytes and myofibrils together enabling transduction of forces generated by cardiac
contraction. In addition, interstitial collagen provides tensile strength to the myocardium and
is an important determinant of diastolic stiffness. However, in cases of excessive collagen
deposition, cardiac fibrosis develops, restricting the delivery of nutrients to cardiomyocytes
which we and others have reported (19). At the same time, fibrosis alters the mechanical
properties of the myocardium (e.g. impaired relaxation) through tissue stiffness which
restricts ventricular filling with significant hemodynamic consequences (2,20).

As indicated by our results, the changes to the extracellular matrix during pressure-overload-
induced hypertrophy affect both the quantity with more collagen, and the composition of the
matrix with more collagen fiber cross-linking. However, the main event is the increase in
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collagen producing cells. It has been shown that endothelial cells contribute to this process
through a phenomenon called endothelial-to-mesenchymal transition (EndMT) in which
cells change their phenotype due to inductive signals such as TGF-B. In this process, cells
lose their polarity and cell-cell junctions to acquire invasive and migratory properties; this is
accompanied by a loss of endothelial-specific markers like CD-31 and a gain of
mesenchymal markers such as FSP-1 or a-smooth muscle actin (21,22). Up to 40% of
fibroblasts are derived through this process (23). Promoting fibroblast growth increases
extracellular collagen and decreases ventricular compliance (6). Although EndMT was
initially discovered as a component of normal heart development (24), it has now been
related to pathogenesis of diseases characterized by fibrosis in organs such as the heart (12),
eye (25), lung (26), kidney (27), and intestine (28), and even cancer (21). Molecular and
fibroblast lineage analyses in pressure-overload (12), myocardial infarction (29), and
diabetes mellitus (30) have elucidated that EndMT is responsible for this process with TGF-
B signaling as main mediator (22).

TGF-B is a well-known member of a superfamily of growth factors that includes bone
morphogenetic proteins and activins. It has a vital role in processes ranging from embryonic
development to growth, homeostasis, and tissue repair (31). The essential role of TGF-f in
cardiac hypertrophy and fibrogenesis was elucidated in TGF-p knock-out mice (32). These
results are supported by our data which indicate that TGF-p plays a significant role in
fibrosis of pressure-overload hypertrophy. TGF-p exerts its function through a complex of
serine/threonine kinase transmembrane receptors and a variety of second messengers with
regulatory and inhibitory properties (22), but SMADs were discovered as the direct effectors
of TGF-p signaling (33). SMAD2 and SMAD3 are phosphorylated following TGF-$
receptor binding and translocate to the nucleus to activate target genes and stimulate
transcription. The dominant role of SMAD2/3 in TGF- signaling is underlined by studies
on overexpression of SMAD2 and SMAD3 which resulted in maximal TGF-p-induced
stimulation of collagen gene transcription (34), and in a study of cardiac fibrosis where
SMAD2/3 were found to be the major mediators of TGF-p signaling in endothelial cells
(35). In our study, TGF-B/SMAD2 up-regulation in untreated hypertrophied hearts is
directly associated with an increase of fibrosis supporting the central role of TGF-B/SMAD
signaling in the regulation of fibrosis as it has been previously suggested (8).

VEGEF is known for its effect on endothelial cells to induce angiogenesis, a process of new
capillaries developing from the pre-existing vasculature. We have previously shown that
angiogenesis can be stimulated by exogenous VEGF administration in pathological
situations with lack of adaptive capillary growth such as hypertrophy. As a consequence of
capillary growth, oxygen and nutritional supply to hypertrophied myocardial tissue is
restored. Furthermore, cardiomyocyte apoptosis is prevented indirectly through better
perfusion but also directly through VEGF’s interaction with cardiomyocytes (2). As in
previous studies published by our group, VEGF was administered into the pericardial sac
utilizing the pericardial space as drug reservoir for extended exposure of the heart to the
protein. This mode of administration for a protein drug is not new and has been shown to be
advantageous over intracoronary and intravenous delivery with regard to myocardial
deposition and retention (36). It is unclear however, how a pro-angiogenic protein directly
affects the entire myocardium as we and others have shown and not only the epicardial
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surface (2,36). Potential explanations include modification of the microenvironment due to
increased vasodilation and vascular permeability (37). Some of VEGF’s actions are
mediated through the activation of matrix metalloproteinases and subsequent extracellular
matrix degradation which potentially also release matrix bound growth factors to promote
angiogenesis (3). Ultimately, VEGF has been shown to stimulate recruitment and homing of
stem cells resulting in paracrine effects through a large number of cytokines including
VEGF (38,39). Taken together, several of these localized actions of VEGF can lead to
generalized effects on the myocardium which we observed in this study.

