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Abstract  :  We sought  to  determine whether  VEGF and other  angiogenic
growth factors and their  receptors might be subject  to negative feedback
regulat ion during two weeks of  t readmil l-exercise condit ioning in inbred
strains of mice. C57BL/6 mice exhibited greater VEGF mRNA and protein
responses in gastrocnemius muscle to a single bout of  treadmill  exercise
compared to BALB/c mice. The patterns of VEGF, VEGFR1, VEGFR2, Ang2
and Tie2  mRNA express ion  in  gas t rocnemius  muscles  of  C57BL/6 mice
during long-term exercise support the hypothesis that they may be subject
to  negat ive  feedback regulat ion.  The combinat ion of  express ion pat terns
for  g rowth  fac tors  and  the i r  recep tors  sugges t s  tha t  mul t ip le  l ayers  o f
control  mechanisms may exist  to prevent angiogenesis following a single
bout of exercise and to promote angiogenesis following long-term exercise.
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INTRODUCTION

The vascular  sys tem adapts  chronica l ly
to metabolic demands of t issues.  According
to a metabolic hypothesis,  vessel growth or
regress ion resul ts  f rom chronic  imbalances
be tween  per fus ion  capabi l i t i e s  o f  b lood
vesse l s  and  metabol ic  requ i rements  o f
t i s sues  (1 ,  2 ) .  Angiogenes i s  in  ske le ta l
muscles can be induced by chronic increases
in  metabol ic  ra te  resu l t ing  f rom exerc i se
(3–5) ,  e lec t r i ca l  s t imula t ion  of  musc le

contraction (6–9),  or  chronic exposure to a
cold environment (10–12).

Vascu la r  endothe l ia l  g rowth  fac tor
(VEGF)  s t imula tes  ang iogenes i s .  Chronic
e lec t r i ca l  s t imula t ion  of  ske le ta l  musc le
contract ion increases  VEGF expression and
stimulates angiogenesis (8).  With prolonged
s t imula t ion ,  the  upregula t ion  of  VEGF i s
at tenuated,  presumably because an increase
in  capi l lar i ty  (8 ,  13 ,  14)  promotes  oxygen
delivery to the muscles ,  thereby creat ing a
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new ba lance  be tween  oxygen  de l ivery  and
oxygen demand. These observations suggest
tha t  VEGF product ion  could  be  subjec t  to
negat ive  feedback regula t ion.  This  concept
of negative feedback regulation is supported
by studies in skeletal  muscles of rats  (15),
rabbits (16), and humans (4).

VEGF b inds  to  two c lose ly  re la ted
recep tor  ty ros ine  k inases  found  on
endothelial cells, VEGFR1 (flt1) and VEGFR2
(KDR/f lk1)  (17-20) .  VEGFR2 media tes  the
angiogenic effects of VEGF (18, 19). Although
VEGFR1 b inds  VEGF wi th  h igher  a f f in i ty
than  does  VEGFR2,  VEGFR1 i s  weakly
phosphorylated in vascular endothelial cells.
VEGFR1 i s  thus  thought  to  be  a  nega t ive
regula tor  of  angiogenesis ,  e i ther  by ac t ing
as a decoy receptor that limits bioavailability
of  VEGF to  VEGFR2,  o r  by  suppress ing
s igna l ing  pa thways  in i t i a ted  by  VEGFR2
activation (18–20).

The angiopoietins and their Tie2 receptor
also play a critical role in angiogenesis (20,
21). Angiopoietin-1 (Angl), which is produced
by  per icy tes  and  vascu la r  smooth  musc le
cells, binds to Tie2 receptors on endothelial
ce l l s ,  l ead ing  to  in te rac t ions  be tween
endothelial cells, pericytes, and extracellular
mat r ix  tha t  p romote  qu iescence  and
s tab i l i za t ion  of  the  mature  vascu la tu re .
Angiopoie t in -2  (Ang2) ,  which  i s  p roduced
primarily by vascular endothelial cells (24),
does  no t  induce  phosphory la t ion  when  i t
binds to Tie2 and thus counteracts the effects
of Ang1 (20–23).

In  the  p resen t  s tudy ,  we  seek  to
es tab l i sh  a  model  fo r  s tudying  nega t ive
feedback regulation of angiogenic factors and
their receptors during exercise conditioning.

