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LAPTMA4B overexpression is an independent
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Abstract. Lysosome-associated protein transmembrane 43
(LAPTM4B) is a member of the mammalian 4-tetratrans-
membrane spanning protein superfamily, which is strongly
expressed in some solid malignancies. The present study
investigated the correlation of LAPTM4B expression with
clinicopathological features and prognosis in ovarian
carcinoma. Expression of LAPTM4B was evaluated
semiquantitatively by immunohistochemistry in 85 cases of
ovarian carcinoma. High LAPTM4B expression was found
in 54 (63.5%) of these 85 carcinomas, and was positively
correlated with FIGO stage, histological subtype and
residual tumor after primary surgery, but not with age and
tumor grade. Patients with high LAPTM4B expression had
significantly poorer overall survival (OS) and progression-
free survival (PFS) (P<0.001 and P<0.001, respectively)
compared to patients with low expression of LAPTM4B.
On multivariate analysis, LAPTM4B expression was found
to be an independent prognostic factor for OS and PFS
(P=0.01 and P=0.03, respectively). These results showed
that high LAPTM4B expression was associated with
progression of ovarian carcinoma and correlated with
unfavorable clinical outcome, suggesting that LAPTM4B
may be a clinically useful prognostic indicator for ovarian
carcinoma.

Introduction

Ovarian carcinoma is associated with the highest mortality of
all gynecologic neoplasia worldwide, with a 5-year survival
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rate of <30% reported in some series (1,2). The incidence of
ovarian carcinoma has been steadily increasing over the past
10 years, with an overall lifetime risk of 1.8% (3). Despite
advances in medical and surgical treatment and new chemo-
therapeutic regimens, the overall 5-year survival for women
with epithelial ovarian carcinoma has remained almost
unchanged over the past 40 years (4). The prognosis for
patients with ovarian carcinoma can be determined by
conventional evaluation using tumor histological subtype,
histological grade, and International Federation of Gynecology
and Obstetrics (FIGO) stage at time of diagnosis. However,
these factors fail to fully take into account the spectrum of
biological behavior of ovarian carcinoma, and more objective
ways to establish prognosis are needed.

Recently, a novel gene lysosome-associated protein trans-
membrane 46 (LAPTM4B) which was originally identified
as a gene overexpressed in human hepatocellular carcinoma
(HCC) was cloned by fluorescent differential-display
polymerase chain reaction (PCR) (5). LAPTM4B, which maps
to 8q22 and contains seven exons, encodes is a member of
the mammalian 4-tetratransmembrane spanning protein
superfamily. Analysis with immunohistochemical double
labeling localized the protein predominantly to the intracellular
membranes of lysosomes and late endosomes (6,7). It has
been shown that NIH3T3 cells transfected with LAPTM4B
cDNA demonstrate higher proliferation rates, increased
anchorage independent growth, reduced serum dependence,
and changes in cell morphology (8). Moreover, the use of
antisense oligonucleotides against LAPTM4B suppressed
proliferation of the hepatocellular carcinoma cell line, BEL-
7402 (9). These results indicate that LAPTM4B plays an
active role in cell proliferation during tumor development
and/or progression rather than simply being upregulated as a
secondary effect during tumorigenesis (10).

It was also recently reported that expression of
LAPTM4B at mRNA and protein levels was highly upregu-
lated in most HCCs and correlated inversely with HCC
differentiation (11,12). Current data have shown that
LAPTM4B mRNA is also strongly expressed in several
cancers, such as breast cancer, lung cancer, gastric cancer,
colon cancer, uterus cancer, ovarian carcinoma, and
adrenocorticotrophin (ACTH)-secreting and non-functioning
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pituitary adenoma (10,12,13). However, there is no evidence
concerning its protein expression status in ovarian
carcinoma, and the clinicopathological relevance and signi-
ficance of LAPTM4B overexpression in ovarian carcinoma
remain unknown. The present study aimed to investigate
expression of LAPTM4B in ovarian carcinoma and to
evaluate its relationship to the clinicopathological features as
noted in Table I, while evaluating its prognostic significance
with univariate and multivariate analyses.

Materials and methods

Patients. After obtaining informed consent, 85 consecutive
patients (ages 21-74 years, median age 52 years) with primary
epithelial ovarian carcinoma served as subjects for this study.
The patients underwent exploratory laparotomy at the Depart-
ment of Obstetrics and Gynecology, Peking University Third
Hospital (between 1998 and 2001). All tissue specimens
underwent microscopic confirmation of diagnosis, tumor
type, and histological grade by a pathologist specialized in
gynaecological tumors. Histological typing was carried out
according to the World Health Organisation (WHO)
classification standards (14). The grading and staging of
tumors were assigned according to the FIGO rules (15). The
clinicopathological characteristics of the patients included in
this study are summarized in Table I. Follow-up for the
patients included in the survival analysis was completed by
January 2008. Our research protocol was approved by Peking
University Ethics Committee.

