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Abstract
Muscle VEGF expression is upregulated by exercise. Whether this VEGF response is regulated by
transcription and/or post-transcriptional mechanisms is unknown. Hypoxia may be responsible:
myocyte PO2 falls greatly during exercise and VEGF is a hypoxia-responsive gene. Whether exercise
induces VEGF expression in other organs important to acute physical activity is also unknown. To
address these questions, we created a VEGF/Luciferase reporter mouse and measured VEGF
transcription, mRNA and protein responses to a) acute exercise and b) short-term hypoxia
(FIO2=0.06) in brain (brainstem, cerebellum, cortex, hippocampus and striatum), muscle, lung, heart
and liver. Exercise increased VEGF transcription, mRNA and protein in brain (hippocampus only),
lungs and skeletal muscles, but not liver or heart. Hypoxia increased VEGF expression only in brain
(cortex, hippocampus and striatum). New transcription appears to be a major exercise-induced
regulatory step for increasing VEGF expression in muscle, lung and brain. Hippocampal VEGF
expression was the only component of the exercise response recapitulated by hypoxia equivalent to
the Everest summit.
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1. Introduction
Exercise-induces multiple cellular signals including mechanical stimuli stemming from
increased blood flow and muscle contraction and a fall in intracellular oxygen levels. Vascular
endothelial growth factor expression is increased in skeletal muscle following just a single
period of moderate intensity exercise (Breen et al. 1996). Furthermore, a hypoxic response
element (HRE) is present within the VEGF promoter and could potentially bind HIF-1α during
periods of low oxygen tension and transctivate the VEGF gene (Forsythe et al. 1996; Kimura
et al. 2000). Therefore, intracellular hypoxia has been proposed to be a key signaling
mechanism activated during exercise. However, whether VEGF expression is regulated at the
transcriptional or post-transcriptional level, by a fall in intracellular oxygen during exercise or
additional exercise-related stimuli is unkown. In addition, exercise has been shown to increase
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both angiogenesis and neurogenesis in regions of the brain. The hippocampal neurogenic
response to exercise is thought to be mediated by VEGF expressed within peripheral organs
(Fabel et al. 2003; Villar-Cheda et al. 2009). Thus, which organs increase VEGF expression
in response to an acute exercise bout and the gene regulatory mechanisms that control VEGF
expression in each organ remains to be elucidated.

In this study the gene regulatory mechanisms, used to selectively regulate VEGF expression
in individual organs in mice subjected to whole body exercise or acute severe hypoxic exposure
were evaluated. Key to this experimental design was the use of VEGF-luciferase reporter mice,
developed in our laboratory, that allowed the contributions of in vivo transcriptional and post-
transcriptional gene regulatory steps that control organ-specific exercise-induced VEGF gene
expression to be measured. Analyses of these key gene regulatory steps in individual organs
allowed the identification of organs which selectively respond in vivo to exercise and the
predominant regulatory control mechanism that mediates this response. The effects of short-
term exposure at rest to 6% oxygen (severe hypoxia equivalent to breathing air on the summit
of Mt. Everest) were also evaluated to reveal the organ-specific VEGF gene regulatory
responses to a low oxygen condition that may occur in tissue cells during exercise.

We detected coordinate expression of VEGF in brain, lung and skeletal muscles in response
to exercise, and found it predominantly but not completely regulated at the transcriptional level.
In response to a 2-hour period of breathing 6% O2, the only organ to express increased VEGF
was the brain, and this occurred through a predominantly post-transcriptional mechanism.

