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Abstract: Objective: In this study, we investigated the relationship between the expression of hypoxia inducible
factor-1a (HIF-1a) and tumor hypoxia, which is caused by chronic hypoxemic hypoxia in chronic obstructive pul-
monary disease (COPD), and the prognostic value of COPD in patients with bladder urothelial carcinoma (BUC).
Methods: The clinicopathological variables of 80 patients with BUC who underwent surgery were analyzed by ret-
rospective methods. Overall survival (OS), disease-specific survival (DSS) and progression-free survival (PFS) were
analyzed with clinicopathological variables including concomitant COPD, pulmonary function test (PFT), serum he-
moglobin level and smoking history, using Kaplan-Meier survival analysis. The Cox proportional hazards regression
model was used for multivariate analysis. The localization of HIF-1a expression was analyzed by immunohistochem-
istry. Results: Both the median OS and PFS of patients with COPD were shorter than the patients without COPD (P <
0.001). High levels of HIF-1a expression were associated with BUC of higher clinicopathological stage and histologi-
cal grade (P < 0.001). COPD was an independent prognostic variable for OS, PFS and DSS. The clinicopathological
stage was an independent prognostic variable for OS and DSS. The level of HIF-1a expression was an independent
prognostic variable for PFS. Conclusions: COPD is an independent prognostic variable for BUC, and contributes to
poor prognosis.

Keywords: Bladder urothelial carcinoma, chronic obstructive pulmonary disease, chronic hypoxia, hypoxia induc-
ible factor-1«, prognosis

Introduction quacy caused by hypermetabolism can be
observed in most solid tumors, resulting in rela-
tive or absolute anoxic zones within these
tumors. Acute hypoxia can block cellular fission
and differentiation, and even induce apoptosis,
by decreasing the supply of oxygen and nutri-
ents. Thus, hypoxia seems to inhibit the prolif-
eration of tumor cells, and can be considered
as a good target for therapy. Furthermore,
tumor cells can be selected by chronic hypoxia,
while surviving tumor cells can adapt to anoxic
environments and hyponutrient states.

Bladder cancer is the most common tumor of
the urinary system, and 70-80% of bladder can-
cers are bladder urothelial carcinomas (BUC).
Currently, the standard treatments for BUC are
transurethral resection and radical cystectomy.
The recurrence rate at 2 to 5 years post-surgery
is 50-70%, and tumor malignancy (clinicopatho-
logical stage and histological grade) progress is
observed in 10-20% of cases [1]. Therefore,
investigation of the molecular mechanisms of
bladder cancer and factors relevant to its pro-
gression has clinical significance when choos-
ing the therapeutic schedule and judging pro-
gnosis.

HIF-1 is a heterodimeric transcription factor
expressed in chronic hypoxia. To date, the tran-
scription and expression of more than 60 target
As characteristics of tumor cells, uncontrolled genes has been shown to be controlled by HIF-1
proliferation and relative angiogenesis inade- [2-4]. The protein products of these genes are
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involved in the processes of proliferation, inva-
sion and metastasis, which determine tumor
aggressiveness.

COPD has been defined as a disease state
characterized by airflow limitation that is not
fully reversible, and is a commonly and fre-
quently encountered disease of the respiratory
system. Peripheral airway obstruction, destruc-
tion of lung parenchyma and abnormal de-
crease of pneumoangiogram will reduce the
gas exchange capacity in the lung, causing
hypoxemia and histanoxia, which implies ele-
vated levels of HIF-1 [5]. In the present study,
we investigated the relationship between the
expression of HIF-1a and tumor hypoxia, which
is caused by chronic hypoxemic hypoxia in
COPD, and the prognostic value of COPD in
patients with BUC. To our knowledge, few previ-
ous studies have been performed.

Materials and methods
Patients

We obtained approval for this study from the
ethics committee of our hospital, and we
obtained informed consent from all partici-
pants in our study. The informed consent was
written and specified in the operative consent.
Eighty patients with histologically proven BUC
who underwent surgeries at our institution
between 2006 and 2008 were enrolled. Thirty-
seven patients underwent transurethral resec-
tion of bladder tumor, 13 underwent radical
cystectomy and 30 underwent partial cystecto-
my. After fixing in 10% formalin and paraffin-
embedding, the tissue blocks were cut into 4
um-thick serial sections. HIF-1a protein expres-
sion and localization in specimens was ana-
lyzed by immunohistochemistry. All the patients
were followed up and assessed by urine cytol-
ogy and cystoscopy every 3 months in the first
2 years, and every 6 months in the next 2 years,
and yearly thereafter for a total of 5 years.