Immunoblot analysis. Seven frozen tissue samples of ovarian
carcinoma and 2 fresh tissue samples of normal ovary were
homogenised in a lysis buffer consisting of 1% Triton X-100
and a protease inhibitor mixture in phosphate-buffered saline.
After centrifugation at 15,000 g for 20 min, the supernatant
was obtained. Thirty micrograms of protein extract were
separated by SDS/10% polyacrylamide gel electrophoresis,
and transferred onto the nitrocellulose filters (Bio-Rad). The
filters were blocked at 4°C overnight with a blocking buffer
(pH 7.6) containing 5% non-fat dry milk. Filters were incubated
with indicated antibody (1:300) for 2 h at room temperature,
using rabbit anti-human polyclonal antibody (LAPTM4B-
N10-pAb), which specifically recognizes protein LAPTM4B-
35 (but not LAPTM4B-24). This antibody was raised in our
laboratory, as previously reported (12). Immunoreactive
proteins were stained using a chemiluminescence detection
system (ECL, Amersham, Arlington Heights, IL, USA).
Membranes were then washed with stripping solution for 1 h
and treated as described above, except that mouse B-tubulin
antibody (Neomarkers, Fremont, CA) was applied as an
internal control.

LAPTMA4B immunohistochemistry. LAPTM4B expression was
evaluated in 85 patients with ovarian carcinoma with
immunohistochemistry using paraffin-embedded specimens.
Surgical specimens were fixed in 10% formalin, embedded in
paraffin, and were sectioned at a thickness of 4 ym. For heat-
induced epitope retrieval, deparaffinised sections were soaked
in 10 mM citrate buffer (pH 6.0) and treated at 95°C for 30 min
in a microwave oven.
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Figure 1. LAPTM4B expression in normal ovaries and ovarian carcinoma
tissues. Lane N1, N2: 2 fresh normal ovaries. Lane T1-T7: 7 frozen ovarian
carcinomas. B-tubulin expression is shown to demonstrate equal protein
loading.

Immunohistochemical staining was performed using the
avidin-biotin immunoperoxidase technique. Endogenous
peroxidase activity was first blocked by incubation with 0.3%
H,0, in methanol for 15 min, and non-specific immunoglo-
bulin binding was then blocked by incubation with 10%
normal goat serum for 10 min. Sections were incubated at
room temperature for 2 h with the anti-LAPTM4B polyclonal
antibody at 1:100 dilution. The sections were rinsed and
incubated for 30 min with biotinylated second antibody.
After washing, the sections were incubated for 30 min with
horseradish peroxidase-conjugated streptavidin, and finally
treated with 3,3'-diaminobenzidine tetrahydrochloride in
0.01% H,0, for 10 min. The slides were counterstained with
Meyer's hematoxylin. As a negative control, the primary
antibody was replaced with normal rabbit IgG at an appropriate
dilution.

Evaluation of the stainings. The LAPTM4B expression
levels were classified semiquantitatively based on the total
combined scores of the percent positive staining tumor cells
together with the staining intensity. A tumor was scored as ‘0’
if <10% of tumor cells stained positive, ‘1’ if 10-50% were
positive, and ‘2’ if >50% of cells were positive stained. The
staining intensity was scored as ‘0’ when no cells stained or
there was only weak staining, ‘1’ when there was moderate
staining, and ‘2’ in cases of strong staining. The final
LAPTM4B expression score was defined as ‘Low LAPTM4B
expression’ when the sum of the positivity score and the
staining intensity score was 0-2, and ‘High LAPTM4B
expression” when the sum was 3-4. In each case, at least 3
different areas of tumor were evaluated, and the mean of the
results was taken as the final expression score. The scoring
procedure was carried out twice by two independent
observers without any knowledge of the clinical data and
without review of corresponding H&E slides. The concor-
dance rate between the two primary observers was >95%. In
cases of significant disagreement, the slides in question were
re-reviewed simultaneously by the original two observers,
together with a third observer together at a multiheaded
microscope, in order to resolve the difference of opinion.