2. Materials and Methods
2.1 Generation of Transgenic Mice

The mouse VEGF promoter/luciferase (firefly) clone was constructed and kindly provided by
Dr. D’Amore (Shima et al. 1996). The VEGF-Luciferase reporter transgenic mouse strain was
engineered at the University of California, San Diego (UCSD) Transgenic Mouse and Gene
Targeting Core facility. The Kpn I and Sal I restriction DNA fragment of plasmid pVEGF-
Luciferase-1217 that included −1217 bp to +0.4 kb of the mouse VEGF gene, the firefly
luciferase gene and SV40 polyA was used for pronuclear injection into fertilized oocytes
harvested from CB6F1 mice (Harlan Sera-Lab, IN) (Shima et al. 1996). Microinjected oocytes
were then implanted into pseudo-pregnant foster mothers. The offspring (F0) were tested for
chromosomal integration of the transgene by PCR analysis of mouse, tail DNA using primers
specific to the VEGF promoter and luciferase gene (forward primer 5’-
GCAGCTGGCCTACCTACCTT; reverse primer 5’-TCGCGGTTGTTACTTGACTG). A
homozygous transgenic mouse line was subsequently generated through the crossing of
positive siblings. Homozygous VEGF-Luciferase reporter mice identified by the PCR assay
were confirmed by crossing with wild-type CB6F1 (−/−) mice and this resulted in 100%
offspring being heterozygous (+/−) for the VEGF gene as expected.

2.2 Treadmill exercise protocol
This exercise protocol was modified from a protocol previously used in our laboratory for
exercising rats (Breen et al. 1996). Briefly, littermate mice (6–8 weeks of age) were divided
into experimental and control groups (N= 6 mice/group). At this stage, preliminary studies
showed that VEGF transcriptional levels had reached constant organ-specific levels. Exercise
groups were subjected to one treadmill running session at 24 M/min, 10-degree incline for 1
hour. One hour after the exercise session, which allowed time for luciferase and VEGF to be
expressed, the mice were anesthetized and skeletal muscles (gastrocnemius, soleus, plantaris
and tibialis anterior), heart, lungs, liver and whole brain were dissected within 15 minutes of
the final end point from each mouse, frozen in liquid nitrogen and stored at −80°C until analysis.
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2.3 Hypoxic Exposure
Mice were exposed to 2 hours of 6% oxygen in a 4-liter chamber ventilated at approximately
1–2 liters/min. Oxygen concentration was monitored with a mass Spectrometer (Perkin Elmer
MGA1100). Tissue samples were collected immediately after the hypoxic exposure.

2.4 Luciferase Activity Assay
Luciferase activity was measured in tissue homogenates with the Luciferase Assay System
(Promega). Total cellular protein in homogenates was measured with the DC-Protein Assay
(Bio-Rad). Luciferase activity is reported as luciferase units per ug total protein.

2.5 Real Time RT-PCR Analysis of VEGF mRNA Levels
Tissues were homogenized with TRIzol Reagent (Invitrogen) for isolation of total cellular
RNA. 200 ul of Trizol reagent was used to homogenize each soleus and 500 ul of reagent for
30–40 mg additional skeletal muscles and organs. A further purification step was performed
using RNeasy Mini columns (Qiagen) with the additional DNase I step to remove
contaminating genomic DNA. 1 ng of DNase-free RNA was then reverse transcribed to cDNA
with the Thermoscript RT-PCR system (Invitrogen). RT products were amplified with SYBR-
Green PCR kit reagents (SuperArray) and primers specific for VEGF165 or ribosomal RNA.
The annealing temperature was set to 58°C. The VEGF primers used were: Forward primer:
CGTTTAACTCAAGCTGCCTCGC, and Reverse primer:
CTTCCAGGAGTACCCCGACGAGATA. The data presented was normalized to ribosomal
protein L13a (L13A). Several control genes were also measured to ensure that they were not
influenced by hypoxia or exercise (RealTimePrimers). VEGF mRNA levels were calculated
with the comparative method (2ΔΔCt method).

