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While changes in heme oxygenase (HO-1) in lung cancer have already been reported, conflicting results
were obtained for enzyme expression in human lung cancer specimens. Therefore, the aim of this work
was to study HO-1 expression in a large collection of human lung cancer samples. For this purpose, we
analyzed the expression of HO-1 in an organized tissue microarray (TMA) and investigated its correla-
tion with clinicopathological data. Ninety-six percent of tumor samples were positive for HO-1, and the
expression of HO-1 was significantly higher in cancerous than in non-cancerous tissues. Importantly, HO-
1 expression correlated with advanced stages and lymph node involvement. Additionally, quantitative
RT-PCR in 18 pairs of human lung carcinomas and their adjacent non-malignant tissues was performed.
Our results demonstrate that HO-1 protein is upregulated in epithelial malignant cells in NSCLC and its
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Tissue microarray expression is associated with higher stages of the disease. Additionally, different subcellular localization
Immunohistochemistry is observed between tumor and adjacent non-malignant tissues.
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1. Introduction

Heme oxygenase 1 (HO-1) catalyzes the first rate-limiting step
in the degradation of heme, rendering biologically active products
as biliverdin, ferrous iron and carbon monoxide [1]. By reducing
oxidative injury, HO-1 plays a protective role in the defense against
oxidative and inflammatory insults in cells and tissues, maintaining
cellular homeostasis [2]. In the lung, HO-1 is expressed in various
cell types including alveolar macrophages, endothelial cells, fibrob-
lasts and type Il pneumocytes [3,4]. HO-1 expression is upregulated
in several pulmonary diseases including asthma, cystic fibrosis,
acute respiratory distress syndrome and chronic obstructive pul-
monary disease [5-8].

The influence of HO-1 activity on the growth of cancer cells
is supported by a variety of studies involving cell tissue cultures
and/or animal models [9]; however a pro- or antiproliferative role
for cells in tumors seems to be highly tissue-specific. Related to its
role in lung tumor progression, HO-1 inhibition has been shown
to reduce tumor growth in a mouse model of lung cancer [10], to
inhibit proliferation in lung cancer A549 cells [11] and to enhance
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the chemosensitivity of A549 to cisplatin [12]. Moreover, it was
recently reported that lung adenocarcinoma patients had a sig-
nificantly higher frequency of a specific promoter polymorphism,
suggesting a possible association between altered HO-1 expression
and the development of lung adenocarcinoma [13].

Regarding enzyme expression in lung cancer, there are few
reports showing HO-1 expression in human lung cancer specimens.
In one of them, decreased HO-1 expression has been shown in
the macrophages of non-small cell lung cancer tissues [14] while
another study on 30 patients with a history of smoking, lung tumor
tissues showed significantly increased HO-1 levels when compared
to their respective adjacent normal tissues [15].

In order to shed light upon the role of HO-1 expression in lung
tumors we set this study with the aim to examine HO-1 expression
levels in a larger number of human lung cancer specimens obtained
from local health centers and assembled in a tissue microarray
(TMA) [16] and to correlate enzyme expression with clinicopatho-
logical features.

2. Materials and methods

2.1. Human tissue specimens and tissue microarray construction

Samples were obtained in consecutive order from 341 lung can-
cer patients who underwent surgery at local hospitals (Buenos
Aires, Argentina), between January 1st 1990 and December 31th
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Fig. 1. HO-1 specific expression in human lung cancer. (A) Western blot showing a specific band for HO-1 in A549 cells. Protein lysates from the NIH3T3 cells served as
a positive control. (B) Negative control showing lack of staining. (C and D) Representative IHC of a SCC, at 400x and 1000x magnifications. Arrow indicates cytoplasmic
HO-1 in tumor epithelial cells. (E) Representative IHC of a SCC belonging to a different patient, at 400x magnification. An asterisk shows stroma lacking HO-1 expression. (F)
Non-malignant adjacent area showing HO-1 staining in some epithelial cells. Black arrows indicate cells with nuclear HO-1.