Statistical analyses. The Chi-square test was used to analyze
the correlation of LAPTM4B expression with various
clinicopathological parameters. Overall survival (OS) was
calculated as the interval from the date of surgery to the date
of death, and progression-free survival (PFS) was the interval
from the date of surgery to the date of progression/recurrence,
or date of last follow-up examination. Univariate analysis for
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LAPTM4B expression

Variables Patients Low High P2
All cases 85 31 54
Age (years) 0.73
>60 21 7 14
<60 64 24 40
FIGO stage 0.03
I 20 11 9
11 12 7 5
111 45 11 34
v 8 2 6
Histological subtype 0.02
Serous 43 8 35
Mucinous 15 10 5
Endometrioid 10 4 6
Clear cell 4 5
Other type 8 5 3
Histological grade 0.39
1 13 7 6
2 33 11 22
3 39 13 26
Residual tumor <0.001
Negative 38 23 15
Positive 47 8 39

FIGO, International Federation of Gynecology and Obstetrics; LAPTM4B, lysosome-associated protein transmembrane-4 5 and *Chi-square

test.

OS and PFS was performed and evaluated with the log-rank
test, and Kaplan-Meier curves were generated. A multivariate
Cox proportional-hazard model was used to evaluate the
independence of LAPTM4B expression as prognostic factor
against other variables such as age, FIGO stage, histological
subtype and residual tumor at laparotomy. For this statistical
evaluation SPSS software Version 10.0 was used, and a P-value
<0.05 was considered significant.

Results

Clinical profiles of the patients. Of 85 patients, 20 (23.5%)
were FIGO stage I, 12 (14.1%) were stage 11, 45 (52.9%) were
stage III, and 8 (9.4%) were stage IV. Histological subtypes
of the tumor included 43 (50.6%) cases of serous ovarian
carcinoma, 15 (17.6%) cases of mucinous carcinoma, 10
(11.8%) cases of endometrioid carcinoma, 9 (10.6%) cases of
clear cell carcinoma, and 8 (9.4%) cases of other types
(Table I). At the end of the follow-up period, 28 (32.9%)
patients were alive, 53 (62.4%) patients had died of disease,

and 4 (4.7%) of the patients were lost to follow-up. The
median follow-up was 53 months (range 4-119).

LAPTMA4B protein expression in ovarian carcinoma tissues by
Western blot analysis. Western blot analysis was performed
to investigate LAPTM4B protein expression in 7 frozen
ovarian carcinomas and 2 fresh normal ovaries. In all samples,
LAPTM4B protein was detected as ~35 kDa bands (Fig. 1).
Although LAPTM4B protein was expressed constitutively in
normal ovary, its expression was lower than that in ovarian
carcinoma. Increased LAPTM4B protein expression was
observed in ovarian carcinomas, although its expression level
varied among the samples. This observation was consistent
with the different percentage of positive stained tumor cells
and varying staining intensity among ovarian carcinomas
identified by immunohistochemical analysis.

Expression of LAPTM4B and its relationship with clinico-
pathological features of ovarian carcinoma. As shown in
Fig. 2A-F, the immunoreactivity of LAPTM4B was detected
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Table II. Univariate survival analysis of OS and PFS in 81 patients with ovarian carcinoma.

(0N} PFS
No. of Mean + SE Median + SE ps Mean + SE Median + SE P2
Variables cases (month) (month) (month) (month)
FIGO stage <0.001 <0.001
1 19 104+7 NR 96+9 NR
11 11 87+10 NR T1x12 560
11 43 58+5 50+3 31+4 25+2
v 8 16+3 1343 8+2 6+3
Age (years) 0.012 0.032
>60 20 49+8 5546 317 23+7
<60 61 775 70+13 56+6 34+6
Histological grade 0.003 0.001
1 12 10219 NR 92+11 NR
2 32 747 70+16 53+8 31+8
3 37 54+6 48+5 3245 2143
Histological subtype 0.045 0.007
Serous 43 57+6 50+5 36+6 21+2
Mucinous 15 88+9 NR 76+11 NR
Endometrioid 9 83+11 NR 64+14 38+16
Clear cell 8 668 70+18 4147 38+8
Other type 6 86x12 59+0 7118 32+0
Residual tumor <0.001 <0.001
+ 46 43+3 462 212 212
- 35 101+5 NR 90+7 NR
LAPTM4B expression <0.001 <0.001
Low 28 100+7 NR 85+8 NR
High 53 53+4 48+2 32+4 23+2

OS, overall survival; PFS, progression-free survival; LAPTM4B, lysosome-associated protein transmembrane-4 bfl; NR, not reached and
log-rank test.

