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Abstract

Among the most common features of highly invasive tumors, such as lung adenocarcinomas (AD) and squamous cell
carcinomas (SqCC), is the massive degradation of the extracellular matrix. The remarkable qualitative and quantitative
modifications of hyaluronidases (HAases), hyaluronan synthases (HAS), E-cadherin adhesion molecules, and the transforming
growth factor 3 (TGF-f) may favor invasion, cellular motility, and proliferation. We examined HAase proteins (Hyal), HAS, E-
cadherin, and TGF-§ profiles in lung AD subtypes and SqCC obtained from smokers and non-smokers. Fifty-six patients,
median age 64 years, who underwent lobectomy for AD (N = 31) and SqCC (N = 25) were included in the study. HAS-1, -2
and -3, and Hyal-1 and -3 were significantly more expressed by tumor cells than normal and stroma cells (P < 0.01). When
stratified according to histologic types, HAS-3 and Hyal-1 immunoreactivity was significantly increased in tumor cells of AD (P
= 0.01) and stroma of SqCC (P = 0.002), respectively. Tobacco history in patients with AD was significantly associated with
increased HAS-3 immunoreactivity in tumor cells (P < 0.01). Stroma cells of SqQCC from non-smokers presented a significant
association with HAS-3 (P < 0.01). Hyal, HAS, E-cadherin, and TGF-§ modulate a different tumor-induced invasive pathway in
lung AD subgroups and SqCC. HAases in resected AD and SqCC were strongly related to the prognosis. Therefore, our
findings suggest that strategies aimed at preventing high HAS-3 and Hyal-1 synthesis, or local responses to low TGF- and E-
cadherin, may have a greater impact in lung cancer prognosis.
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Introduction

Adenocarcinomas (AD) and squamous cell carcino-
mas (SqCC) are the two most common histological
carcinoma subtypes in most countries, accounting for
~90% of all lung cancers (1). SqQCC are typically more
frequent than AD (1). However, AD appear to occur more
frequently in non-smokers. Considering that AD is a
heterogeneous group of tumors with a highly variable
prognosis, a new classification of lung AD based on the
new International Association for the Study of Lung
Cancer/American Thoracic Society/European Respira-
tory Society was proposed. This new classification
provides advantages for personalized patient therapy,

better patient selection, and stratification for clinical trials
and molecular studies.

AD histology is a strong predictor of the response to
pemetrexed therapy in advanced stage patients (2),
whereas SqCC is important because of potential life-
threatening hemorrhage in patients with SqQCC who
receive bevacizumab therapy (3). Despite advances in
smoking cessation programs and personalized therapy
in the last few years, the death rate by lung cancer
has remained almost unchanged, and the main cause
of death is invasion and metastasis (4). Thus, there is
great interest in ways to identify which histological
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subtypes of tumors in smokers and non-smokers are
likely to invade, metastasize, and shorten the patient’s
life, to optimize therapeutic efforts for each individual
patient (5).

