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      MicroRNAs (miRNAs) are noncoding RNA mol-
ecules that modulate gene expression by bind-

ing to complementary sequences in the coding- or 
the 3 9 -untranslated region of target mRNAs. miRNAs 

  Background:    MicroRNAs (miRNAs) are small noncoding RNAs that silence target gene expression 
posttranscriptionally, and their impact on gene expression has been reported in various diseases. 
It has been reported that the expression of the hypoxia-inducible factor-1 a  (HIF-1 a ) is reduced 
and that of p53 is increased in lungs from patients with COPD. However, the role of miRNAs 
associated with these genes in lungs from patients with COPD is unknown. 
  Methods:    Lung tissue samples from 55 patients were included in this study. Total RNA, miRNA, 
and protein were extracted from lung tissues and used for reverse transcriptase polymerase chain 
reaction and Western blot analysis. Cell culture experiments were performed using cultured 
human pulmonary microvascular endothelial cells (HPMVECs). 
  Results:    miR-34a and miR-199a-5p expressions were increased, and the phosphorylation of AKT 
was decreased in the lung tissue samples of patients with COPD. The miR-199a-5p expression was 
correlated with HIF-1 a  protein expression in the lungs of patients with COPD. Transfection of 
HPMVECs with the miR-199a-5p precursor gene decreased HIF-1 a  protein expression, and 
transfection with the miR-34a precursor gene increased miR-199a-5p expression. 
  Conclusions:    These data suggest that miR-34a and miR-199a-5p contribute to the pathogenesis of 
COPD, and these miRNAs may also affect the HIF-1 a -dependent lung structure maintenance 
program.    CHEST 2012; 142(3):663–672   

  Abbreviations:  GOLD  5  Global Initiative for Chronic Obstructive Lung Disease; HIF-1 a   5  hypoxia-inducible factor-1 a ; 
HPMVEC  5  human pulmonary microvascular endothelial cell; LTRC  5  Lung Tissue Repository Consortium; 
miRNA  5  microRNA; pAKT  5  phosphorylated AKT; PVDF  5  polyvinylidene difl uoride; RT-PCR  5  reverse tran-
scriptase polymerase chain reaction; siRNA  5  small interfering RNA; VEGF  5  vascular endothelial growth factor 
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can regulate cell proliferation, differentiation, and 
apoptosis,  1-3   and their roles in responses to injury or 
adaptation to chronic stress are under intense investi-
gation. Emerging data indicate that miRNAs affect 
the responsiveness of cells to signaling molecules, 
such as transforming growth factor- b , notch, and epi-
dermal growth factor.  4   The role of miRNAs in the 
patho genesis of respiratory diseases has been exam-
ined. Schembri et al  5   described miRNAs as modula-
tors of smoking-induced gene expression changes in 
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patients with COPD/emphysema and found large 
expression changes of both of these miRNAs. To 
address the mechanisms of interactions between these 
miRNAs and the expression of HIF-1 a , we performed 
experiments in cultured human pulmonary microvas-
cular endothelial cells (HPMVECs) using microRNA 
precursor gene transfection and AKT and p53 gene 
silencing. These cell culture results support the con-
cept that HIF-1 a  and the important angiogenesis 
factor VEGF are under miRNA control. 

 Materials and Methods 

 Lung Tissue Samples 

 Lung tissue samples from 55 patients were included in this 
study. We divided the patients into four groups according to the 
GOLD (Global Initiative for Chronic Obstructive Lung Disease) 
classifi cation. Ten samples were from patients with normal lung 
function (no COPD); the remainder of the samples were from 
patients with mild (n  5  13; stage I, GOLD classifi cation), mod-
erate (n  5  17; stage II, GOLD classifi cation), and severe (n  5  15; 
stage III and IV, GOLD classification) COPD.  Table 1  sum-
marizes the patient characteristics. Samples were obtained from 
the National Institutes of Health Lung Tissue Repository Con-
sortium (LTRC). The diagnosis of emphysema was made by the 
LTRC pathologist based on histologic examination, and all of the 
lung tissue samples from patients with COPD had centrilobular 
emphysema. 