2004. The protocol was approved by the Hospitals’ ethic com-
mittees and follows the Ethical Principles enunciated by the
Declaration of Helsinki. Data collected included age, gender,
histopathological subtype, tumor location, TNM staging (6th edi-
tion) and overall survival time. In 3 patients with unsuspected
metastatic disease and in other 3 with T4 tumors there was no
need to obtain mediastinal lymph node biopsies for the staging,
thus explaining the difference in the total number of N status reg-
istries. TMAs were constructed using the approach described by
Kononen et al. [17]. Additionally, a cohort of 18 independent tissue
samples of lung cancer patients was studied and used for antibody
validation. Also, paired tumor/adjacent fresh tissue samples were
obtained from a cohort of 18 patients and preserved in RNA Later
(Ambion Inc., Austin, TX).

2.2. Immunohistochemistry

Immunohistochemical staining was performed as previously
described [18]. Sections were incubated with primary rabbit

anti-human HO-1 antibody (StressGen Biorreagents, Canada). For
negative controls, the primary antibodies were replaced with
isotype-specific IgG.

2.3. Evaluation of staining intensity and statistical analysis

The specimens were semi-quantitated by the percentage of
stained cells and the mean percentage in 10 randomly chosen fields
of the individual IHC was determined. Each specimen was then
assigned to one of 4 groups (0=0-10% of stained cells; 1=11-24%
of stained cells; 2=25-75% of stained cells; 3=more than 75% of
stained cells). The statistical significance of HO-1 expression levels
between groups was determined by x2-test for categorical vari-
ables or Mann-Whitney test for continuous variables.

Overall survival according to HO-1 expression was constructed
using Kaplan-Meier survival curves, and the log-rank test was used
for comparison of survival curves. p-Values of less than 0.05 indi-
cated a significant result.
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2.4. RNA amplification and quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from 200mg of frozen tissue
using the SV Total RNA Isolation System (Promega). HO-
1 expression was quantified by qPCR using the following
primer set: forward 5-GAGGCCAAGACTGCGTTCC-3'; reverse 5'-
GGTGTCATGGGTCAGCAGC-3'. The amount of HO-1 quantified was
normalized with actin: forward 5'-GTGGGCCGCTCTAGGCACCA-3’;
reverse 5'-CGGTTGGCCTTAGGGTTCAGGGGGG-3'.

2.5. Cell lines

Lung adenocarcinoma A549 and NIH3T3 cells were cultured in
DMEM high-glucose medium supplemented with 10% fetal bovine
serum, penicillin, streptomycin and amphotericin B (Invitrogen).

2.6. Immunoblotting

A549 and NIH3T3 cells were cultured to 70% confluence and
homogenized in lysis buffer. Additionally, 200 mg frozen tumor and
adjacent tissues were homogenized and total protein lysates were
prepared. Immunoblotting was performed as previously described
[18]. Anti human HO-1 (Stress Gen Biorreagents, Canada) or anti-
actin (Santa Cruz Biotechnology) antibodies were used.

3. Results

3.1. Validation of antibody and HO-1 expression in human lung
cancer tissues

Immunospecificity of the antibody for HO-1 in lung tissue
was first tested by western blot of protein lysates of human
lung adenocarcinoma cells A549 (Fig. 1A). As a positive control
we used the NIH3T3 cell line which expresses high amounts
of HO-1 [19]. The antibody exclusively recognized one band in
A549 cells representing a protein with a mobility correspond-
ing to the molecular weight of HO-1 (32 kDa). Subsequently, we
analyzed tissue staining patterns by immunohistochemical evalu-
ation of sections from human lung cancer specimens. In total, 18
individual paraffin blocks were assessed for HO-1 protein expres-
sion. Material analyzed included adenocarcinoma, squamous cell
carcinoma (SSC), carcinoid, SCLC, and bronquioloalveolar carci-
noma. This analysis showed that the antibody displayed strong
cytoplasmic staining in tumor epithelial cells (see representa-
tive pictures in Fig. 1C-E) compared with no staining when the
primary antibody was substituted with a non-immune, isotype-
matched IgG (Fig. 1B). Interestingly, tumor clusters frequently
show a gradient of HO-1 expression with stronger labeling of
tumor cells at the invasion front (Fig. 1E). Sixteen specimens con-
tained adjacent non-cancerous tissues and HO-1 expression was
evaluated and compared to their matched tumors. All adjacent
non-malignant tissues showed lower percentages of HO-1-stained
epithelial cells (Fig. 1F) than their respective malignant tissues
(p=0.01, Mann-Whitney), and enzyme expression was mainly
nuclear (Fig. 1F, black arrows). Also, three specimens contained
preneoplastic lesions showing HO-1 expression degrees simi-
lar to those observed in the tumor tissues. Taken together, this
analysis showed that HO-1 could be specifically detected by
immunohistochemistry in paraffin-embedded, archived human
lung cancer tissues and by Western blot in a lung adenocarci-
noma cell line (A549). This antibody was used for further studies
of HO-1 expression, and staining of serial sections of the TMA with
isotype-matched non-immune antibodies was included as a nega-
tive control.