Since lung cancer is the phenotypic consequence of
the interactions between epithelial and mesenchymal
factors (such as extracellular matrix, ECM) for growth,
invasion, and metastasis, ongoing studies are currently
validating other biomarkers. In this context, remarkable
qualitative and quantitative modifications of the epithe-
lium-mesenchymal components, such as hyaluronan
(HA), E-cadherin adhesion molecules, and the transform-
ing growth factor B (TGF-B) may favor invasion, cellular
motility, and proliferation. HA, a large unsulfated glycos-
aminoglycan, is expressed by many cell types and
contributes to cellular functions. The biosynthesis and
turnover of HA is abnormal in many types of diseases
and inflammatory processes. Elevated levels of HA in
serum and tissues are an important marker for a variety of
pathological conditions (6). Migration of tumor cells in a
cellular matrix rich in HA occurs after the matrix is
degraded into fragments of 2-25 disaccharides and is
mediated by specific cell surface receptors, CD44, and
receptor for HA-mediated motility (7). Hyaluronan
synthase (HAS) consists of a group of isozymes
responsible for the synthesis of HA with different chains.
There are 3 types of HAS termed HAS-1, HAS-2, and
HAS-3 (8). HAS mRNA levels often correspond to the rate
of HA synthesis, and are known to influence the content of
HA in transplanted tumors (9). Therefore, upregulation of
HAS expression is a likely contributor to HA accumulation
in tissues, and promotes tumor growth (10) and metas-
tasis in experimental animals, especially when coex-
pressed with Hyal (11). Different types of hyaluronidases
(HAases), Hyal-1, Hyal-2, and Hyal-3, can degrade the
long chains of alternating units of N-acetylglucosamine
and glucuronic acid into different sizes. For example,
Hyal-1 is responsible for degrading HA into small
fragments of 20-25 disaccharides needed to activate the
MAP-kinase pathway (12). The major transcript of Hyal-3
is enzymatically inactive and appears to have only a
supportive role in Hyal-1 expression (13). Increased
HAase expression has also been reported in colon (14)
and prostate cancer (15), as well as in breast tumor
metastases (16). Notably, the growth of murine lung
carcinoma and melanoma cells is influenced by Hyal-1
(17). In lung fibroblasts, HA synthesis and degradation
appear to be controlled by TGF-f1 (18). TGF-B has
profound growth-suppressive effects on normal epithelial
cells, but supports metastasis formation in many tumor
types. As opposed to the function of HAases, TGF-B is a
potent stimulator of ECM protein (19). The key molecule
that maintains epithelial cell-cell adhesion and integrity is
E-cadherin. E-cadherin, the prototype member of the
classical cadherin family, is a Ca?*-dependent transmem-
brane receptor that mediates cell-cell adhesion at the
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adherent junctions via hemophilic binding (20). In most, if
not all, cancers of epithelial origin, E-cadherin-mediated
cell-cell adhesion is lost concomitantly with progression
toward tumor malignancy (21).

In light of these previous data suggesting different
clinical behaviors among AD subtypes, as well as an
interaction between epithelial and mesenchymal factors,
the objectives of the present study were to evaluate 1)
whether Hyal and HAS are over-deposited in epithelial
and mesenchymal cells of AD and SqCC; 2) the relation-
ship among Hyal, HAS, E-cadherin, and TGF-B; 3)
whether these biomarkers are associated with the new
classification of AD, and 4) to verify the impacts of
smoking history and tumor staging of the patients. It was
hypothesized that in AD and SqCC, tumors with different
behaviors, Hyal, HAS, E-cadherin, and TGF-$ should
modulate different tumor-induced invasive pathways with
impact on survival. It was found that SqQCC expressed
Hyal-3 by mesenchymal cells, whereas acinar predomi-
nant AD strongly expressed HAS-3 by epithelial cells.
Both histological types and smoking history were asso-
ciated with tumor epithelial expression of HAS-1 and
HAS-3, whereas E-cadherin was more frequent in the
samples without lymph node metastasis. An inverse
relationship between epithelial and mesenchymal biomar-
ker expression provided a different spectrum of aggres-
siveness. While an overexpression of HAS-1 and HAS-3
provides aggressiveness to SqCC and AD, an over-
expression of TGF-B and E-cadherin plays a protective
role for the ECM, by helping it to avoid invasion by tumor
cells in both histological types.

Material and Methods

This research was approved by the Institutional Ethics
and Scientific Committee of Coimbra University Hospitals.

Patients

Lung specimens from 56 patients with non-small cell
lung cancer were selected from a tumor bank of the
Coimbra University Hospital and 12 specimens of normal
lung tissue were obtained from the same bank.

All specimens were classified at clinical stage
T1.3NgoMg and were considered to involve tumors
potentially curable by surgical resection. After surgical
resection, all patients were followed for at least 2 years.
Clinical staging was determined by routine chest X-ray,
bronchoscopy, computed tomography of the thorax and
upper abdomen, abdominal ultrasound, and bone scans.
Mediastinoscopy and lymph node biopsy were additionally
performed on patients whose lymph nodes had a short-
axis diameter of >1 cm. Other details about these
patients are summarized in Table 1.

The tumor tissues used in this study were examined
and verified for histological diagnosis by 2 investigators
(LC and VKS) who classified the tumors as SqCC, AD, or
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Table 1. Patient characteristics.