The fol lowing quest ions wil l  be addressed:
Does  t readmi l l  exerc i se  induce  s ign i f ican t
VEGF responses in inbred strains of  mice?
Is  the t ime course of  mRNA expression of
VEGF, VEGFR1, VEGFR2, Angl, Ang2, and
Tie2 during t readmil l  exercise condit ioning
cons i s ten t  wi th  a  concep t  o f  nega t ive
feedback regulat ion ?

MATERIALS AND METHODS

Animal  protoco l s

Male  C57BL/6  and  BALB/c  mice  were
acc l imat ized  to  the  Labora tory  Animal
Fac i l i t i e s  a t  the  Univers i ty  o f  Miss i s s ipp i
Medica l  Cente r  fo r  one  week  pr io r  to  the
experiments. The animals were provided with
standard rodent chow and water ad libitum.
All animal procedures were approved by the
Univers i ty  o f  Miss i s s ipp i  Medica l  Cente r
Institutional Animal Care and Use Committee
in accordance with federal  guidelines.

Mice were randomly assigned to control
and  exerc i se  g roups .  Mice  ass igned  to
exerc i se  g roups  were  fami l ia r ized  wi th  a
motor ized  rodent  t readmi l l  (Exer  3 /6 ,
Columbus Instruments,  Columbus OH) prior
to  the  s ta r t  o f  the  exper iments .  In  a l l
experiments ,  the animals  were handled and
exerc i sed  a t  approximate ly  the  same t ime
each day. In our init ial  experiments,  VEGF
responses  to  t readmi l l  exerc i se  were
compared  in  6 -7  week  o ld  C57BL/6  and
BALB/c mice. This involved a single 1 hour
bout of exercise at 18 m/min at a 10° incline.
Age-matched, cage-confined mice of the same
s t ra in  were  used  as  cont ro l  g roups .  In  a l l
subsequent studies, male C57BL/6 mice (6-7
weeks  o ld)  were  exerc i sed  on  a  roden t
t readmil l  (18 m/min,  10°  incl ine ,  1  h /day)
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for  1 ,  4 ,  and 14 days.  Age-matched,  cage-
confined male C57BL/6 mice were used as
control  subjects .

Tissues were collected between 1-2 hours
following the last bout of exercise. The mice
were  anesthet ized by isof lurane inhala t ion.
Gastrocnemius muscles were quickly excised,
r insed  wi th  i ce -co ld  PBS,  b lo t ted  dry ,
weighed,  snap-f rozen,  and s tored  in  l iquid
nitrogen for later analyses. Following muscle
harvest ,  the rats  were humanely euthanized
by  increas ing  the  l eve l  o f  i so f lu rane
inha la t ion  un t i l  dea th .  Dea th  was  ensured
by removing the  hear t .

Real-time RT-PCR primers (24, 25) (Table
1)  were  purchased  f rom Sigma-Genosys
(ht tp : / /www.s igmaaldr ich .com/Brands/Sigma
Genosys.html). TRI Reagent® (TR 118) was
purchased from Molecular  Research Center ,
Inc.  (Cincinnati ,  OH).  DNA-FREE RNA kit
(R1013) was purchased from Zymo Research,
Inc. (Orange, CA). Agarose (162-0133), Protein
Assay  Reagent  (500-0006) ,  iScr ip t ® cDNA
synthesis kit (170-8891), id™ SYBR® Green
Supermix  (170-8882)  were  purchased  f rom
BioRad Labora tor ies ,  Inc .  (Hercu les ,  CA) .
NE-PER ® cy top lasmic  and  nuc lear  p ro te in
extract ion ki t  (78833) and HALT® Protease
Inhib i tor  Cockta i l  (78410)  were  purchased
from Pierce Biotechnology,  Inc.  (Rockford,
IL) .  Quant ik ine ® co lor imet r ic  sandwich
ELISA kit  for mouse VEGF (MMVOO) was
purchased  f rom R&D Sys tems ,  Inc .
(Minneapolis,  MN). All other reagents were
made  f rom s tandard  labora tory  chemica l s
purchased  f rom Sigma-Aldr ich  (S t .  Louis ,
MO).