Assessment of COPD and pulmonary function
test (PFT)

Patients were diagnosed by a pulmonologist,
and those who had history and previous treat-
ment were determined to have COPD. Patients
who had no treatment or present symptoms
were incidentally diagnosed by the PFT. The
PFT was defined as abnormal if the forced vital
capacity (FVC) and forced expiratory volume in
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1 second (FEV1) were less than 80% of predict-
ed value, and the FEV1/FVC ratio was less than
70% of the predicted value, regardless of FVC
or FEV1. If the PFT results were abnormal
patients were considered to have COPD.

Assessment of anemia and smoking history

Patients with anemia were diagnosed using
laboratory tests. The patients were divided into
two groups based on hemoglobin levels of <
110 g/L or > 110 g/L. Cigarette smoking his-
tory was determined by reviewing medical re-
cords, and smoking information was recorded,
including how long the patient smoked and
how many packs were smoked daily. Thenthe pa-
tients were divided into two groups: non-smok-
ers or current smokers. A previous study sh-
owed that past smokers who had not smoked
for 10 years had a similar risk as those who had
never smoked [6], thus we considered past
smokers who had quit smoking more than 10
years ago as non-smokers.

Assessment of other comorbidities

Information of comorbidities was collected by
reviewing medical records. Hypertension, dia-
betes mellitus, cardiovascular and cerebrovas-
cular disease, and other advanced malignan-
cies were considered to be confounding vari-
ables in the patient population. The diagnosis
of comorbidities has definitive clinical evi-
dence.

Immunohistochemistry and statistical analysis

In our study, all procedures were performed
using standard protocols. Serial sections from
formalin-fixed, paraffin-embedded material
were de-paraffinized in 100% xylene, and re-
hydrated in a descending ethanol series (100%,
90%, 80%, 70% ethanol) and water. Then anti-
gen retrieval was performed by submerging
slides into 0.01 mol/L citrate buffer (PH 6.0) for
15 min at 120°C. Samples were then treated
with 3% hydrogen peroxide in methanol to
quench endogenous peroxidases and incubat-
ed with 10% bovine serum albumin to block
nonspecific binding. The sections were then
incubated overnight at 4°C with a mouse mono-
clonal antibody against HIF-1a (Thermo Fisher
Scientific, Mab H1la67, 1gG2b isotype, Cat.
#MS-1164-PO, diluted 1:100). After washing in
phosphate buffered saline (PBS), a subsequent
reaction was carried out using an Elivision
super HRP (Mouse) IHC Kit (Maixin Bio, Fujian,
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Table 1. Patient characteristics

Mean age (months)
Gender
Male
Female
Clinicopathological stage (n=80, %)
Ta-T1
T2-T4
Histological grade (n=80, %)
|
Il
1
COPD (n=35, %)
Smoking history
Never smoking
Current smoker
Other comorbidity (n=58, %)
Hypertension
Diabetes mellitus
Cardiovascular and cerebrovascular disease
Other advanced malignancy
Number of tumor
Single
Multiple
Size of tumor (diameter, cm)
<3cm
>3cm
Mean serum hemoglobin (g/L)

68.2 (51.0-88.0)

rechecked and the final result was
determined with the two reviewers
simultaneously viewing these slides
on a multihead microscope. The eval-

43 uations agreed in > 90% of the sam-
37 ples for all markers. All statistical
analyses were performed with SPSS
44 (55.0) version 17.0 (SPSS Inc., Chicago, II-
36 (45.0) linois, USA). The significance of re-
sults was assessed using Student’s
30 (37.5) ttests or one-way ANOVA and chi-
27 (33.8) square tests. After diagnosis of BUC,
23(28.7) thg overa-ll survival (0S), disease-;pe-
35 (43.6) cific survival (DSS) and progression-
free survival (PFS) were analyzed with
the clinicopathological variables in-
40(50.0) cluding the presence of COPD, results
40 (50.0) of PFT, smoking history and serum
hemoglobin level using the Kaplan-
28 (35.0) Meier method, and the significance of
14 (17.5) differences was assessed with the
8(10.0) log-rank test. Associations of vari-
8 (10.0) ables with survival analysis were fur-
ther tested with univariate and multi-
42 (52.5) variqte analyses using the Cox pro-
38 (47.5) portional hazard model. For aII.tests,
P values of < 0.05 were considered
statistically significant.
48 (60.0)
32 (40.0) Results

110.5 (95.0-145.0)

COPD: chronic obstructive pulmonary disease.

