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One-lung Ventilation and HIF1a Expression
in Lung Cancer and Pneumothorax
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Abstract. Background/Aim: A prospective study was
designed to investigate the effects of anesthesia, particularly
that of the one-lung ventilation procedure (OLV), on the
expression of hypoxia-inducible factor la (HIFla) in
patients with lung carcinomas and pneumothorax. Materials
and Methods: The immunohistochemical expression of
HIFlo was studied in formalin-fixed paraffin-embedded
tissues from 60 patients who had undergone thoracic surgery
for lung cancer (n=48) or pneumothorax (n=12) under OLV
general anesthesia. Results: There was a significant, and
rather unexpected, association of HIFIla expression with
high body mass index (BMI) (p=0.01) and high body weight
(p=0.01) of patients with lung carcinomas, but other
anesthesia-related parameters, including analysis of arterial
oxygen partial tension and anthropometric factors remained
insignificant. With regard to pneumothorax cases, these were
immunohistochemically — unreactive and, hence, no
relationship was noted between HIFIla and anesthesia
parameters. Conclusion: Anesthesia and OLV procedure
performed for lung cancer or pneumothorax does not affect
the expression of HIFla. However, the significant link
between high BMI and HIF1a expression noted in patients
with lung carcinomas brings forward a possible connection
between obesity and hypoxia-related molecular pathways.

One-lung ventilation (OLV) is a standard practice during
thoracic surgery. It improves access to the operation field,
isolates and protects the lungs during surgery, and expedites
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the process of operation (1-3). During OLV, the non
ventilated lung collapses but remains perfused, leading to an
increase in shunt fraction and impairment of oxygenation (1,
4-7). Oxygen deprivation from ischemia or non-ventilation
leads to cellular hypoxic injury. In a recent study, the role of
OLYV and post-resectional pulmonary oxidative stress in lung
cancer patients was assessed (8). It was found that a higher
than normal production of oxygen free radicals may possibly
cause oxidative damage.

A progressive rise of oxidative stress due to altered
reduction—oxidation (redox) homeostasis appears to be one
of the hallmarks of the processes that regulate gene
transcription in physiology and pathophysiology (9). A
crucial transcription factor that is a master regulatory
element in sensing hypoxic conditions and in integrating an
adapted response via gene expression of oxygen-sensitive
and redox-sensitive enzymes and cofactors is hypoxia-
inducible factor-1 (HIF1) (10, 11).

HIF-1 is a heterodimer of 2 basic helix-loop-helix PAS
domain proteins: HIF1a (120 kDa protein) and HIF1f (91-
94 kDa protein also called aryl hydrocarbon nuclear receptor
translocator, ARNT1 and 2) (12, 13). Increased intracellular
content of the HIF-1 occurs immediately following hypoxia
sensing. HIF-1a levels are maintained at low levels under
normoxic conditions due to continuous degradation via the
ubiquitin-dependent proteasome pathway (14). Hypoxic
stimulation results in rapid increase of HIF1a protein levels,
which is not a result of increased mRNA transcription or
translation but rather a result of a redox-sensitive stabilization
(15). Following HIF1 heterodimerization the complex enters
the nucleus and binds to DNA at the hypoxia-response
elements (HREs) of target genes. Important genes encoding
for erythropoietin (12), vascular endothelial growth factor
(VEGF) (16), lactate dehydrogenase (17) and others are under
the direct control of HIF1a.

HIFla protein has been found to increase in a large
percentage of human neoplasias, including lung carcinomas
(18-21). Although HIFlo overexpression is linked to
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hypoxic tumor environment, oncogenic hypoxia-independent
overexpression of the protein through increased translation
of the gene has also been documented. Indeed, constitutive
expression of HIF1a as a result either of activation of genes,
such as protein kinase B (PKB/Akt) (22) and epidermal
growth factor receptor 2 (EGFR/HER2) (23), or even
repression of tumor suppressor genes, such as ING4 (24),
may be part of the HIF up-regulatory mechanism. In any
case, overexpression of HIF1a has been linked to increased
angiogenesis and poor postoperative outcome in patients
with non-small cell lung cancer (18-21).