 All lung tissue samples were maintained at  2 80°C until pro-
cessing. All of the patients gave informed consent to have their 
tissue banked in the National Institutes of Health LTRC. The 
study was approved by the institutional review board   of both of 
our institutions (Protocol: COMIRB 07-0269). 

 Cell Culture 

 HPMVECs were purchased from Lonza. They were cultured 
in endothelial cell growth medium supplemented with 5% fetal 
bovine serum (Lonza). The cells were cultured in 175-cm 2  tissue 
culture flasks in a cell-culture incubator (37°C, 5% CO 2  and 
95% air) and used in all the experiments at the sixth passage after 
trypsinization. After reaching confl uence, media were changed, 

human airway epithelium and reported that miR-218 
and miR-128b were decreased in expression. Xi et al  6   
showed that cigarette smoke condensate increased the 
expression of miR-31 in airway cells, and Izzotti et al  7   
investigated the impact of cigarette smoking on mouse 
lungs. miRNAs are likely to play a role in the patho-
genesis of lung cancer,  8   and involvement of miRNA 
let-7d has been suggested in idiopathic pulmonary 
fibrosis.  9   In addition, Pottelberge et al  10   reported 
reduced expression of let-7c and miR-125b in sputum 
samples from patients with COPD. 

 Apoptosis of lung endothelial cells has been described 
in emphysematous lungs,  11   and vascular endothelial 
growth factor (VEGF) receptor inhibition  12   or condi-
tional knockout of the VEGF ligand in mouse lungs  13   
results in emphysema. We have recently reported the 
decreased expression of hypoxia inducible factor-1 a  
(HIF-1 a ) protein and decreased phosphorylation of 
AKT in the lung tissues from patients with COPD.  14   
However, to our knowledge, the role of miRNAs in 
the pathogenesis of COPD regarding HIF-1 a  and 
AKT interaction has not yet been investigated. A few 
studies have implicated the AKT pathway in the reg-
ulation of HIF-1 a .  15-17   Rane et al  18   recently reported 
that constitutive active adenovirus AKT gene trans-
fection caused the decrease of miR-199a-5p expres-
sion in neonatal cardiac myocytes, which are known 
to control HIF-1 a  protein expression.  19   Further, it 
has been reported that replenishing of miR-199a-5p 
also regulates the hypoxic stabilization of p53.  18   The 
p53 protein expression is increased in tissues from 
patients with COPD/emphysema,  14,20   and p53 regulates 
miR-34a expression in response to DNA damage.  21,22   
Combining these observations, we hypoth esized that 
in lung tissue samples from patients with COPD, the 
low HIF-1 a  protein expression would be related to an 
increased expression of miR-199a-5p and miR-34a and 
to AKT inactivation. Here, we measured miR-199a-5p 
and miR-34a expression in the lung tissues from 

 Table 1— Characteristics of Patients  

Characteristics  No COPD Mild COPD Moderate COPD Severe COPD

GOLD … Stage I Stage II Stage III, IV
No. of patients 10 13 17 15
Age, y 56.8  �  14.0 71.7  �  5.8 66.7  �  10.4 56.7  �  6.4
Sex, male (female) 0 (10) 11 (2) 12 (5) 8 (7)
FEV 1 /FVC, % 81.2  �  5.5 62.6  �  5.4 58.2  �  7.3 28.7  �  9.2
FEV 1  % predicted 92.7  �  8.6 91.8  �  13.5 61.3  �  8.3 21.3  �  7.4
BDR, % 2.2  �  3.3 5.8  �  5.8 5.5  �  4.7 4.5  �  5.4
Smoking, pack-years 0 30.4  �  32.2 32.4  �  35.2 43.2  �  38.6
Current smoker, No. 0 2 0 0
Medication, No.
 Oral corticosteroid 0 0 1 1
 Inhaled corticosteroid 0 0 0 7
Diagnosis of lung cancer, No. 3 7 13 2

Values are expressed as means  �  SD. BDR  5  bronchodilator response; GOLD  5  Global Initiative for Obstructive Lung Disease.
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corticosteroids and two patients with COPD had a his-
tory of oral corticosteroid treatment, all of the patients 
receiving inhaled corticosteroid treatment had severe 
COPD, and there were no signifi cant differences in 
the expression of miR-34a and miR-199a-5p between 
the patients with or without steroid treatment (data 
not shown). 

