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Abstract Lysosome-associated protein transmembrane-4
beta (LAPTM4B) is a novel oncogene, which has been
indicated to be dramatically overexpressed in various
malignant tumors. The aims of this study were to detect
LAPTM4B protein expression in patients with non-small
cell lung cancer (NSCLC) and then analyze the relation-
ships of LAPTM4B protein with clinicopathologic factors,
tumor angiogenesis and prognosis with SPSS statistical
software. Immunohistochemistry was used to examine the
expression of LAPTM4B and CD34 proteins in NSCLC
tissues, and its results showed that LAPTM4B protein
expression in NSCLC tissues was significantly higher than
that in normal lung tissues (P < 0.001). Of the186 NSCLC
cases, 129 (69.35 %) had strong expression of LAPTM4B
protein, which was associated with histopathologic differ-
entiation (P = 0.017), lymph node metastasis (P = 0.001)
and TNM stage (P = 0.046), as well as the microvessel
density (MVD) (P = 0.019). Kaplan—Meier survival ana-
lysis revealed that patients with strong LAPM4B protein
expression and high MVD might have poor overall survival
(OS; P = 0.001, P = 0.002, respectively) and disease-free
survival (DFS; P = 0.002, P = 0.038, respectively).
Multivariate analysis demonstrated that LAPTM4B protein
was an independent prognostic marker for OS and DFS of
NSCLC patients (P = 0.037, P = 0.046, respectively).
These findings illustrated that LAPTM4B protein was
closely associated with NSCLC progression, angiogenesis
and poor prognosis, suggesting that LAPTM4B protein
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could be applied not only in predicting patient’s outcome,
but also in antiangiogenic therapy as a possible novel target
molecule.
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Introduction

Lung cancer is the most commonly diagnosed malignant
tumor in the world. It is reported that the number of deaths
of lung cancer amounts to 1.5 million, occupying 19 % of
all cancer-related deaths in 2010, which was the leading
cause of cancer-related deaths worldwide [1]. Among all
the cases, non-small cell lung cancer (NSCLC) accounts
for 80 % [2]. In the past decades, the 5-year survival rate of
NSCLC has remained at 15 % [3], and conventional
treatments are not effective enough to improve the prog-
nosis of the disease. It is widely accepted that the molec-
ular carcinogenesis of NSCLC is characterized by multiple
alterations of gene expression, which leads to abnormal
changes in signaling pathways and biological behaviors.
Based on the theory, drugs targeting certain gene mutations
have been identified to modify the host responses to tumors
or directly inhibit tumor cell growth, but the therapeutic
effect is far from satisfactory. Hence, there is a need to
identify novel molecules for the diagnosis and therapy of
NSCLC.

Lysosome-associated protein transmembrane-4 beta
(LAPTM4B), a novel oncogene candidate, was initially
identified in hepatocellular carcinoma. According to
BLAST program analysis, it was located in chromosomes
8922 and composed of seven exons separated by six introns
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[4, 5]. Previous report indicated that LAPTM4B might play
important roles in the initiation, promotion and metastasis
of tumors [6]. Evidences from various literatures have
shown that LAPTM4B protein was dramatically overex-
pressed in various malignant tumors [7-13]. However,
there has not been research reporting its role in NSCLC,
and the clinicopathologic significance of the LAPTM4B
protein in NSCLC remains unclear.

Tumor angiogenesis, the formation of new capillary
blood vessels, is an essential requirement for carcinogen-
esis, progression and metastasis of malignant tumors [14,
15]. The microvessel density (MVD) is now widely used to
evaluate the degree of tumor angiogenesis and has been
proven to be associated with the metastasis and prognosis
of a wide range of human tumors [16—18]. Recent study
showed that the tissues with LAPTM4B protein overex-
pression had significantly much more new blood vessels
than those of weak expression in a mouse model of liver
cancer, indicating that LAPTM4B protein might play
potential roles in tumor angiogenesis [19]. Thus, it is really
of great importance to investigate whether there is a pos-
sible angiogenic property of LAPTM4B in NSCLC.

