
Clinicopathological significance and prognostic value
of leukemia-related protein 16 expression in
invasive ductal breast carcinoma
Po Zhao,1,3 Yali Lu1 and Weidong Han2

1Department of Pathology, Chinese People’s Liberation Army General Hospital, Beijing; 2Department of Molecular Biology, Institute of Basic Medicine,
Chinese People’s Liberation Army General Hospital, Beijing, China

(Received April 1, 2010 ⁄ Revised June 6, 2010 ⁄ Accepted June 13, 2010 ⁄ Accepted manuscript online June 28, 2010 ⁄ Article first published online July 22, 2010)
3To whom correspondence should be addressed.
E-mail: zhaopo@301hospital.com.cn
To explore the expression of leukemia-related protein 16 (LRP16)
in invasive ductal breast carcinoma and analyze its correlation
with clinicopathological feature and prognosis, immunohisto-
chemistry was performed on 100 cases of invasive ductal breast
carcinoma. Medical records were reviewed and clinicopathologi-
cal analysis was performed. Leukemia-related protein 16 expres-
sion was detected in 33 of 100 cases (33%) of the invasive ductal
breast carcinoma. Expression of LRP16 in carcinoma was obvi-
ously higher than that in normal breast tissue. LRP16 protein
expression was found in 27.6% (21/76) of carcinoma at stage I
and II, and 50.0% (12/24) of carcinoma at stage III and IV. LRP16
expression was found correlative with metastasis in the axillary
lymph node (P = 0.001), stage (P = 0.042), estrogen receptor (ER)
expression (P = 0.001), fragile histidine triad (FHIT) expression
(P = 0.015) and CD133 expression (P = 0.038), but not with
grade (P = 0.543), tumor size (P = 0.263), age (P = 0.840),
menopause (P = 0.701) and HER-2 gene amplification (P = 0.463).
The difference of the mean disease free survival (DFS) time
between cancer patients with LRP16 expression (43.7 months)
and those without (77.7 months) was statistically significant (Log
rank = 9.989, P = 0.002). The difference of the mean overall sur-
vival (OS) time between cancer patients with LRP16 expression
(50.0 months) and those without (120.0 months) was statistically
significant (Log rank = 9.977, P = 0.002). Our finding suggests
that expression of LRP16 protein is correlated with the stage,
metastasis, prognosis and expression of ER, progesterone recep-
tor, Ki-67, CD133 and FHIT in invasive ductal breast carcinoma.
(Cancer Sci 2010; 101: 2262–2268)

B reast cancer has become the second most frequent cause of
death in women, threatening females all over the world. In

China, the incidence of breast cancer increases very rapidly and
breast cancer has become the most common female malignant
tumor. In spite of advances in diagnosis and treatment, almost
one-fourth of women with this neoplasm will die. The major
causes of treatment failure and ⁄ or death for breast cancer
patients are tumor recurrence and metastasis. The use of adju-
vant and palliative therapies in patients with breast carcinoma
rely primarily on prognostic factors, such as tumor grade
and size, axillary nodal status, distant metastasis and candidate
biomarkers, such as hormone receptor (nuclear estrogen recep-
tor [nER] and progesterone receptor [PR]) expression, and
c-erbB2 ⁄ HER-2 ⁄ neu amplification ⁄ overexpression. Further-
more, expression of hormone receptors and overexpression of c-
erbB2 help in guiding therapeutic strategies and predict response
to chemotherapy, endocrine therapy and specific immunotherapy
with the antibody, trastuzumab. Therefore, such biomarkers in
breast neoplasms provide information regarding the outcome of
patients. A study in search of additional biomarkers is necessary
for patients with breast cancer.
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Leukemia-related protein 16 (LRP16), which was originally
recognized and isolated from human lymphocytes in 1999, was
identified as an estrogen-responsive gene.(1) It localizes on chro-
mosome 11q12.1 and encodes nuclear factor.(1–5) It is expressed
in testicle, ovaries, mucosa of colon, prostate, small intestine,
spleen, thymus(2,3) and gastric or colorectal carcinoma.(6,7) Leu-
kemia-related protein 16 is also an estrogen receptor a (ERa)
coactivator. Its expression level is strongly dependent on estro-
gen activities. It is involved in the estrogen signaling pathway
and can strengthen the ERa responsive gene activation.