 Alterations in Lung Tissue Protein Expression 

 As can been seen in  Figure 3 , the lung tissue 
expression of HIF-1 a  protein was reduced in the 
samples of patients with COPD, and the amount of 

and after addition of different concentrations (10 nM to 1  m M) 
of AKT inhibitors (MK2206 and perifosine) the cells were cul-
tured for another 24 h. Some cells were transfected with AKT1 
small interfering RNAs (siRNAs) or miR34a or miR199a-5p pre-
cursor miRNA and cultured for 48 h after transfection. In addi-
tional experiments, p53 siRNA-transfected cells were cultured for 
another 24 h with or without 10  m M of nutlin, an agent reported 
to induce p53.  23   After incubation, the cells were harvested and 
used for reverse transcriptase polymerase chain reaction (RT-PCR) 
and Western blot analysis. See e-Appendix 1 for chemicals, 
real-time RT-PCR analysis of mRNA and miRNA, Western blot 
analysis, and transfection of siRNA or miRNA precursors into 
HPMVECs. 

 Statistical Analysis 

 Results are expressed as mean  �  SE. Statistical analysis was 
performed using analysis of variance with Bonferroni correc-
tions for multiple comparisons. Correlations were analyzed by 
the Pearson correlation coeffi cient. Comparisons were consid-
ered statistically signifi cant at  P   ,  .05. 

 Results 

 Patient Characteristics 

 The data and characteristics describing the patients 
from which the lung tissue samples (LTRC) have 
been derived are displayed in  Table 1 . The lung sam-
ples from never smokers with normal lung function 
were all from female patients. Although a histo-
pathologic diagnosis of lung cancer had been made in 
24 of 55 patients, the tissue samples investigated were 
all histologically cancer-free and represented tissue 
highly remote from any tumor. The LTRC data set 
did not provide blood gas information for all of the 
patients of this study; thus, unfortunately, we cannot 
distinguish between hypoxemic and nonhypoxemic 
patients. All of the COPD lung samples were from 
smokers, and the pack-year smoking history was com-
parable for the patients in GOLD stages I to IV. 

 mRNA and miRNA Expression in the Lung 
Tissue Samples From Patients With COPD 

 We categorized the tissue samples according to 
the severity of the patients’ lung disease as mild, 
moderate, and severe. When the tissue extracts were 
analyzed for gene and miRNA expression, we found 
that there was a severity-related decrease in the 
expression of the gene encoding VEGF ( Fig 1B ), 
thus confi rming earlier published data.  11   The mea-
surement of miRNA species referenced to the stable 
miR-103 revealed increased expression of miR-34a 
and miR-199a-5p in COPD lung tissues as compared 
with normal control tissues ( Figs 1C, 1D ). A correlation 
analysis using FEV 1  % predicted revealed a strong asso-
ciation between FEV 1  % predicted and the expression 
of miR-34a and miR-199a-5p ( Figs 2A, 2B ). Although 
seven of 15 patients had a history of receiving inhaled 

  Figure  1. mRNA and micro RNA (miRNA) expression in the 
lungs from patients with COPD. A, Individual data derived from 
reverse transcriptase polymerase chain reaction (RT-PCR) anal-
ysis of HIF-1 a  mRNA expression in the lungs from patients with 
COPD. B, Individual data derived from RT-PCR analysis of 
VEGF mRNA expression in the lungs from patients with COPD. 
C, Individual data derived from RT-PCR analysis of miR-34a 
miRNA expression in the lungs from patients with COPD. 
D, Individual data derived from RT-PCR analysis of miR-199a-5p 
miRNA expression in the lungs from patients with COPD. VEGF 
mRNA expression was signifi cantly decreased in the lungs of 
patients with COPD compared with the expression of control 
(functionally and histologically normal) lungs. The expression 
of miR-34a and miR-199a-5p was signifi cantly increased in the 
lungs from patients with COPD compared with the expression 
in control lungs. Data are expressed as mean  �  SE * P   ,  .05 vs no 
COPD. HIF-1 a   5  hypoxia inducible factor-1 a ; VEGF  5  vascular 
endothelial growth factor.   
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between miR-34a and p53 protein expression ( Fig 4 ), 
as previously reported in cancer cells. 