Characteristics N = 56 patients
Age (years) 64 (43-84)
Gender 35 males,
21 females

Overall stage

| 36

Il 16

I 2

v 2
T stage

1 17

2 34

3 5
N stage

0 41

1 12

2 2
Smoking (pack-years) 37 (0-100)
Treatment

Surgery 56

Surgery + chemotherapy 7

Surgery + radiotherapy 0

Surgery + chemotherapy + radiotherapy 4
Histological type

Squamous cell carcinoma 25

Adenocarcinoma 31

Acinar 13

Papillary 12

Lepidic 6
Follow-up (months) 16 (3-30)
Patients censored for survival analysis at 2

last follow-up time

Data are reported as number of patients or median (range).

large cell carcinoma types according to the new guide-
lines for classification of non-small cell carcinomas
proposed by Travis et al. (22). Sub-analysis of 56
heterogeneous samples consisting of different histological
types and stages and requiring different treatments was
also performed.

Immunohistochemical evaluation

Hyal-1 and -3 and HAS-1, -2 and -3 immunostainings
were performed as described below. Briefly, antigen
retrieval was performed for Hyal-1 and -3, HAS-1, -3,
E-cadherin and TGF-f staining by boiling for 3 to 5 min in
a citrate buffer. Sections were then treated for 5 min with
1% H,O, to block endogenous peroxidase activity and
incubated with 1% bovine serum albumin in PBS for
30 min to block nonspecific binding. The sections were
incubated overnight at 4°C with polyclonal antibodies
for Hyal-1 (200 ug/mL, sc-101340, Santa Cruz
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Biotechnology, Inc., USA), Hyal-3 (200 ug/mL,
sc-49211, Santa Cruz), HAS-1 (2 ug/mL, sc-34021,
Santa Cruz), HAS-2 (2 pug/mL, sc-34067, Santa Cruz) or
HAS-3 (2 pg/mL, sc-34204, Santa Cruz), E-cadherin
(200 pg/mL, sc-21791, Santa Cruz), and TGF-B
(200 ug/mL, sc-9048), diluted in 1% bovine serum
albumin. Sections were incubated for 1 h with biotinylated
antigoat antibody (1:100, Vector Laboratories, USA). The
bound antibodies were visualized with the avidin biotin
peroxidase method (1:200, Vectastain Kit, Vector
Laboratories), yielding a brown reaction product. The
sections were counterstained with Mayer’s hematoxylin.
Brownish cytoplasmic staining was considered to be
evidence of antigen expression.

Histomorphometry

After the immunohistochemical reaction, the markers
were quantified using the Automated Cellular Imaging
System (ACIS; DAKO, USA) Il instrument. Briefly, ACIS
Il consists of an automated digital microscope and a
computer with a 26-image capture and image processing
system. Each immunohistochemically stained slide was
scanned and the images were reviewed on the computer
screen. The ACIS Il is able to detect, count and classify
cell types based on levels of hue, saturation and bright-
ness. The signal is then converted to number density
measurement. The computer program “membranes and
cytoplasm”, part of the system, was used to analyze the
expression of proteins. This program measures the
staining intensity of the cytoplasm and cell membrane
adjusting the threshold to the software cells showing
immunoreactivity and cells without immunoreactivity. The
results are reported in continuous variables ranging from
0 to 256. The areas to be analyzed on each slide were
selected manually using the selection tools of the ACIS IlI.
For statistical analyses, we used the average of two
regions (stroma and tumor) of each case (23).

Statistical analysis

Data are reported as means + SE with 95%
confidence intervals. Statistical analysis was performed
by analysis of variance (ANOVA), followed by appropriate
post hoc tests such as the Bonferroni test, by ANOVA
for multiple comparisons, and by the Student t-test for
comparison of 2 variables between groups. The Pearson
test was used to determine the association between the
different biomarkers and the clinical database of the
patients. Initial analyses were done using Kaplan-Meier
curves, and final multivariate analyses were done using
the Cox proportional hazard model. In addition, the chi-
square test (%) and the Fisher test were used to test the
relationship between a categorical variable and several
others, and the residuals were examined to ensure that
they were normally distributed. The statistical program
used was SPSS 18.0 (SPSS Inc., USA). A P value <0.05
was considered to be significant.
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Results

