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Roles of Ki-67, p53, transforming growth factor-β and lysyl
oxidase in the metastasis of lung cancer
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ABSTRACT

Background and objective: Most lung cancer (LC)
patients have metastatic disease at time of diagnosis,
which influence the treatment regimen and is the most
important prognostic factor. The main purpose of our
study was to evaluate the relationship between cell
proliferation (Ki-67 label index), p53, transforming
growth factor-β (TGF-β) and lysyl oxidase (LOX), and
the metastatic stages of different lung cancers. The sec-
ondary aim was to correlate these parameters with the
standardized uptake value (SUVmax) of the primary
lesion during positron emission tomography-
computed tomography (PET-CT).
Methods: Eighty-five treatment-naive patients with
LC were enrolled. All patients were examined with PET-
CT. Ki-67, p53, TGF-β and LOX were evaluated
histopathologically.
Results: Small cell lung cancer (SCLC) showed the
most intense staining in all parameters. A well-
differentiated adenocarcinoma (AC) demonstrated a
more diffuse and intense staining than squamous cell
carcinoma (SCC). There was no statistically significant
relationship between the four parameters and metas-
tases of SCLC and SCC. However, a significant relation-
ship between TGF-β, LOX and metastatic AC was
demonstrated with regards to diffusivity and intensity.
p53 and Ki-67 did not show a significant relationship.
No correlation between SCLC and SCC and SUVmax
was found. However, in AC, the diffusivity and intensity
of the LOX and p53 staining showed a statistically sig-
nificant relationship to the SUVmax.
Conclusions: LOX and TGF-β may play roles in meta-
static AC. LOX and TGF-β may become markers of
metastatic disease and inhibition could be explored for
treatment.
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INTRODUCTION

Lung cancer (LC) is the leading cause of cancer-
related deaths. During the initial evaluation, many
patients have distant metastases, and most deaths
from LC occur as a result of metastasis.1,2 For the
metastasis to occur, it is necessary for the cancer cells
to move from the primary site to the surrounding
tissues and invade them. In order to do so, the cancer
cells undergo phenotypical changes.2

Currently, positron emission tomography–
computed tomography (PET-CT) is considered to be
an important staging tool for LC. The glucose ana-
logue, fluorodeoxyglucose (FDG) is utilized in PET-CT
because of an increased glucose metabolism in
tumour cells.3 In LC, the accuracy and superiority of
PET-CT to CT have been confirmed for assessing
lymph node involvement and distant metastases.4–7

The standardized uptake value (SUV) is the most
often used semi-quantitative parameter of the
PET-CT characterization of tumour metabolism in
vivo. It is proportional to the metabolic rate of glucose
within the normal range of serum concentrations.8,9

The relationship between the PET-CT parameters and
biomarkers has been studied to correlate with tumour
characterization. Among these molecular markers,
Ki-6710 and an alteration of p53 have been correlated
with the prognosis of LC.11,12 The signalling pathway
transforming growth factor-β (TGF-β) plays a role in
carcinogenesis and cancer progression.13 TGF-β sig-
nalling is partially related to LC invasion, and metas-
tasis arises from the autocrine and paracrine
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SUMMARY AT A GLANCE

Our study demonstrated that patients with adeno-
carcinoma of the lungs and a high level of cellular
LOX and TGF-β have an increased incidence of
distant metastasis. If validated in larger studies,
LOX and TGF-β may become markers of metastatic
disease and inhibition could be explored for
treatment.
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signalling events between the tumour epithelial cells
and the stromal microenvironment.14 The copper-
dependent amine oxidase lysyl oxidase (LOX) plays a
role in the extracellular matrix structure, and invasive
type II TGF-β receptor-deficient cells cause its
upregulation. A higher expression of LOX was found
to be associated with invasion and poor prognosis in
the early stages of adenocarcinoma (AC).14–16

The primary purpose or our study was to evaluate
the relationship between the metastases of different
subtypes of LC and cell proliferation (Ki-67 label
index), p53, TGF-β and LOX. Our secondary aim was
to investigate the correlation of these parameters with
the SUVmax obtained from the primary mass using
PET-CT.

METHODS

Study population

A total of 112 patients were evaluated and 85 patients
enrolled between January of 2011 and December of
2012. They were diagnosed as having primary LC by
means of bronchoscopic endobronchial biopsy, tran-
sthoracic Tru-Cut biopsy or surgical resection. None
of the patients had received any treatment prior to
biopsy/resection procedure and PET-CT scanning. A
brain MRI was performed, together with the PET-CT
in all patients. Patients with diabetes, previous bone
disease or a history of trauma were excluded from the
study (n = 27).