The present study was designed to examine prospectively the
effects of anesthesia, OLV and anthropometric variables on the
expression of HIF1a in cases of carcinoma and pneumothorax.

Patients and Methods

After obtaining institutional review board approval and informed
consent, 60 patients scheduled for elective thoracic surgery were
included in this study: 48 for lung cancer, and 12 for pneumothorax.
They underwent open thoracotomy requiring OLV under general
anesthesia. Of the 48 cases with cancer, 13 were subjected to
pneumonectomy and 35 to lobectomy.

Anesthesia was induced with fentanyl (0.25 mg) and etomidate
(0.2-0.3 mg/kg) and intubation was facilitated with cisatracurium (0.2-
0.3 mg/kg). A double-lumen endobronchial tube (DLT) (Broncho-
Cath®; Mallinckrodt Medical, Athlone, Ireland) of an appropriate size
was placed for OLV (25). The correct DLT position was confirmed by
auscultation and fiberoptic bronchoscopy in the supine, as well as in
the lateral decubitus, position (26). Anesthesia was maintained with a
continuous infusion of propofol (4-6 mg/kg h) and remifentanyl (0.2-
0.3 pg/kg min) as needed. Muscle relaxation was achieved with
cisatracurium as required. Ventilatory settings (Julian Ventilator,
Draeger®; Luebeck Germany) were identical during 2-lung ventilation
(TLV) and OLV and consisted of intermittent positive pressure
ventilation with zero applied end-expiratory pressure and peak
inspiratory pressure limitation of 35 cmH,O to prevent barotrauma of
the dependent lung. The lungs were ventilated with 100% oxygen. A
tidal volume of 8 ml/kg and an inspiratory/expiratory ratio of 1:1 were
set. The respiratory frequency (12 to 14 breaths/min) was adjusted to
maintain normocarbia (PaCO, at approximately 40 mmHg).

Hemodynamic and ventilatory variables were monitored
throughout the study. Arterial blood gas was drawn before
anesthesia induction to determine the PaO, under room air breathing
(PaO, baseline) and after 10 min of TLV in the lateral decubitus
position (PaO, TLVL). After switching to OLV, arterial blood gas
analysis was repeated every 5 min for 30 min and the steady state
value of PaO, (changes of PaO, of less than 7.5 mmHg per minute)
was registered (27, 28). The time from anesthesia induction to the
surgical excision of the specimen is defined as overall anesthesia
time (OA-T) and the time from the onset of OLV in the lateral
decubitus position to the surgical excision of the specimen was
defined as OLV specimen-time (OLVS-T). The OLVS-T reflects the
exposure time of the lung in probable low PaO, during OLV to the
lateral decubitus position.

The body mass index (BMI) was calculated (www.mydr.com.au/
tools/bodymass) and patients were grouped as underweight (BMI<19),
normal (BMI 20-25), overweight (BMI 26-30) and obese (BMI>30).
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Immunohistochemical technique for HIFla expression. HIFla
protein was detected using ESEE 122 monoclonal antibody (IgG1
Mab; dilution 1:20) as previously described (29, 30). Formalin-fixed
paraffin-embedded sections of 3 pum-thick were deparaffinized and
peroxidase was quenched with methanol and H,O, 3% for 15
minutes. Microwaving for antigen retrieval was used (4 min). The
primary antibody was applied for 90 minutes. Following washing
with TBS, sections were incubated with a secondary anti-rabbit anti-
mouse antibody (Kwik Biotinylated Secondary, 0.69A Shandon-
Upshaw, Pittsburgh, PA, USA) for 15 min and washed in TBS.
Kwik Streptavidin peroxidase reagent (039A Shandon-Upshaw) was
applied for 15 min and sections were again washed in tris-buffered
saline (TBS). The color was developed by 15 min incubation with
3,3’ diaminobenzidine (DAB) solution and sections were weakly
counterstained with hematoxylin.

Breast cancer tissue sections with strong nuclear HIF-1a
expression were used as positive controls. Normal mouse
immunoglobulin-G was substituted for primary antibody as the
negative control (same concentration as the test antibody).

