Int J Clin Exp Pathol 2015;8(5):5519-5527
www.ijcep.com /ISSN:1936-2625/1JCEPO006966

Original Article
LAMP3 and TP53 overexpression predicts poor outcome
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Abstract: Lysosomal associated membrane protein 3 (LAMP3) is a newly identified tumor-specific and hypoxia-
induced protein. It is a downstream target gene of tumor suppressor TP53 and its expression has been associated
with hypoxia-induced metastasis and poor overall survival in cervical, breast and gastrointestinal cancers. However,
little is known of LAMP3 protein expression in laryngeal squamous cell carcinoma (LSCC) and its prognostic value.
We determined protein expression of LAMP3 and TP53 in LSCC tissues (n=117) by immunohistochemistry analysis
on tissue microarray (TMA), their expression was correlated with patients’ clinical parameters and overall survival.
LAMP3 and TP53 protein expression was significantly higher in cancerous tissues compared to adjacent normal
surgical margin tissues. Both high LAMP3 and high TP53 protein expression was significantly associated with tu-
mor stage and size. Significant correlation between LAMP3 and TP53 expression was observed. Patients with high
LAMP3 or high TP53 expression had a poor overall survival. Our data suggest that both epithelial LAMP3 expression

and TP53 expression are independent prognostic markers for LSCC.

Keywords: LAMP3, TP53, prognosis, laryngeal squamous cell carcinoma

Introduction

Laryngeal squamous cell carcinoma (LSCC) is
the most common histological type of the head
and neck cancer [1] and the second most com-
mon respiratory cancer after lung cancer [2].
Worldwide, there are an estimated 130,000
new laryngeal cancer cases and 82,000 deaths
annually (GLOBOCAN 2012: Estimated Cancer
Incidence, Mortality and Prevalence Worldwide
in 2012, International Agency for Research on
Cancer). The estimated incidence and mortality
rates of LSCCin Chinais 2.04/10%and 1.06/10°
respectively during 2003-2007 [3]. LSCC is
diagnosed predominantly in men and the rates
are higher in urban areas than in rural areas
[3]. Although LSCC is relatively rare in China
compared to western developed countries, its
incidence has been increasing over time due to
increased consumption of tobacco and alcohol
[2].

Patients with early stage LSCC are treated with
either radiation therapy or laryngeal preserva-

tion surgery with the intent to preserve the
function of larynx. Patients with advanced st-
age LSCC require multidisciplinary individualiz-
ed modality therapy with the goal of balancing
overall survival and the quality of life. Local
recurrence and distant metastasis remain a ma-
jor cause of mortality in LSCC, and current clini-
copathological parameters have limited predic-
tive and prognostic value for survival [4].

Genes involved in cell cycle regulation have
been intensively investigated in LSCC, especial-
ly TP53. TP53 is one of the most important
tumor suppressor genes that plays an essential
role in the stability of human genome [5, 6].
Mutations in TP53 are the most frequent genet-
ic alterations identified in LSCC [7]. Wild type
TP53 protein has a half-life of 6-20 minutes,
which cannot be detected by immunohistoche-
mistry, while mutant TP53 proteins are stabi-
lized and show dominant-negative function, and
can be detected by immunohistochemistry, whi-
ch has been widely used as a surrogate marker
for TP53 mutations [8, 9]. TP53 overexpression
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has been detected in 40-60% of primary LSCC
cases [7], patients with TP53 overexpression
detected on the resection margins were more
likely to experience local recurrence [1, 10-12]
and shorter disease free survival [11]. TP53
overexpression has also been shown to predict
the malignant transformation from precursor
lesions to LSCC [13]. However, the data are
scant on the correlation between TP53 overex-
pression and overall survival in LSCC.