China) at 37°C for 30 min. Then, the sections
were washed three times with PBS and positive
staining was revealed with DAB treatment for 5
min. Nuclei were lightly counterstained with
hematoxylin. Negative controls included incu-
bation in PBS without primary antibody. The
tumor cell immunoreactivity for HIF-1lax was
scored and interpreted as positive according to
the nuclear staining. A minimum of five random-
ly-selected fields throughout the whole section
at x400 magnification was examined, and 200
tumor cells were counted in each field. Then the
percentage of positively-stained tumor cells
was calculated to determine the expression of
HIF-1a. HIF-1o protein expression was classi-
fied as follows: -, < 1%; +, < 1-10%; ++, 10-50%;
+++, > 50% [7]. All the immunohistochemical
results were examined by two blinded indepen-
dent reviewers. Whenever differences of > 10%
between reviewers occurred, these slides were
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Our retrospective review identified 80
patients, and their basic characteris-
tics are shown in Table 1. Sixty
patients (75%) died during the follow-up, and
16 died from other comorbidities. The median
OS and PFS were 37.0 and 14.5 months, re-
spectively. HIF-1a protein immunoreactivity
was present in the nuclei with or without cyto-
plasmic expression; cytoplasmic expression
was very weak if present. The majority of posi-
tive tumors had a diffuse pattern of nuclear
staining, with tumor cells near or far from the
blood vessels all intensely stained, although
increased HIF-1a expression was detected in
tumor cells that were adjacent to necrotic
regions and distal to the blood vessels in a few
cases. Therefore, the staining heterogeneity
within tumor-islands was not obvious in most
specimens. Meanwhile, the normal urothelial
tissue of some patients with COPD was positive
for HIF-1a. However, compared with the tumor
cells, the expression of HIF-1a was much we-
aker.
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Table 2. Clinicopathological characteristics according to COPD

No COPD group COPD group p
Number % Number %
Age (years) 0.365
<60 13 28.9 5 14.3
60-69 14 31.1 10 28.6
70-79 12 26.7 14 40.0
>80 6 13.3 6 171
Clinicopathological stage 0.054
Ta-T1 29 64.4 15 42.9
T2-T4 16 35.6 20 57.1
Histological grade 0.002
| 22 48.9 8 22.9
Il 17 37.8 10 28.6
] 6 13.3 17 48.5
No. of tumor 0.535
Single 25 55.6 17 48.5
Multiple 20 44.4 18 51.5
Size of tumor(diameter, cm) 0.358
<3cm 29 64.4 19 54.3
>3cm 16 35.6 16 45.7
Pulmonary function test <0.001
Normal 33 73.3 11 314
Abnormal 12 26.7 24 68.6
Smoking history 0.499
Never smoking 24 53.3 16 45.7
Current smoker 21 46.7 19 54.3
Serum hemoglobin (g/L) 0.022
<110 18 40.0 23 65.7
> 110 27 60.0 12 34.3
Other comorbidity 0.082
Hypertension 16 35.6 12 34.3
Diabetes mellitus 6 13.3 8 22.9
Cardiovascular and cerebrovascular disease 4 8.9 4 11.4
Other advanced malignancy 2 4.4 6 171
Expression of HIF-1a <0.001
- 22 48.9 0 0.0
+ 15 33.3 1 2.8
++ 2 4.5 22 62.9
+++ 6 13.3 12 34.3

COPD: chronic obstructive pulmonary disease; HIF-1a: hypoxia inducible factor-1a.

Clinicopathological characteristics were not
significantly different between patients with
and without COPD except in regard to abnor-
malities in PFT, histological grade, serum hemo-
globin, and expression level of HIF-1a (Table 2).
The clinicopathological stage and histological
grade had an intimate correlation with HIF-1x
expression. Overexpression of HIF-la was de-
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tected in high clinicopathological stage and his-
tological grade BUC (Table 3, Figure 1). Smoking
habit and tumor grade was not correlated in our
study.