RNA i so la t ion

Frozen muscle was pulverized in a mortar

and  pes t le  under  l iqu id  n i t rogen .  The
powdered t issue was added to TRI Reagent
(Molecular Research Center, Inc.) in a 50 ml
conical  centr i fuge tube,  homogenized using
a Polytron homogenizer  on low speed.  The
sample  was  then  t rans fe r red  to  a  15  ml
conica l  cen t r i fuge  tube ,  cen t r i fuged  a t
12,000 x g for 10 min at 4°C to remove large
molecu la r  weigh t  DNA and  inso lub le
s t ruc tura l  p ro te ins .  The  superna tan t  was
transferred to a new 15 ml capped centrifuge
tube and then processed in accordance with
the  manufac ture r ’ s  p ro toco l  fo r  RNA
isolat ion.  Aliquots of  5 μg of RNA isolate
were treated with DNase I  (DNA-free RNA
ki t ,  Zymo Research) .  RNA quant i ty  and
quali ty of each sample was assessed before
and after DNase treatment. The concentration
of nucleic acid was assessed before and after
DNase  t rea tment  us ing  a  UV
spec t rophotometer  (Smar tSpec™ 3000 ,
BioRad  Labora tor ies ) .  RNA qua l i ty  was
assessed  by  A260/A280 ra t io  and  by
elec t rophores is  of  0 .9-1 .0  μg a l iquot  on  a
1.2% agarose gel using IX TBE buffer (26),
wi th  e th id ium bromide  s ta in ing .  RNA was
judged to be intact if the sample lane showed
prominent  d iscre te  bands  for  18S and 28S
rRNA with no smearing.

cDNA synthes i s

DNase-treated RNA (0.75 μg) from each
sample was then used as a template for “+RT”
reactions (i.e., cDNA synthesis) following the
manufac ture r ’ s  p ro toco l  ( iScr ip t ® cDNA
synthesis kit,  BioRad Laboratories). “(–)RT”
reac t ions ,  con ta in ing  equ iva len t  quan t i t i es
of  a l l  the  components  o f  cDNA synthes i s
reaction,  without  reverse transcriptase (RT)
enzyme, were produced in parallel to cDNA
synthesis reactions. The cDNA samples were
then d i lu ted  1 :10 wi th  nuclease- f ree  water
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sample  -  average  18SrRNA C t for  sample .
The amplification efficiency for each set of
primers was determined empirically using a
dilution series of a pooled sample of mouse
skeletal  muscle cDNA.

Prote in  assays

Frozen  gas t rocnemius  musc le  was
pulver ized  in  a  mor ta r  and  pes t le  under
l iqu id  n i t rogen .  The  powdered  t i s sue  was
added  to  Buffe r  I  f rom NE-PER™ pro te in
ex t rac t ion  k i t  (P ie rce  Bio technology)
conta in ing  HALT™ pro tease  inh ib i to r
cocktail (Pierce Biotechnology), following the
manufacturer’s protocol. Total protein in the
pro te in  i so la tes  was  quan t i t a ted  us ing  the
microtiter plate protocol for BioRad Protein
Assay (BioRad Laboratories). Protein samples
were  assayed  us ing  a  mouse  VEGFA
ELISA k i t  (R&D Sys tems) ,  fo l lowing  the
manufacturers’ protocol. The VEGFA protein
concentrat ion (pg/mL) for  each sample was
normalized by the total protein concentration
(mg protein/mL), yielding pg VEGF/mg total
p r o t e i n .

Stat i s t i ca l  ana lyses

InSta t  v .  3 .0  Ins tan t  Bios ta t i s t i cs
(GraphPad  sof tware)  was  used  for  a l l
statist ical  analyses.  This software tested all
data  se ts  by defaul t  for  conformat ion to  a
normal  d i s t r ibu t ion .  S tudent ’ s  t - t es t  fo r
unpa i red  samples  was  used  to  compare
treadmil l -exercise  vs .  cage-confined groups
for each mouse strain (experiment 1) or for
each t ime point  (exper iment  2) .  S ta t i s t ica l
s ign i f icance  was  se t  a t  P<0 .05 .  Data  a re
repor ted  as  mean±s tandard  e r ror .  Da ta
expressed as “% change” were calculated for
ind iv idua l  samples  us ing  the  fo l lowing

because  pre l iminary  s tud ies  (unpubl i shed)
ind ica ted  tha t  th i s  d i lu t ion  produced  the
optimum range of  f luorescence in the real-
t ime RT-PCR react ions.

