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IntroductIon

Lung cancer was the mos important cause of tumor-
related death, though the incidence began declining in 
the last decades [1-3]. As a subgroup of lung cancer, 
about 85% of all cases were the Non-small cell lung 
cancer (NSCLC) [4]. Despite advances in the diagnosis 
and treatment for the NSCLC, the 5-year survival rates 
for advanced NSCLC remains poor (less than 15%) [5, 
6]. Compared to clinical characteristics, more novel 
and prognostic biomarkers that could predict the tumor 
recurrence and prognosis is still urgent to be identified to 
improve the prognosis of NSCLC [7].

Lysosome-associated protein transmembrane-4 
beta (LAPTM4B) was first identified from hepatocellular 
carcinoma (HCC), and the LAPTM4B-35 overexpression 
was associated with poor prognosis of HCC [8]. And the 
similar results were also confirmed in various malignant 

tumors, such as pancreatic cancer [9], ovarian cancer [10], 
gallbladder carcinoma [11], and cervical cancer [12]. 
Recently, one study reported that LAPTM4B was elevated 
in Small cell lung cancer (SCLC) and its overexpression 
was an independent factor in SCLC prognosis [13]. 
However, the expression level and the association between 
LAPTM4B-35 and survival in NSCLC have not been 
rigorously and systematically evaluated. 

In the current study, we investigated the 
LAPTM4B-35 expression levels and its association with 
clinical variables; also we further explored and discussed 
the prognostic value of LAPTM4B-35 in NSCLC. Our 
data showed that LAPTM4B-35 overexpression might be 
used as an predictor for NSCLC.
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AbstrAct
Background: The expression levels and clinical significances of Lysosomal-

associated protein transmembrane-4β-35 (LAPTM4B-35) protein are unknown in the 
non-small-cell lung cancer (NSCLC). This study aimed to explore the expression and 
prognostic value of LAPTM4B-35 in NSCLC patients. Methods: The clinicopathological 
and survival data of 107 NSCLC patients who received radical surgery from 2007 
and 2011 were reviewed. The LAPTM4B-35 expression of the paired tumors and 
adjacent normal specimens were detected, and the association between LAPTM4B-35 
and clinical variables was explored. Kaplan-Meier analysis and Cox regression 
(Proportional hazard model) were performed to investigate the prognostic significance 
for NSCLC. Results: LAPTM4B-35 was over expressed in NSCLC tissues. The elevated 
LAPTM4B-35 expression was associated with cancer recurrence (P = 0.031). The 
5-year median OS and PFS were significantly worse in the LAPTM4B-35 overexpressed 
group. Multivariate Cox analysis showed that LAPTM4B-35 over-expression was an 
independent factor for OS and PFS in NSCLC(P = 0.018, P = 0.026, respectively). 
Conclusions: The overexpressed LAPTM4B-35 was an independent prognostic 
biomarker for NSCLC, which could predict cancer recurrence and poor over survival. 
And that may be applied as potential target for NSCLC treatment.
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results

Patient clinicopathological characteristics

Table 1 summarized the clinicopathological 
characteristics of all the NSLCL patients. Among these 
patients, the median age in this study was 65 years (range, 
28 to 81 years), and 85 (79.4%) patients were male and 
22(20.6%) patients were female. 34(31.8%) patients 
were SCC and 73(68.2%) were non-SCC. 48 lymph 
node negative patients received postoperative adjuvant 
chemotherapy alone, while 55 lymph node metastasis 
patients had chemo-radiotherapy treatment.

lAPtM4b-35 was overexpressed in nsclc 
cancer tissues

The mRNA level of LAPTM4B-35 was detected 
by qRT-PCR, and as the Figure 1A indicated, the 
LAPTM4B-35 mRNA was overexpressed in tumor tissues. 
Consistently, our Western Blotting data showed the 
LAPTM4B-35 protein expression was also significantly 
elevated in cancer tissues (Figure 1B). 

lAPtM4b-35 expression and clinicopathological 
variables

We further compared the clinicopathological 
parameters based on the LAPTM4B-35 protein level. As 
the Table 1 showed, the elevated LAPTM4B-35 protein 
expression was significantly correlated with histology (p 

table 1: clinicopathological characteristics with lAPtM4b protein expression in nsclc(n = 107)

