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Abstract

Background: Mortalin/GRP75 is a ubiquitous mitochondrial chaperone which related to the cytosolic heat shock
protein 70 (HSP70), and plays a role in carcinogenesis. This study aims to investigate the Mortalin expression in
breast cancer and its correlation with the outcome of the patients with breast cancer.

Methods: A total of 155 invasive ductal carcinoma of breast patients with strict follow-up, 52 ductal carcinoma in
situ (DCIS) and 45 adjacent non-tumor breast tissues were selected for immunohistochemical (IHC) staining of
Mortalin protein. The localization of Mortalin protein was detected in MDA-MB231 breast cancer cells using
immunofluorescence (IF) staining. The correlations between overexpression of Mortalin and the clinical features of
patients with breast cancer were evaluated using chi-square test and Fisher’s exact tests. The survival rates were
calculated by the Kaplan-Meier method, and the relationship between prognostic factors and patient survival was
also analyzed by the Cox proportional hazard models.

Results: Mortalin protein showed a mainly cytoplasmic staining pattern in breast cancers by using IHC staining in

paraffin embedded breast cancer tissues and IF staining in MDA-MB231 breast cancer cells. The strongly positive
rate of Mortalin protein was 63.9 % (99/155) in invasive ductal carcinoma of breast and was significantly higher than

patients with breast cancer.

in DCIS 34.6 % (18/52) and adjacent non-tumor tissues 15.6 % (7/45). Overexpression of Mortalin was closely
correlated with histological grade, clinical stage, lymph node metastasis, lower disease free survival (DFS) and
overall survival (OS) rates of patients with breast cancer. Moreover, multivariate analysis suggested that Mortalin
emerged as a significant independent prognostic factor along with clinical stage and Her2 expression status in

Conclusions: Mortalin is upregulated in breast cancer, and may be a useful poor prognostic biomarker as well as a
potential therapeutic target for patients with breast cancer.
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Background

Breast cancer, which is the most prevalent malignancy in
women worldwide, is of growing concern because of its
rising incidence and ongoing regional disparities in inci-
dence [1]. In eastern China, which accounts for 38 % of
the Chinese population, there has been a sharp increase
in breast cancer incidence in recent decades [2]. Even
though there has been great improvement on traditional
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treatments, such as surgery, supplemented with chemo-
therapy, a large number of patients with breast cancer
are diagnosed at the advanced stages and the prognosis
of these patients are still poor. In this context,
biomarker-based assays and molecular methods will
offer added values. Mortalin is a highly conserved mo-
lecular chaperone in the heat shock protein (HSP) 70
family, which is encoded by the nuclear gene HSPA9B
(GenelD: 3313) localized on chromosome 5q31.1.1. [3].
It plays an important role in human carcinogenesis by
enhancing cancer cell proliferation, protecting cancer
cells against apoptosis and promoting cancer
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angiogenesis [4, 5]. Overexpression of Mortalin may also
interacts with the wild-type tumor suppressor protein
p53 and modulates the Ras-Raf-MAPK pathway and
then increase the malignancy of tumor cells [6-8].
Wadhwa et al. have shown that Mortalin is elevated in
human brain tumor, colon carcinoma, leukemia, and the
immortalized cell lines derived from the tumors [4]. It is
associated with positive venous infiltration and advanced
tumor TNM stages in Hepatocellular carcinoma [9].
Starenki et al. found that Mortalin is upregulated in hu-
man medullary thyroid carcinoma tissues and its deple-
tion robustly induces cell death and growth arrest in
medullary thyroid carcinoma cell lines and mouse xeno-
grafts [10].

Here we performed immunohistochemical (IHC)
staining of Mortalin protein in 252 cases of invasive
ductal carcinoma of breast, DCIS and adjacent non-
tumor tissues, and found that Mortalin protein was fre-
quently overexpressed in breast cancer compared with
the adjacent non-tumor tissues. The overexpression of
Mortalin in breast cancer was associated with histo-
logical grade, clinical stage and lymph node metastasis.
Multivariate analysis revealed that Mortalin might be an
independent biomarker for the prediction of breast can-
cer prognosis.