Both median OS and PFS of patients with COPD
were shorter than patients without COPD (P <
0.001). Cases with higher expression of HIF-1a
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Table 3. Chi-square test analysis of HIF-1a expression thought to be associated with clinicopathologi-
cal stage and histological grade of tumor

Clinicopatholo-gical stage Histological grade

: X X2 P
Expression of HIF-1a Ta-T1 T2-T4 1 I m
- 20 2 19.680 <0.001 12 10 0 23.836 <0.05
+ 8 8 6 7 3
++ 12 12 10 6 8
+++ 4 14 2 4 12

HIF-1a: hypoxia inducible factor-1a.
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Figure 1. Representative immunohistochemical staining of HIF-1a in BUC tissues. A. Negative expression (-) of
HIF-1a; B. Mild positive expression (+) of HIF-1«; C. Moderate positive expression (++) of HIF-1a; D. Severe positive

expression (+++) of HIF-1a. (original magnification, x200, immunoperoxidase stain).

had shorter OS and PFS (P < 0.001). Table 4
shows the relationship between prognosis and
clinical variables. Figure 2 shows the Kaplan-
Meier survival curves of 80 BUC cases strati-
fied by COPD, and Figure 3 shows the Kaplan-
Meier survival curves of 35 COPD cases strati-
fied for HIF-1a expression.

In the multivariate analysis, our results conclu-
sively showed that none of the other comorbidi-
ties evaluated had a statistically significant
influence on OS, PFS and DSS. Moreover, COPD
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was an independent prognostic variable for OS,
PFS and DSS. The clinicopathological stage
was an independent prognostic variable for OS
and DSS. HIF-1a expression was an indepen-
dent prognostic variable for PFS (Table 5).

Discussion

HIF-1 is a heterodimer composed of an alpha
subunit regulated by O, and a beta subunit
known as aryl hydrocarbon nuclear transloca-
tor, and is arranged in a helix-loop-helix [8]. HIF-
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Table 4. Significant prognostic variables on survival by univariate

with the stability of the pro-

analysis tein in normoxic conditions,
Median 0S Median PFS and is a critical point that
No.  months) (months) P regulates the proteasomal
Age (years) <0.001 <0.05 degradation [8, 10-12].
<60 18 550 15.0 In the absence of oxygen,
60-69 24 505 15.0 HIF-1oe  prolyl hydroxylase
70-79 26 40.0 16.0 and factor inhibiting HIF-1
>80 12 21.5 9.5 are inactive, which reduces
Clinicopathological stage <0.001 <0.05 the degradation of HIF-1la
Ta-T1 44 57.5 14.0 and elevate HIF-1a levels
1274 36 27.0 15.0 [13]. Therefore, the main reg-
Histological grade <0.05 o074  Ulator of HIF-la is oxygen
[14]. The second most impor-
1 30 44.0 16.0 .
tant regulators are anti-onco-
I 27 45.0 16.0 genes. For example, TP53
il 23 210 12.0 gene and its protein inhibit
Number of tumor 0.875 <0.05 the activity of HIF-1a protein
Single 42 33.0 15.0 and promote its degradation
Multiple 38  40.0 14.0 [15]. The product of the von-
Size of tumor (cm) <0.05 <0.05  Hippel-lindau (VHL) gene
<3cem 48 435 15.0 also regulates the stability of
>3em 32 270 135 HfIF—lo( [16]. In the presence
of oxygen, VHL protein can
COPD <0.001 <0001 1ind to HIF-1a and degrade it
Presence 35 260 11.0 through  prolyl-hydroxylation
Absence 45 50.0 17.0 [12, 17, 18]. Many studies
Pulmonary function test <0.001 0.130 have reported that expres-
Normal 44 475 15.0 sion of HIF-1a can be regu-
Abnormal 36 27.0 13.0 lated through other path-
Smoking history 0.138 0.847 ways, such as protein-kinase
Never smoking 40 445 14.0 B and phosphatidylinositol
Current smoker 40 315 15.0 3-kinase [19]. Molecules and
Serum hemoglobin (g/L) <0.05 <005  Cytokines, such as oxygen-
<110 a1 220 13.0 rea_ctwe species, tumor nec-
- 110 29 420 180 rosis factor-a and angioten-
sin can regulate the expres-
Expression of HIF-1a <0.001 <0.001 sion of HIF-1a through the
- 22 60.0 26.0 RAS/RAF1/MEK1/ERK1/2/
+ 16 36.5 14.5 and/or p53/JNK signaling pa-
++ 24 32.0 12.5 thways [20-22].
+++ 18 25.0 10.0

When hypoxia in the internal

OS: overall survival; PFS: progression free survival; COPD: chronic obstructive pulmo-

nary disease; HIF-1a: hypoxia inducible factor-1a.