In the present study, we firstly detected and compared
the expression of LAPTM4B protein in 186 NSCLC tissues
and 73 normal control tissues using immunohistochemis-
try, and then the relationships between LAPTM4B protein
expression and clinicopathologic parameters were investi-
gated. Furthermore, survival analysis was adopted to
evaluate LAPTM4B protein as a biomarker with regard to
the prognosis. In addition, we also explored the roles of
LAPTM4B protein in tumor angiogenesis. Our study
attempted to discover the potential function of LAPTM4B
protein in the development of NSCLC.

Materials and methods
Patients and specimens

We collected primary tumor specimens from 197 patients
who underwent surgical resection and were diagnosed as
lung adenocarcinoma or squamous cell carcinoma at the
Department of Thoracic Surgery, Qilu Hospital, Shandong
University between March 2006 and December 2008.
Large-cell carcinoma, adenosquamous carcinoma and other
NSCLC subtypes were not included in this study. Mean-
while, we also randomly obtained 73 normal lung tissues
taken more than 5 cm from the margin of the tumors. For
all patients, histological type of lung cancer was deter-
mined by the World Health Organization classifications,
and pathological staging was based on the international
staging system revised in 2009 [20]. None of the patients
received radiotherapy or chemotherapy before surgical
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resection, and all patients were treated with routine che-
motherapy after the operation. Of these 197 patients, 11
cases were excluded (six cases lost to follow-up, five cases
died of perioperative complications), so a total of 186
patients were enrolled in the retrospective study. Each
patient signed informed consent according to the Helsinki
Declaration, and this study was approved by the Ethics
Committee of Qilu Hospital.

Immunohistochemistry staining

Tissue samples were fixed with 10 % formaldehyde solu-
tion (pH 7.4) and embedded in paraffin wax. The paraffin-
embedded serial tissues were sectioned at a thickness of
4 um and stained with hematoxylin—eosin for tumor con-
firmation. Sections adjacent to the hematoxylin—eosin-
stained sections were used for immunohistochemical
staining. Tissue sections were deparaffinized with xylene
and rehydrated in graded alcohol concentrations under the
standard procedures. Then, all the deparaffinized sections
were immersed in 0.01 mol/L citrate buffer (pH 6.0) and
heated (95 °C) for 15 min in a microwave oven. After
cooling down, samples were incubated with 3 % hydrogen
peroxide (H,O,) for 15 min to block endogenous peroxide
activity and with 10 % normal goat serum for 30 min to
block non-specific immunoglobulin binding. Subsequently,
the sections were incubated at 4 °C overnight with primary
rabbit polyclonal LAPTM4B antibody (1:200 dilution;
provided by Dr. Rouli Zhou, Department of Cell Biology,
Peking University Health Science Center) and primary
rabbit monoclonal CD34 antibody (2150-1, 1:500 dilution;
Epitomics), respectively. In the next day, the sections were
rinsed with PBS and incubated for 30 min at 37 °C with
biotin-labeled secondary antibody followed by horseradish
peroxidase conjugated streptavidin for 30 min. At last, the
sections were treated with 3,3’-diaminobenzidine tetrahy-
drochloride (Dako, Hamburg, Germany) in 0.01 % H,O,
for 7 min, then counterstained with hematoxylin for 60 s
and mounted with neutral balsam. Immunohistochemistry
was performed using an immunohistochemistry kit (Ori-
Gene, Beijing, China) according to the manufacturer’s
instructions. Negative controls were performed by replac-
ing the primary antibody with normal rabbit serum. The
positive controls were ovarian carcinomas with positive
expression of LAPTMA4B protein [10].