Low LAPTM4B
expression

High LAPTM4B
expression

Figure 2. (A-C) Representative staining pattern of low LAPTM4B expression (positivity+intensity). A, score of 0+0; B, score of 1+0 and C, score of 1+1. (D-F)
Representative staining pattern of low LAPTMA4B expression (positivity + intensity). D, score of 2+1; E, score of 1+2 and F, score of 2+2. Original
magnification, x200.
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oS PFS

Variables RR 95% CI P2 RR 95% CI P2
FIGO stage 3.19 142-7.2 0.005 2.58 1.26-5.27 0.009
Age (year) 091 0.45-1.87 0.800 1.03 0.54-1.97 0.940
Histological grade 1.15 0.64-2.07 0.640 1.14 0.66-1.99 0.640
Histological subtype 0.73 0.57-0.93 0.010 0.72 0.57-0.90 0.004
Residual tumor 1.38 0.45-4.22 0.570 2.67 0.89-8.00 0.080
LAPTM4B expression 3.37 1.33-8.52 0.010 233 1.07-5.09 0.030

OS, overall survival; PFS, progression-free survival; RR, relative risk; CI, confidence interval; LAPTM4B, lysosome-associated protein

transmembrane-46 and *Cox regression test.

at variable levels, and was localised in the cytoplasm of tumor
cells. Of the 85 specimens examined, LAPTM4B expression
was low in 31 of 85 patients (36.5%) and high in 54 of 85
patients (63.5%) as defined by the immunohistochemical
criteria above. Table I summarizes the relationship between
LAPTMA4B expression and clinicopathological features in
ovarian carcinomas. LAPTM4B expression showed correlation
with FIGO stage (P=0.03), histological subtype (P=0.02) and
residual tumor after primary surgery (P<0.01). However, no
significant association was found between LAPTM4B
expression and age and histological grade.

The impact of LAPTM4B expression on overall and
progression-free survival in ovarian carcinomas. The
Kaplan-Meier curve and log-rank test showed that the 5-year
survival rate of patients with high expression of LAPTM4B
was significantly worse than that with low expression (OS
rate £ SD, low expression vs. high: 82+7% vs. 21+6%,
P<0.001; PFS rate + SD, low expression vs. high: 61+9% vs.
11+4%, P<0.001) (Fig. 3). The OS period (mean months + SE)
of the LAPTM4B low vs. high expression group was 100+7
vs. 53+4 (P<0.001), and the PFS period (mean months + SE)
was 85+8 vs. 32+4 (P<0.001) (Table II).

To determine whether LAPTM4B expression is
independent of FIGO stage as a prognostic factor, we
calculated OS and PFS analysis with the use of Univariate
analysis and the Cox proportional hazards model. Univariate
analysis revealed that FIGO stage, age, histological grade,
histological subtype, residual tumor, and LAPTM4B
expression significantly affected on the survival of the patients
with ovarian carcinomas (Table II). Therefore, we performed
multivariate analysis with FIGO stage, age, histological
grade, histological subtype, residual tumor, and LAPTM4B
expression, and the results are shown in Table III. These
findings indicate that in this study LAPTM4B expression was
an independent prognostic factor (Table III, RR, 3.37; 95%
CI, 1.33-8.52; P=0.01 and RR, 2.33; 95% CI, 1.07-5.09;
P=0.03) for OS and PFS of ovarian carcinoma patients.
FIGO stage was another factor which was also significantly
independently associated with OS and PES (RR, 3.19; 95% ClI,
1.41-7.20; P=0.005 and RR, 2.58; 95% CI, 1.26-5.27,
P=0.009). Histological subtype was another independent

LAPTM4E Low

Overall Survival

LAPTM4B High

p<0.001

Months after operation

LAPTM4B Low

LAPTM4E High

Progression-free Survival
i

p<0.001

L4 @ 40 B0 &0 100 120

Months after operation

Figure 3. (A) Kaplan-Meier curves for overall survival of ovarian carcinoma
patients according to the percentage of low and high expression of
LAPTMA4B (log-rank analysis). (B) Kaplan-Meier progression-free survival
curves of ovarian carcinoma patients according to the percentage of low and
high expression of LAPTM4B (log-rank analysis).

prognostic factor (RR, 0.73; 95% CI, 0.57-0.93; P=0.01 and
RR, 0.72; 95% CI, 0.57-0.9; P=0.004) for OS and PFS of
ovarian carcinoma patients.
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Discussion

In this study we analyzed LAPTM4B expression by immuno-
histochemistry in ovarian carcinoma using 85 surgical
specimens, and found that LAPTM4B was an independent
prognostic factor, and high expression of LAPTM4B by
tumor cells was associated with poor survival. This is the first
study to demonstrate in detail an association of selected
clinicopathological features and prognostic impact of
LAPTM4B expression in ovarian carcinoma using a large
number of clinical samples.