1o contains two nuclear localization signals,
located at the C-terminal (amino acids 718-
721) and the N-terminal (amino acids 17-33),
but only the C-terminal correlates with the
nuclear accumulation of HIF-1x [9]. In the only
oxygen-dependent degradation domain of HIF-
1a, the hydroxylation of proline residues at
positions 402 and 564 has a close relationship
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environment of a tumor is

established, HIF-1a transc-

ription factor is activated,
which accumulates in its heterodimerized form
with HIF-1B. The up-regulation of HIF-1 increas-
es vascularization with the production of vascu-
lar endothelial growth factor to provide enough
oxygen and nutrients for the proliferation and
differentiation of tumor cells, increased glu-
cose transport 1 to regulate glycometabolism
for providing enough energy, increased activity

Int J Clin Exp Med 2014;7(10):3344-3353
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Figure 2. Kaplan-Meier survival curves of 80 BUC
cases stratified by COPD. A. Overall survival (OS) by
COPD; B. Progression free survival (PFS) by COPD; C.
Disease specific survival (DFS) by COPD.

of carbonic anhydrase IX to keep the balance
between the intracellular and extracellular PH,
and even influences apoptotic genes inhibiting
apoptosis of tumor cells induced by hypoxia,
which induces the processes of invasion, recur-
rence and metastasis [23, 24]. Therefore, HIF-
1o makes tumor cells more aggressive [25].
Hong J et al [26] revealed the activation of HIF-
1o via nuclear factor-«kB in rats with COPD. Our
study also showed the expression levels of HIF-
la in patients with COPD were higher than
patients without COPD, and overexpression of
HIF-1a was detected in high clinicopathological
stage and histological grade BUC.

There are many reasons for anemia in patients
with BUC: chronic blood loss because of hema-
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Figure 3. Kaplan-Meier survival curves of 35 COPD
cases stratified for HIF-1a expression. A. Overall sur-
vival (0S) by HIF-1a expression; B. Progression free
survival (PFS) by HIF-1a expression; C. Disease spe-
cific survival (DFS) by HIF-1a expression.

turia, hematopoietic dysplasia resulting from
nutritional deficiencies, bone marrow infiltra-
tion of tumors, and so on. Anemia contributes
to the decrease of peripheral serum hemoglo-
bin levels and inefficiency of unit volume blood
to combine and transport oxygen, which are all
responsible for tumor hypoxia. Our research
showed anemia was associated with shorter
OS and PFS, but was not an independent prog-
nostic variable. However, further study is
required for a decisive conclusion.

Many previous studies in animal models and
cell lines suggested that constituents in ciga-
rette smoke may promote cancer growth by
decreasing apoptosis and increasing cellular
proliferation [27-30]. Cigarette smoking is a
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Table 5. Multivariate Cox proportional hazard model of
variables associate with prognosis

Variables RR 95% ClI P
Overall survival
COPD 2.948 1.290-6.737 P<0.05

compared with nonsmokers. In our study,
smoking status was not an independent
prognostic factor for BUC. One possible
reason is the different behavior of
patients after the diagnosis of BUC. Few
patients smoked continually, and the

Clinicopathological stage 3.967 1.741-9.038 P <0.001

Progression free survival
COPD 3.144 1.401-7.058
Expression of HIF-1a 2.045 1.342-3.118
Disease specific survival
COPD 2.653 1.087-7.132

Clinicopathological stage 4.732 1.631-13.727 P<0.05

majority stopped smoking as soon as
they were diagnosed. Meanwhile, all tis-

P<0.05 sue samples were obtained from consec-
P <0.001

utive patients who underwent operation,
and all patients underwent operation as

P<0.05 soon as they were diagnosed. Therefore,

the smoking status of patients upon BUC

COPD: chronic obstructive pulmonary disease; HIF-1a: hypoxia induc-

ible factor-1a.