Tumor hypoxia refers to an inadequate supply
of oxygen in the tumor microenvironment. It is
frequently associated with poorly differentiated
advanced stage tumors and presents a signifi-
cant limitation for radiation therapy as radiore-
sistance develops when the O, partial pressure
in a tumor is less than 25-30 mmHg [14, 15].
Mechanistically, it has been hypothesized that
reduced local oxygen concentrations can acti-
vate the hypoxic response pathway, which in
turn remodels the extracellular matrix, induces
epithelial-to-mesenchymal transition (EMT),
promotes cancer stem cells and immune eva-
sion [16]. It has been shown in vitro that hypox-
ia promotes radioresistance in LSCC [17]; how-
ever, the molecular markers involved in
hypoxia-induced readioresistance have not
been identified.

Novel molecular prognostic markers are need-
ed to improve clinical outcome in LSCC patients
as well as to enhance understanding of the
mechanism of tumorigenesis and hypoxia-in-
duced radioresistance. Lysosomalassociated
membrane protein 3 (LAMP3) is a newly identi-
fied hypoxia regulated and TP53 downstream
target gene involved in hypoxia-induced thera-
py resistance and metastasis. Its overexpres-
sion has been observed in several types of
human cancers [18], including cervical, breast,
and gastrointestinal cancer [19]. LAMP3 over-
expression is associated with resistance to
chemotherapy and radiotherapy [20-22], and
LAMP3 expression has been associated with
lymph node metastasis and poor overall sur-
vival [19, 23-25].

To our best knowledge, thus far, no studies
have investigated the potential role of LAMP3
in LSCC. In the present study, we analyzed epi-
thelial LAMP3 and TP53 expression by immu-
nohistochemistry analysis in both malignant
LSCC and adjacent normal tissues using tissue
microarrays (TMAs). We correlated epithelial
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LAMP3 and TP53 expression with clinicopatho-
logical characteristics as well as overall surviv-
al in patients with LSCC.

Material and methods

Human tissue specimens and patient clinical
information

A total of 159 formalin-fixed paraffin-embed-
ded (FFPE) tissue samples were collected from
117 LSCC patients. These include 117 LSCC
tissues and 42 matched normal tissues at sur-
gical margins. All tissue blocks were obtained
from the Department of Pathology, Affiliated
Hospital of Nantong University from year 2003
to 2011. Clinical characteristics of cancer pa-
tients were extracted from their medical re-
cords, including: age, sex, histological type, dif-
ferentiation grade, tumor stage, tobacco and
alcohol consumption. None of the cancer pa-
tients received any types of treatments (radia-
tion therapy, chemotherapy, or immunotherapy)
before surgery. Overall survival (OS) was defined
as the period from initial biopsy confirmed diag-
nosis to death. Patients who were alive at the
last follow-up date were censored from the
analysis. The study protocol was approved by
the Human Research Ethics Committee of the
Affiliated Hospital of Nantong University, Jiang-
su, China.

Tissue microarray (TMA) construction and im-
munohistochemical analysis (IHC)

TMA was generated using the manual Tissue
Microarrayer System Quick Ray (UTO6, UNITMA,
Korea) in the Department of Clinical Pathology,
Nantong University Hospital, Jiangsu, China. Sp-
ecifically, core tissue biopsies (2 mm in diame-
ter) were taken from ~70 individual FFPE blocks
and arranged in a new recipient paraffin block.
A total of three TMAs were made. Four-micron
sections were cut and placed on super frost-
charged glass microscope slides to generate
TMA slides.

Tissue sections were deparaffinized and rehy-
drated through graded alcohols. Endogenous
peroxidase activity was blocked by incubation
in 3% H,0,. Antigen retrieval was carried out
with 0.01 M citrate buffer pH 6.0 and micro-
wave heat induction. LAMP3 was detected by
rabbit polyclonal anti-human LAMP3 antibody
(dilution 1:100) (Abcam, ab111090), and TP53
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Figure 1. Representation of LAMP3 and TP53 protein expression in LSCC and normal margin tissues on TMA sec-
tions. Row 1: LSCC tissue with high LAMP3 expression and high TP53 expression; row 2: LSCC tissue with no
LAMP3 expression and no TP53 expression; row 3: normal marginal tissue with no LAMP3 expression and no TP53
expression. Column A and B are LAMP3 staining with x40 (bar =500 um) and x400 (bar =50 ym) magnification
respectively, and column C and D are TP53 staining with x40 (bar =500 um) and x400 (bar =50 ym) magnification

respectively.