 Gene Transfection Experiments in HPMVECs 

 The next set of experiments was designed to exam-
ine whether the observed correlations in the patient 

phosphorylated AKT (pAKT) referenced to total AKT 
was also reduced. The p53 protein was increased in 
the samples of patients with COPD. We next assessed 
and found that there were strong inverse correlations 
between miR-199a-5p and HIF-1 a  protein, between 
miR-199a-5p and pAKT, and between miR-34a and 
pAKT. In contrast, there was a positive correlation 

  Figure  2. Relationship between miRNA expression in the lungs from patients with COPD and FEV 1 %. 
A, Correlation analysis between miR-34a expression and FEV 1 %. B, Correlation analysis between 
miR-199a-5p expression and FEV 1 %. A strong inverse correlation with FEV 1 % was noted of both miR-34a 
and miR-199a-5p miRNA expression. C, A strong correlation was found between miR-34a miRNA 
expression and miR-199a-5p miRNA expression.  �   5  no COPD,     5  mild COPD,     5  moderate 
COPD, and  �   5  severe COPD. FEV 1 %  5  FEV 1  % predicted. See Figure 1 legend for expansion of 
other abbreviation.   

  Figure  3. Protein expression in the lungs from patients with COPD. Representative photographs of 
Western blot analyses of HIF-1 a , lamin A/C, pAKT, AKT, p53, and  b -actin in lung nuclear and cytosolic 
protein extracts from patients with COPD. A, Individual data derived from Western blot analyses of 
HIF-1 a  nuclear protein expression relative to lamin A/C nuclear protein expression. B, Individual data 
derived from Western blot analyses of p53 protein expression relative to  b -actin or AKT protein expres-
sion. C, Individual data derived from Western blot analyses of pAKT protein expression relative to 
 b -actin or AKT protein expression. The phosphorylation of AKT and expression of HIF-1 a  protein 
was decreased in the lungs from patients with COPD compared with control lungs. The expression of 
p53 protein was increased in the lungs from patients with COPD compared with control lungs. Data 
are expressed as mean  �  SE * P   ,  .05 vs no COPD. pAKT  5  phosphorylated AKT. See Figure 1 legend 
for expansion of other abbreviation  .   
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as an inducer of the p53 protein,  23   increased miR-34a 
and miR-199a-5p expression and decreased AKT phos-
phorylation. The knockdown of the p53 gene sup-
pressed the nutlin-induced expression of miR-34a and 
miR-199a-5p ( Fig 8 ). 

 Discussion 

 The destruction of lung tissue in patients with 
COPD and emphysema has been well characterized 
by histologic studies and infl ammatory and per se non-
infl ammatory pathomechanisms have been proposed 
and discussed,  24   also in the context of a homeostatic 
adult lung structure maintenance program.  25   We have 
reported a decreased expression of HIF-1 a  protein 
in lungs from patients with COPD and varying degrees 
of lung function impairment.  14   Here, to our knowl-
edge, we report for the fi rst time the increased lung 
tissue expression of miR-34a and miR-199a-5p in 
a new cohort of patients with COPD/emphysema. 
We also show that the increased expression of these 
miRNA species was associated with impaired lung 
function, as assessed by FEV 1  % predicted. Because 
of reports demonstrating that the expression of the 
important transcription factor HIF-1 a  was under the 
control of miRNA,  19,26,27   we conducted experiments 
in HPMVECs to investigate interac tions between 
miRNA and HIF-1 a  expression. In view of other 
data demonstrating increased p53 expres sion in 
COPD/emphysema lung tissues  14,20   and in view of the 
established interaction between p53 and HIF-1 a  pro-
tein expression,  28,29   we also examined the interaction 
between p53 and HIF-1 a  expression in HPMVECs. 