2.6 VEGF Measurement
Samples were homogenized in Passive Lysis buffer (#E194A, Promega). Extraction buffer
volumes used were 200 ul for each soleus and 500 ul for 30–40 mg of gastrocnemius, plantaris,
T.A., heart, lung, liver and brain. VEGF protein levels in the samples were measured with a
mouse specific VEGF ELISA kit (R&D, Minneapolis, MN). VEGF levels are expressed as ng
VEGF per ug total protein.

2.7 Statistical Analysis
Using Statview software, statistical significance between organs collected from the
experimental and control groups was evaluated using a T-test. In the case where several skeletal
muscle types were analyzed, a 2 way ANOVA was used to identify an overall skeletal muscle
difference between rest and exercise and a T-test was used to identify significant muscle type
exercise responses. A one-way ANOVA comparing muscle type exercise responses (fold
change in luciferase activity, mRNA and protein) revealed that these exercise responses were
not different between muscle types (i.e. soleus, plantaris lateral gastrocnemius, medial
gastrocnemius, and T.A.). P<0.05 was considered statistically significant. Data are expressed
as Mean ± standard deviation (S.E.M.).

3. Results
3.1 Exercise-Induced Coordinate VEGF Transcription, mRNA and Protein Responses in Brain
and Lungs

Figure 1 presents VEGF transcription, mRNA and protein levels in tissues other than skeletal
muscle following an acute exercise bout. After one hour of exercise, VEGF transcriptional
activity had increased 38% in brain (p<0.05), 78% in the lungs (p<0.01), and 62% in liver
(p<0.05), compared to the resting group. Luciferase activity in the heart did not differ between
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the rested and exercised groups. Post-exercise VEGF mRNA levels were also increased, in the
brain by 88% (p<0.05) and the lungs by 105% (p<0.01) above the levels in non-exercised mice.
Liver VEGF mRNA levels were not increased despite exercise-induced transcriptional
activation. In the same mice, a coordinate increase in VEGF protein levels was measured in
the brain (66%) and lungs (66%). VEGF protein levels were not significantly different between
the resting and control groups in the liver or heart.

3.2 Regional Analysis of Cerebral VEGF Expression in Response to Exercise
Upon further dissection of the total brain into functional distinct anatomical regions, it was
revealed that the major increase in VEGF expression occurs in the hippocampus (Figure 2).
VEGF luciferase activity was elevated by 76% (p<0.05), in coordination with an increase in
mRNA level by 110% (p<0.01) and final protein product by 82% (p<0.05). In addition a
decrease of 35% in VEGF luciferase reporter activity was detected in the cerebellum from
exercised mice compared to the control group. However, this transcriptional response did not
result in a change in cerebellum VEGF mRNA or proteins levels.

3.3 Hind Limb Locomotor Muscle VEGF Transcriptional Activation in Responses to Exercise
Post-exercise, hind limb skeletal muscles also revealed co-ordinate increases in VEGF
transcription, mRNA and protein levels (Figure 3). The exercise response was not different
among the skeletal muscle types analyzed. In the medial gastrocnemius from exercise mice
VEGF luciferase activity was increased by 102% above resting levels (p<0.02), mRNA
increased by 121% (p< 0.01) and protein by 103% (p<0.01). The lateral gastrocnemius muscle
showed a similar response that consisted of VEGF luciferase activity increasing by 68% above
resting levels (p<0.02), mRNA increasing by 85% (p< 0.01) and protein by 109% (p<0.01).
Likewise, VEGF luciferase activity was increased by 35% (p<0.05), mRNA levels were
increased by 82% (p<0.01) and VEGF protein was increased by 44% (p<0.05) in the soleus
from exercise mice compared to the soleus from resting mice. The plantaris revealed a 41%
increased in exercise-induced VEGF luciferase activity compared to the resting group and
121% (p<0.01) and 91% (P<0.01) increases in VEGF mRNA and protein levels, respectively.
The tibialis anterior from exercised mice revealed 41% (p<0.01), 216% (p<0.01), and 50%
(p<0.01) increases in luciferase activity, mRNA and VEGF levels, respectively, compared to
non-exercised mice.