We analyzed the correlation of LAPTM4B expression
with traditional clinicopathological parameters in ovarian
carcinoma. High LAPTM4B expression was significantly
correlated with histological subtype, advanced tumor stage and
the presence of residual tumor after primary surgery, but may
not with the age and histological grade of ovarian carcinomas.
These results suggest that the high LAPTM4B expression is
associated with the disease progression of ovarian carcinoma,
and raises the possibility that its expression reflects tumor
aggressiveness rather than the grade of tumor differentiation.

The present data demonstrated clearly that the patients with
high LAPTM4B expression had an unfavorable clinical
outcome by analysing the rates of OS and DFS. In this study,
multivariate analysis demonstrated that among the factors
analyzed, with the possible exception of the FIGO stage and
histological subtype, LAPTM4B expression was an
independent prognostic factor for OS and PFS in ovarian
carcinoma patients. This raises the possibility that LAPTM4B
may be a prognostic parameter for ovarian carcinoma which is
as or more reliable than the clinicopathological factors
currently in use, and suggests the possibility of use of
LAPTM4B in individualization of adjuvant therapy wherein
patients who have high LAPTM4B expression could be
given more aggressive adjuvant therapy based on higher
likelihood of unfavorable biological behavior. It is of note
that several other molecular markers such as COX-2, Ep-CAM,
Skp2 and survivin have been identified which show
association with prognosis in ovarian carcinoma (16-19).
However, it is not yet clear whether such markers may be
most effective for clinical application as replacements for, or
in addition to, the prognostic factors currently in use. As
such, further investigation is called for to determine whether
combined detection of LAPTM4B together with some of these
other molecules would be of value in enhancing prognostic
effectiveness.

This study is consistent with the previously reported results
with LAPTM4B in HCC (12), and is also consistent with the
recent study of Zhou er al (20) which showed correlation
between LAPTM4B expression and prognosis in gallbladder
carcinoma suggesting that patients with high LAPTM4B
expression are very likely to recur and have a poor prognosis.
In a similar manner, our data support a relationship between
high expression of LAPTM4B protein and unfavorable
biological behavior in ovarian carcinoma. This raises the
possibility that the LAPTM4B gene may play a pivotal role
in progression of some solid malignancies such as ovarian
carcinoma, HCC and BGC. However, the mechanism by
which LAPTM4B expression contributes to tumor progression
of ovarian carcinoma remains to be worked out. A recent
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report proposed a mechanism whereby upregulation of
LAPTM4B in tumors of organs which are sex hormone
dependent (e.g. tumors of the ovary, breast and uterus) could
interfere with intracellular steroid distribution and hence
decrease their availability to corresponding receptors, leading
to the uncontrolled tumor progression by promoting
differentiation and proliferation (21). Thus, the correlation of
the high LAPTM4B expression with disease progression and
the impaired patient survival shown in the present study may
be attributable to dysregulation of intracellular steroid by the
tumor-mediated LAPTM4B activity. However, further
investigation including evaluation of hormone receptor status
in these patients is needed to specifically identify the
pathobiologic roles of LAPTM4B in cancer cells.

It was also found that the sequences of 91 amino acids at
the N-terminus of LAPTM4B were essential for its functions
on cell survival and growth (9). The N-terminal stretch of
LAPTM4B contains a PXXP motif flanked by hydrophobic
residues. As this is characteristic for ligands of src-homology3
domains (SH3) such as PI3K, PP2A and PKC, LAPTM4B is
likely to interact with further downstream target proteins (5).
Furthermore, the N-terminus of LAPTM4B contains several
potential phosphorylation sites for cAMP/cGMP-dependent
protein kinases as well as for protein kinase C (5). Consistently,
coimmunoprecipitation assay indicated that LAPTM4B
interacted with integrin-a661 in BEL-7402 cells, which were
enhanced by LN-1(22), and may play an important role in the
integrin-a6 mediating signal transduction pathways. These data
indicate an involvement of LAPTM4B in signal transduction
pathway(s) thus enhancing cell proliferation or survival.
However, the role of LAPTM4B in signal transduction
pathways in tumor cells is certainly worth further intense
investigation.

In conclusion, we demonstrated here that LAPTM4B is
commonly expressed in ovarian carcinoma and that high
LAPTM4B expression as determined by immunohisto-
chemistry correlated with the disease progression and poor
clinical outcome in ovarian carcinoma patients. Furthermore,
LAPTM4B proved to be an independent molecular marker of
prognosis in ovarian carcinoma in this study and may become
a novel molecular target in the strategies for clinical evaluation
and treatment of this disease.
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