 As a starting point for our lung tissue analysis, we 
measured HIF-1 a  and VEGF expression in all of the 
55 lung samples and confi rmed in this large cohort 

tissues simply refl ected chance relationships or whether 
they were indicative of a functional control by miRNA 
species of the expression of genes and proteins. To 
begin examining potential mechanisms that could 
explain the correlations between expressed miRNA 
and proteins ( Figs 2, 4 ), we conducted experiments 
using cultured HPMVECs. We unexpectedly found 
a strong correlation between FEV 1  % predicted 
and the expression of miR-199a-5p and miR-34a 
( Figs 2A, 2B ). Furthermore, the tissue expres sion of 
miR-34a and miR-199a-5p was correlated ( Fig 2C ), 
and subsequently we wished to examine possible tran-
scriptional interactions between these two miRNAs. 
We, thus, transfected HPMVECs either with miR-34a 
or miR-199a-5p precursor RNA and found that trans-
fection of the endothelial cells with the miR-34a pre-
cursor increased the expression of miR-199a-5p but did 
not change the expression of miR-34a ( Figs 5A, 5B ). 
However, transfection of HPMVEC with either miRNA 
precursor decreased the expression of HIF-1 a  protein 
and of pAKT, thus providing evidence that in these 
endothelial cells HIF-1 a  gene expression is controlled 
by both miR-34a and miR-199a-5p ( Fig 5C ). 

 p53 and pAKT Control miR199a-5p Expression 

 To examine whether the AKT phosphorylation 
affected the expression of either miR-34a or miR-
199a-5p, we used two different pharmacologic inhib-
itors of AKT phosphorylation (MK-2206 and perifosine). 
The inhibitors decreased the expression of pAKT and 
increased the expression of miR-199a-5p, but they did 
not affect the expression of miR-34a ( Figs 6A, 6B ).
These data were supported by additional data that 
demonstrate that gene knockdown of AKT1 increased 
miR-199a-5p expression in HPMVECs but did not 
affect miR-34a expression ( Figs 7A, 7B ). Nutlin, known 

  Figure  4. Correlations of AKT phosphorylation and correlation between miR-34a and p53 and between 
miR-199a-5p and HIF-1 a  in the lungs from patients with COPD. Correlation analysis between pAKT, 
HIF-1 a , or p53 protein expression, and miR-34a or miR-199a-5p expression. A, A strong correlation was 
seen between p53 protein expression and miR-34a expression. B, A moderate correlation was seen 
between HIF-1 a  protein expression and miR-199a-5p expression. C, A moderate inverse correlation 
was seen between pAKT and miR34a  .  �   5  no COPD,     5  mild COPD,     5  moderate COPD, and 
 �   5  severe COPD. See Figure 1 and 3 legends for expansion of abbreviations.   
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to control the expression of these proteins, and found 
that the expression of miR-34a and miR-199a-5p 
was related to lung disease severity ( Figs 1C, 1D ) and 
further that there was a correlation between the 
expression of miR-34a and miR-199a-5p ( Fig 2C ). 
Although all of the patients with COPD categorized 
by GOLD criteria were smokers or ex-smokers, nei-
ther miRNA species related to the pack-years of 
smok ing or to the diagnosis of lung cancer.  Figure 3  
shows that there is also a disease severity-dependent 
decrease in lung tissue HIF-1 a  and pAKT protein. 
The p53 protein expression was positively correlated 
with the expression of miR-34a, and the HIF-1 a  pro-
tein expres sion was inversely correlated with the 
expression of miR-199a-5p ( Figs 4A, 4B ). 