Variables number
lAPtM4b protein expression 

P value
low (n = 53) High (n = 54)

Age (years)
≥65
<65
Gender (%)
   Male
   Female
Performance status
ECOG 0-1
ECOG 2
Pathological type
   SCC
   Non-SCC
Primary tumor size (cm)
<5cm
≥5cm
Histology
Well differentiated
Moderately differentiated
Poorly differentiated
Tumor location 
Left
   Right
Lymph node metastasis
No
Yes
Clinical stage
I
II
III
Thoracic irradiation
No 
Yes
Tumor recurrence
   No
   Yes

56(52.3%)
51(47.7%)

85(79.4%)
22(20.6%)

98(91.6%)
9 (8.7%)

34(31.8%)
73(68.2%)

66(61.7%)
41(38.3%)

20(18.7%)
41(38.3%)
46(43.0%)

51(47.7%)
56(52.3%)

59(55.1%)
48(44.9%)

34(31.8%)
52(48.6%)
21(19.6%)

46(43.0%)
61(57.0%)

66(61.7%)
41(38.3%)

    
 29 (54.7%)
24 (45.3%)

41(77.4%)
12(22.6%)

49 (92.5%)
4(7.5%)

18 (34.0%)
35 (66.0%)

32 (60.4%)
21 (39.6%)

11(20.8%)
30(56.6%)
12(22.6%)

26 (49.1%)
27 (50.9%)

27 (50.9%)
26 (49.1%)

20 (37.8%)
28 (52.8%)
5 (9.4%)

23 (43.4%)
30 (56.6%)

42(79.2%)
11(20.8%)

27 (50.0%)
27 (50.0%)

44(81.5%)
10 (18.5%)

49 (90.7%)
5 (9.3%)

16 (29.6%)
38 (70.4%)

34 (63.0%)
20 (37.0%)

9(16.6%)
11(20.4%)
34(63.0%)

25 (46.2%)
29 (53.8%)

32 (59.3%)
22 (40.7%)

14 (26.0%)
24 (44.4%)
 16 (29.6%)

23 (42.6%)
31 (57.4%)

24 (44.4%)
30 (55.6%)

0.264

0.338

0.540

0.235

0.187

0.022

0.576

0.083

0.001

0.474

0.031

SCC squamous cell carcinoma; Non-SCC(non-squamous cell carcinoma) includes adenocarcinoma, adenosquamous 
carcinoma, anaplastic large-cell carcinoma, sarcoma, adenoid cystic carcinoma, mucoepidermoid carcinoma and carcinoid 
tumor.
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= 0.022) and clinical stage (p = 0.001). In detailed, the 
patients with overexpressed LAPTM4B-35 had poorly 
differentiation and advanced clinical stage. What’s more, 
our data indicated that the increased LAPTM4B-35 protein 
level correlated with tumor recurrence (p = 0.031). 

lAPtM4b-35 protein expression and survival

Kaplan-Meier analysis showed that high 
LAPTM4B-35 protein expression was associated with 
poor prognosis in NSCLC patients. In detailed, the 5 year 
median OS was shorter in LAPTM4B-35 protein over-
expression group (p = 0.034; Figure 2A). As the Figure 2B 
showed, the 5 year median PFS was statistically shorter in 
the high LAPTM4B-35 protein expression group than low 
LAPTM4B-35 protein expression group (p = 0.004). 

Cox proportional hazards model was performed 
to identify if LAPTM4B-35 protein expression was an 
independent prognostic factor for NSCLC. After the 
univariate analysis, histopathologic differentiation (p = 
0.055), the clinical stage (p = 0.028) and LAPTM4B-35 
protein expression (P = 0.004) were associated with PFS 

(Table 2), while the histopathologic differentiation (p = 
0.016), Lymph node metastasis (p = 0.042), the clinical 
stage (p = 0.010) and LAPTM4B-35 protein expression 
(P = 0.034) were associated with OS (Table 3). The 
multivariate analysis confirmed that histopathologic 
differentiation (HR = 1.681, 95% CI, 1.241-3.552; p = 
0.039), the clinical stage (HR = 1.877, 95% CI, 1.346-
6.043; p = 0.040) and elevated LAPTM4B-35 protein 
level (HR = 2.750, 95% CI, 1.911-4.607; p = 0.026) were 
independent factors for PFS (Table 2). While the clinical 
stage (HR = 2.924, 95% CI, 1.988-5.697; p = 0.001) and 
the elevated LAPTM4B-35 protein level (HR = 2.879, 
95% CI, 1.621-4.318; p = 0.018) (Table 3) were identified 
as independent factors for OS. 