Previously, the mRNA level of LRP16 in breast carcinoma
was found to be higher than normal breast tissues by Northern
blot (40.9%) and semi-quantitative reverse transcription–poly-
merase chain reaction (RT-PCR) (30.0%).(8) Leukemia-related
protein 16 overexpression is closely correlated to positive rates
of ER and PR, Ki-67 level, tumor diameter and axillary lymph
node metastasis of breast cancer, and might be involved in the
proliferation and metastasis of human breast cancer. However,
no immunohistochemical and clinicopathological studies with
follow-up data of LRP16 protein have been performed in inva-
sive ductal breast carcinoma.

CD133 is a pentaspan transmembrane glycoprotein, with a
molecular weight of 120 kDa.(9) Although it was initially con-
sidered to be a marker of hematopoietic stem cells, CD133
mRNA transcript could also be found in normal non-lymphoid
hematopoietic tissue.(9) CD133 is overexpressed in various solid
tumors,(10–14) including colon cancer and glioblastoma.(15,16)

Recently, detecting expression of CD133 in invasive ductal
breast carcinomas has been reported by Liu et al.(17) and
CD133 expression may be of help in more accurately predicting
the aggressive properties of breast cancer and determining
optimal treatment. However, the authors did not perform the
survival analysis by follow up. CD133 expression as a prognos-
tic marker has been found in colorectal cancer(18–25) and brain
tumors,(26–28) but it is still unclear if CD133 can be used as a
prognostic marker in pancreatic cancer,(29) ovarian cancer,(30)

hepatocellular cancer(31,32) and non-small cell lung carci-
noma.(33) There is no report on CD133 expression in the prog-
nosis of invasive ductal breast carcinoma. Like the significance
of CD133,(18–25) we have also recently reported(7) that LRP16 is
a prognostic factor in colorectal cancer. It is interesting to
explore the correlation between CD133 and LRP16 in invasive
ductal breast carcinoma. FHIT is a well-recognized putative
tumor suppressor associated with the prognosis of breast can-
cer.(34,35) and recently the importance of FHIT has been raised
as the guardian of the preneoplastic genome.(36) We wonder if
there is any association between FHIT and LRP16. Amplifica-
tion of the HER-2 gene, as well as expression of ER, PR and
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Table 1. Correlation between leukemia-related protein 16 (LRP16)

expression and clinicopathological features in 100 patients with

invasive ductal breast carcinoma

Clinicopathological

features

LRP16
P-value

Positive (%) Negative

Age (years)