 Because endothelial cells in the lungs of patients 
with COPD/emphysema undergo apoptosis,  11   and there 
is evidence of lung endothelial cell dysfunction,  12,31   
we examined in human lung microvascular cells the 
transcriptional interactions between HIF-1 a  and 
miR-34a and miR-199a-5p. To answer the question 
whether the expression of either one of these two 
miRNAs affected the expression of the other miRNA, 
cells were transfected with their precursor miRNAs, 
and transfection with precursor miR-34a upregulated 

the previously published results of decreased VEGF 
expression.  30   In this present data set, there was only a 
statistical trend for a decreased lung tissue HIF-1 a  
mRNA expression ( Fig 1A ). Although a global miRNA 
expression analysis of the tissues is feasible, we 
focused on the analysis of miR-34a and miR-199a-5p; 
these miRNA have previously been shown to be 
involved in the control of HIF-1 a  and VEGF pro-
tein expression  19,26   or were shown to be controlled 
by p53.  21,22   We have previously proposed, based on 
the expression analysis of lung tissues from patients 
with COPD, that the reduction of lung tissue his-
tone deacetylase 2 expression may be related to the 
regulation of both p53 and HIF-1 a   14   and to lung cell 
apoptosis and maintenance of pulmonary microvessels.  29   
Here, we analyzed the expression of miRNAs, known 

  Figure  5. Effects of miR-34a and miR-199a-5p transfection 
in cultured human pulmonary microvascular endothelial cells 
(HPMVECs). A, RT-PCR analysis of miR-199a-5p expression in 
miR-34a precursor miRNA-transfected HPMVECs. The miR34a 
pre increased the expression of miR-199a-5p compared with the 
control precursor miRNA transfection. B, RT-PCR analysis of 
miR-34a expression in miR-199a-5p precursor miRNA-transfected 
HPMVECs. The miR199a-5p pre had no effect on the expression 
of miR34a. C, Western blot analysis of HIF-1 a , lamin A/C, 
pAKT, and AKT in miR-34a and miR-199a-5p precursor-
transfected HPMVECs. The miR-199a-5p precursor transfec-
tion (gray bars) decreased HIF-1 a , and the miR-34a precursor 
transfection (black bars) decreased pAKT expression compared 
with control precursor miRNA transfection (open bars). Data 
are expressed as mean  �  SE (n  5  6 wells or dishes for each group). 
* P   ,  .05 vs control. miR34a pre  5  miR-34a precursor transfec-
tion; miR-199a-5p pre  5  miR-199-a-59 precursor transfection. 
See Figure 1 and 3 legends for expansion of other abbreviations.   

  Figure  6. Effects of AKT inhibition on miR-34a and miR-199a-5p 
expression in cultured HPMVECs. A, Western blot analysis 
of pAKT and AKT shows that AKT phosphorylation was dose-
dependently suppressed by both MK-2206 and perifosine starting 
at a concentration of 10 nM. B, RT-PCR analysis of miR-34a and 
miR-199a-5p expression and Western blot analysis of AKT phos-
phorylation in cultured HPMVECs treated with MK-2206 and 
perifosine. Both AKT inhibitors, MK-2206 (gray bars) and peri-
fosine (black bars) increased the expression of miR-199a-5p expres-
sion. Data are expressed as mean  �  SE (n  5  6 wells or dishes for 
each group). * P   ,  .05 vs control. See Figure 1, 3, and 5 legends for 
expansion of abbreviations.   
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miR-199a-5p overexpression, which in turn was abro-
gated in HPMVECs in which p53 had been knocked 
down ( Fig 8 ). When the results of these HPMVEC 
gene and protein expression data are taken together, 
a signaling pathway emerges that connects p53, AKT, 
and miRNA in the control of HIF-1 a  protein expres-
sion and in turn HIF-1 a  protein expression in the 
control of AKT. The importance of HIF-1 a  in the 
regulation of pulmonary vascular endothelial cell gene 
expression in response to hypoxia has been demon-
strated by Manalo et al,  32   in particular the several-fold 
increased expression of the genes encoding prostacy-
clin synthase, lysyl oxidase, VEGF, and peroxisome 
proliferator activator receptor- g   . 