Table 1
Clinico-pathological features of the successfully studied population.
Clinical-pathological data N=278
Gender
Male 209
Female 69
T status (TNM)
T1 31
T2 152
T3 72
T4 23
TNM stage (6th edition)
I 105
Il 43
il 126
v 4
N status
NO 132
N1,2 140
Histological subtype
Adenocarcinoma 167
Squamous cell carcinoma 75
Large cell carcinoma 1
Undifferentiated carcinoma 18
Bronquioloalveolar carcinoma 10
Carcinoid 7

3.2. Screening of HO-1 protein expression in NSCLC tissue
microarrays

To screen widely for HO-1 expression in human lung can-
cer samples, we performed HO-1 immunostaining on tissue
microarrays. These allow for the simultaneous analysis of pro-
tein expression in hundreds of tumor tissues organized in a slide
with homogenized staining conditions. After excluding cores con-
taining less than 200 cells and tissues that were removed during
the immunostaining procedure, the successfully analyzed material
included 167 adenocarcinomas (60%), 10 bronchioloalveolar carci-
nomas (3.5%), 7 carcinoids (2.5%), 18 undifferentiated carcinomas
(6.5%), 1 large cell carcinoma (0.35%), 75 SCC (27%) and 8 non-
malignant lung tissues. The relevant clinical pathological features
of the studied subjects are summarized in Table 1.

The rate of HO-1 positive samples was 96% (n=266) and the
tumor samples examined showed variable percentages of HO-1-
positive cells (representative selected array cores are shown in
Fig. 2A-1). HO-1 was mostly localized to cytoplasm in tumor cells
(Fig.2E and F, black arrows and Fig. 2G-1, insets), and only a few cells
showed nuclear staining (Fig. 2H, inset). Non-malignant adjacent
tissues showed HO-1 staining in both epithelial and inflammatory
cells (Fig. 2 B) and the epithelial cells displayed mainly nuclear (red
arrow) HO-1, although the expression rates were much lower than
in tumor tissues.

Additionally, we studied the correlation between HO-1
immunohistochemical staining and gender, stage (TNM), T status
and N status (Table 2). For this purpose we dichotomized into low
(T1T2) and high (T3T4) T status, early (I and II) and advanced (III, IV)
stages and lymph node positive (N1,2) and negative (NO) samples.
Interestingly, HO-1 positivity increased with higher stages of the
disease (p=0.038) and with T status (p =0.020) and was associated
with lymph node metastasis (p=0.035).

3.3. HO-1 expression is not associated to patient overall survival

We next asked whether HO-1 could be considered a prognostic
factor in NSCLC, and for this purpose we analyzed if HO-1 protein
expression was associated with patient overall survival. For this
analysis and since few samples presented negative HO-1 staining
we dichotomized the patients into those presenting high HO-1
staining (>50% stained cells) and those presenting low HO-1
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Fig. 2. HO-1 expression and localization in samples of the TMA. (A) Different cores at 100x magnification. (B) HO-1 expression in non-malignant epithelial tissue and
inflammatory cells, at 1000x magnification. (C) Non-malignant tissue showing lack of HO-1 staining in epithelial cells, 1000x. (D-F) Adenocarcinoma at 200x, 400x and
1000x. Black arrows indicate cytoplasmic HO-1 and asterisk shows lack of HO-1 expression in connective tissue. (G) SCC at 200x. Inset showing cytoplasmic HO-1. (H)
Carcinoid at 200x. Inset showing mostly cytoplasmic HO-1 with a few cells presenting nuclear HO-1 staining. (I) SCC at 400x. Inset showing cytoplasmic HO-1. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)

staining (<50%). The high expression group had a mean survival
time of 1825 days with a median of 1081 days against a mean and
median survival of 1235 and 705 days, respectively, for the low
expression group. However, no significant differences in patient
survival were observed between the two groups (p =0.72; Fig. 3A).
Additional further analysis with patients classified according to the
semiquantification of the expression levels of HO-1 gave similar
results (p=0.42; Fig. 3 B).