dIscussIon

In the present study, we first explored the 
LAPTM4B-35 expression in NSCLC, and then 
investigated the association of LAPTM4B-35 protein 
expression with clinicopathological factors and 
prognosis. Our study found that the LAPTM4B-35 
protein was expressed in NSCLC, and the elevated 

table 2: univariate and multivariate analyses for PFs (n = 107)

Variable
univariate analysis Multivariate    cox    regression

p-Value Hr 95% cI p-Value

Age (years)
Gender
Primary tumor size
Histology
Primary tumor location
Lymph node metastasis
Clinical stage 
LAPTM4B-35 expression

0.545
0.379
0.071
0.020
0.401
0.055
0.028
0.004

-
-
-
1.681
-
-
1.877
2.750

-
-
 
1.241–3.552
-
-
1.346-6.043
1.911-4.607

-
-
-
0.039
-
-
0.040
  0.026

Progression-free survival (months)
table 3: univariate and multivariate analyses for os 

Variable
univariate analysis Multivariate    cox    regression

p-Value Hr 95% cI p-Value

Age (years)
Gender
Primary tumor size
Histology
Primary tumor location
Lymph node metastasis
Clinical stage 
LAPTM4B-35 expression

0.247
0.842
0.089
0.016
0.332
0.042
0.010
0.034

-
-
-
1.250
-
1.819
2.924
2.879

-
-
 
1.101–3.157
-
0.997-3.001
1.988-5.697
1.621-4.318

-
-
-
0.336
-
0.877
0.001
  0.018
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LAPTM4B-35 protein expression was associated with 
poor histopathologic differentiation (p = 0.022), advanced 
clinical stage (p = 0.001) and cancer recurrence (p = 
0.031). The LAPTM4B-35 protein expression was further 
identified as independent prognostic factors for OS and 
PFS (P = 0.018, P = 0.026, respectively).

Lung cancer remained the most common cause of 
cancer related death worldwide. There are about 200,000 
new lung cancer patients will be diagnosed in the new 
year [1]. NSCLC accounted for about 85% of all lung 
carcinomas, and it included non-SCC and SCC [6, 16]. 
Systematic clinical studies and basic research on NSCLC 
had improved the prognosis of the NSCLC, however, the 
long-term outcome of the NSCLC remained poor [17-20]. 
It is significant to identify the new biomarkers to improve 
the prognosis of NSCLC. 

LAPTM4B was originally identified in 
hepatocellular carcinoma. And further studies found 
LAPTM4B-35 was overexpressed in several kinds of 
solid tumors [21, 22]. What was more, LAPTM4B-35 
played critical role in tumorigenesis and tumor metastasis 
[23, 24]. Recently, Qiao and her colleagues reported that 
the LAPTM4B-35 expression was up regulated in SCLC 
patients [13]. Unfortunately, there was not too much 
information about the expression and clinical significance 
of LAPTM4B-35 in NSCLC. Therefore, we detected the 
LAPTM4B-35 expression, collected clinicopathological 
and survival data, and explored the association 
between the LAPTM4B-35 protein expression and 
clinicopathological factors. Consistently, our study found 
that the LAPTM4B-35 was overexpressed in NSCLC 
compared to the normal tissues (Figure 1). We further 
investigated the associations of elevated LAPTM4B-35 

protein expression and clinicopathological characters in 
NSCLC. As the table 1 showed, the higher LAPTM4B-35 
protein expression correlated with aggressive features 
(including poor histopathologic differentiation, lymph 
node metastasis and advanced clinical stage.) and tumor 
recurrence . 

Recently, the prognostic significance of 
LAPTM4B-35 had been confirmed in several solid 
tumors [13, 22, 23]. In the present study, our data also 
identified the elevated LAPTM4B-35 protein level (HR 
= 2.879, 95% CI, 1.621-4.318; p = 0.018) (Table 3) was 
an independent prognostic factors for OS. And the 5-year 
median OS and PFS for NSCLC patients were significantly 
worse in the high LAPTM4B-35 protein expression group 
compared to low expression group (OS: p = 0.034; Figure 
2A; PFS: p = 0.004; Figure 2B) (Figure 2). 