3.3 Selective Cerebral Response to 6% O2 Exposure
The VEGF transcriptional response to hypoxia differed among the organs analyzed (Figure 4–
Figure 6). Following a period of breathing 6% oxygen for two hours, luciferase activity was
found to increase by 48% (p<0.05) in the brain and 56% (p<0.05) in the liver compared to their
respective normoxic controls (Figure 4). VEGF mRNA and protein levels also increased by
174% (p<0.01) and 123% (p<0.01), respectively, in hypoxic brain compared to normoxic
controls (Figure 4). However, in liver despite an increase in both VEGF transcriptional
activation (56%, p<0.05) and mRNA levels (297%, p<0.01), there was no increase in the
amount of VEGF protein. In lung, heart (Figure 4), and locomotor muscles (Figure 6), VEGF
luciferase activity, mRNA and proteins levels in the hypoxic group were not significantly
different from those in the normoxic control group. Upon further analysis of the anatomical
regions of the brain (Figure 5), VEGF luciferase activity was found to be increased in the frontal
cortex by 76% (p<0.05), the hippocampus by 95% (P<0.01) and striatum by 52% (p<0.05)
under this acute period of severe hypoxia compared to the normoxic group. VEGF mRNA
levels were also increased by 97% (p<0.05), 151% (p<0.01) and 97% (p<0.01) in the frontal
cortex, hippocampus and striatum, respectively, in response to hypoxia. VEGF protein levels
in the hypoxic group were also increased by 112% (p<0.05), 161% (p<0.01) and 65% (P<0.05)
in the frontal cortex, hippocampus and striatum, respectively, to similar brain regions in the
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normoxic mouse group. Similar to the exercise response, acute hypoxia also led to a decrease
in VEGF luciferase activity (41%, p<0.05) in the cerebellum that did not result in a change in
mRNA or protein product levels.

4. Discussion
In this study organ-specific VEGF gene expression was measured in response to 1 hour of
exercise or a 2-hour exposure to acute severe hypoxia (FIO2 = 0.06). We found that in response
to exercise, there is a coordinate increase in VEGF gene expression in some but not all organs
studied. In contrast, mice exposed to 6% O2 responded with a selective increase in cerebral
VEGF expression.

4.1 Exercise-Regulated VEGF Expression
The VEGF-luciferase reporter mouse used in this study allowed the contribution of VEGF
transcription and post-transcriptional control mechanisms to overall VEGF expression to be
evaluated. In exercise-responsive tissues, a positive correlation between increased VEGF
transcriptional activation and mRNA levels was observed. Likewise, in most tissues a direct
relationship exists between VEGF mRNA levels and the amount of new VEGF protein
produced. The exception to this observation was the liver in which hypoxic exposure resulted
in a 3-fold increase in VEGF mRNA level that was not accompanied by VEGF accumulation.
The model of Stefanini et al. predicts that newly expressed VEGF transiently and
simultaneously increases in plasma and tissue and returns to baseline values at a rate dictated
by the permeability between tissue and blood fluid compartments. Thus, the liver may rapidly
clear newly synthesized bioactive VEGF while a delay in the skeletal muscle or brain could
allow bioactive VEGF to initiate angiogenic and/or neurogenic responses (Stefanini et al.
2008).