Table 2

3.4. HO-1 mRNA and protein expression in frozen tissues

In order to take a step further in our study of HO-1 expres-
sion in tumors and to compare HO-1 mRNA levels in tumors and
non-malignant lung tissues, we isolated RNA from 18 frozen tumor
tissues and their adjacent non-malignant tissues and performed
real time quantitative PCR for detection of HO-1 mRNA. Fig. 4B and
C shows that there is a great variation in HO-1 mRNA levels among

HO-1 protein expression was analyzed by immunohistochemical staining of TMA and its correlation with clinical and pathological data was performed. Staining was evaluated
as described in Section 2 and samples were classified as: 0=0-10% stained cells; 1=11-24% of stained cells; 2 =25-75% of stained cells and 3 = more than 75% of stained cells.

.

Clinico pathological parameters 0 1 2 3 P
n (%) n (%) n (%) n (%)
Gender
Male 6(2.9) 83(39.7) 86(41.1) 34(16.3) 0,087
Female 6(8.7) 20(29.0) 28(40.6 15(21.7) :
T status (TNM)
TIT2 10(5.4) 71(38.8) 64(35.0) 38(20.8)
T3T4 2(2.1) 32(33.7) 50(52.6) 11(11.6) 0.020
TNM stage
Inll 8(5.4) 61(41.2) 49(33.1) 30(20.3) 0.038
u v 4(3.1) 42(32.3) 65(50.0 19(14.6) :
Lymph node metastasis
NO 6(4.5) 57(43.2) 42(31.8) 27(20.5) 0.035
N1,2 5(3.6) 45(32.1) 69(49.3 21(15.0) :

" p-Values of x? test are shown.
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Fig. 3. Kaplan-Meier plot of survival times in NSCLC patients classified by HO-1 expression. (A) Patients were dichotomized into HO-1-low expressing and -high expressing
tumor specimens. (B) Patients were classified according to the semiquantification of HO-1.

different patients. Mean value for HO-1 mRNA in tumors was lower
than the mean value for HO-1 mRNA in non-malignant adjacent
tissues (p =0.029, Fig. 4C). We also prepared protein lysates from 7
frozen representative samples of tumor tissues and their adjacent
non-malignant tissues and analyzed HO-1 expression by western-
blot, obtaining similar results to those obtained for mRNA levels
(Fig. 4D). The lower panel in Fig. 4D shows the ratio (normal to
malignant tissue) for values obtained in protein and mRNA analy-
ses.

4. Discussion

In this report we describe HO-1 expression and localization in
human lung cancer by means of immunohistochemical staining
and by RT-qPCR of lung tissues. To our knowledge this is the first
report of HO-1 expression in a wide panel of lung cancer specimens
(278). There is a study performed in 53 samples of NSCLC patients
showing that HO-1 decreases in the macrophages of tumor tissue
compared to the macrophages of adjacent tissues [14]. Another
study performed with 30 samples showed upregulation of HO-1
in tumor epithelial cells when compared with their normal tissues
[15]. However, a recent report analyzing HO-1 mRNA expression
in 28 NSCLC specimens detected lower levels of HO-1 in tumors
[20]. Due to these discrepancies it was necessary to study HO-1
expression in a higher number of samples and therefore we ana-
lyzed protein expression in 278 NSCLC samples in a TMA. Our study
shows there is a great variation in the expression levels of HO-1
among the different tumor samples and demonstrates there are
significant differences in HO-1 protein expression between tumor
and non-malignant samples. These results are in accordance with
those obtained for other tissues, in which upregulation of HO-1 in
tumors was observed when compared with normal tissues [9,21].
For example, in prostate cancer [22,23], brain tumors [24], chronic