Staining evaluation

For LAPTM4B protein expression degree, it was based on
the percentage of positive stained cancer cells and the
staining intensity. The percentage of immunoreactive cells
was scored as follows: 0, <10 %; 1, 10-50 %; 2, >50 %,
and the staining intensity was rated as follows: 0, negative
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staining or weak staining; 1, moderate staining; 2, intense
staining. The overall score of LAPTM4B protein expres-
sion was the sum of scores of the staining intensity and the
percentage of positive stained cancer cells. A total staining
score of 0—4 was calculated and divided into two groups: a
low-expression group with an overall score between 0 and
2 and a high-expression group with an overall score
between 3 and 4 [21].

For intratumoral MVD assessment, microvessels were
recorded by counting CD34-positive stained endothelial
cells according to the international consensus on the
methodology and criteria of evaluation of angiogenesis
quantification in solid tumors [22]. Initially, sections were
scanned at low power (100x magnification) to identify the
areas with the highest vascularity. Subsequently, calcula-
tions of the stained microvessels were performed on three
consecutive high-power (200 x magnification) fields within
this area. Any brown stained endothelial cell that was
clearly separated from adjacent microvessels was consid-
ered as a single countable microvessel [23]. The value of
MVD was evaluated by the average of three 200x field
microvessel counts. Tumors with microvessels >90 were
classified as high MVD, while tumors with microvessels
<90 were classified as low MVD according to the previous
reports [24, 25].

Tissue specimens were examined separately by two
pathologists under double-blinded conditions without prior
knowing of the clinical outcomes of the specimens. The
independent scores assigned by the two pathologists were
combined as a final score. In cases of significant dis-
agreement, the contradictory scores were reviewed
between the two pathologists by discussion.

Follow-up

Each patient was scheduled for an examination every
3 months for the first 2 years and at 6-month intervals
thereafter during the follow-up period, which included
physical examination, blood analysis, chest X-ray, ultra-
sound examination, computed tomography. Tumor relapse
was based on clinical, radiological or histological diagno-
sis, and the site and time of tumor relapse were both
recorded. Follow-up was completed until December 2013
in 186 patients.

Statistical analysis

SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA) was
used to perform statistical analysis. The chi-squared test or
the Fisher’s exact was used to examine the association
between LAPTM4B protein expression and various
patients’ clinicopathologic factors. Survival curves were
assessed by using the Kaplan—Meier method, and statistical

differences were compared with a log-rank test. Multivar-
iate Cox regression analysis was carried out to identify the
potential prognostic factors of NSCLC patients. P value
<0.05 was considered to be statistical significance.

Results
Up-regulation of LAPTM4B protein in NSCLC

Immunohistochemical analysis of 186 NSCLC tissues and
73 normal lung tissues revealed that the staining of
LAPTM4B protein was mainly located in the cell cyto-
plasm, and various intensities could be observed in dif-
ferent tissues shown in Fig. 1. Among the 186 patients, 124
patients (66.67 %) were men and 62 patients (33.33 %)
were women, ranging in age from 32 to 80 years. Patients’
characteristics, such as gender, age, tumor size, TNM stage
and tumor stage factors, were obtained from the medical
records, which were summarized in Table 1. We found that
129 of 186 NSCLC tissues (69.35 %) showed LAPTM4B
protein overexpression, and the other 57 cases (30.65 %)
showed weak positive or negative LAPTM4B protein
expression. In the normal lung tissues, most cases were
negative LAPTM4B protein expression, while only 11 of
73 normal lung tissues (15.07 %) showed LAPTM4B
protein expression positive. The difference between cancer
tissues and normal lung tissues in LAPTMA4B protein
expression was statistically significant (P < 0.001) pre-
sented in Table 2.

Correlation between LAPTM4B protein
and clinicopathologic factors in patients with NSCLC

To investigate whether LAPTM4B protein was related to
NSCLC progression, we analyzed the correlation of
LAPTMA4B protein expression with clinicopathologic factors
in 186 NSCLC tissues by chi-squared test shown in Table 1.
We found that high LAPTM4B protein expression was
significantly associated with poor histopathologic differen-
tiation (P = 0.017), positive lymph node metastasis
(P = 0.001) and high TNM stage (P = 0.046), but not with
gender, age, pathological type and smoking (P > 0.05).