The patient series consisted of 21 females and
35 males; median age was 64 years (range: 43 to
84 years). All patients were submitted to surgical
treatment followed by chemotherapy in 7 and chemother-
apy combined with radiotherapy in 4. The pathological T
status (pT) was available for all cases, with 17 pT1
(30.3%), 34 (60.7%) pT2 and 5 pT3 (8.9%) tumors. The
analysis of lymph nodes, available for 56 patients who had
undergone mediastinal lymph node dissection (pN),
revealed 41 pNO (73.2%), 12 pN1 (21.4%), and 2 pN2
(3.5%) cases. By microscopic examination, 25 of 56
cases with histological confirmation were classified as
SqCC (44.6%) and 31 cases as AD (55.4%). AD
subtyping included 6 in situ, 13 acinar, 10 papillary, and
2 solid tumors. The clinicopathological characteristics of
all patients are summarized in Table 1.

Acinar, papillary, and solid SqQCC and AD in situ were
respectively stained with H&E (Figure 1A-D) and by
immunohistochemistry for Hyal-1 (Figure 2A-C), Hyal-3
(Figure 2D), HAS-1 (Figure 3A), HAS-2 (Figure 3B) and
HAS-3 (Figure 3C). SqCC was characterized by keratini-
zation, pearl formation, intercellular bridges (Figure 1A)
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and a membranous staining with antibody to Hyal-1
(Figure 2A). AD in situ exhibited growth restricted to
neoplastic cells along pre-existing alveolar structures
(lepidic growth), lacking stroma, vascular, or pleural
invasion (Figure 1B), and presented a weak expression
of the immunomarkers. Acinar predominant AD revealed
a major component of round to oval-shaped glands with a
central luminal space surrounded by tumor cells (Figure
1C) in a myofibroblastic stroma. Papillary predominant AD
showed a major component consisting of a growth of
glandular cells along central fibrovascular cores (Figure
1D). Both acinar and papillary AD also showed a
membranous-staining pattern with antibody Hyal-1
(Figure 2B and C) and HAS-1 and -2 (Figure 3A and B).
Solid predominant AD exhibited a major component of
polygonal tumor cells forming sheets, which lack the
recognizable patterns of AD, with mucin detected by
histochemistry. Tumor cells from solid AD showed strong
Hyal-3 (Figure 2D) and HAS-2 (Figure 3C) immunoreac-
tivity with a cytoplasm-staining pattern. Myofibroblastic
cells from stroma of acinar, papillary and solid AD
exhibited HAS-2 immunoreactivity with a cytoplasm-
staining pattern (Figure 3D). The following positive
associations were found between the biomarkers studied:

Figure 1. A, Squamous cell lung carcinoma; differentiation is evident based on the keratin pearls and prominent keratinization (asterisks).
Cytologic atypia with hyperchromatic nuclei indicates cytologic malignancy. B, Adenocarcinoma in situ, cuboidal to columnar cells grow
along the alveolar walls in a lepidic fashion (arrows). C, Acinar predominant adenocarcinoma forms irregularly shaped glands with
cytologically malignant cells exhibiting hyperchromatic nuclei in a fibroblastic stroma (asterisk). D, Papillary predominant
adenocarcinoma. Tumor cells show a complex papillary glandular proliferation (arrows) along fibrovascular cores (asterisk).
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Figure 2. Many tumor cells from squamous cell carcinoma show membranous-staining with antibody to Hyal-1 (A; arrows). A similar
membranous staining pattern with antibody Hyal-1 is shown by tumor cells from acinar (B) and papillary (C) adenocarcinomas (arrows).
D, Tumor cells from a solid adenocarcinoma show strong Hyal-3 immunoreactivity with a cytoplasm-staining pattern (asterisks).

Figure 3. Acinar adenocarcinoma (A), papillary adenocarcinoma (B), and solid adenocarcinoma (C). A,B, Many tumor cells show
membranous staining with antibody to HAS-1, -2. C, HAS-3 immunoreactivity with a cytoplasm-staining pattern (arrows). D, Positive
immunohistochemical staining for Hyal-1 in stroma cells of squamous cell carcinoma (asterisks).
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Figure 4. Hyaluronan synthase (HAS)-1, -2, -3 and HYAL-1, -3 in normal, stroma and tumor cells (A,B), E-cadherin and TGF-f in
stroma and tumor cells (C), HAS-1, -2, -3 in an adenocarcinoma (D) and a squamous cell carcinoma (E) from non-smoking and
smoking patients. Data are reported as means + SE. A,B: *P < 0.01 compared to normal and stroma cells; C: *P < 0.01 compared to
stroma cells; D: *P < 0.01 compared to stroma cells; E: *P < 0.01 compared to stroma cells from non-smoking patients (one-way
ANOVA). F, Regression plots of survival probability versus follow-up time in months for patients with lung cancer show that the patients
with expression of HAS-2 >14.6% by the tumors have a significantly lower risk of death than the group with HAS-2 expression <14.6%.