‡50 13 (34.2) 25 0.840

<50 20 (32.3) 42

Menopause

Yes 13 (36.1) 23 0.701

No 20 (31.2) 44

Tumor size

£2 cm 4 (20.0) 16 0.263

>2�£5 cm 25 (34.7) 47

>5 cm 4 (50.0) 4

Axillary lymph node metastasis

Negative 8 (16.7) 40 0.004

1–3 11 (47.8) 12

‡4 14 (48.3) 15

Grade

I�II 26 (35.6) 47 0.474

III 7 (25.9) 20

Stage

I�II 21 (27.6) 55 0.042

III�IV 12 (50.0) 12

HER-2 amplification

Positive 10 (40.0) 15 0.463

Negative 23 (30.7) 52

ER expression

Positive 28 (46.7) 32 0.001

Negative 5 (12.5) 35

PR expression

Positive 25 (42.4) 34 0.019

Negative 8 (19.5) 33

CD133 expression

Positive 23 (41.8) 32 0.038

Negative 10 (22.2) 35

FHIT expression

Positive 19 (26.0) 54 0.015

Negative 14 (51.9) 13

Ki-67 expression

Positive 24 (46.2) 28 0.005

Negative 9 (18.8) 39

ER, estrogen receptor; FHIT, fragile histidine triad; HER-2, human
epidermal growth factor receptor 2; PR, progesterone receptor.
Ki-67 is also a well-recognized prognostic and molecular targeting
marker associated with the prognosis in breast cancer.(37,38) There
has been no investigation into the correlation between expres-
sion of LRP16 and expression of FHIT, CD133, ER, PR, Ki-67
and amplification of HER-2 in breast cancer so far. Here, we
investigated the expression of LRP16 protein in 100 invasive
ductal breast carcinoma specimens by immunohistochemistry
and fluorescence in situ hybridization (FISH), and explored the
possible correlation between expression of LRP16 protein and
expression of FHIT, CD133, ER, PR and Ki-67, amplification
of the HER-2 gene and clinicopathological features in invasive
ductal breast carcinoma.

Materials and Methods

Patients and specimens. One hundred patients who had
undergone modified radical mastectomy for treatment of inva-
sive ductal breast carcinomas during 1998–2000 at the Chinese
People’s Liberation Army Hospital, Beijing, China were con-
firmed histologically and were enrolled in this study. Ethical
approval for the study was not required by our institution as the
experiments carried out did not relate to patient’s privacy,
impairment or treatment. Paraffin tissue of tumor specimens
were retrieved from the archives of the Department of Pathol-
ogy. Clinical information, such as tumor size, grade, stage and
axillary lymph node status were obtained from medical records
and the pathology reports (Table 1).

Immunohistochemical analysis. Immunohistochemical stain-
ing was done on 3–4-lm slides from formalin-fixed, paraffin-
embedded tissues. Paraffin slides were then deparaffinized in
xylene and rehydrated. Antigen retrieval was performed with
slides heated in 0.01 M citrate buffer (pH 6.0) in a microwave
oven for 5 min at 100�C. After antigen retrieval, the slides were
then cooled in running tap water. The slides were rinsed with
PBS and the endogenous peroxidase was inactivated with 3%
hydrogen peroxide. After blocking with 10% goat serum, the
slides were incubated with primary polyclonal rabbit antibody to
human LRP16 (recognized and isolated in 1999 by the Depart-
ment of Molecular Biology of our hospital) diluted 1:1000, rab-
bit monoclonal antibody to human ER, PR, Ki-67 (Zymed
Laboratories Inc., South San Francisco, CA, USA) and rabbit
polyclonal antibody to human CD133 (Abcam Inc., Cambridge,
MA, USA) and to human FHIT (Zymed Laboratories Inc.)
diluted 1:100 in blocking solution overnight at 4�C. The sections
were rinsed in PBS and incubated for 20 min with polyperoxi-
dase-anti-mouse ⁄ rabbit IgG (Zymed Laboratories Inc.) and then
peroxidase reactivity was visualized using a 3,3¢-Diaminobenzi-
dine (DAB) substrate kit (Zymed Labratories Inc.). Finally, the
sections were counterstained with hematoxylin and mounted.
Negative control sections were incubated with normal rabbit
serum instead of the primary antibody. Positive and negative
controls were included in each run.

Evaluation of immunohistochemistry. Antigen expression
was evaluated independently by two authors using light micros-
copy. Both observers were unaware of the clinical outcome.
Equivocal cases were re-assessed on a double-headed micro-
scope to establish a final score. For each sample, at least five
fields (inside the tumor and in the area exhibiting tumor inva-
sion; ·400) and >500 cells were analyzed. Using a semiquanti-
tative scoring system(39) microscopically and referring to each
antigen scoring method in other studies,(40,41) two observers
evaluated the intensity, extent and subcellular distribution of
LRP16, CD133 and FHIT. In scoring LRP16 protein expres-
sion, both the extent and intensity of immunopositivity in the
cell nucleus were considered.(6) Scores were applied as follows:
score 0, negative staining in all cells; score 1+, weakly positive
or focally positive staining in <10% of the cells; score 2+,
moderately positive staining covering 10–50% of the cells; and
Zhao et al.
score 3+, strongly positive staining, including >50% of the
cells. For statistical analysis, as well as to reduce intraobserver
variability, the immunohistochemical scores were further
grouped into two categories: negative (0 and 1+) and positive
(2+ and 3+).(17)