definitive risk factor for bladder cancer. About
30-50% of bladder cancers are caused by ciga-
rette smoking. The current risk of bladder can-
cer to smokers is double to quadruple the risk
for those who have never smoked, and there is
a positive correlation with the intensity and
length of smoking [6]. Furthermore, chronic
exposure to cigarette smoke plays an impor-
tant role in the development of COPD, and a
previous study suggests that cigarette smoke
activates epidermal growth factor receptor-
mediated signaling pathways, leading to HIF-1«
production and activation [31], which may lead
to a negative impact on the prognosis of
patients with BUC. However, previous clinical
studies about the impact of smoking on the
prognosis of lower tract urothelial cancer have
not yet drawn an absolute conclusion. Aveyard
P et al [32] undertook a systematic review of
the effect of stopping smoking on prognosis.
Their study suggested that stopping smoking
might favorably alter the course of bladder can-
cer. Similarly, Chen CH et al [33] studied 297
men with primary nonmuscle-invasive bladder
cancer who were treated by transurethral re-
section. They found smoking cessation might
be associated with a lower recurrence rate for
patients with nonmuscle-invasive bladder can-
cer. Lammers RJ et al [34] evaluated the role of
smoking status on the clinical outcome of
patients with non-muscle-invasive bladder can-
cer. In univariate analyses, recurrence-free sur-
vival (RFS) was significantly shorter in ex-smok-
ers and current smokers (P=0.005). Similarly,
in multivariate analyses, smoking status re-
mained a significant factor for predicting RFS.
Their study concluded that ex-smokers and cur-
rent smokers had a significantly shorter RFS
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diagnosis did not have any short-term
effect on immunohistochemical staining
patterns. The mechanism of tumor hypox-
ia caused by smoking included both acute
and chronic effects. The acute effect correlated
with the carboxyhemoglobin formation and
constriction of peripheral vessels, and the
chronic effect correlated with the chronic dam-
age of airway and alveolus. Both of them were
related to tumor hypoxia.

Bladder cancer is a common tumor in older
populations, and morbidity has a positive cor-
relation with age [35]. Thus, patients with blad-
der cancer usually have other comorbidities.
However, our results showed that other comor-
bidities had no statistical correlations with PFS
and DSS. Patients with cardiovascular and
cerebrovascular disease had shorter OS bec-
ause of higher mortality caused by cardiovas-
cular incidence and stroke.

Because of the retrospective design, this study
has some inevitable limitations, including se-
lection bias. Furthermore, the long-term effect
of changing smoking habit after diagnosis on
immunohistochemical staining pattern was not
studied, and the severity of COPD could not be
graded. The prognostic effect of chronic tumor
hypoxia resulting from COPD in patients with
BUC needs to be investigated by further pro-
spective studies and in vivo animal models.

Conclusion

COPD may contribute to poor prognosis in
patients with BUC, and a possible explanation
may be tumor hypoxia caused by COPD. High
expression levels of HIF-1a in BUC patients with
COPD were associated with higher clinicopath-
ological stage and histological grade. The
expression level of HIF-1a may be a predictive

Int J Clin Exp Med 2014;7(10):3344-3353



COPD influences prognosis of BUC

factor for the prognosis of BUC patients with
COPD. Furthermore, the invasion, recurrence
and metastasis of tumors may be inhibited
through blocking the transcription and expres-
sion of HIF-1a.

Acknowledgements

The authors thank the patients who participat-
ed in this study, and all staff who assisted with
the sample collection and pre-treatment in the
operating theater.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Xiaokun Zhao,
Department of Urology, The Second Xiangya Hos-
pital, Central South University, Changsha 410011,
Hunan province, China. Tel: 0086-731-85295133;
E-mail: hzc0305@163.com

References

[1] Siegel R, Ma J, Zou Z and Jemal A. Cancer sta-
tistics, 2014. CA Cancer J Clin 2014; 64: 9-29.

[2] Ryan HE, Lo J and Johnson RS. HIF-1 alpha is
required for solid tumor formation and embry-
onic vascularization. EMBO J 1998; 17: 3005-
3015.

[3] Semenza GL, Jiang BH, Leung SW, Passantino
R, Concordet JP, Maire P and Giallongo A.
Hypoxia response elements in the aldolase A,
enolase 1, and lactate dehydrogenase A gene
promoters contain essential binding sites for
hypoxia-inducible factor 1. J Biol Chem 1996;
271: 32529-32537.

[4] Semenza GL. HIF-1: mediator of physiological
and pathophysiological responses to hypoxia. J
Appl Physiol (1985) 2000; 88: 1474-1480.

[5] Kong CC and Dai AG. [Expression of mitogen-
actived protein kinase, phosphatidylinositol
3-kinase and hypoxia-inducible factor-lalpha
in pulmonary arteries of patients with chronic
obstructive pulmonary disease]. Zhonghua Jie
He He Hu Xi Za Zhi 2006; 29: 372-375.