TGF-B in tumor cells and HAS-2 in stroma cells (R =
0.40, P = 0.03), Hyal-3 and HAS-1 in stroma cells (R =
0.58, P = 0.02), Hyal-3 in tumor cells and HAS-1 in stroma
cells (R = 0.44, P = 0.01), and Hyal-3 and HAS-1 in tumor
cells (R = 0.35, P = 0.01). A negative association was
found between TGF-$ and HAS-3 (R = -0.54, P = 0.004),
and TGF-B and Hyal-1 (R = -0.40, P = 0.03).

Figure 4 is a graphic illustration of the morphometric
results of immunostaining in normal, stroma and tumor
cells (Panels A, B, C) stratified by tobacco history in AD
(Panel D) and SqCC (Panel E). Clearly, HAS-1, -2 and -3
(A), and Hyal-1 and -3 (B) were significantly more
expressed by tumor cells than normal and stroma cells
(P < 0.01). As shown in Figure 4C, the E-cadherin and
TGF-B immunostaining indexes were significantly
increased in tumor cells compared to stroma cells (P <
0.01). When stratified according to histological types,

HAS-3 and Hyal-1 immunoreactivity was significantly
increased in tumor cells of AD (P = 0.01) and stroma
of SqCC (P = 0.002), respectively. Tobacco history
of patients with AD was significantly associated
with increased HAS-3 immunoreactivity in tumor cells
(P < 0.01) (Figure 4D). Stroma cells of SQCC from non-
smoking patients presented a significant association with
HAS-3 (P < 0.01) (Figure 4E).

Survival analysis

Several combinations of clinical and morphological
variables were analyzed in order to generate a mathe-
matical model relevant to impact on patient survival. The
results of the best combination, determined by Cox model
analysis, are presented in Table 2. Only four variables,
age, female, HAS-2 and HAS-3 levels, were significantly
associated with survival time. For example, we found that

Table 2. Survival model by Cox regression analysis for relative risk of death controlled for age and tumor stage and histological

subtypes (log-likelihood = 99.96; P = 0.01).

B coefficient SE Wald P Risk (B) 95%Cl for exp(B)

Female -2.18 1.15 3.59 0.05 0.1 0.01-1.07
Age <69 years -3.62 1.29 7.79 0.005 0.02 0.002-0.34
Solid AD 4.39 0.35

In situ AD -11.98 187.53 0.00 0.94 0.00 0.00-2.66
Acinar AD -0.50 1.20 0.17 0.67 0.60 0.05-6.37
Papillary AD 1.52 1.30 1.37 0.24 4.59 0.35-58.94
SqCC 0.34 1.24 0.07 0.78 1.41 0.12-16.20
Stage Il 3.11 0.21

Stage | -1.70 0.96 3.11 0.07 0.18 0.02-1.20
Stage | -15.12 269.63 0.00 0.95 0.00 0.00-8.73
HYAL-1 0.74 0.68