FISH for HER-2 gene amplification. Human epidermal growth
factor receptor 2 (HER-2) gene amplification was detected by
fluorescence in situ hybridization (FISH) on all tumors. The
FISH analysis was performed with the commercially available
double-color FISH probe (PathVysion; Vysis, Abbott Park, IL,
USA) consisted of two probes: 17q11.2-q12 (labeled with Spec-
trum Orange) covering the whole HER-2 gene; and the control,
centromeric chromosome 17p11.1-q11.1 (labeled with Spectrum
Green) hybridizing the alpha satellite DNA. The FISH-fixed
glass microscope slides with tissue sections were baked over-
night at 65�C, deparaffinized in two 10-min changes of xylene,
transferred through two 3-min changes of 100% ethanol, one
3-min change of 85% ethanol, one 3-min change of 70% ethanol
and immersed for 15 min in pure water at 90�C. The slides were
Cancer Sci | October 2010 | vol. 101 | no. 10 | 2263
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Fig. 1. Expression of leukemia-related protein 16 (LRP16) in invasive
ductal breast carcinoma. LRP16 was expressed positive in the nucleus
of cancer cells. (LRP16, ·400.)

Fig. 2. Expression of leukemia-related protein 16 (LRP16) in invasive
ductal breast carcinoma. LRP16 was expressed positive in the nucleus
of cancer cells at the invasive front. (LRP16, ·400.)
then incubated for 7–15 min in protease solution at 37�C. The
slides were then briefly washed in ·2 sodium saline citrate (·2
SSC; pH 7.2) at room temperature, dehydrated through 70%,
85%, 100% ethanol and acetone, and then allowed to air dry. To
denature the DNA, the slides were placed in 78.5�C preheated
70% formamide ⁄ ·2 SSC for 8 min and then dehydrated in a
graded series of concentrations of ethanol that were precooling
in )20�C. After drying in the open-air, 10 lL of probe, which
was destructured at 75.5�C for 7 min was applied onto each
slide, the cover slip was placed and sealed with rubber cement,
and then hybridized overnight at 42.8�C. After 16–18 h of
hybridization, the slides were washed in 46�C preheated post-
hybridization buffer (·2 SSC ⁄ 0.1% sodium dodecyl sulfate) for
5 min and rinsed in 70% ethanol. After air-drying (out of direct
light), the slides were counterstained with 15 lL DAPI ⁄ anti-fade
solution and the cover slip was applied.

The FISH analysis was performed by two pathologists who
were blinded to the clinical diagnoses at the time of the evalua-
tion. The slides were scanned using an OLYMPUS BX51 fluo-
rescent microscope (OLYMPUS BX51, Tokyo, Japan) equipped
with a 100-watt mercury lamp and single band pass filter set to
detect DAPI, Rhodamine (17q11.2-q12) and FITC (chromosome
17) at ·1000. Thirty randomly selected invasive tumor nuclei in
each of two separate, distinct microscopic areas were evaluated.
Cases were scored as negative by FISH when the HER-2 with a
HER-2 to chromosome enumeration probe (CEP) 17 ratio <1.8
by counting at least 30 interphase nuclei, and those cases with a
HER-2 to CEP 17 ratio >2.2 were scored as positive. In addition,
more randomly selected invasive tumor nuclei (for example, a
total of 100 nuclei) would be evaluated if the HER-2 with a
HER-2 to CEP 17 ratio was between 1.8 and 2.2.(42,43)

Statistical analysis. Fisher’s exact test (two-sided), Pearson
Chi-squared test for trends in proportions, Spearman’s correla-
tion coefficient test, and Kaplan–Meier’s method with log rank
test or Cox Regression method for univariate or multivariate
overall survival analysis were used to assess the associations
between expression of CD133 or FHIT and clinicopathological
indices by SPSS 15.0 for Windows (Chicago, IL, USA). A value
of P < 0.05 was considered statistically significant.