4.2 Selective brain responses to acute hypoxia
The present in vivo data also support both hypoxia-induced transcription and
posttranscriptional mRNA stabilization as mechanisms for increasing VEGF expression in the
brain. A previous study by Marti et al. (Marti et al. 1998) reported a predominant cerebral
VEGF response to 6% O2. Hypoxic exposure time in the study of Marti et al. was for a longer
period of 6 hours and revealed additional hypoxic VEGF responses in the kidney, testis, lung,
heart and liver. However, the brain is thought to be very sensitive to even small changes in
systemic oxygen level. HIF-1α accumulation is detectable in the brain with 18% O2 ventilation
in contrast to the kidney and liver that require the inspired O2 concentration to drop below a
6% O2 threshold (Sick et al. 1982; Stroka et al. 2001). Cerebral VEGF expression in response
to hypoxia is restricted to the frontal cortex, hippocampus and striatum. In support of this
finding, the cortex and hippocampus have also been reported to increase HIF-1 levels in
response to 3 hours of 8% O2 exposure (Bani Hashemi et al. 2008). Thus, the extent of VEGF
expression in response to severe short-term hypoxic exposure differs from hippocampus-
restricted VEGF expression in response to exercise

Exercise causes a substantial increase in VEGF transcription in the brain. The data presented
in this study suggest that transcription, rather then central nervous system hypoxia-induced
post-transcriptional regulation, is the predominant cerebral VEGF gene regulatory mechanism
in response to exercise. Exercise has also been reported to increase both neurogenesis and
angiogenesis in the hippocampus (Fabel et al. 2003; Villar-Cheda et al. 2009). However,
previous reports have suggested that VEGF expression was not directly occurring in cerebral
cells but rather VEGF expressed in peripheral organs and circulating throughout the vasculature
signaled hippocampal neurogenesis (Fabel et al. 2003). Since VEGF is not expected to readily
cross the blood brain barrier this would suggest that new VEGF-dependent blood vessel
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formation indirectly signaled the accompanying formation of new neurons. However, our data
suggest that VEGF transcription is occurring in the brain and thus VEGF could also potentially
play a direct role in cerebral neurogenesis and neuroprotection (Ruiz de Almodovar et al.
2009).

4.3 Pulmonary Parenchymal VEGF Response to Acute Exercise
In hypoxia, well-known cardio-respiratory responses include a) increasing tidal volume,
respiratory frequency and ventilation causing increased cyclical strain on the parenchyma and
airways b) pulmonary arterial constriction and c) modestly increased heart rate and cardiac
output. Exercise requires additional increases in ventilation, increasing tissue strain, and
cardiac output, leading to even larger elevations in pulmonary vascular pressures (Wagner et
al. 1986). In our study, exercise, but not hypoxic exposure, signaled pulmonary VEGF
transcriptional activation. Thus, presumably, an increase in ventilation and/or blood flow, and
not hypoxia per se, provided the exercise-related signals to transactivate the VEGF promoter.
In the lung this increase in available VEGF could regulate vascular permeability and/or play
a role in maintaining the integrity of the alveolar capillary barrier (Birukova et al. 2008).

4.4 Differences in Skeletal and Cardiac Muscle VEGF Response to Exercise
All hind limb muscles examined in the present study increased VEGF transcription in response
to exercise. Furthermore, the exercise response was found not to be statistically different when
the medial and lateral heads of the gastrocnemius, soleus, plantaris and tibialis anterior were
compared. Consistent with this finding type IIb and IId mRNA levels, indicative of fiber type
composition, were also not different between the mouse medial and lateral gastrocnemius in
our study (data not shown). The gastrocnemius response in the mouse is different from that
reported in the rat, which reveals a greater exercise-induced VEGF and angiogenic response
in the white portion of the gastrocnemius following exercise training of rats with bilateral
femoral artery ligation. (Lloyd et al. 2003). This difference between the rat and mouse is likely
to reflect a difference in the fiber type composition between these two species.