[6] Zhang W, Xiang YB, Shao CX, Fang RR, Chen
JR, Yuan JM and Gao YT. Relationship between
smoking and exposure to environmental to-
bacco smoking with bladder cancer: a case-
control study in Shanghai. Tumor 2006; 26:
42-47.

[71 Zhong H, De Marzo AM, Laughner E, Lim M,
Hilton DA, Zagzag D, Buechler P, Isaacs WB,
Semenza GL and Simons JW. Overexpression
of hypoxia-inducible factor 1alpha in common
human cancers and their metastases. Cancer
Res 1999; 59: 5830-5835.

3352

(8]

[10]

[11]

[12]

(13]

(14]

[15]

(16]

(17]

(18]

Minet E, Michel G, Remacle J and Michiels C.
Role of HIF-1 as a transcription factor involved
in embryonic development, cancer progres-
sion and apoptosis (review). Int J Mol Med
2000; 5: 253-259.

Vandromme M, Gauthier-Rouviere C, Lamb N
and Fernandez A. Regulation of transcription
factor localization: fine-tuning of gene expres-
sion. Trends Biochem Sci 1996; 21: 59-64.
Ivan M, Kondo K, Yang H, Kim W, Valiando J,
Ohh M, Salic A, Asara JM, Lane WS and Kaelin
WG Jr. HIFalpha targeted for VHL-mediated de-
struction by proline hydroxylation: implications
for O2 sensing. Science 2001; 292: 464-468.
Bruick RK and McKnight SL. A conserved fam-
ily of prolyl-4-hydroxylases that modify HIF.
Science 2001; 294: 1337-1340.

Maxwell PH, Wiesener MS, Chang GW, Clifford
SC, Vaux EC, Cockman ME, Wykoff CC, Pugh
CW, Maher ER and Ratcliffe PJ. The tumour
suppressor protein VHL targets hypoxia-induc-
ible factors for oxygen-dependent proteolysis.
Nature 1999; 399: 271-275.

Boddy JL, Fox SB, Han C, Campo L, Turley H,
Kanga S, Malone PR and Harris AL. The andro-
gen receptor is significantly associated with
vascular endothelial growth factor and hypoxia
sensing via hypoxia-inducible factors HIF-1a,
HIF-2a, and the prolyl hydroxylases in human
prostate cancer. Clin Cancer Res 2005; 11:
7658-7663.

Chan DA, Sutphin PD, Denko NC and Giaccia
AJ. Role of prolyl hydroxylation in oncogenically
stabilized hypoxia-inducible factor-lalpha. J
Biol Chem 2002; 277: 40112-40117.
Dameron KM, Volpert OV, Tainsky MA and
Bouck N. Control of angiogenesis in fibroblasts
by p53 regulation of thrombospondin-1.
Science 1994; 265: 1582-1584.

Blancher C, Moore JW, Robertson N and Harris
AL. Effects of ras and von Hippel-Lindau (VHL)
gene mutations on hypoxia-inducible factor
(HIF)-1alpha, HIF-2alpha, and vascular endo-
thelial growth factor expression and their regu-
lation by the phosphatidylinositol 3’-kinase/
Akt signaling pathway. Cancer Res 2001; 61:
7349-7355.

Ohh M, Park CW, lvan M, Hoffman MA, Kim TY,
Huang LE, Pavletich N, Chau V and Kaelin WG.
Ubiquitination of hypoxia-inducible factor re-
quires direct binding to the beta-domain of the
von Hippel-Lindau protein. Nat Cell Biol 2000;
2:423-427.

Tanimoto K, Makino Y, Pereira T and Poellinger
L. Mechanism of regulation of the hypoxia-in-
ducible factor-1 alpha by the von Hippel-Lindau
tumor suppressor protein. Embo J 2000; 19:
4298-43009.

Tamura M, Gu J, Danen EH, Takino T, Miyamoto
S and Yamada KM. PTEN interactions with fo-

Int J Clin Exp Med 2014;7(10):3344-3353



[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

COPD influences prognosis of BUC

cal adhesion kinase and suppression of the
extracellular matrix-dependent phosphatidyli-
nositol 3-kinase/Akt cell survival pathway. J
Biol Chem 1999; 274: 20693-20703.

Gao N, Ding M, Zheng JZ, Zhang Z, Leonard SS,
Liu KJ, Shi X and Jiang BH. Vanadate-induced
expression of hypoxia-inducible factor 1 alpha
and vascular endothelial growth factor throu-
gh phosphatidylinositol 3-kinase/Akt pathway
and reactive oxygen species. J Biol Chem
2002; 277: 31963-31971.