Results

Clinicopathological characteristics of the patients and
tumors. The age of the patients ranged from 28–92 years, with
an average of 49 years. Seventeen were at grade 1, 55 at grade 2
and 27 at grade 3, according to the histological grading. Sixteen
were at stage I, 60 at stage II, 21 at stage III and 4 at stage IV,
according to the clinical staging of TNM, respectively. Lympha-
tic metastasis in regional nodes at operation was confirmed in 52
cancers in the present study. All 100 women were followed after
surgical treatment for a mean period of 45.3 months (range, 8–
131 months); 33 cases recurred and 17 cases died. The details of
patient characteristics and descriptive statistics for the tumors
are shown in Table 1.

Correlation between expression of the LRP16 protein and
clinicopathological features. Expression of the LRP16 protein
was positive in 33 (33.0%) of 100 invasive ductal breast carci-
nomas. Leukemia-related protein 16 was expressed in the
nucleus (Fig. 1) or predominantly in the nucleus and minimally
in the cytoplasm of the tumor cell. Leukemia-related protein 16
was also found to be positive in the nucleus of cancer cells at
the invasive front (Fig. 2). The relationships between LRP16
expression and the clinicopathological features of the tumors are
shown in Table 1. The LRP16 expression level was high in
tumors with metastasis in the axillary lymph nodes (48.1%),
stage III�IV (50.0%) and significantly correlated with metasta-
sis of the axillary lymph nodes (P = 0.004) and the clinical stage
(P = 0.042). There was no statistically significant association
2264
between LRP16 expression and age, menopause, tumor size and
grade (Table 1).

Correlation between expression of LRP16 and expression of
ER, PR, Ki-67, FHIT, CD133 or amplification of HER-2. Estrogen
receptor expression was positive in 60 (60%) of 100 cases of
invasive ductal breast carcinoma and inversely associated with
histological grade (P = 0.01), but not with metastasis in the axil-
lary lymph nodes (P = 0.936) and the clinical stage (P = 0.448).
By Kaplan–Meier analysis, the overall mean survival time was
118.5 months for ER-positive patients, but 52.1 months for ER-
negative cases (Log Rank = 6.897, P = 0.009); the disease-free
mean survival time was 78.3 months for ER-positive patients,
but 44.4 months for ER-negative cases (Log Rank = 6.426,
p = 0.011). The expression of LRP16 protein was correlated
with the expression of ER (P = 0.001), PR (P = 0.019) and
Ki-67 (P = 0.005) (Table 1). In the ER-positive cases, six
patients died between 18 and 50 months; five of them were
LRP16 positive. Whereas in the ER-nagative cases, 11 patients
doi: 10.1111/j.1349-7006.2010.01658.x
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Fig. 4. Expression of CD133 protein in invasive ductal breast
carcinoma. CD133 was expressed positive in the membrane and
cytoplasm of cancer cells. (CD133, ·400.)
died between 8–37 months; six of them were LRP16 positive.
Forty-three patients received endocrine therapy in this group of
60 patients with ER-positive expression. Among them only three
(3 ⁄ 43) patients died between 21–37 months and all three cases
showed positive expression of LRP16 protein in their carcino-
mas. Sixty-five patients received chemotherapy and 12 of them
were dead between 13–41 months, in which six cases (50%)
were carcinomas with LRP16 positive.