Real - t ime  RT-PCR

Real-time RT-PCR assays were performed
using iQ™ SYBR® Green Supermix (BioRad
Laboratories) on an iCycler iQ™ Real-Time
PCR Detection System (BioRad Laboratories).
Undi lu ted  (–)RT produc ts  were  used  as
templa tes  in  nega t ive  con t ro l  reac t ions  to
ru le  ou t  the  p resence  of  genomic  DNA
contamina t ion  wi th in  the  cDNA samples .
Other negative control reactions included NT
(no  templa te )  reac t ions  (which  con ta ined
SYBR® Green Supermix, forward and reverse
pr imers ,  and  nuc lease- f ree  water ) ,  as  wel l
as  a  b lank  (which  conta ined  on ly  SYBR®
Green  Supermix  and  nuc lease- f ree  wate r ) .
In  experiments  that  involved more samples
than  could  f i t  on  one  96-wel l  PCR p la te ,
samples  were divided evenly amongst  2  or
more  p la tes ,  wi th  represen ta t ive  samples
from each experimental group on each PCR
plate.  In these experiments ,  a l l  PCR plates
contained an extra posit ive control  reaction
(or  “ca l ib ra t ion  sample”)  o f  ra t  ske le ta l
muscle cDNA with 18S rRNA primers.

The average C t for  the  target  gene and
the average Ct for 18S rRNA from the control
group samples for each time point were used
as a “reference sample”. Relative Expression
Rat ios  (27)  were  ca lcu la ted  us ing  the
following formula: Relative Expression Ratio
= [Target  Ampli f ica t ion Eff ic iency (TargetΔCt)] /
[18SrRNA Amplification Efficiency <18SrRNA Δct)];
where Target ΔCt = target Ct for reference
sample – average target  Ct for sample,  and
18SrRNA ΔCt – 18SrRNA Ct for  reference
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formula :  % change  =  ( (Value exper imenta l –
Value cont ro l) /Value cont ro l) × 100 .

RESULTS

VEGF responses  to  t readmi l l  exerc i se

A single 1 hour bout of treadmill exercise
(18 m/min, 10° incline) significantly increased
VEGF mRNA and  pro te in  leve l s  in
gastrocnemius muscle  of  C57BL/6 mice by
42±17% and 47±11%, respectively, compared
to  a  cage-conf ined ,  age-matched  cont ro l
group (Fig. 1). In contrast, an identical bout
of  t readmi l l  exerc i se  d id  no t  have  a
significant effect on VEGF mRNA or protein
expression in BALB/c mice compared to its
control  group (Fig.  1) .  Therefore,  C57BL/6
mice  were  used  for  a l l  subsequent
e x p e r i m e n t s .

Time course  o f  growth  fac tor  express ion  dur ing
exerc i se  condi t ion ing

Treadmill exercise significantly increased
VEGF mRNA express ion  in  gas t rocnemius
muscles of C57BL/6 mice on days 1 and 4
(42%±17 and 36%±16, respectively),  but by

Fig. 1 : VEGF responses to a single bout of treadmill
exercise. Male mice run on a motorized treadmill
(18 m/min, 10° incline, 1 h) were compared to
age-matched, cage-confined (control) mice of the
same strain. Top panel: VEGF mRNA expression
(normalized by 18S rRNA expression) in
gastrocnemius muscle, assayed by real-time RT-
PCR. Bottom panel: VEGF protein (normalized
by total soluble protein) from gastrocnemius
muscle, assayed by ELISA. Data are expressed as
Mean±SE. *P<0.05 vs. control. C57BL/6 control,
n=6; C57BL/6 exercise, n=6; BALB/c control, n=5;
BALB/c exercise, n=4.

TABLE I : Rea l - t ime  RT-PCR pr imers .

T a r g e t
G e n e b a n k

Pr imer  sequence
Ampl icon  l eng th

a c c e s s i o n # ( b p )

V E G F A N M _ 0 0 9 5 0 5 f w d 5 ' -CACGACAGAAGGAGAGCAGAAG-3 ' 1 4 7
r e v 5 ' -ACACAGGACGGCTTGAAGTG-3 '

V E G F R 1 N M _ 0 1 0 2 2 8 f w d 5 ' - G T C G G C T G C A G T G T G T A A G T - 3 ' 6 5
r e v 5 ' -TGCTGTTCTCATCCGTTTCT-3 '

V E G F R 2 N M _ 0 1 0 6 1 2 f w d 5 ' - T G T C A A G T G G C G G T A A A G G - 3 ' 8 9
r e v 5 ' -CACAAAGCTAAAATACTGAGGACTTG-3 '