HYAL-1 <31.9% -0.21 0.94 0.05 0.82 0.80 0.12-5.17
HYAL-1 >31.9% -0.63 0.73 0.74 0.38 0.52 0.12-2.25
HYAL-3 2.65 0.26

HYAL-3 <70.8% 1.57 1.00 2.43 0.11 4.82 0.66-34.79
HYAL-3 >70.8% 1.61 1.09 2.20 0.13 5.04 0.59-42.75
HAS-1 0.60 0.74

HAS-1 <22.8% 0.33 0.92 0.12 0.72 1.39 0.22-8.54
HAS-1 >22.8% -0.44 0.92 0.22 0.63 0.64 0.10-3.92
HAS-2 4.30 0.11

HAS-2 <14.6% 2.16 1.05 4.21 0.04 8.69 1.10-68.57
HAS-2 >14.6% 1.01 0.85 1.40 0.23 2.76 0.51-14.85
HAS-3 5.70 0.05

HAS-3 <7.4% -0.80 1.07 0.56 0.45 0.44 0.05-3.65
HAS-3 >7.4% 1.91 0.87 4.81 0.02 6.80 1.22-37.70

AD = adenocarcinoma; SqCC = squamous cell carcinoma; Wald = method for regression analysis.
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stage increase was not related to survival time decrease
in the absence of HAS-2 and HAS-3 (P = 0.001);
however, when HAS-2 and HAS-3 were present as a
covariate, the relationship of stage with survival was
marginally stronger (P = 0.07). Multivariate analyses
showed a low risk of death associated with female
patients (R = 0.11), aged <69 years (R = 0.02) and
stages | and Il (R = 0.18 and 0.00, respectively), and a
high risk of death associated with HAS-2 <14.6% (R =
8.69) and HAS-3 >7.4%. Individually, histological types,
Hyal-1, -3 and HAS-1 were not significant predictors of
risk of death, but their presence was important to refine or
improve the predictive model. Once they were removed
from the model, the other variables lost the significance.
Regression plots of survival probability versus follow-up
time in months for patients with lung cancer showed that
the group with HAS-2 expression >14.6% had better
survival than the group with HAS-2 <14.6% (Figure 4F).

Discussion

In the present study, it was hypothesized that in AD
subtypes and SqCC, tumors with different behavior, Hyal,
HAS, E-cadherin, and TGF- should modulate different
tumor-induced invasive pathways with impact on prog-
nosis. Generally, while an overexpression of HAS-1 and
HAS-3 confers aggressiveness to SqCC and AD, an
overexpression of TGF-B and E-cadherin conferred a
protective role to the ECM by helping it to avoid invasion
by tumor cells in both histological types.

Specifically, it was found that HAS-1, -2, -3, and
Hyal-1, -3 were significantly overexpressed by tumor cells
compared to stroma cells. In fact, the heterogeneity of
hyaluronidase expression has been identified in tumors
and shows promise as an indicator of disease progres-
sion. In a previous study, our group demonstrated that the
expression profile of alternatively spliced mRNA forms of
Hyal was associated with histology and outcome (24).

We also detected overexpression of HAS-3 and
Hyal-1 by AD tumor cells and the stroma of SqCC
compared to other biomarkers in the different histological
groups. Thus, we documented here for the first time a
pathway whereby HAS-3 and Hyal-1 overexpression by
neoplastic epithelial and mesenchymal cells, respectively,
may favor different invasion pathways in AD and SqCC,
respectively. HAS-3 is the most active HAS, responsible
for the synthesis of low molecular weight HA (2 x
10° Da), which contributes to autonomically pericellular
matrix formation. In addition, HAS-3 interacts with HA
receptors, activating cellular signaling cascades, and
leading to changes in tumor behavior. HAS-3 is known
to contribute to the malignant phenotype in many
malignancies (25). Tumor metastasis is a complex series
of events in which cells migrate beyond tissue compart-
ments and spread to distant organ sites. Hyaluronan has
an important role in regulating tumor growth and
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metastasis through its cell surface CD44 receptor.
Hyaluronan-CD44 binding mediates cellular adhesion to
the ECM, which is a prerequisite for tumor cell migration
(26). Tumor cell invasion involves the active movement
of cells across the ECM (27). Both adhesion and loss of
adhesion to ECM, a critical initial step in the metastatic
process, has been found to be hyaluronan-dependent in
several tumors (27). Interestingly, we found that pre-
dominant acinar and papillary AD was negatively asso-
ciated with HAS-1 expression in stroma cells, whereas a
positive relationship was found between papillary AD
and HAS-3 and Hyal-1 expression in tumor cells. These
findings suggest that an overexpression of HAS-1 and -3
by tumor cells confers aggressiveness to acinar and
papillary AD. Nevertheless, a negative expression of
HAS-1 by stroma cells confers a protective role to the
ECM by helping it to avoid invasion by tumor cells in both
histological subtypes. Our findings are supported by
the recent validation of the new classification of lung
AD proposed by IASLC/ATS/ERS in a North American
series (28) and in a series of Australian patients (29).
According to both series, the new subtypes of AD in situ,
minimally invasive AD and lepidic-predominant AD,
had 5-year survival rates approaching 100%. In contrast,
micropapillary-predominant and solid with mucin-
predominant AD were associated with particularly
poor survival, and papillary-predominant and acinar-
predominant AD had an intermediate prognosis. As
previously mentioned by Golshani et al. (11), upregulation
of HAS expression is a likely contributor to HA accumula-
tion in tissues, thus promoting tumor growth and
metastasis in experimental carcinogenesis. Our findings
indicate that tumor HAS-3 and Hyal-1 overexpression in
human AD subtypes and SqCC constitute an important
driving force for invasion of tumor cells. Thus, HAS-3 and
Hyal-1 expression may form the basis for an important
tumor-induced invasive pathway.