The percentage of cells expressing HIFla in the cytoplasm
and/or in the nuclei was separately assessed at X200 magnification.
Cases were grouped according to the grading system previously
reported (31, 32). Briefly, cases with >10% nuclear reactivity and/or
strong cytoplasmic expression in >50% of cells were considered as
being of high HIFla reactivity. Lack of any reactivity was
considered as negative, while weak cytoplasmic expression (of any
extent) or strong cytoplasmic expression in <50% was considered
as low HIFla expression.

Statistical analysis. Statistical analysis and graphic presentation were
achieved using the GraphPad Prism 5.0 package (GraphPad, San
Diego, CA, USA; www.graphpad.com). Fisher’s exact test, chi-squared
test or unpaired two-tailed 7-test was used for testing relationships
between categorical variables as appropriate. Linear regression analysis
was used to assess the correlation between continuous variables. A
Cox proportional hazards model was used to assess the effects of
patient and anesthesia variables on HIF1a expression. A p-value less
than or equal to 0.05 was considered significant.

The median values for the anthropometric and anesthesia variables
were used to classify cases into two subgroups (low vs. high).

Results

Anthropometric variables. Fifty-five of the patients were male.
The median age was 64 years (range 27-82 years). The median
weight was 76 kg (range 37-120 Kg) and the median height 170
cm (range 153-189 cm). The median BMI was 25 (range 16-38).

Anesthesia variables. The OA-T and the OLVS-T ranged
from 95 to 328 (median 214) minutes and from 34 to 263
(median 149) minutes respectively. The baseline arterial
oxygen tension ranged from 58-103 (median 72) mmHg
while the PaO, value under TLV in the lateral decubitus
position and the steady state PaO, value under OLV in the
same position ranged from 226-628 (median 521) mmHg and
from 60-510 (median 147) mmHg respectively. The lung
compliance (CL) during OLV ranged from 15 to 47 (median
28) ml/cmH,0.
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Figure 1. High cytoplasmic and nuclear HIFIa expression in non-small
lung cancer cells, indicated by arrows (immunohistochemical reaction
with anti-HIF 1 a, magnification x200).

HIFla in pneumothorax patients. Anthropometric and
anesthesia variables in no way affected the immunohisto-
chemical expression of HIFla in pneumothorax patients and,
indeed, all cases examined were invariably negative for HIF1a
expression.

Immunohistochemical HIFla expression in cancer
specimens. Of the 48 cancer cases examined, 23 (47.9%)
expressed a low level of HIF1la protein, while 25 (52.1%)
showed high HIFlo reactivity (Figure 1). None of the
pneumothorax cases expressed high HIFla reactivity.

Association of HIF-la with anthropometric variables in
cancer patients. A significant association of high BMI
(p=0.01) and high body weight with HIFla (p=0.01), but
not of body height, was noted in cancer patients. Age and
sex were not related to HIF1a (Table I). In linear regression
analysis, the percentage of HIFla-positive cancer cells was
directly related to the BMI (p=0.005, r=0.40) and body
weight (p=0.008, r=0.38). Figure 2 shows the distribution of
weight (2a) and of BMI (2b) according to HIFla status.

Association of HIF 1a status with anesthesia related variables
in cancer patients. Analysis of HIF1o status with regard to
anesthesia related parameters, including OA-T, OLVS-T,
PaO, (baseline, OLV steady-state), and C; , did not show any
significant association either in categorical (Table II) or
linear regression analysis.

Association of HIF la status with type of surgery in cancer
patients. The type of surgery (pneumonectomy vs. lobectomy)
did not affect the expression of HIla in tumors (p=0.89; data
not shown).

p=0.02
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Figure 2. Body weight (a) and body mass index (b) according to HIF1o.
status.

Discussion

Hypoxemia may occur in 5-10% of patients undergoing OLV
(3). The fall in PaO, occurring during OLV results primarily
from the pulmonary shunt of deoxygenated blood through
the nonventilated lung and secondarily from ventilation-
perfusion mismatch in the ventilated lung (33). Various
mechanisms such as hypoxic pulmonary vasoconstriction,
gravity and surgical manipulation, cooperate in reducing
blood flow and shunting in the nondependent lung and
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Table 1. Association of HIF-1a status with anthropometric variables
in 48 cancer patients.