The potential limitations including: the relative 
small size population limited the degree of evidence. 
Accordingly, larger and muti-center clinical study needs 
to be conducted to validate our report. Besides, our results 
and the previous studies all found the LAPTM4B-35 was 
associated with tumorigenesis, progression and aggressive 
clinicopathological features, and the potential molecular 
mechanisms for these processes need to be elucidate.

conclusIons

Our study identified that the LAPTM4B-35 
was elevated in NSCLC, the elevated LAPTM4B-35 
expression was associated with aggressive 
clinicopathological features and poor prognosis, 
suggesting that LAPTM4B-35 protein could be applied in 
predicting patient’s prognosis.

Figure 1: the lAPtM4b-35 expression in nsclc. A. LAPTM4B-35 mRNA expressions in NSCLC tissues and adjacent normal 
tissues. The results of the real-time qRT-PCR were analyzed by using the 2-ΔΔCtmethod. b. The relative protein expression.
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Figure 2: the survival curves of nsclc patients with lAPtM4b-35 protein expression. A. The 5 year median OS was 
shorter in patients with high-LAPTM4B-35 protein expression compared to those patients with low-LAPTM4B-35 protein expression (p 
= 0.034). b. The 5 year median PFS was statistically shorter in the high LAPTM4B-35 protein expression group than low LAPTM4B-35 
protein expression group (p = 0.004).
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MAterIAls And MetHods

Patients who were confirmed NSCLC histologically 
from 2007 to 2011 were enrolled in this study. The 
inclusion criteria included: (a) received radical surgery; 
(b) had the complete clinical and follow-up informations. 
The exclusion criteria included: (a) distant metastasis was 
found before or during the operation; (b) patients who 
received treatment prior to radical surgery. Base on the 
above criteria, total of 107 patients were enrolled in this 
study. Written informed consents were obtained from all 
participants according to the Helsinki Declaration, and this 
study protocol was approved by the Ethics Committee of 
our hospital, Tianjin, China.

The clinical information such as age, gender, tumor 
size, histology, TNM stage, clinical stage and survival 
data were collected. The follow-up data was obtained 
from outpatient visit or telephone follow-up. The OS was 
defined as time from the day of diagnosis to the day of 
last visit or death. The median follow-up time was 64.5 
months.

rnA preparation, quantitative real-time Pcr

Total RNA was extracted using Trizol reagent 
(Invitrogen). Quantitative real-time reverse transcription-
polymerase chain reaction (qRT-PCR) was performed 
using SYBR Green polymerase chain reaction master mix 
according to the manufacturer’s instructions (Takara). The 
primers were as follows: 

LAPTM4B-35: forward 5’- 
GCCCGGAGCGATGAAGATG-3’, reverse 
5’-CAACAGTACCACAGCATTGATGA-3’; 
D-glyceraldehyde-3-phosphate dehydrogenase (GAPDH): 
forward 5’-CCATCAATGACCCCTTCATTG-3’,reverse: 
5’-GACGGTGCCATGGAATTT-3’. The cycling program 
was: denaturation at 95oC for 30 seconds, followed by 38 
cycles of denaturing at 95oC for 5 seconds, annealing 
at 65oC for 30 seconds. The results of qRT-PCR were 
analyzed by using the 2-ΔΔCtmethod. GAPDH was used as 
an internal control. 

Western blot

Western blotting was conducted as previously 
described [14, 15]. In brief, tumor tissues were lysed 
with NP40 lysis buffer. Equal amounts of proteins 
were separated by SDS-PAGE, then the proteins were 
transferred to polyvinylidene fluoride (PVDF) membranes, 
blocked with 5% nonfat milk, and incubated with 
GAPDH and anti-LAPTM4B-35 polyclonal antibody 
(dilution, 1µg/ml; Abcam, Cambridge, UK.) at 4oC 
overnight, and then probed with secondary antibody at 
room temperature for 1 hour. Signals were detected using 

enhanced chemiluminescence detection system (Pierce, 
Rockford, IL, USA). The intensity of hybridization 
signals was quantified using Image analysis program. The 
protein levels were normalized to those of GAPDH. The 
LAPTM4B-35 protein levels were divided into two groups 
based on the median expression level.

statistical analysis

Continuous variables were described using mean 
±standard deviation; the categorical variables were 
analyzed by a chi-squared test. The Kaplan-Meier method 
and the Multivariate analyses were conducted to identify 
significant independent factors for the prognosis. The 
statistical analyses were performed using SPSS version 
18.0 (SPSS, Chicago, IL, United States). Significance was 
defined as p-Values (two sides) < 0.05.