FHIT expression was positive in 73 (73%) of 100 cases of
invasive ductal breast carcinomas (Fig. 3) and inversely associ-
ated with histological grade (P = 0.026), but not with tumor size
(P = 0.569), metastasis in the axillary lymph nodes (P = 0.176)
and the clinical stage (P = 0.787). An inverse correlation
between LRP16 and FHIT was found (P = 0.015) (Table 1).

CD133 expression was positive in 55 (55%) of 100 invasive
ductal breast carcinomas. CD133 was expressed in the tumor
cell membrane and cytoplasm (Fig. 4). The CD133 expression
level was high in tumors with metastasis in more than or equal
to four axillary lymph nodes (72.4%), stage III�IV (79.2%) and
grade III carcinoma (60.7%), and significantly correlated with
metastasis of the axillary lymph nodes (P = 0.010) and clinical
stage (P = 0.006). There was no statistically significant associa-
tion between CD133 expression and tumor size (P = 0.575) or
grade (P = 0.479). Correlation between LRP16 expression and
CD133 expression was found (P = 0.038) (Table 1).

The HER-2 gene was amplified in 25 (25%) of 100 cases of
invasive ductal breast carcinomas (Fig. 5) and correlated posi-
tively with the clinical stage (P = 0.037) and inversely with
FHIT (P = 0.027), but not with tumor size (P = 0.375), histo-
logical grade (P = 0.115) or metastasis in the axillary lymph
nodes (P = 0.360). Correlation between the expression of
LRP16 and amplification of HER-2 was not found to be signifi-
cant (P = 0.463) (Table 1).

Survival. In 100 cases of invasive ductal breast carcinoma,
the prognosis for LRP16-positive patients was significantly
poorer than that for LRP16-negative patients (P = 0.024;
Table 2). Moreover, in the 100 patients with a modified radical
mastectomy, the overall survival rate and the disease-free sur-
vival rate for LRP16-positive patients was significantly poorer
than that of LRP16-negative patients (P = 0.002, P = 0.002,
Figs 6,7). In the 100 invasive ductal breast carcinoma patients, a
univariate analysis (Table 2) revealed the overall survival to sig-
nificantly correlate with expression of LRP16 (P = 0.002),
Fig. 3. Expression of FHIT protein in invasive ductal breast carcinoma.
FHIT was expressed positive in the cytoplasm of cancer cells. (FHIT,
·400.)

Fig. 5. Amplification of the human epidermal growth factor receptor
2 (HER-2) gene in invasive ductal breast carcinoma. The HER-2 gene
(red) was amplified positive in the nucleus of cancer cells. (HER-2,
·1000.)

Zhao et al.
CD133 (P = 0.002), FHIT (P = 0.0001), amplification of
HER-2 (P = 0.001), clinical stage (P = 0.009), lymph node
metastasis (P = 0.023) and the number of lymph node metasta-
sis (P = 0.004). The disease-free survival (Table 2) significantly
correlates with expression of LRP16 (P = 0.002), CD133
(P = 0.001), FHIT (P = 0.0001), amplification of HER-2
(P = 0.010), histological grade (P = 0.020), lymph node metas-
tasis (P = 0.0001) and the number of lymph node metastasis
(P = 0.0001). A multivariate analysis revealed expression of
LRP16 was an independent prognostic factor (P = 0.040)
(Table 3).

Discussion

Leukemia-related protein 16 was originally recognized and iso-
lated from human lymphocytes in 1999.(1) It was identified as an
estrogen responsive gene.(1–5) Expression of LRP16 was found
in different tissues in varying degree, including ovary, testicle,
Cancer Sci | October 2010 | vol. 101 | no. 10 | 2265
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Table 2. Results of univariate analyses of DFS and OS