Correlation between MVD and clinicopathologic
factors in patients with NSCLC

Intratumoral MVD was quantified by counting CD34-
positive endothelial cells in the same series of NSCLC
tissues shown in Fig. 1 and the staining intensity of MVD
ranged broadly from 27 to 158 microvessels/200x mag-
nification field. Then, all the cases were divided into high-
level group and low-level group according to the cutoff
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Fig. 1 Staining of LAPTM4B and CD34 proteins by immunohisto-
chemistry. a, b Negative LAPTM4B staining in normal alveolar
pneumocytes and bronchial epithelium. ¢ Strong LAPTM4B staining
in cancer cells. d Weak LAPTM4B staining in cancer cells. e Negative

value of 90 microvessels/200x magnification field. As
shown in Table 1, 99 cases (53.22 %) showed high MVD.
Although a statistically significant difference was not
detected, high MVD tended to be associated with poor
histopathologic differentiation (P = 0.052) and positive
lymph node metastasis (P = 0.069), and there was no
statistically significant correlation between MVD and any
other clinicopathologic factors (P > 0.1) (Table 1).
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LAPTM4B staining in cancer cells. f Intratumoral microvessels were
brown immunostained by the anti-CD34 antibody in NSCLC tissues.
Original magnification, x200

Correlation between LAPTM4B protein and MVD
in patients with NSCLC

In LAPTM4B protein overexpression group, 76 of 129
cases (58.91 %) had high MVD, while in the other group,
only 23 of 57 cases (40.35 %) showed high MVD. There
was a positive correlation between LAPTM4B protein and
MVD (P = 0.019) shown in Table 1.
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Table 1 Correlation analysis of the clinicopathological parameters
with the level of LAPTM4B protein expression and MVD in 186
patients with NSCLC

Variables N  LAPTM4B protein MVD
Low High P* Low High P*
Gender 0.736 0.533
Male 124 39 85 60 64
Female 62 18 44 27 35
Age 0.22 0.576
<60 105 36 69 51 54
>60 81 21 60 36 45
Pathological type 0.114 0.508
AC 101 26 75 45 56
SCC 85 31 54 42 43
Differentiation 0.017 0.053
Well 34 15 19 22 12
Moderately 72 26 46 33 39
Poorly 80 16 64 32 48
Tumor size (cm) 0.818 0.87
<4 110 33 77 52 58
>4 76 24 52 35 41
Lymph node 0.001 0.069
metastasis
No 111 44 67 58 53
Yes 75 13 62 29 46
Classification of 0.046 0.194
TNM
I 87 34 53 45 42
I 61 16 45 29 32
I-1v 38 7 31 13 25
Smoking® 0.285 0.82
Yes 100 34 66 46 54
No 86 23 63 41 45
LAPTM4B 0.019
protein
Low 57 34 23
High 129 53 76
MVD 0.019
Low 87 34 53
High 99 23 76

Bold numbers indicate statistically significant differences in this
analysis

AC adenocarcinoma, SCC squamous cell carcinoma

? Chi-squared test; b yes means smoking 20 cigarettes per day for at
least 10 years at the time of sample collection, otherwise no

Univariate and multivariate survival analyses

We conducted survival analysis in these 186 patients to
investigate the impact of LAPTM4B protein on NSCLC
prognosis. Of the 186 patients, 58 patients (31.2 %) were
alive and 128 patients (68.8 %) had died of the disease