A n g 1 N M _ 0 0 9 6 4 0 f w d 5 ' -CTACCAACAACAACAGCATCC-3 ' 1 0 5
r e v 5 ' -CTCCCTTTAGCAAAACACCTTC-3 '

A n g 2 N M _ 0 0 7 4 2 6 f w d 5 ' -CTGTGCGGAAATCTTCAAGTC-3 ' 1 4 6
r e v 5 ' - T G C C A T C T T C T C G G T G T T G - 3 '

T i e 2 E 0 8 4 0 1 f w d 5 ' - C G G C C A G G T A C A T A G G A G G A - 3 ' 8 6
r e v 5 ' -CCCCCACTTCTGAGTTCAC-3 '

18S  rRNA X00686 f w d 5 ' -CGGCGACGACCCATTCGAAC-3 ' 9 9
r e v 5 ' -GAATCGAACCCTGATTCCCCGTC-3 '
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day 14,  VEGF mRNA was not significantly
different from the age-matched, cage-confined
control group (Fig. 2, top panel).  Treadmill
exerc i se  s ign i f ican t ly  increased  VEGFR1
mRNA expression in gastrocnemius muscles

Fig. 2 : Temporal patterns of mRNA expression for VEGF
and its receptors during treadmill-exercise
conditioning. Male C57BL/6 mice run on a
motorized treadmill (18 m/min, 10° incline for 1
h/day) were compared to age-matched, cage-
confined (control) mice. Target mRNA expression
(normalized by 18S rRNA expression) in
gastrocnemius muscle was assayed by real-time
RT-PCR. Data are expressed as Mean±SE.
*P<0.05 vs. control, **P<0.01 vs. control. Day 1:
control, n=6; exercise n=6. Day 4: control, n=7;
exercise, n=7. Day 14: control, n=8; exercise, n=7.

a t  a l l  t ime  poin ts  examined;  however ,  the
leve l  o f  express ion  was  a t t enua ted  dur ing
the  two weeks  of  exerc i se  t ra in ing .  For
example ,  VEGFR1 mRNA express ion  was
increased by 69%±28 on day 1, 47%±18 on
day 4, and 27%±17 on day 14, compared to
age-matched, cage-confined controls (Fig. 2,
center panel). VEGFR2 mRNA expression in
gastrocnemius muscles decreased in response
to  t readmi l l  exerc i se  on  days  1  and  4
(–45%±6 and  –26%±7,  respec t ive ly) ,  and
re turned  to  near  basa l  l eve l s  by  day  14
(Fig. 2, bottom panel).

Treadmill exercise increased Ang2 mRNA
express ion  in  gas t rocnemius  musc les  by
47%±23 on day 1, and returned to basal levels
by  day  4  (F ig .  3 ,  cen te r  pane l ) .  Exerc i se
significantly decreased Tie2 mRNA expression
by 27%±10 on day 1,  but  then returned to
near  basal  levels  by day 4 (Fig.  3,  bottom
pane l ) .  Angl  mRNA express ion  was  no t
affected by treadmill exercise at any of the
time points examined (Fig.  3,  top panel).

DISCUSSION

Angiogenic  g rowth  fac tor  responses  to
treadmil l  exercise  were examined herein at
three cri t ical  t ime points in C57BL/6 mice:
(a)  day 1,  af ter  the  f i rs t  bout  of  exercise;
(b)  day  4 ,  when  VEGF leve l s  would  be
expec ted  to  be  h igh ,  bu t  cap i l l a r i ty  in
muscles  would  not  have  suff ic ient  t ime to
increase significantly; and, (c) day 14, after
ang iogenic  adap ta t ion  to  chron ic  exerc i se
would be significant (1, 8, 15, 28). Exercise
caused an initial increase in VEGF, VEGFR1,
and  Ang2 mRNA leve ls ;  and ,  an  in i t i a l
decrease in VEGFR2 and Tie2 mRNA levels,
which  was  fo l lowed two weeks  la te r  by  a
re tu rn  to  near ly  basa l  l eve l s .  The  resu l t s
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therefore support the hypothesis that VEGF,
VEGFR1, VEGFR2, Ang2, and Tie2 could be
subjec t  to  nega t ive  feedback  regu la t ion
during treadmill  exercise in C57BL/6 mice.