The patients in this study were divided into two
groups: non-small cell lung cancer (NSCLC) and small
cell lung cancer (SCLC). NSCLC patients with AC and
squamous cell carcinoma (SCC) were evaluated sepa-
rately. NSCLC patients were evaluated as non-
metastatic (stage I) and metastatic (out of stage I). The
SCLC patients were divided into two groups: limited
and extensive disease.

All patients provided informed consent. The study
was planned according to the ethical guidelines of
the Helsinki Declaration, and the study protocol
was approved by the local ethics committee
(B.30.2.ATA.0.01.00/53).

FDG-PET and CT evaluation

The PET/CT studies were performed using a Siemens
Biograph PET/CT system (Siemens, Knoxville, TN,
USA) using a standard Fluorine-18 fluorodeoxy-
glucose (18F-FDG) protocol. In addition to the visual
evaluation, SUVmax measurements were used as
semi-quantitative parameters. The region of interest
(ROI) was drawn manually from the image that
showed the most intense 18F-FDG uptake in the
primary pulmonary lesion, and the SUVmax was cal-
culated automatically.

Immunohistochemical procedure

Archived paraffin blocks belonging to the patients
were transferred to polylysine glass slides with
4-micron thick sections. Staining was performed for
each antibody of the four biomarkers, separately, as
follows.

Immunohistochemistry was performed using a
Leica Bond-max automated immunostainer (Leica
Microsystems, Newcastle, UK), as described by the
manufacturer’s protocol. The p53 antibody (NCL-L-
p53-DO7, Monoclonal, 1:100; Novocastra, Newcastle,
UK), Ki-67 (NCL-L-Ki67-MM1, monoclonal, 1:60;
Novocastra, Newcastle, UK), anti-LOX antibody
(ab31238, polyclonal, 1:100; Abcam, Cambridge, UK),
andTGF-β (NCL-TGFB, monoclonal, 1:25; Novocastra,
Newcastle, UK) were used. The system ran separately
for each antibody. Antibody binding was detected
using a bond polymer refining kit (Leica Micro-
systems), and diaminobenzidine tetrahydrochloride
solution (Kit HK153-5 K; BioGenex, San Ramon, CA,
USA) was used as a chromogen.

The sections prepared for examination were evalu-
ated separately by two different pathologists who
were blinded to the pre-processing operations.
During the evaluations, p53, Ki-67, LOX, nuclear
staining, and TGF-β cytoplasmic staining were taken
into consideration.

The grading was performed according to the stain-
ing diffusivity and intensity. For TGF-β and LOX, the
grading was as follows: painting diffusivity; grade
1 = less than 10% (mild), grade 2 = 10–50% (medium),
and grade 3 = 50% or more cells representing the
staining (severe). For staining intensity, the grading
was done in the following way: grade 1 = mild, grade
2 = moderate and grade 3 = severe staining.

For Ki-67 and p53, a single grading system was
used: grade 1 = 0–20%, grade 2 = 20–40%, grade
3 = 40–60% and grade 4 = 60% and higher area of
staining.

Statistical analysis

The statistical analyses were performed using SPSS
for Windows (Version 19.0; SPSS Inc., Chicago, IL,
USA). The relationships between the NSCLC-SCLC
subgroups and the four biomarkers of Ki-67, p53,
TGF-β and LOX were statistically tested using the chi-
square test. The relationships between these four
parameters and the SUVmax values of the primary
tumours were evaluated with Spearman’s rank corre-
lation test, and all P-values < 0.05 were considered to
be significant.

RESULTS

Participants

A total of 84 participants were enrolled; their demo-
graphic data and cancer cell types are summarized in
Table 1.

Immunohistochemical results

LOX and TGF-β stained most intensively in SCLC fol-
lowed by undifferentiated SCC and AC (Table 2).
When comparing differentiated AC and SCC, AC was
found to have a more pronounced diffusivity and
intensity of the staining.

When evaluating the proliferative index markers
Ki-67and p53, SCLC stained again most intensely fol-
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lowed by poorly differentiated squamous cell and
poorly differentiated AC (Table 3). When comparing
differentiated ACs and SCCs, AC was found to have
more pronounced diffusivity and intensity of the
staining. Figures S1, S2 and S3 illustrate a comparison
of the parameters for different tumour types in the
Supporting Information available online.

Clinical results

The statistical evaluation results of the relationship
between the parameters of Ki-67, p53, TGF-β, LOX
(diffusivity and intensity) and the subtypes of the LC
metastases were as follows.