HIF-1a
Low High p-Value
Gender
Male 22 23 0.99
Female 1 2
Age (years)
<60 7 8 0.99
>60 16 17
Height (cm)
<170 10 13 0.57
>170 13 12
Weight (kg)
<76 15 7 0.01
>76 8 18
BMI (kg/m?2)
Underweight 3 2
Acceptable 13 6 0.01
Overweight 4 8
Obese 3 9

BMI: Body mass index.

Table 1. Association of HIF-1a status with anaesthesia variables in 48
cancer patients.

HIF-1a
Low High p-Value
OA-T
Low 12 12 0.99
High 11 13
OLVS-T
Low 12 12 0.99
High 11 13
PaO, baseline
Low 11 14 0.77
High 12 11
PaO, OLV-steady state
Low 14 10 0.24
High 9 15
CL (ml/cmH,0)
Low 12 12 0.99
High 11 13

OA-T: Overall anesthesia time; OLVS-T: one-lung ventilation specimen
time, PaO,: arterial oxygen tension; OLV: one-lung ventilation; CL:
lung compliance.

prevent the PaO, from decreasing. Despite this, deterioration
of oxygenation and occasionally hypoxemia during OLV
inducing lung damage is of major concern (1, 4-7, 34, 35). In
a model of OLV on Yorkshire pigs by Yin et al. (36), it was
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suggested that lung vascular injury occurs, which was
associated with reduced levels of nitric oxide production.
Two other studies in animal models showed edema formation
and extravascular albumin accumulation after OLV (34, 37).

HIF1la is a major transcription factor regulated by hypoxia
(10). Its role in cancer has been extensively studied and
overexpression of HIFlo is associated with increased
angiogenesis and poor postoperative outcome in patients
with non-small cell lung cancer (18-21). Although
intratumoral hypoxic conditions or oncogene activation (22-
24) may account for up-regulation the HIF1o pathway in a
large proportion of non-small cell lung carcinomas, the
surgical procedure under OLV may eventually cause
deterioration of oxygenation and occasionally hypoxemia,
both of which may affect the expression of HIF1a in benign
and malignant lung tissues. This would compromise the
reliability of a post-surgical assessment of HIF1a expression
as a tumor marker in postoperative specimens.

The examination of anthropometric and anesthesia
variables during TLV and OLV in parallel with the expression
of HIFla in postoperative tissue specimens revealed that
HIFlo was not up-regulated in pneumothorax cases. Hence,
these variables do not increase the HIFla levels in non
malignant lung tissues, at least not at a magnitude that could
be assessed by immunohistochemical methods.

Similarly, analysis of the OA-T, OLVS-T, PaO, (baseline,
OLV steady-state), and CL showed lack of any association
with the expression level of HIFla in lung cancer. In
accordance with the above findings in non neoplastic
pneumothorax lung tissues, the current data suggest that
anesthesia and OLV are unlikely to affect HIF1a expression
patterns in cancer cells, so that assessment of HIFla in
postoperative lung cancer specimens reliably reflects the
preoperative HIF1a status.

It is interesting that obesity and not PaO, was significantly
related to HIF1a expression in lung carcinomas. In fact, Prado
et al. directely linked sarcopenic obesity with poor survival in
cancer patients (38), implying a connection between obesity
and tumor aggressiveness. In colon cancer patients, obesity
seems to have an ominous prognostic relevance when tumors
overexpress p27 protein (39). Adipose stromal cells in breast
tumors stimulate migration and invasion through cytokine
production (40), which is known to affect HIF1a expression
(41). Increased blood insulin, insulin-like growth factor I,
leptin, tumor necrosis factor alpha or interleukin-6 in obese
patients may enhance tumor aggressiveness by increasing the
phosphoinositide-3-kinase (PI3K) and Akt signal pathway
(42). Akt pathway is involved in HIFlo up-regulation in
cancer cell lines (43, 44), and this may represent a cross talk
between obesity and HIF1a expression.

It is concluded that anesthesia parameters and the OLV
procedure performed during thoracic surgery for lung cancer
do not affect HIFla expression as assessed by immuno-
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histochemistry. However, the significant link between high
BMI and HIFla expression in lung carcinomas brings
forward a possible relation between obesity and hypoxia-
related molecular pathways, the pathophysiological and
clinical relevance of which demand further investigation.
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