Table 2 Expression of LAPTM4B protein in NSCLC tissues and
normal lung tissues

Variables N LAPTMA4B expression P?
High expression %

Normal lung tissue 73 11 15.07 <0.001

NSCLC 186 129 69.35

Bold number indicates statistically significant difference in this
analysis

? Chi-squared test

within 5 years after operation. In univariate analysis, we
first analyzed the association between the conventional
clinicopathologic factors and patients’ outcomes. The
related data were presented in Table 3. It was shown that
poor histopathologic differentiation, positive lymph node
metastasis and high TNM stage were associated with a
significantly worse overall survival (OS) and disease-free
survival (DFS). Then, we analyzed the prognostic signifi-
cance of LAPTM4B protein and MVD. The survival ana-
lysis revealed that the OS rate of cases with LAPTM4B
protein overexpression (24 vs. 47.4 %, P = 0.001) and
high MVD (22.2 vs. 41.4 %, P = 0.002) was significantly
lower than that of the remaining cases, respectively. In
addition, Kaplan—Meier analysis of DFS also demonstrated
poor 5-year survival rate in patients with LAPTM4B pro-
tein overexpression (14 vs. 33.3 %, P = 0.002) and high
MVD (17.2 vs. 23 %, P = 0.038), respectively, which
were shown in Fig. 2. To explore the possibility of cross-
talk between LAPTM4B protein and MVD, we further
examined the survival differences of patients stratified for
low MVD and high MVD according to LAPTM4B protein
expression status. Statistical analysis demonstrated that the
OS in the low-MVD group was potentially higher than that
in the high-MVD group (32.1 vs. 18.4 %, P = 0.03) shown
in Table 4. However, the other three analyses showed no
significant differences.

A multivariate Cox regression model adjusted for statisti-
cally significant prognostic factors was performed to analyze
the independent factors on NSCLC prognosis. It was shown
LAPTM4B protein expression (P = 0.037, P = 0.046,
respectively), lymph node metastasis (P = 0.051, P = 0.049,
respectively) and TNM stage (P = 0.033, P = 0.027,
respectively) were identified as independent prognostic fac-
tors of patients’ OS and DFS in Table 5.

Discussion

NSCLC is the most aggressive and deadly tumor in solid
tumors. Usually, the TNM stage is the crucial factor in the
prognosis of patients with NSCLC, but it is also true that
there are marked differences in survival of patients with the
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Table 3 Univariate Kaplan—

Prognostic variables N OS (months) DFS (months)
Meier survival analysis of OS
and DFS in 186 patients with Mean + SE 95% CI  P? Mean £ SE 95 % CI  P*
NSCLC
Gender 0.42 0.35
Male 124 428 +£20  38.9-46.7 323 + 2.1 28.1-36.4
Female 62 449 +£29 39.2-50.6 358 +£3.0 29.9-41.8
Age 0.22 0.165
<60 105 457 +26 41.4-499 357 +23 31.2-403
>60 81 41.0+£22 359-46.0 305 +26 254-356
Pathological type 0.693 0.898
AC 101 441 +23  39.7-48.6 33.7+23  29.1-38.2
Nee 85 430+25 382478 33.1+£26  28.0-383
Differentiation 0.003 0.009
Poorly 80 37.7+25 32.8-425 27.6 £25 22.6-325
Moderately 73 448 £26  39.7-50.0 355+£29  29.841.1
Well 34 545+34 479-61.1 429 £ 3.6 35.8-50.0
Tumor size (cm) 0.771 0.61
<4 110 442 +22  40.0-48.5 343 +23  29.8-38.8
>4 76 427 +26  37.6-47.8 324 +27 27.1-37.7
Lymph node metastasis <0.001 <0.001
No 111 52.0+20 48.2-559 420+22 377464
Yes 75 312+£23 267-357 20.7 £ 2.1 16.6-24.7
Classification of TNM <0.001 <0.001
1 87 527+£22 484-57.1 4277+£25 378476
I 61 420+26 36.9-47.0 31.8 £28 264-372
-1V 38 246 +£29 18.9-30.2 15.0 £ 2.6 9.9-20.1
Smoking 0.158 0.281
No 86 457+25 40.8-50.6 359 +26  30.8-40.9
Yes 100 41.8+22 37.4-46.1 31.1 £23  26.6-35.7
Bold numbers indicate MVD 0.002 0.038
statistically significant Low 87 49.0+24 442-537 379 +£25 329-429
differences in this analysis High 99 389 +22 34.6-432 295 +23 249-34
OS overall survival, DFS LAPTM4B 0.001 0.002
disease-free survival, CI Low 57 528428 474-582 4.1 +33 357485
confidence interval .
High 129 395 4+20 357434 29.7 +£20 25.8-33.6