AcknoWledgMents

We thank Jeniffer L for critical reading and 
corrections on the article.

conFlIcts oF Interest

All authors have no potential conflicts of interest.

grAnt suPPort

This work is supported by the Tianjin Science 
& Technology Plan Projects (No. 12ZCDZSY15800), 
National Natural Science Foundation of China 
(No. 81273937 and No. 81403220) and Tianjin 
Research Program of Application Foundation and 
Advanced Technology (No. 14JCZDJC36900 and No. 
13JCQNJC10900). 

reFerences

1. Siegel RL, Miller KD and Jemal A. Cancer statistics, 2015. 
CA Cancer J Clin 2015; 65: 5-29.

2. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J and 
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin. 
2015; 65:87-108. 

3. Zhou C, Wu YL, Chen G, Liu X, Zhu Y, Lu S, Feng J, He J, 
Han B, Wang J, Jiang G, Hu C, Zhang H, et al. BEYOND: 
A Randomized, Double-Blind, Placebo-Controlled, 
Multicenter, Phase III Study of First-Line Carboplatin/
Paclitaxel Plus Bevacizumab or Placebo in Chinese Patients 
With Advanced or Recurrent Nonsquamous Non-Small-
Cell Lung Cancer. J Clin Oncol 2015; 33: 2197-2204.

4. Buyukcelik A, Yalcin B and Utkan G. Multidisciplinary 
management of lung cancer. N Engl J Med 2004; 350: 
2008-2010; author reply 2008-2010.



Oncotarget56199www.impactjournals.com/oncotarget

5. Wang EH, Rutter CE, Corso CD, Decker RH, Wilson 
LD, Kim AW, Yu JB and Park HS. Patients Selected for 
Definitive Concurrent Chemoradiation at High-volume 
Facilities Achieve Improved Survival in Stage III Non-
Small-Cell Lung Cancer. J Thorac Oncol 2015; 10: 937-
943.

6. De Ruysscher D, Faivre-Finn C, Le Pechoux C, Peeters S 
and Belderbos J. High-dose re-irradiation following radical 
radiotherapy for non-small-cell lung cancer. Lancet Oncol 
2014; 15: e620-624.

7. Schneider MA, Granzow M, Warth A, Schnabel PA, 
Thomas M, Herth FJ, Dienemann H, Muley T and Meister 
M. Glycodelin: A New Biomarker with Immunomodulatory 
Functions in Non-Small Cell Lung Cancer. Clin Cancer Res 
2015; 21: 3529-3540.

8. Shao GZ, Zhou RL, Zhang QY, Zhang Y, Liu JJ, Rui JA, 
Wei X and Ye DX. Molecular cloning and characterization 
of LAPTM4B, a novel gene upregulated in hepatocellular 
carcinoma. Oncogene 2003; 22: 5060-5069.

9. Zhang G, Liang Y, Huang Y, Chen Y and Zhou R. Elevated 
lysosome-associated protein transmembrane-4beta-35 is an 
independent prognostic marker in pancreatic carcinoma. J 
Int Med Res 2012; 40: 1275-1283.

10. Yin M, Xu Y, Lou G, Hou Y, Meng F, Zhang H, Li C and 
Zhou R. LAPTM4B overexpression is a novel predictor of 
epithelial ovarian carcinoma metastasis. Int J Cancer 2011; 
129: 629-635.

11. Zhou L, He XD, Chen J, Cui QC, Qu Q, Rui JA and Zhao 
YP. Overexpression of LAPTM4B-35 closely correlated 
with clinicopathological features and post-resectional 
survival of gallbladder carcinoma. Eur J Cancer 2007; 43: 
809-815.