Table 1. LAMP3 and TP53 protein expression in LSCC and noncancerous tissues

Characteristic n  LAMP3+ Pearson x? P TP53+  Pearson x? P LAMP3+/TP53+ Pearson x> P
Carcinoma 117 82(70.90) 22.038 <0.001* 79 (67.52) 12.937 <0.001* 61 (52.14) 13.060 <0.001*
Surgical margin 42 12 (28.57) 15 (35.71) 9 (20.45)

*P<0.05.

was detected by rabbit polyclonal anti-human
TP53 antibody (dilution 1:100) (DAKO, M3629).
Reactions were detected with Envision+™ per-
oxidase kit (Dako, Carpinteria, CA, USA). Color
development was accomplished by incubating
with 3,3-diaminobenzidine plus (Dako, Car-
pinteria, CA, USA), counterstained with hema-
toxylin, dehydrated through graded alcohols,
cleared in xylene, and coverslipped with perma-
nent mounting media.

All cases were reviewed and scored without
knowledge of clinical characteristics. The ex-
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pression of LAMP3 and TP53 was scored using
the semi-quantitative H-score method, taking
into account both the staining intensity and the
percentage of cells at that intensity [26]. The
staining intensity was scored as O (no staining),
1+ (weak staining), 2+ (moderate staining), or
3+ (intense staining). For each of the four stain-
ing intensity scores, the percentage of cells
stained at the respective intensity was deter-
mined and multiplied by the intensity score to
yield an intensity percentage score. The final
staining scores were then calculated from the
sum of the four intensity percentage scores;

Int J Clin Exp Pathol 2015:8(5):5519-5527
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thus the staining score had a minimum value of
0 (no staining) and a maximum of 300 (100% of
cells with 3+ staining intensity).

Statistical analysis

For statistical analysis, the continuous LAMP3
and TP53 expression data from IHC were first
converted into dichotic data (low vs. high) using
specific cutoff values, which were selected to
be significant in terms of overall survival (0S)
using the X-tile software program (The Rimm
Lab at Yale University; http://www.tissuearray.
org/rimmlab) [25, 27].

Student t test and Pearson x? test were used to
determine the statistical significance of differ-
ences between comparison groups. The corre-
lation between LAMP3 and TP53 protein
expression was calculated using Spearman’s
test. The cumulative patient survival was esti-
mated using the Kaplan-Meier method, and a
log-rank test was used to compare the survival
curves. A Cox proportional hazards model was
used to calculate univariate and multivariate
hazard ratios for the variables. A P-value of less
than 0.05 was considered statistically signifi-
cant. All statistical analyses were carried out
using the SPSS 19.0 statistical software pack-
age (SPSS Inc., Chicago, IL).

Results
LAMP3 or TP53 expression in laryngeal tissues

LAMP3 protein expression was mainly detected
in tumor epithelial cells, only in rare occasions
(<5 cases) was it also detected in tumor infil-
trating lymphocyte. LAMP3 protein was local-
ized in the cytoplasm while TP53 protein was
localized in the nuclei (Figure 1). Using the X-tile
software program for TMA data analysis (http://
www.tissuearray.org/rimmlab), we first identi-
fied significant cutoff point in terms of overall
survival in LSCC. The cutoff was 100 for both
LAMP3 and TP53 proteins: score 0-100 was
considered low expression while 101-300 was
considered high expression. For all subsequent
analyses, LAMP3 and TP53 protein expression
levels were considered either as “Low” or
“High” using these cutoff values.