There was no statistically significant relationship
between the parameters of p53, Ki-67 and AC (respec-
tively, P = 0.303 and P = 0.934). The TGF-β and LOX
(diffusivity and intensity) showed statistically signifi-
cant relationships (respectively, P = 0.005, P = 0.035,
P = 0.0001 and P = 0.003).

There was no statistically significant relationship
between the parameters of p53, Ki-67 and SCC
(respectively, P = 0.973 and P = 0.719). Additionally,
the TGF-β and LOX (diffusivity and intensity) showed
no statistically significant relationships (respectively,
P = 0.764, P = 0.611, P = 0.134 and P = 0.115).

There was no statistically significant relationship
between the parameters of p53, Ki-67 and small cell
carcinoma (respectively, P = 0.326 and P = 0.538), and
the TGF-β and LOX (diffusivity and intensity) showed
no statistically significant relationships (respectively,
P = 0.571, P = 0.10, P = 0.10 and P = 0.11).

When evaluating the relationship between the
four histopathological parameters and SUVmax of

the primary mass the SCLC and SCC showed no sta-
tistically significant relationships. In patients with AC,
there were statistically significant relationships
between the parameters of p53, LOX (diffusivity and
intensity) (Fig. 1) and SUVmax [respectively, (P =
0.031, r = 0.359), (P = 0.006, r = 0.448), and (P = 0.008,
r = 0.433)]. The other parameters did not show a sig-
nificant relationship.

DISCUSSION

The most important finding of this study is the rela-
tionship between TGF-β and LOX and metastatic AC
but not SCC or small cell carcinoma. The proliferative
index markers of Ki-67 and p53 were found to have no
role in the metastasis of any of these tumours. The
SUVmax is correlated to intensity p53 and LOX stain-
ing in AC.

LC survival rates vary according to the stage of the
disease. Staging is important to determine the choice
of treatment; for example patients with mediastinal
lymph node metastasis have an average 5-year sur-
vival of 10%, whereas patients without mediastinal
metastases have an average 5-year survival as high as
50%.17 Previously, staging in LC has consisted of
contrast-enhanced chest CTs covering the upper
abdomen, bone scans, brain CT/MRIs, and abdomi-
nal computed tomography or ultrasound.18 The
staging of LC has been enhanced by PET-CT for both
NSCLC and SCLC, in particular, in the detection of
metastasis.4,6

A variety of biological markers affecting the forma-
tion of metastases have been studied.14,19,20 Of these
biological markers, Ki-67 has been defined to corre-
late with the proliferative activity of LC and found to
have a correlation with FDG uptake.21 However, the
prognostic significance of Ki-67 and its effects on
metastasis remains controversial. High Ki-67 expres-
sion was reported to be correlated with poorer clinical
outcomes in some studies;22,23 however, others found
no correlation.24,25 In this study, Ki-67 was found to
have no correlation to the three subtypes of LC in the
formation of metastases and no correlation was dem-
onstrated with the SUVmax in PET-CT. Ki-67 does not
seem to be a useful marker for prediction of meta-
static spread.

During the tumour progression from pre-invasive
(early stage) to invasive (advanced stage), the fre-
quency of alterations in tumour suppressor genes in
LC has been reported to have an increase.12 In the
literature, the most frequent gene evaluated in LC has
been p53, and p53 protein expression has been
reported as a significant factor for poor prognosis in
LC.26,27 However, other studies found no impact of p53
on the clinical outcome.28,29 This study revealed that
p53 had no effect in the metastasis of three different
subtypes of LC. Additionally, p53 had no role in the
metastasis of AC, but it did have a correlation to the
SUVmax acquired by PET-CT.

It has been demonstrated that epithelial-to-
mesenchymal transition is required to occur during
process of metastasis of cancer cells. This transition
causes epithelial cells to lose their characteristics and

Table 1 The characteristics of patients with NSCLC and
SCLC

Classification of patients No. of patients %

NSCLC
Sex

Female 7 10
Male 63 90

Tumour type
Squamous cell carcinoma 34 48.5
Adenocarcinoma 36 51.5

Metastasis†

Metastasis 59 84.3
Non-metastasis 11 15.7

SCLC
Sex

Female — —
Male 15 100

Metastasis‡

Limited 5 33.3
Extensive 10 66.7

† Cases with and without lymph node involvement and distant
metastasis.