In a more recent study, VEGF gene therapy was able to prevent angiotensin Il-induced
diastolic dysfunction through the proliferation of endothelial cells and dilation of pre-
existing capillaries in the affected myocardium (40). Incidentally, the authors also report a
trend for decreasing fibrotic area which suggests supplementary mechanisms to VEGF’s
contribution to the interruption of disease progression to diastolic heart failure. Our data
support this observation that VEGF administration results in significantly reduced
myocardial fibrosis. Furthermore, we could show that VEGF’s anti-fibrotic properties are
due to the down-regulation of TGF-p and SMAD2 which resulted in the inhibition of
EndMT. VEGF’s effects on the preservation of the endothelial cell phenotype reduced the
amount of collagen-producing fibroblasts. As an added benefit, overall quality of collagen is
also improved with less cross-linked collagen present following VEGF treatment.
Mechanisms through which pressure-overload hypertrophy increases myocardial collagen
cross-linking or VEGF prevents it, have not been determined in this study but are of interest
for future investigations. Taken together, it further emphasizes the key role of VEGF in
organ homeostasis under physiological and pathological conditions.

In conclusion, our study shows that VEGF treatment prevents fibrosis in progressive
hypertrophy through inhibition of TGF-p mediated activation of EndMT. VEGF preserves
the endothelial phenotype. Besides an overall decrease in collagen, less cross-linked
collagen is present in VEGF-treated hypertrophied hearts. Our data clearly support the
conclusion that VEGF preserves diastolic compliance, and maintains peak systolic stress
normal, and thus maintains contractile function.
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Figure 1.
Peak systolic stress and diastolic compliance: (A) Peak systolic stress was determined by

weekly echocardiography over the entire observation period. Normalization of wall stress as
adaptive mechanism to compensate for increased pressure-loading is preserved in VEGF-
treated hypertrophied hearts compared to untreated hearts (n=7/group; *p<0.05 versus
VEGF-treated and control). (B) Pressure volume curves were obtained on arrested isolated
perfused hearts. Passive stiffness of the myocardium, determined in arrested hearts, is
significantly higher in untreated hypertrophied hearts corresponding with a higher amount of
collagen deposition in the extracellular matrix (n=7/group; *p<0.05 versus VEGF-treated
and control).
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Figure 2.
Myocardial fibrosis determined by hydroxyproline assay: (A) Total amount of collagen is

significantly increased in untreated hypertrophied hearts compared to VEGF-treated and
control hearts (n=7/group; *p<0.05). (B) Soluble collagen is significantly increased in
untreated hypertrophied hearts compared to VEGF-treated and control hearts (n=7/group;
*p<0.05). (C) Cross-linked collagen is significantly increased in untreated hypertrophied
hearts compared to VEGF-treated and control hearts (n=7/group; *p<0.05).
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Figure 3.

Histological assessment of fibrosis: (A) As indicated by the representative histological
sections stained with Masson’s Trichrome, collagen deposition (blue) is significantly higher
in untreated hypertrophied hearts rather than VEGF-treated and control hearts (n=7/group;
*p=0.001). (B) Total amount of collagen was analyzed by light microscopy and summary of
data is depicted here (n=7/group; *p<0.05 versus VEGF-treated and control).
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Figure 4.
Endothelial-to-mesenchymal transition (EndMT): (A) Representative immunohistochemical

sections of EndMT in untreated hypertrophied hearts and VEGF treated hypertrophied hearts
are shown. EndMT is identified by double-labeling of cells with CD31, an endothelial cell
marker in red, and FSP-1, a fibroblast marker in green. (B) Data summary shows cells
undergoing EndMT (cells merged for CD31 and FSP-1) expressed per total number of CD31
positive cells. There are significantly less endothelial cells undergoing EndMT in VEGF
treated hypertrophied hearts comparable to control hearts compared to untreated
hypertrophied hearts (n=4/group; p=0.001 VEGF-treated and control versus untreated
hypertrophy). (C) Representative immunohistochemical sections of EndMT in untreated
hypertrophied hearts and VEGF treated hypertrophied hearts are shown. EndMT is identified
by double-labeling nuclei of CD31 positive cells in red with pPSMADZ2/3 in green (indicated
by white arrows). (D) Data summary shows cells undergoing EndMT (CD31 positive cells
with merged nuclei) expressed per total number of CD31 positive cells. These results
support the extent of EndMT (n=4/group; p=0.001).
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Figure 5.

TGF-B pathway activation via gRT-PCR: TGF-p and SMAD?2 are significantly up-regulated
in untreated hypertrophied hearts which coincides with EndMT. Data are expressed as fold-
change from control (n=6/group; *p=0.01).
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