Haddad JJ and Land SC. A non-hypoxic, ROS-
sensitive pathway mediates TNF-alpha-depen-
dent regulation of HIF-1alpha. FEBS Lett 2001;
505: 269-274.

Chandel NS, McClintock DS, Feliciano CE, Wo-
od TM, Melendez JA, Rodriguez AM and Schu-
macker PT. Reactive oxygen species generated
at mitochondrial complex Ill stabilize hypoxia-
inducible factor-lalpha during hypoxia: a me-
chanism of O, sensing. J Biol Chem 2000;
275: 25130-25138.

Airley R, Loncaster J, Davidson S, Bromley M,
Roberts S, Patterson A, Hunter R, Stratford |
and West C. Glucose transporter glut-1 expres-
sion correlates with tumor hypoxia and pre-
dicts metastasis-free survival in advanced car-
cinoma of the cervix. Clin Cancer Res 2001; 7:
928-934.

Price BD and Calderwood SK. Gadd45 and
Gadd153 messenger RNA levels are increased
during hypoxia and after exposure of cells to
agents which elevate the levels of the gluco-
se-regulated proteins. Cancer Res 1992; 52:
3814-3817.

Hockel M, Schlenger K, Mitze M, Schaffer U
and Vaupel P. Hypoxia and Radiation Response
in Human Tumors. Semin Radiat Oncol 1996;
6: 3-9.

Jiang H, Zhu Y, Xu H, Sun Y and Li Q. Activation
of hypoxia-inducible factor-1alpha via nuclear
factor-kappa B in rats with chronic obstructive
pulmonary disease. Acta Biochim Biophys Sin
(Shanghai) 2010; 42: 483-488.

Dasgupta P, Rizwani W, Pillai S, Kinkade R,
Kovacs M, Rastogi S, Banerjee S, Carless M,
Kim E, Coppola D, Haura E and Chellappan S.
Nicotine induces cell proliferation, invasion
and epithelial-mesenchymal transition in a va-
riety of human cancer cell lines. Int J Cancer
2009; 124: 36-45.

3353

(28]

[29]

[30]

(31]

(32]

(33]

(34]

[35]

Chen CS, Lee CH, Hsieh CD, Ho CT, Pan MH,
Huang CS, Tu SH, Wang YJ, Chen LC, Chang YJ,
Wei PL, Yang YY, Wu CH and Ho YS. Nicotine-
induced human breast cancer cell proliferation
attenuated by garcinol through down-regula-
tion of the nicotinic receptor and cyclin D3 pro-
teins. Breast Cancer Res Treat 2011; 125: 73-
87.

Mousa S and Mousa SA. Cellular and molecu-
lar mechanisms of nicotine’s pro-angiogenesis
activity and its potential impact on cancer. J
Cell Biochem 2006; 97: 1370-1378.

Catassi A, Servent D, Paleari L, Cesario A and
Russo P. Multiple roles of nicotine on cell prolif-
eration and inhibition of apoptosis: implica-
tions on lung carcinogenesis. Mutat Res 2008;
659: 221-231.

Yu H, Li Q, Kolosov VP, Perelman JM and Zhou
X. Regulation of cigarette smoke-mediated mu-
cin expression by hypoxia-inducible factor-1al-
pha via epidermal growth factor receptor-medi-
ated signaling pathways. J Appl Toxicol 2012;
32:282-292.

Aveyard P, Adab P, Cheng KK, Wallace DM, Hey
K and Murphy MF. Does smoking status influ-
ence the prognosis of bladder cancer? A sys-
tematic review. BJU Int 2002; 90: 228-239.
Chen CH, Shun CT, Huang KH, Huang CY, Tsai
YC, Yu HJ and Pu YS. Stopping smoking might
reduce tumour recurrence in nonmuscle-inva-
sive bladder cancer. BJU Int 2007; 100: 281-
286.

Lammers RJ, Witjes WP, Hendricksen K, Caris
CT, Janzing-Pastors MH and Witjes JA. Smoking
status is a risk factor for recurrence after
transurethral resection of non-muscle-invasive
bladder cancer. Eur Urol 2011; 60: 713-720.
Lynch CF and Cohen MB. Urinary system.
Cancer 1995; 75: 316-329.

Int J Clin Exp Med 2014;7(10):3344-3353