Marker N
Mean DFS

(months)
P-value

Mean OS

(months)
P-value

HER-2

+ 25 41.72 ± 4.55 0.010 48.33 ± 4.29 0.001

) 75 75.54 ± 4.01 117.59 ± 4.62

ER

+ 60 78.34 ± 4.10 0.011 118.55 ± 4.94 0.009

) 40 44.40 ± 3.72 52.13 ± 3.11

PR

+ 57 82.16 ± 3.91 0.0001 122.07 ± 4.40 0.0001

) 43 42.15 ± 3.59 51.05 ± 3.06

CD133

+ 55 43.88 ± 3.03 0.0001 52.56 ± 2.56 0.002

) 45 85.60 ± 4.27 124.77 ± 4.40

FHIT

+ 73 81.88 ± 3.53 0.0001 123.68 ± 3.16 0.0001

) 27 30.18 ± 3.63 44.36 ± 4.16

LRP16

+ 33 43.66 ± 3.44 0.002 50.21 ± 3.21 0.002

) 67 77.68 ± 4.30 120.21 ± 4.24

Ki-67

+ 52 44.79 ± 3.10 0.011 53.39 ± 2.60 0.019

) 48 80.41 ± 4.59 118.89 ± 5.89

DFS, disease-free survival; ER, estrogen receptor; FHIT, fragile histidine
triad; HER-2, human epidermal growth factor receptor 2; OS, overall
survival; PR, progesterone receptor.

Survival functions

1.0

0.8 1.00-censored
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Fig. 6. Kaplan–Meier survival analysis by leukemia-related protein 16
(LRP16) status (n = 100). The y-axis represents the percentage of
patients, and the x-axis represents their survival in months
(‘‘censored’’ means living). The dotted line represents the LRP16-
positive patients with a trend of worse survival than the solid line
representing the LRP16-negative patients (Log rank = 9.98; P = 0.002).
Mean overall survival (OS) time was 50.2 months for the LRP16-
positive group and 120.2 months for the LRP16-negative group.

Table 3. Results of multivariate analyses of overall survival time

Variables B SE Wald df Sig. Exp(B)

Age 0.879 0.800 1.206 1 0.272 2.408

Menopause )0.154 1.017 0.023 1 0.880 0.857

Size 0.210 0.587 0.128 1 0.721 1.234

Grade 0.653 0.522 1.567 1 0.211 1.921

Stage 0.172 0.388 0.197 1 0.657 1.188

HER-2 2.562 0.636 0.780 1 0.377 1.754

ER )1.380 1.086 1.567 1 0.204 0.252

PR )0.855 0.973 0.773 1 0.379 0.425

CD133 )0.036 0.857 0.002 1 0.967 0.965

FHIT )1.597 0.630 6.428 1 0.011 0.203

LRP16 1.499 0.731 4.198 1 0.040 4.475

Ki-67 0.540 0.798 0.458 1 0.498 1.716

B, partial regression coefficient; df, degree of freedom; Exp(B),
relative risk degree for B; FHIT, fragile histidine triad. HER-2, human
epidermal growth factor receptor 2; SE, standard error; Sig,
probability; Wald, statistic for (B ⁄ SE)2.

Survival functions

1.0

0.8 1.00-censored
0.00-censored
1.00
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LRP16
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Fig. 7. Kaplan–Meier survival analysis by leukemia-related protein 16
(LRP16) status (n = 100). The y-axis represents the percentage of
patients, and the x-axis represents their survival in months
(‘‘censored’’ means living). The dotted line represents the LRP16-
positive patients with a trend of worse survival than the solid line
representing the LRP16-negative patients (Log rank = 9.99; P = 0.002).
The mean disease-free survival (DFS) time was 43.7 months for the
LRP16-positive group and 77.7 months for the LRP16-negative group.
prostate, small intestine, spleen, thymus and stomach.(2,3,6) Fur-
thermore, LRP16 is overexpressed in tumors, compared with
their matched normal tissues.(2) Some studies have indicated that
LRP16 may play an important role in the carcinogenesis and
progression of hormone-dependent breast cancer.(5,44) Overex-
pression of LRP16 significantly stimulated MCF-7 cell prolifer-
ation by promoting G1 ⁄ S transition.(4) Suppression of the
endogenous LRP16 in ERa-positive MCF-7 cells not only inhib-
its cell growth but also significantly attenuates the cellular estro-
gen-responsive proliferation ability and sensitizes tumor cells to
2266
radiation.(44–46) However, some authors thought expression of
LRP16 in ERa-negative cells had no effect on proliferation.(44)