12. Meng F, Luo C, Hu Y, Yin M, Lin M, Lou G and Zhou R. 
Overexpression of LAPTM4B-35 in cervical carcinoma: a 
clinicopathologic study. Int J Gynecol Pathol 2010; 29: 587-
593.

13. Qiao M and Hu G. Lysosome-associated protein 
transmembrane-4beta-35 is a novel independent prognostic 
factor in small cell lung cancer. Tumour Biol 2015; 36: 
7493-7499.

14. Kong F, Shi X, Li H, Li P, Yu J, Li X, Chen J, Sun Y 
and Jia Y. Increased expression of iASPP correlates with 
poor prognosis in FIGO IA2-IIA cervical adenocarcinoma 
following a curative resection. Am J Cancer Res 2015; 5: 
1217-1224.

15. Kong F, Qi Y, Liu H, Gao F, Yang P, Li Y and Jia Y. 
Surgery combined with chemotherapy for recurrent gastric 
cancer achieves better long-term prognosis. Clin Transl 
Oncol 2015; 17: 917-924.

16. Zer A and Leighl N. Promising Targets and Current Clinical 
Trials in Metastatic Non-Squamous NSCLC. Front Oncol 
2014; 4: 329.

17. Kasapoglu US, Arinc S, Gungor S, Irmak I, Guney P, 
Aksoy F, Bandak D and Hazar A. Prognostic factors 
affecting survival in non-small cell lung carcinoma patients 
with malignant pleural effusions. Clin Respir J. 2015 Mar 
12. doi: 10.1111/crj.12292.

18. Berghmans T, Ameye L, Lafitte JJ, Colinet B, Cortot A, 
CsToth I, Holbrechts S, Lecomte J, Mascaux C, Meert AP, 
Paesmans M, Richez M, Scherpereel A, et al. Prospective 
Validation Obtained in a Similar Group of Patients and with 
Similar High Throughput Biological Tests Failed to Confirm 
Signatures for Prediction of Response to Chemotherapy and 
Survival in Advanced NSCLC: A Prospective Study from 
the European Lung Cancer Working Party. Front Oncol 
2014; 4: 386.

19. Liang W, Zhang L, Jiang G, Wang Q, Liu L, Liu D, Wang 
Z, Zhu Z, Deng Q, Xiong X, Shao W, Shi X and He J. 
Development and validation of a nomogram for predicting 
survival in patients with resected non-small-cell lung 
cancer. J Clin Oncol 2015; 33: 861-869.

20. Spigel DR, Patel JD, Reynolds CH, Garon EB, Hermann 
RC, Govindan R, Olsen MR, Winfree KB, Chen J, Liu 
J, Guba SC, Socinski MA and Bonomi P. Quality of life 
analyses from the randomized, open-label, phase III 
PointBreak study of pemetrexed-carboplatin-bevacizumab 
followed by maintenance pemetrexed-bevacizumab 
versus paclitaxel-carboplatin-bevacizumab followed by 
maintenance bevacizumab in patients with stage IIIB or IV 
nonsquamous non-small-cell lung cancer. J Thorac Oncol 
2015; 10: 353-359.

21. Xiao M, Jia S, Wang H, Wang J, Huang Y and Li Z. 
Overexpression of LAPTM4B: an independent prognostic 
marker in breast cancer. J Cancer Res Clin Oncol 2013; 
139: 661-667.

22. Cheng X, Zheng Z, Bu Z, Wu X, Zhang L, Xing X, 
Wang X, Hu Y, Du H, Li L, Li S, Zhou R, Wen XZ,et 
al. LAPTM4B-35, a cancer-related gene, is associated with 
poor prognosis in TNM stages I-III gastric cancer patients. 
PLoS One 2015; 10: e0121559.

23. Meng F, Tan S, Liu T, Song H and Lou G. Predictive 
significance of combined LAPTM4B and VEGF expression 
in patients with cervical cancer. Tumour Biol 2015; 

24. Yin M, Lou C, Zhang W, Meng F, Zhang H, Ning X, Zhou 
R, Dong X and Lou G. LAPTM4B overexpression is a 
novel independent prognostic marker for metastatic ovarian 
tumors. Int J Gynecol Cancer 2012; 22: 54-62.