C57BL/6 mice exhibited a greater VEGF
response  to  t readmi l l  exerc i se  than  d id
BALB/c mice (Fig .  1) .  Other  s tudies  show
that  BALB/c mice have a  lower densi ty of
co l la te ra l  vesse l s ,  r educed  ang iogenes i s
dur ing ischemia ,  and a  reduced product ion
of VEGF compared to C57BL/6 mice (29, 30).
Our studies thus confirm that BALB/c mice
have an impaired VEGF response to exercise,
compared to C57BL/6 mice.

Normally, a single bout of exercise does
not  lead to  s ignif icant  angiogenic  act ivi ty;
rather, a series of repeated bouts of exercise
over a period of days to weeks is required to
increase capil lar i ty s ignif icantly in skeletal
musc les  (15 ,  28) .  The  mRNA express ion
patterns observed for VEGF receptors (Fig.
2)  could  expla in  these  la t te r  f indings .  For
example ,  decreased product ion of  VEGFR2
could  se rve  to  decrease  endothe l ia l  ce l l
sens i t iv i ty  to  the  VEGF s t imulus ,  and ,  a
simultaneous increase in production of high
af f in i ty  VEGFR1 could  se rve  to  decrease
VEGF avai labi l i ty  to  the VEGFR2 receptor
fo l lowing a  s ingle  bout  of  exerc ise .  Thus ,
the contrasting mRNA responses of VEGFR1
and VEGFR2 observed here  could  have an
impor tan t  in  v ivo  func t ion  to  p reven t
in i t ia t ion of  angiogenesis  in  response  to  a
single,  spurious,  t ransient  increase in local
VEGF levels.

The  leve l  o f  ang iogenic  ac t iv i ty  in
virtually any tissue depends upon a balance
be tween  s t imula tory  and  inh ib i to ry
influences of growth factors. Ang2 competes
with Angl for binding sites on Tie2 receptors.
When Tie2 b inding of  Ang2 predominates ,
vascu la r  des tab i l i za t ion  occurs  and
angiogenes i s  fo l lows .  The  resu l t s  o f  the
present study showing that a single bout of

Fig. 3 : Temporal patterns of mRNA expression for
angiopoietins and Tie2 during treadmill-exercise
conditioning. Male C57BL/6 mice run on a
motorized treadmill (18 m/min, 10° incline, 1 h/
day) were compared to age-matched, cage-
confined (control) mice. Target mRNA expression
(normalized by 18S rRNA expression) in
gastrocnemius muscle was assayed by real-time
RT-PCR. Data are expressed as Mean±SE.
*P<0.05 vs. control. Day 1: control, n=6; exercise,
n=6. Day 4: control, n=7; exercise, n=7. Day 14:
control, n=8; exercise, n=7.



316 Pryor  e t  a l Ind ian  J  Phys io l  Pharmaco l  2010 ;  54(4 )

exerc i se  can  increase  Ang2  express ion ,
decrease Tie2 expression, and have no effect
on  Angl  express ion  sugges t s  mul t i l ayered
mechanisms  a imed  to  des tab i l i ze  ex i s t ing
vascu la tu re  in  p repara t ion  fo r  subsequent
angiogenesis. At the same time, the exercise-
induced increase in VEGFR1 expression and
s imul taneous  decrease  in  VEGFR2
express ion  would  ac t  to  a t t enua te  o r  ha l t
ang iogenic  ac t iv i ty  fo l lowing  a  s ing le ,
spur ious  bout  o f  exerc i se .  There fore ,  the
var ious  changes  in  g rowth  fac tor / recep tor
express ion  pa t te rns  observed  here  would
seem to ensure that  increases in capil lari ty
do  no t  inappropr ia te ly  exceed  the  l eve l
needed to match the oxygen delivery capacity
of  the  vascu la ture  to  increased  metabol ic
demands of  the exercising muscles.

In  conc lus ion ,  we  demons t ra te  in  the
current study that a single bout of treadmill

exercise caused a greater VEGF response in
C57BL/6  mice  compared  to  BALB/c  mice .
The temporal  pat terns of  mRNA expression
of VEGF, VEGFR1, VEGFR2, Ang2, and Tie2
support the hypothesis that these angiogenic
growth fac tors  may be  subjec t  to  negat ive
feedback  regu la t ion  in  exerc i s ing  ske le ta l
musc le  o f  C57BL/6  mice .  The  express ion
pa t te rns  a l so  sugges t  the  ex i s tence  of
mult ip le  levels  of  control  mechanisms that
tightly regulate exercise-induced angiogenesis.
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