Of 117 LSCC tissues, 82 had high LAMP3 ex-
pression (LAMP3+, 70.9%), significantly higher
than normal surgical margin tissues where only
12 out of 42 had high LAMP3 expression
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(28.6%) (P<0.001) (Table 1). Similarly, the fre-
quency of high TP53 expression (TP53+) was
significantly higher in LSCC tissues (67.5%)
than normal surgical margin tissues (35.7%)
(P<0.001). High LAMP3 and high TP53 expres-
sion (LAMP3+/TP53+) was more frequent in
cancerous tissues (52.1%) than in adjacent nor-
mal surgical margins (20.5%) (P<0.001).

Association of LAMP3 and TP53 expression
with clinicopathologic characteristics in LSCC
Next, we examined the correlation between
LAMP3 or TP53 protein expression and clinical
parameters among LSCC patients. High LAMP3
expression was significantly associated with
tumor stage (P=0.029), with both size (P=0.012)
and regional lymph node metastasis (P=0.019);
while high TP53 expression was significantly
associated with tumor stage (P=0.009), tumor
size (P=0.005), and marginally with regional
lymph node metastasis (P=0.054) (Table 2).
High LAMP3 and high TP53 expression (LA-
MP3+/TP53+) was significantly associated with
tumor stage (P<0.001), tumor size (P<0.001),
and regional lymph node metastasis (P=0.008).
Significant correlation between LAMP3 and
TP53 expression was detected (P=0.019).

Prognostic value of LAMP3 and TP53 protein
expression in LSCC

We also determined prognostic factors in LSCC
using both univariate and multivariate analysis.
High LAMP3 expression (HR, 5.706, 95% ClI,
2.011-16.191; P=0.001) was significantly asso-
ciated with poor overall survival in univariate
analysis, along with previously reported prog-
nostic markers, including tumor stage (HR,
2171, 95% CI, 1.221-3.861; P=0.008) and
tumor size (HR, 2.073, 95% CI, 1.160-3.706;
P=0.014) (Figure 2). High TP53 expression was
significantly associated with poor overall sur-
vival (HR, 6.107, 95% CI, 1.874-19.900;
P=0.003), and high LAMP3 and high TP53
(LAMP3+/TP53+) was significantly associated
with poor overall survival (HR, 7.590, 95% ClI,
3.134-18.382; P<0.001) in univariate analysis.
In multivariate analysis, only high LAMP3 (HR,
9.481, 95% Cl, 2.216-40.566; P=0.002) and
high TP3 (HR, 6.436, 95% Cl, 1.469-28.197;
P=0.014) remained significantly associated
with poor overall survival, but not tumor size,
tumor stage, and combination of high LAMP3
and TP53 expression (Table 3).

Int J Clin Exp Pathol 2015;8(5):5519-5527
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Table 2. Association of high expression of LAMP3 and TP53 with clinicopathological characteristics in