* Log-rank test

same pathologic stage of the disease, so a diverse range of
genetic abnormalities may also be involved in the recur-
rence and early metastasis of NSCLC [26], it is of signif-
icance to explore new prognostic markers to screen patients
for unfavorable prognosis, which could be utilized as
possible therapeutic targets.

LAPTMH4B belonging to the mammalian LAPTM family
was originally identified as a hepatocellular carcinoma-
associated gene [4]. Subsequently, it was found upregu-
lated in many human cancers [6]; moreover, a number of
studies confirmed its critical role in tumorigenesis, pro-
motion, metastasis and prognosis in some human malig-
nancies [7-10, 12, 13, 27]. Furthermore, extensive studies
have been performed to account for such outcomes. Yang
et al. [27] showed that the overexpression of LAPTM4B
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protein might promote carcinogenesis of L02 cell line
which originated from normal human liver and enhance the
growth and metastasis of the xenografts in nude mice.
Later it was revealed that proliferation of the cells over-
expressing LAPTM4B protein was out of control, which
could be accounted for by the dysfunction of some pro-
liferation-associated factors and apoptosis-related proteins
[28, 29]. It was also found that LAPTM4B protein played a
role in drug resistance. Recent literatures reported
LAPTM4B protein sensitized cells to anthracycline and
epirubicin resistance, which was likely to be involved in
promoting drug efflux by activating PI3K/AKT signaling
[30-32]. In addition, LAPTM4B was closely associated
with cancer cell migration, invasion and autophage [33].
The structure of LAPTM4B protein was complicated, and



Med Oncol (2014) 31:974

Page 70f 9 974

A4o04—
n = P=0.001
L 1T
1L b
058 = T,
— ~llj
S 06 1 4
> L
n —1_LAPTM4B Low
©
> J
S 04
() L
. LAPTM4B High
A
0.2
--- Low
- High
0.0 T T T T T T T T

0 10 20 30 40 S50 60 70 80
Postoperative Months

(o]

1044

Ll
1 P=0.002

0.8 ; _‘1_1
s L
= 1
g S
3 - |5
&3 06 Tk
et 1
. = |
3 L 1
S 04 L "l LAPTM4B Low
R} pS
fa) e

=
024 LAPTM4B High
i P e
--- High
0.0 . ; . . . . : .

0 10 20 30 40 50 60 70 80
Postoperative Months

P=0.002
2 , \
£ 0.6 S
=3 1
(72 ’IH L
® L . LowMVD
s o
S 0.4+ L S
o i
11
1 lLHigh MVD
024 R
--- Low
- High
0.0 T T T T T T T T
0 10 20 30 40 50 60 70 80
Postoperative Months
1.0 I
IH\ P=0.038
os{ .|,
] L‘ ny
= L 8
S =
3 06 ‘\_h\ .
u— T
2 —
@ 04 1
s 2
.g L
o b . . LowMVD
— S e 4
024 [ SR
-—-Low High MVD
-~ High
0.0 T T T T T T T T

(] 10 20 30 40 S0 60 70 80
Postoperative Months

Fig. 2 Kaplan—Meier curves of OS and DFS stratified according to the level of LAPTM4B protein expression and MVD

many specific domains might serve as binding sites of
signal molecules for the signaling transduction. According
to the structure of LAPTM4B protein, we assumed that it
could interact with some cancer-related proteins, such as