As expected, E-cadherin index was significantly over-
expressed by tumor cells compared to stroma cells,
whereas TGF-B occurred at a higher extent in both tumor
and stroma cells. These findings are supported by
previous reports showing that E-cadherin adhesion
molecules and TGF-B favor invasion, cellular moaotility,
and proliferation (18,21). More interesting was the clear
positive or negative relationship between growth factors in
tumor cells (TGF-B) and ECM regulators (HAS-1, -2, -3,
Hyal-1, and E-cadherin). One explanation for these
findings may be based on the fact that HAS-2 has the
capacity to activate latent TGF-p, suggesting an autocrine
and a paracrine pathway in which collagen deposition and
further invasion may be enhanced (30). Another explana-
tion is that the activation of latent TFG-f also provides an
additional pathway for tumor-induced immune suppres-
sion (31). In addition, recent studies by Sun et al. (32)
demonstrated that HA fragments have the capacity to
upregulate  TFG-f by a CD44-dependent pathway.
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Concerning E-cadherin, some studies have reported that
TGF-B affects the cell adhesion complex mediated by
E-cadherin-catenin in tumor cells. However, a study using
a culture of pancreatic cells to evaluate the induction of
the E-cadherin-catenin complex by the addition of TGF-j
to the culture medium demonstrated that the treatment of
pancreatic tumor cells with TGF-f resulted in reduced cell
adhesion due to dissociation of E-cadherin-catenin from
the cytoskeleton (33). Sayo et al. (34) demonstrated that
TGF-B can also regulate the expression of HAS by
suppressing HAS-3 in cultured human keratinocytes.
These results are supported by our findings of HAS-3
and Hyal-1 overexpression in the absence of TGF-f, thus
suggesting that a decrease in TGF-B expression could
also contribute to a more invasive phenotype because
HAS-3 and Hyal-1 are upregulated in this situation. As
previously mentioned, HAS-3 synthesizes the low mole-
cular weight HA, and interestingly, Hyal-1 is the enzyme
responsible for its degradation.

Another interesting relationship we found, i.e., co-
expression of ECM regulators (HAS-1 and Hyal-1 and -3)
by both tumor and stroma cells, may be evidence linking
known factors of adverse outcome to the biomarker. In
fact, the simultaneous expression of these two enzymes
could confer a better prognosis, because of the ability of
HAS-1 to synthesize a long chain of HA, while Hyal-3
cleaves it into larger fragments, helping to preserve the
ECM structure. Concerning the Hyal-3 immunoreactivity
found in mesenchymal cells of SqQCC, there are no studies
evaluating the expression of this enzyme in lung tumors.
However, Lokeshwar et al. (35) showed that this protein
was expressed in high-grade tumors and metastatic
lymph nodes. The expression of this protein in the tumor
mesenchymal cells may contribute to the degradation of
HA, favoring cell growth and migration, and consequently
tumor invasion.

Our findings also have an impact on some clinical-
pathologic factors. Multivariate analyses revealed a low
risk of death associated with female patients aged
<69 years, | and Il stages, and a high risk of death
associated with HAS-2 <14.6% and HAS-3 >7.4%. In
addition, a smoking history showed a positive association
with  ECM regulators by tumor cells (HAS-1 and
E-cadherin, respectively). These findings agree with those
obtained by Casalino-Matsuda et al. (36), who reported
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