‡ Limited and extensive stage.
—, none; NSCLC, non-small cell lung cancer; SCLC, small cell

lung cancer.
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obtain mesenchymal features. In this way, they are
motile and can invade other tissues.2,30 TGF-β has
been shown to be effective in the epithelial-to-
mesenchymal transition mechanism of invasion and
metastasis for LC.31 Additionally, TGF-β plays an
important role in tumour-stromal interactions.
Stromal, inflammatory and cancer cells in a neoplas-
tic process have excessive TGF-β activity, which
causes the development of metastatic features such
that the epithelium overwhelms the growth-
inhibitory effect of TGF-β.32 However, another study
has demonstrated the repression of TGF-β causing an
invasive phenotype in multiple cancer types, includ-
ing lung, breast and colon cancers.33 We only found a
relationship between metastatic AC and TGF-β. In
particular, in SCLC, which stains most intense with
TGF-β, we did not find a statistically significant rela-
tionship in TGF-β with metastasis. We also did not
demonstrate a statistically significant relationship
with the SUVmax.

In cancer, the anti-tumour immune response of
TGF-β is suppressed. Cancer cells begin to synthesize

TGF-β and use its advantages of being a growth
factor,34–36 leading to an increase in LOX. In a recent
study, it was demonstrated that LOX expression is
associated with lung AC progression, as measured by
invasiveness, and with survival.14 Additionally, one
study conducted with patients with SCC identified
LOX as a poor prognostic factor.37 In this study, LOX
was also found to play a potent role in the formation
of metastases in AC. It did not have an impact on
small cell carcinoma and SCC. In AC, LOX correlated
significantly with the SUVmax detected by PET-CT.
This characteristic highlights a potential clinical use
of LOX.

In conclusion, in this study we determined the
roles of TGF-β and LOX in the metastasis of lung
AC by means of the histological data. LOX and TGF-β
contribute to the formation of metastasis. The inhibi-

Table 2 Painting and staining characteristics of TGF-β and LOX†

Painting diffusivity Staining intensity

Grade 1 Grade 2 Grade 3 Grade 1 Grade 2 Grade 3

TGF-β
SCLC — 13.3 86.7 — 6.7 93.3
SCC 17.6 35.3 47.1 5.9 55.9 38.2
AC 11.1 38.9 50.0 2.8 25.0 72.2

LOX
SCLC — 6.7 93.3 6.7 — 93.3
SCC 20.6 29.4 50.0 17.6 35.3 47.1
AC 19.4 41.7 38.9 22.2 33.3 44.4

† Data were expressed as row percentages. Painting diffusivity: Grade 1 = less than 10% (mild); Grade 2 = 10–50% (medium); and
Grade 3 = 50% or more cells representing the staining (severe).

For staining intensity, the grading was done in the following way: Grade 1 = mild; Grade 2 = moderate; and Grade 3 = severe staining.
—, none; AC, adenocarcinoma; LOX, lysyl oxidase; SCC, squamous cell carcinoma; SCLC, small cell lung cancer; TGF-β, transforming

growth factor-β.

Table 3 Staining characteristics of Ki-67 and p53†

Grade 1 Grade 2 Grade 3 Grade 4

Ki-67
SCLC — 6.7 13.3 80.0
SCC 2.9 23.5 52.9 20.6
AC 25.0 44.4 22.2 8.3

p53
SCLC — 13.3 26.7 60.0
SCC 8.8 38.2 38.2 14.7
AC 30.6 47.2 11.1 11.1

† Data were expressed as row percentages.
Grade 1 = 0–20%; Grade 2 = 20–40%; Grade 3 = 40–60%; and

Grade 4 = 60% and higher area of staining.
—, none; AC, adenocarcinoma; SCC, squamous cell carci-

noma; SCLC, small cell lung cancer.

Figure 1 The relationship between the mean SUVmax of the
primary mass and staining diffusivity of lysyl oxidase. Grade
1 = below 10% (mild), Grade 2 = 10–50% (moderate), Grade
3 = above 50% (severe) of staining. ( ) AC, adenocarcinoma; ( )
SCC, squamous cell carcinoma; ( ) SCLC, small cell lung cancer.
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tion of these factors and signalling pathways may
provide an opportunity to explore for new treatments
of LC.
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Supporting Information
Additional Supporting Information may be found in the online
version of this article at the publisher’s web-site:

Figure S1 Immunohistochemical staining of lung adenocarci-
noma: (a) p53X200, (b) Ki-67X200, (c) lysyl oxidase X200 and (d)
transforming growth factor-β X400.

Figure S2 Immunohistochemical staining of lung squamous
cell carcinoma: (a) p53X200, (b) Ki-67X200, (c) lysyl oxidase X200
and (d) transforming growth factor-β X200.

Figure S3 Immunohistochemical staining of lung small cell car-
cinoma: (a) p53X200, (b) Ki-67X200, (c) lysyl oxidase X200 and (d)
transforming growth factor-β X200.
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