None of the muscles examined showed a VEGF response to inspired 6% O2 (FIO2 = 0.06).
This is an extreme degree of hypoxia, especially imposed acutely, and is the equivalent of the
PO2 of inspired air on the summit of Mt. Everest (West 1999). Our aim in this present study
was to gain insight into whether a fall in intracellular PO2 during exercise or additional exercise-
related stimuli signaled VEGF transcriptional and/or post-transcriptional response. This
absence of a VEGF response to short-term hypoxia in the mouse differs from what our
laboratory has previously reported in rat gastrocnemius (where FIO2 was 0.12) – that VEGF
mRNA levels were increased even at rest under hypoxic conditions (Breen et al. 1996; Tang
et al. 2004). Gavin et al. recently reported a doubling of VEGF mRNA when C57BL/6J mice
were subjected 6% oxygen for 2 hours in the soleus, plantaris and gastrocnemius (Gavin et al.
2006). The cause for this discrepancy between the data presented in this study and that of Gavin
et al. is unclear but may be due to mouse strain differences (Chan et al. 2005; Gavin et al.
2006; Helisch et al. 2006; Zwemer et al. 2007).

A single exercise bout also did not augment cardiac muscle VEGF expression. In rats some
but not all studies have shown that exercise training is accompanied by an increase in cardiac
VEGF (Belabbas et al. 2008; Marini et al. 2008). In the mouse strain FBV an acute exercise
response has been reported to increased VEGF expression (Wu et al. 2009). This is not the
case in our study of CB6F1 mice, even though the mice were run at a greater intensity the study
reported by Wu et al. (Wu et al. 2009), and suggests that there may be mouse strain differences
in the cardiac VEGF response to acute exercise. Some investigators have suggested that a
decrease in levels of anti-angiogenic molecules, such as endostatin (Gu et al. 2006), with only

Tang et al. Page 6

Respir Physiol Neurobiol. Author manuscript; available in PMC 2011 January 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



a modest increase in cardiac VEGF (or other pro-angiogenic factors) provide the cellular
conditions for cardiac angiognesis in response to exercise training.

4.5 Experimental Limitations
It should be noted that throughout this study a reporter gene, luciferase, was used to monitor
transcriptional activation of the VEGF promoter in vivo. This does not permit the absolute rate
of transcription to be measured. The data collected are limited to revealing relative differences
in transcriptional activation. Furthermore we have chosen to compare two conditions, an acute
exercise bout and exposure to 6% O2, in an attempt to distinguish how much of the exercise
response was due to a fall in intracellular PO2. An FIO2 of 0.06 was chosen as the lowest
tolerable level of inspired O2 in unacclimatized mice and coincidentally produces an inspired
PO2 equal to that on the summit of Mt. Everest. However, exposure to even this extreme oxygen
environment may not have recreated the same intracellular PO2 that occurs during exercise in
man - as low as 3 mmHg (Richardson et al. 1999).

4.6 Conclusions
In response to acute exercise, it is clear that some but not all organs increase VEGF expression.
The exercise-responsive organs (the brain, lung, and locomotor skeletal muscles) represent a
subset of organs that are critical to the oxygen transport system. What is remarkable is that
each exercise-responsive organ utilizes a common gene regulatory mechanism reflected by a
linear relationship between new VEGF transcription and VEGF mRNA levels. Irrespective of
the transcriptional mechanism to increase VEGF mRNA, most tissues (except the liver)
translate VEGF mRNA into a proportional number of VEGF molecules. The liver may be
highly specialized to clear newly synthesized, secreted VEGF. Interestingly, severe, short-term
hypoxia (FIO2 = 0.06) stimulated VEGF expression exclusively in the brain through a combined
transcriptional and post-transcriptional mechanism different from that seen during exercise.
While our study was limited in that the intracellular PO2 levels during exercise could not be
measured, the data suggest that exercise and hypoxia regulate VEGF gene expression through
distinct and organ specific-regulatory pathways.