LSCC patients

Groups No LAMP3+ Pearson P TP53+ Pearson P LAMP3+/  Pearson Pvalue
(%) X2 value (%) X2 value  TP53+ (%) X2
Total 117 82 (70.09) 79 (67.52) 61 (52.14)
Age 0.005 0.946 1.219 0.311 0.549 0.567
<60 years 44  31(70.45) 27 (61.36) 21 (47.73)
>60 years 73 51(69.86) 52 (71.23) 40 (54.79)
Tobacco consumption 0.241 0.624 0.001 1.000 0.004 1.000
No 32 25(78.13) 23 (71.88) 18 (56.25)
Yes 72  53(73.61) 52 (72.22) 41 (56.94)
Unknown 13 4(30.77) 4(30.77) 2(15.38)
Alcohol consumption 2.517 0.113 0.001 1.000 3.371 0.077
No 54  37(68.52) 39 (72.22) 26 (48.15)
Yes 50 41 (82.00) 36 (72.00) 33(66.00)
Unknown 13 4(30.77) 4(30.77) 2(15.38)
TNM stage 7.086 0.029* 9.537 0.009* 15.573 <0.001*
Stage | 14 10(71.43) 8(57.14) 6 (42.86)
Stage Il 57 38(66.67) 37 (64.91) 25 (43.86)
Stage Ill and IV 33 30(90.91) 30(90.91) 28 (84.85)
Unknown 13 4(30.77) 4 (30.77) 2 (15.38)
T stage 9.032 0.012* 10.830 0.005* 18.931 <0.001*
| 13 9 (69.23) 7 (53.84) 5 (38.46)
1] 50 32(64.00) 31 (62.00) 20 (40.00)
Il and IV 41 37(90.24) 34 (82.93) 34 (82.93)
Unknown 13 4(30.77) 4(30.77) 2(15.38)
N-Regional lymph nodes 5.479 0.019* 3.892 0.054 7.277 0.008*
NO 100 66 (66.00) 64 (64.00) 47 (47.00)
N1 17 16(94.12) 15 (88.24) 14 (82.35)
Histopathological grade 0.574 0.780 1.879 0.427 2.503 0.309
1 51 34 (66.67) 34 (66.67) 25 (49.02)
2 57  41(71.93) 37 (64.91) 29 (50.88)
3 9 7(77.78) 8(88.89) 7(77.78)
LAMP3
High 82 61 (74.39) 5.897 0.019*
Low 35 18 (51.43)
TP53 5.897 0.019*
High 79  61(77.22)
Low 38 21(55.26)
*P<0.05.
Discussion was significantly associated with patients’ poor

In this study, we have determined LAMP3 and
TP53 protein expression in laryngeal tissues by
immunohistochemistry analysis on tissue mic-
roarray (TMA). We found that both LAMP3 and
TP53 protein expression were significantly high-
er in LSCC tissues than in normal adjacent tis-
sues. We found high LAMP3 protein expression
was associated with tumor stage, tumor size
and regional lymph node metastasis, and we
detected correlation between LAMP3 and TP53
expression. In both univariate and multivariate
analysis, we found high LAMP3 and high TP53
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overall survival.

Our study confirms and extends previous find-
ings on the important role of TP53 in LSCC.
TP53 overexpression was more frequent in
LSCC cancerous tissues (67.5%) than in the ad-
jacent normal surgical margins (35.7%), TP53
overexpression was also more frequent in ad-
vanced stage patients (90.9% in stage Ill and IV
vs. 64.9% in stage |l and 57.1% in stage I), and
more frequent in patients with regional lymph
node metastasis (88.2% in N1 vs. 64% in NO).
Our study is the first to show that TP53 overex-

Int J Clin Exp Pathol 2015;8(5):5519-5527
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Figure 2. Survival curves of LSCC by the Kaplan-Mei-
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pression is a prognostic marker for overall sur-
vival: TP53 overexpression was associated with
worse overall survival in both univariate (HR,
6.107, Cl%, 1.874-19.900; P=0.003) and multi-
variate analyses (HR, 6.436, Cl%, 1.469-
28.197; P=0.014).

To our best knowledge, this is the first study
investigating epithelial LAMP3 protein expres-
sion as well as potential LAMP3 and TP53 pro-
tein interaction in LSCC. LAMP3 was originally
characterized as a molecular marker for mature
interdigitating dendritic cells (DC) (CD208,
DC-LAMP) [28], as well as a lung specific gene
(TSC403) [18]. It is overexpressed in several
types of human cancers, including cancer of
cervix, breast, stomach, ovary, colon, and liver
[18, 19]. It has been hypothesized that LAMP3
may be important for tumor metastasis and
resistance to therapy: LAMP3 induces migra-
tion and invasion of tumor cells in vitro [29-30];
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LAMP3 expression has been associated with
resistance to chemotherapy and radiotherapy
[20-22]; and LAMP3 expression has been asso-
ciated with lymph node metastasis and poor
overall survival [23-25]. Expression of LAMP3
protein in tumor epithelial cell had prognostic
value in breast cancer [23, 31], and gastroin-
testinal cancer from our previous study [19].