 Here we have connected for the fi rst time, to our 
knowledge, in nonmalignant cells (HPMVECs) the 
role of miRNA in the transcriptional control of genes 
and the consequences for protein expression of two 
transcription factors that shape the tissue response to 

the expression of miR-199a-5p ( Fig 5 ), supporting 
the idea that the positive correlation between the 
expression of these two miRNAs shown in the lung 
tissue extracts of patients with COPD ( Fig 2C ) had 
not occurred by chance. Western blot analysis showed 
that the transfection of HPMVECs with either pre-
cursor miR-34a or precursor miR-199a-5p decreased 
AKT phosphorylation and HIF-1 a  protein expres-
sion, suggesting that miRNA-34a controlled the 
expression of pAKT and possibly also of miR-199a-5p. 
To further evaluate whether miR-34a indeed was 
upstream of AKT, two different blockers of AKT phos-
phorylation and knockdown of the AKT1 gene were 
used, and the data shown in  Figure 6  are consistent 
with the idea that AKT controls the expression of 
miR-199a-5p but not of miR-34a. In addition, the 
knockdown of p53 robustly decreased the expres-
sion of these miRNAs, suggesting a p53 control 
upstream of the miR-34a and miR-199a-5p. These 
results were confi rmed when the nutlin-induced 
p53 expression was accompanied by miR-34a and 

  Figure  7. Effects of AKT1 gene silencing on miR-34a and 
miR-199a-5p expression in cultured HPMVECs. A, Western blot 
analysis of pAKT and AKT shows that AKT and pAKT expression 
was suppressed in AKT1 gene-silenced cells (AKT1 KD) compared 
with control siRNA-transfected cells (Control). The bar graph shows 
protein expression of pAKT and AKT in AKT1 siRNA-transfected 
cells (closed bars) relative to control siRNA-transfected cells 
(open bars). B, RT-PCR analysis of miR-34a and miR-199a-5p 
expression in AKT1 gene-silenced HPMVECs. The miR-199a-5p 
expression was increased in AKT1 gene-silenced HPMVECs 
(AKT1 KD) compared with control siRNA-treated cells (Control). 
Data are expressed as mean  �  SE (n  5  6 wells or dishes for each 
group). * P   ,  .05 vs control. KD  5  knock down. See Figure 1, 3, 
and 5 legends for expansion of abbreviations.   

  Figure  8. Effects of p53 expression on miR-34a and miR-199a-5p 
expression in cultured HPMVECs. A, Western blot analysis shows 
increased expression of p53 protein (open bars) in nutlin-treated 
cells and the suppressed p53 expression by p53 gene silencing 
(p53 KD). Phosphorylation of AKT (closed bars) was decreased 
in nutlin-treated cells and the decrease of AKT phosphorylation 
was in turn suppressed by p53 gene silencing. B, RT-PCR and 
Western blot analysis in p53 siRNA-transfected HPMVECs 
treated with or without 10  m M of nutlin. The expression of miR34a 
and miR199a-5p was signifi cantly increased by nutlin, and this 
increase was completely suppressed by p53 gene silencing (p53KD). 
Data are expressed as mean  �  SE (n  5  6 wells or dishes for each 
group). * P   ,  .05 vs control. † P   ,  .05 vs nutlin-treated cells. See 
Figure 1, 3, 5, and 7 legends for expansion of abbreviations.   
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VEGF. Kasahara et al  11   reported decreased expression 
of the VEGFR2 (KDR) in human lungs with emphy-
sema, and Yasuo et al  14   also reported decreased AKT 
phosphorylation and decreased HIF-1 a  but increased 
p53 expression. Here, we report increased expression 
of miR-199a-5p, which may be regulated by the inac-
tivation of AKT and connected with the decreased 
expression of HIF-1 a . Further, we report increased 
expression of miR-34a, induced by p53 upregula-
tion; both may be associated with AKT inac tivation in 
human lungs with emphysema ( Fig 9 ). By highlight-
ing the actions of p53, miR-34a, and miR-199a-5p 
in lung endothelial cells, and postulating that these 
actions affected the expression of the HIF-1 a  protein 
in the lungs from patients with COPD/emphysema, 
we do not intend to limit the role of HIF-1 a  in lung 
structure maintenance to the homeostasis of lung 
vessels. The proposed signaling interactions are likely 
to apply equally to the control of HIF-1 a  expression 
in the response of stressed lung epithelial cells.  34   

 In the present study of COPD tissues,  .  40% of the 
patients had lung cancer. Because it is well known 
that p53 is closely related to the pathogenesis of lung 
cancer, and HIF-1 a  levels are higher in lung can-
cer tissue samples,  35,36   there is a possibility that the 
decreased expression of HIF-1 a  and overexpression of 
p53 and miR-34a are related to lung cancer. Although 
we could not find significant differences of p53, 
HIF-1 a , and miR-34a expression between the samples 
from with and without lung cancer (data not shown), 
future studies will continue to examine a potential 
impact of lung cancer on gene expression in COPD 
lung tissue samples. 