myeloid leukemia [25], melanoma [26], pancreatic cancer [27],
renal carcinoma [28] and head and neck squamous cell carcinoma
[29,30] HO-1 has been shown to be overexpressed. Our results do
support those of De Palma et al. [20] showing down regulation of
HO-1 in NSCLC tumors at the mRNA level. However, it is possi-
ble that HO-1 mRNA detected by qPCR and HO-1 protein detected
by WB in non-malignant adjacent tissues is in part provided by
inflammatory cells, since almost all non-malignant adjacent tis-
sues evidenced strong presence of inflammatory HO-1-expressing
cells in the alveoli, as observed by microscopic evaluation of stained
slides (Fig. 2B). On the other hand, when tumor tissues are ana-
lyzed, few HO-1-expressing inflammatory cells are observed. This
is in accordance with Boschetto et al. [14] where they found high
levels of HO-1-expressing macrophages in the non-malignant mar-
gins and low levels in tumor tissues. The authors also described that
the main HO-1-expressing cell in the alveoli were macrophages.
Therefore, we show that tumor epithelial cells express HO-1 at
higher levels than non-malignant lung epithelial cells, as observed
by microscopic analysis of HO-1 immunostaining in lung tumors
and their adjacent non-malignant tissues, and suggest that care
has to be taken when interpreting the results when analyzing
mRNA or proteins extracted from tissue homogenates, especially
molecules that are expressed by various cell types within a tissue.
This might explain the discrepancies found in the literature regard-
ing differences in HO-1 expression between tumor and adjacent
non-malignant tissues.

Interestingly, the frequently observed gradient of HO-1 expres-
sion increasing at the invasion front of the tumor clusters could
indicate a role of this protein in tumor invasion. Also important
could be the finding of differential HO-1 sub-cellular localization
between tumor and non-malignant tissues, since non-malignant
adjacent tissues presented nuclear localization of HO-1 whereas
tumor tissues presented mostly cytoplasmic staining. This unusual
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nuclear localization of HO-1 was first observed in murine fibro-
blast where HO-1 translocated to the nucleus leading to activation
of oxidant-responsive transcription factors [31]. The authors pos-
tulated that the nuclear form of HO-1 may upregulate genes that
promote cytoprotection against oxidative stress. Additionally, the
nuclear localization of HO-1 was demonstrated in prostate cancer
where it was associated to tumor progression [32]. As opposed to
our results, they observed a higher degree of nuclear HO-1 in the
tumor epithelia than in the non-malignant adjacent areas. On the
other hand, Li et al. [15] observed nuclear HO-1 localization in both
lung tumor epithelia and non-malignant tissues. This subcellular
localization was also described in rat fetal lung cells exposed to
hyperoxia [33] and in a rat hepatoma cell line [31]. It is known
that lung tissues are exposed to oxidant stress and therefore they
need good ROS scavenging systems, including HO-1. However, HO-
1 also plays a role as a tumor-promoter molecule [21] and thus it
may have both pro and antagonistic effects on lung tumor progres-
sion. Indeed, the role of HO-1 in carcinogenesis has not yet been
well elucidated [9,21] and there are conflictive reports regarding
HO-1 role in tumor progression. In this sense, the study of HO-1
prognostic significance in human tumors is relevant, and again, the
reports show contradictory results. For example, in bladder cancer,
HO-1 was significantly associated to recurrence and progression
[34] whereas in tongue squamous cell carcinoma low expression
correlated with lymph node metastasis [35], and in colorectal can-
cer expression of HO-1 was associated with a longer survival time
[36]. In this regard, we found that HO-1 was positively correlated
with tumor stage and lymph node metastasis, showing that it is
associated with the progression of NSCLC.

A decrease in antioxidant systems, particularly the heme
oxygenase-1 has been described in macrophages in severe COPD
[37] which is often present in lung cancer patients. It would be
interesting to know if the presence of COPD influences the HO-1
levels in non-malignant areas adjacent to the tumors. Additionally,
we observed that preneoplastic tissues showed similar levels of
HO-1 than tumor epithelia, supporting the results obtained in oral
epithelial dysplasias [38].

In conclusion, we provide evidence that HO-1 is upregulated
during lung carcinogenesis and that it is mostly localized in cyto-
plasm in tumor cells whereas in adjacent non-cancerous tissue it is
mainly localized in the nucleus. Importantly, we demonstrate that
HO-1 expression correlates with higher stages of the disease and
with lymph node metastasis in NSCLC.
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