The global ramifications of this study are that exercise may provide a controlled cellular
mechanism to increase VEGF expression in regions of the brain that are important for memory
and sensory control. VEGF expression, both peripherally in skeletal muscles and lung as well
as within cerebral cells, may coordinate the regulation of neurogenesis and angiogenesis in
response to exercise and potentially provide neuroprotection against an ischemic or excitotoxic
episode. This has many positive implications for the rehabilitation and neuronal repair in
several diseases including Alzheimer, Parkinson’s disease and stroke [for review see (Ruiz de
Almodovar et al. 2009)].
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Figure 1. One Hour of Exercise Signals an Increase in Transcriptional-Regulated VEGF Gene
Expression in Brain and Lung
VEGF-Luciferase reporter mice were subjected to a one-hour exercise bout (24 M/min, 100

incline) before the collection of non-skeletal muscle organs and measurement of VEGF
transcriptional activity, mRNA and protein levels compared to non-exercised (resting) mice.
A) VEGF Transcription: The brain, lungs, liver and heart were dissected from control
(Rest) and 1 hour post-exercise (Exercise) and assayed for luciferase activity by luminometer.
The data are expressed as luciferase (RLU)/ total protein (µg). B) VEGF/ mRNA Levels: The
relative VEGF mRNA levels were measured in each organ by real time RT-PCR and
normalized to the housekeeping gene, ribosomal L13A. C) VEGF Protein levels: Tissue levels
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of VEGF were measured in homogenates using a mouse specific VEGF ELISA. The data in
each graph is represented as the mean ± the SEM, n=6, *indicates p<0.05.
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Figure 2. Exercise-Induced VEGF Expression is Predominant in the Hippocampus
From additional groups of resting and post-exercise VEGF-Luciferase mice the brain was
dissected into functional subregions and assayed for VEGF transcription, mNRa and protein
levels. Regions assayed included the brain stem, cerebellum, frontal cortex, hippocampus and
striatum. The data in each graph is represented as the mean ± the SEM, n=6. Significant
difference between exercised and resting mice at confidence levels of * P<0.05
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Figure 3. Hind Limb (Gastrocnemius, Soleus and Tibialis Anterior) Displayed a Coordinate
Increase in Exercise-Induced VEGF Transcription mRNA and Protein
Hind limb muscles were collected from resting and post-exercise VEGF-Luciferase mice and
assayed for VEGF transcription, mRNA and proteins levels. The data in each graph is
represented as the mean ± the SEM, n=6. Significant difference between exercised and resting
mice at confidence levels of * P<0.05.
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Figure 4. Short-term Exposure to 6% Oxygen Selectively Signals Transcriptional Regulated VEGF
Expression in the Brain
VEGF-Luciferase reporter mice were exposed to an hypoxic environment (6% oxygen, FIO2
= 0.06) for 2 hours prior to measurement of VEGF transcription, mRNA and protein levels in
non-skeletal muscle organs. Values were compared to mice maintained in a normoxic
environment (FIO2 = 0.21). Values are the mean ± SEM, n= 6 mice per FIO2 group. Significant
difference between FIO2 = 0.21 and FIO2 = 0.06 are reported with confidence levels of *p<0.05.
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Figure 5. Brain Regional Responses to Hypoxia
Brain dissections were also performed on additional groups of hypoxia-exposed (6% oxygen,
FIO2 = 0.06, 2 hours) and normoxic (FIO2 = 0.21) and each functional cerebral region analyzed
for changes in VEGF transcription, mRNA and protein levels. Values are the mean ± SEM,
n= 6 mice per FIO2 group. Significant difference between FIO2 = 0.21 and FIO2 = 0.06 are
reported with confidence levels of *p<0.05.
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Figure 6. Hypoxic Exposure Did Not Alter Skeletal Muscle VEGF Expression
Mice were exposed to FIO2 = 0.21 or FIO2 = 0.06 for 2 hours and the medial gastrocnemius,
lateral gastrocnemius, soleus, plantaris, tibialis anterior were isolated post-hypoxic exposure
and assayed for changes in VEGF transcription, mRNA and protein. No significant differences
between FIO2 groups was detected, n=6 mice per group.

Tang et al. Page 16

Respir Physiol Neurobiol. Author manuscript; available in PMC 2011 January 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