Expression of the LRP16 gene was dependent on the estrogen
activities;(47,48) LRP16 was also involved in estrogen signaling
and could strengthen the ERa-responsive gene activation, there-
fore, it is also considered as an ERa coactivator.(44) A previous
study in a smaller sample of breast carcinoma has demonstrated
that ERa ⁄ PR status, tumor size and axillary lymph node metas-
tasis were closely correlated with LRP16 mRNA overexpres-
sion.(8) The present study investigated LRP16 protein in a
bigger sample of invasive ductal breast carcinoma with follow-
up data and is first to confirm that LRP16 expression in the pro-
tein level was correlative with metastasis in the axillary lymph
node (P = 0.004) and clinical stage (P = 0.042). Furthermore,
we also found expression of the LRP16 protein was greatly asso-
ciated with overall survival (P = 0.002) and disease-free sur-
vival (P = 0.002), suggesting LRP16 expression might be a
prognostic factor in invasive ductal breast carcinoma. Activation
of the ER signaling pathway plays an important role in
doi: 10.1111/j.1349-7006.2010.01658.x
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multi-tissue development.(49–52) Therefore, we propose that
LRP16, a coactivator of ERa, may display an important function
in the carcinogenesis and progression of breast cancer. Besides,
with ER, PR and Ki-67 (all P < 0.05) we also found that LRP16
expression was correlated with FHIT expression (P = 0.015)
and CD133 expression (P = 0.038), implying co-operation of
those important gene markers in the mechanism of breast can-
cer. Although the detailed molecular mechanism involved in this
process is unclear, the present study has potential clinical bene-
fits. Leukemia-related protein 16 expression that could be
detected by immunohistochemistry might be a useful molecular
marker to predict the prognosis in invasive ductal breast carci-
noma patients.

Since endocrine therapy is frequently performed in ER-posi-
tive breast cancer patients, ER-positive breast carcinoma cases
generally show a better prognosis than the ER-negative patients.
It is interesting that LRP16 immunoreactivity was closely asso-
ciated with poor prognosis, although a great majority of LRP16-
positive breast carcinoma was ER-positive in our data. In the
ER-positive carcinoma in the present study, there are five of six
patients who died with LRP16 positive, suggesting that LRP16
expression may be associated with a poor prognosis in the ER-
positive group. The mechanism is still not clear yet; one expla-
nation may be that LRP16 is closely related to metastasis in the
axillary lymph nodes (P = 0.004) and the clinical stage
(P = 0.042), but ER is not (P = 0.936 and P = 0.448) in this
group of breast carcinoma. Even in 43 cases receiving endocrine
therapy, all three cases that died were LRP16 positive, suggest-
ing that LRP16 seems to be a poor prognostic marker in the
ER-positive group by our results. However, it needs further
investigation by both basic mechanical research and a larger
clinical sample of invasive ductal breast carcinoma. Moreover,
Zhao et al.
LRP16 and ERa could inter-regulate each other, as LRP16
is an ERa coactivator. This study raises the possibility that
anti-estrogen therapy could be used in patients with high
LRP16 expression. This information may help us individualize
patient care (e.g. progression and prognosis of patients after
operation). In the present study, LRP16 expression was com-
monly up-regulated in invasive ductal breast carcinoma and
was associated with a shortened survival time of patients in
univariate analyses. However, further investigations in larger
samples of breast cancer and clinicopathological correlation are
necessary to confirm this finding.

Conclusions

Our study has suggested that expression of the LRP16 protein
could be correlated with expression of ER, PR, Ki-67, FHIT and
CD133 proteins, and could be considered as a prognostic factor
for overall survival and disease-free survival in invasive ductal
breast carcinoma.
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