Table 4 Survival differences stratified by low MVD and high MVD
in the LAPTM4B non-overexpression and LAPTM4B overexpression
subgroups

Five-year LAPTM4B non- LAPTM4B overexpression
survival overexpression
Low High P* Low High P*
MVD MVD MVD MVD
(%) (%) (%) (%)
Overall 55.9 34.8 0.158 32.1 18.4 0.03
Disease-  35.3 304 059 15.1 13.2 0.111
free

Bold number indicates statistically significant difference in this
analysis

* Log rank

protein phosphatase 2A and protein kinase C, to play a role
in oncogenesis, which required further research.

In our study, we detected the expression of LAPTM4B
protein and then analyzed the prognostic value of
LAPTM4B protein in patients with NSCLC. Our results
demonstrated significant associations of LAPTM4B protein
with prognosis-related features, including histopathologic
differentiation, lymph node metastasis and TNM stage.
Thus, it was likely that LAPTM4B protein played impor-
tant roles in NSCLC progression. Further analysis revealed
the OS and DFS rate of patients with high LAPTM4B
protein expression was worse than those with none or weak
LAPTM4B protein expression, indicating that LAPTM4B
protein overexpression was significantly related with poor
S-year survival rate. Multivariate survival analysis based
on the Cox regression model manifested that, among all the
factors analyzed, LAPTM4B was a significant independent
prognostic factor for both OS and DFS of NSCLC patients
following curative resection, suggesting its potential as a
prognostic biomarker of NSCLC.
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Table 5 Multivariate Cox regression model of OS and DFS in 186 patients with NSCLC

Variables oS DFS

RR 95 % CI P? RR 95 % CI P?
Differentiation 0.887 0.674-1.166 0.389 0.924 0.722-1.182 0.528
Lymph node metastasis 1.73 0.997-3.001 0.051 1.667 1.003-2.77 0.049
MVD 1.39 0.967-1.998 0.076 1.168 0.839-1.624 0.357
Classification of TNM 1.472 1.031-2.102 0.033 1.455 1.045-2.028 0.027
LAPTM4B 1.567 1.028-2.389 0.037 1.47 2.006-2.147 0.046

Bold numbers indicate statistically significant differences in this analysis

OS overall survival, DFS disease-free survival, RR relative risk, CI confidence interval

* Cox regression test

It is well known that tumors are endowed with angio-
genic capability, and their growth, invasion, and metastasis
are all angiogenesis-dependent [34, 35]. In order to verify
whether there was a relationship between LAPTM4B
protein and tumor angiogenesis, we quantified the MVD,
which was the standard method of measuring tumor angi-
ogenesis and was closely related with tumor growth and
postoperative prognosis. The findings of our study showed
that LAPTM4B protein overexpression was significantly
associated with increased angiogenic activity measured as
CD34-determined intratumoral MVD, suggesting that
LAPTMA4B protein might promote tumor progression by
the induction of tumor angiogenesis. Up to now, the exact
molecular mechanisms by which LAPTM4B promotes the
formation of intratumoral microvessels are far from clear
yet; therefore, further studies are needed to elucidate the
detailed molecular mechanisms.

In conclusion, our results provided evidences that
LAPTM4B protein expression was higher in NSCLC tis-
sues, and for the first time, revealed significant associations
of LAPTM4B protein expression with various clinico-
pathologic characteristics and prognosis in patients with
NSCLC. In particular, LAPTM4B protein was closely
correlated with tumor angiogenesis and contributed to the
formation of new tumor microvessels as an angiogenic
factor. Moreover, survival analysis showed that LAPTM4B
was an independent, negative prognostic factor for overall
and DFS in NSCLC. All these findings suggested that
LAPTMA4B protein might have clinical potential not only
as a promising prognostic predictor to identify individuals
with poor outcomes but also as a novel therapeutic target in
antiangiogenesis for NSCLC patients.
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