We also identified significant correlation be-
tween LAMP3 and TP53 overexpression. Of
117 LSCC cases, 61 (52.1%) had high expres-
sion of both LAMP3 and TP53. This is consis-
tent with previous report on the identification of
LAMP3 as one of the downstream target genes
of TP53 involved in 5-fluorouracil (5-FU) resis-
tance in colon cancer [32], but in contrast to
our previous study in gastrointestianal cancer
[19], where no correlation had been identified
between LAMP3 and TP53 expression. Future
in vitro mechanistic studies are needed to con-
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Table 3. Univariate and multivariate analysis of prognostic markers for overall survival in LSCC pa-
tients

Variable Univariate analysis Multivariate analysis
HR  pvalue 95% Cl HR  pvalue 95% Cl
LAMP3 expression 5.706 0.001* 2.011-16.191 9.481 0.002* 2.216-40.566

high versus low
TP53 expression

high versus low
LAMP3/TP53 expression

LAMP3+/TP53+ versus Non- LAMP3+/TP53+
Age (years)

<60 versus >60
Tobacco consumption

No versus Yes
Alcohol consumption

No versus Yes
Differentiation

Well and middle versus poor
T stage

I versus Il versus Il and IV
N-Regional lymph nodes

NO versus N1
TNM stage

I versus Il versus Il and IV

6.107 0.003* 1.874-19.900 6.436 0.014* 1.469-28.197

7590 <0.001* 3.134-18.382

1.088 0.803 0.560-2.116

0.878  0.720 0.430-1.793

1.595 0.171 0.817-3.113

1.528 0.213 0.784-2.977

2.073 0.014* 1.160-3.706 0.747 0.727  0.146-3.833

2.045 0.091 0.893-4.685

2171 0.008*  1.221-3.861 1.590 0.571 0.320-7.903

*P<0.05.

firm the interaction between LAMP3 and TP53
in LSCC.

Radiation therapy is a valuable treatment op-
tion for LSCC patients. However, radioresis-
tance represents a serious problem in LSCC
patients, even among early stage patients [17].
Elucidating the underlying mechanism of tumor
hypoxia-induced radioresistance will ultimately
improve patients’ survival and quality of life.
LAMP3 is a novel hypoxia-regulated gene and a
mediator of hypoxia induced metastasis [33].
Both LAMP3 mRNA and protein are induced by
hypoxia. In cervical cancer, expression of
LAMP3 is associated with hypoxia and medi-
ates hypoxia-driven nodal metastasis through
regulating cell migration [24, 30]. In breast can-
cer xenografts, LAMP3 protein expression colo-
calizes with hypoxic areas and is associated
with locoregional recurrence [23]. Mechanis-
tically, it has been shown that tumor hypoxia
induces unfolded protein response (UPR) path-
way, which in turn induces LAMP3 via the PKR-
like ER kinase (PERK)/activating transcription
factor 4 (ATF4)-arm of the UPR [29, 33].

Our study is a retrospective observational
study; the conclusions might not be applicable
to the general population. Larger prospective
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studies are needed to confirm our findings. Our
results might be biased because we have used
TMA to analyze LAMP3 and TP53 protein level,
the expression pattern might not represent the
expression pattern of the whole tissue, and IHC
data are semiquantitative, additional methods
are needed to evaluate and confirm LAMP3
and TP53 expression in tumor cells. Finally, we
do not know whether LAMP3 protein is associ-
ated with radioresistance in LSCC. Future pro-
spective studies are needed to investigate the
association between LAMP3 overexpression
and radioresistance in LSCC.

In conclusion, we have shown that high LAMP3
protein expression is an independent prognos-
tic marker in LSCC. Because of the role of
LAMP3 in tumor-associated hypoxia, future
research is warranted to investigate whether
LAMP3 plays a role in hypoxia-associated radio-
resistance and whether LAMP3 is both a prog-
nostic marker and a valid novel therapy target
in LSCC.
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