 The interpretation of our human lung tissue gene and 
protein expression results is limited by the unavailability 
of blood gas data, and, thus, a potential infl uence of 
hypoxemia could not be evaluated. It is apparent that 
each lung tissue sample provides only one snapshot 
of a chronic disease process and that the mechanis-
tic manipulations of gene knockdown and increased 
expression could not be performed using the patients’ 
diseased tissues. In addition, COPD is a heteroge-
neous disease. In the present study, the patients were 
categorized according to the FEV 1  % predicted, not 
according to the severity of the lung tissue destruc-
tion. However, all of the tissue samples from patients 
with COPD showed centrilobular emphysema, and 
none of the lung tissues from patients without COPD 
had high levels of miR-34a or miR-199a-5p expres-
sion. We believe that HIF-1 a  and these miRNAs 
play a part in the pathogenesis and development of 
emphysema. 

 Because we measured the miRNAs and protein 
expressions from whole lung tissue samples, we could 
not determine which cells contribute these signals. 
However, we reported the decreased expression of 

hypoxia and genotoxic stress. The regulation of HIF-1 a  
by miR-199a-5p in neonatal cardiomyocytes  18   and 
in HPMVEC has been illustrated by Gonsalves and 
Kalra.  19   In cultured melanoma cells, miR-34a inhib its 
cell proliferation,  33   and there is a consensus that 
miR-34a, a direct p53 target, mediates induction of 
apoptosis  22   via a number of miR-34a-responsive cell 
cycle progression and angiogenesis genes, and because 
ectopic expression of miR-34a induces apoptosis or 
senescence  21   and decreases AKT phosphorylation.  33   
Finally, and pointing toward complex interactions, 
in ovarian cancer cells the upregulation of HIF-1 a  
expression was shown to be abrogated by an AKT 
inhibitor and AKT siRNA interference.  17   The sche-
matic in Figure 9 illustrates our attempt to connect 
signaling events both upstream and downstream from 

  Figure  9. Schematic depicting cellular and molecular interactions 
that play a role in the homeostatic maintenance of the adult lung 
structure. Oxidative stress increases p53 protein expression. Upregu-
lated p53 induces miR-34a expression and reduces AKT phos-
phorylation. In contrast, AKT inactivation causes upregulation of 
miR-199a-5p, which reduces the expression of HIF-1 a . Reduced 
expression of HIF-1 a  and reduced HIF-1 a  transactivation impair 
VEGF expression and phosphorylation of AKT, which could cause 
lung cell apoptosis and emphysema. See Figure 1 and 3 legends 
for expansion of abbreviations.   
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HIF-1 a  in lung tissues from patients with COPD in 
both alveolar epithelial cells and pulmonary vascular 
endothelial cells  .  14   Based on this previous report, we 
speculate that the decreased expression of HIF-1 a  
and increased expression of miR-199a-5p in both pul-
monary endothelial cells and alveolar septal cells 
affect the pulmonary endothelial cell survival in COPD 
lung tissues, and the survival of the endothelial cells 
may also play a part in the lung main tenance program 
and pathogenesis of pulmonary emphysema. 

 In conclusion, we show, using a large number of tissue 
samples, that miR-34a and miR-199a-5p are overex-
pressed in lungs from patients with COPD/emphy-
sema, when compared with the expression levels in 
histologically normal lungs. Manipulations of gene 
and protein expression in human lung microvascular 
endothelial cells shed light on a complicated miRNA-
dependent mechanism of HIF-1 a  protein expression 
control. 
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