Methods

Ethics statement

This study was in accordance with the Declaration of
Helsinki and approved by the Human Ethics committee
and the Research Ethics committees of Jilin University
Medical College in China. Patients were fully informed
that the resected specimens were kept by the hospital
and might be used for scientific research, and their priv-
acy would be maintained. Follow-up survival data were
collected retrospectively through medical record
analyses.

Clinical samples

A total of 155 invasive ductal carcinoma of breast tissue
samples were used in this study. All samples were rou-
tinely fixed in 10 % buffered formalin and embedded in
paraffin blocks. The study protocol was approved by the
institutional review board of Jilin University Medical
College. The pathological parameters, including age,
histological grade, clinical stage, nodal metastasis and
survival data, were carefully reviewed in all 155 invasive
ductal carcinoma of breast. The patients’ ages ranged
from 37 to 72 years with a mean age of 47.7 years. For
grading of invasive ductal carcinoma of breast, 62 cases
were G1, 48 cases were G2, and 45 cases were G3. For
staging of invasive ductal carcinoma of breast, 92 cases
were TNM stages 0-1I, and 63 cases were TNM stages
II-IV. TNM staging was assessed according to the
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staging system established by the American Joint Com-
mittee on Cancer [11].

Immunofluorescence (IF) staining analysis

Breast cancer MDA-MB231 cells were grown on cover-
slips to 70 % confluence. The cells were fixed with 4 %
paraformaldehyde for 10 min, and after 24 h cells were
permeabilized with 0.5 % TritonX-100 for 10 min. Block-
ing was performed with 3 % Albumin Bovine V (A8020,
Solarbio, Beijing, China) for 1 h at room temperature.
After washing with PBS, cells were incubated with rabbit
anti-Mortalin antibody (ab53098) (Abcam, Cambridge,
MA, USA), at 4 °C overnight, followed by incubation
with Alexa Fluor 488 Goat Anti-Rabbit IgG (H+ C)
(A11008, 1:1000, Invitrogen, USA) for 1 h at room
temperature. After washing with PBS, the cells were
counterstained with DAPI (C1006, Beyotime, Shanghai,
China), and the coverslips were mounted with an Anti
fade Mounting Medium (P0126, Beyotime, Shanghai,
China). IF signals were visualized and recorded with a
BX53 Olympus microscope.

Immunohistochemical (IHC) staining analysis

The Dako LSAB kit (Dako, Glostrup, Denmark) was
used for IHC. Serial 4 pm-thick tissue sections were pre-
pared on silane-coated slides (Sigma, St. Louis, MO,
USA), and deparaffinized, rehydrated and incubated with
3 % H,O, in methanol for 10 min at room temperature
to eliminate endogenous peroxidase activity. The antigen
was retrieved at 95 °C for 20 min by placing the slides in
0.01 M sodium citrate buffer (pH 6.0). Slides were then
incubated with the primary antibody of rabbit anti-
Mortalin antibody (ab53098) (Abcam, Cambridge, MA,
USA), at 4 °C overnight. After incubation at room
temperature for 30 min with biotinylated secondary anti-
body, slides were incubated with streptavidin—peroxidase
complex at room temperature for 30 min. Slides were
immunostained with 3,3’-diaminobenzidine chromogen
and then counterstained with Mayer’s hematoxylin. We
used tonsil sections as the positive control and Rabbit
IgG as an isotope control. In addition, tissue sections
were processed omitting the primary antibody as the
negative control.

Analysis of IHC results

All slides were scored independently by two pathologists
(Lin Z and Jin H) who were blind to all clinical data. In
case of discrepancies, a final score was established by re-
assessment of both pathologists on a double-headed
microscope. Interpretation criteria were as previously
described [12]. Cytoplasmic expression patterns were
considered as positive staining. Staining intensity of tis-
sue sections scored as ‘-’ no staining, ‘+’ definite but
weak staining, ‘++ and ‘+++ were considered as
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Fig 1 Immunofluorescence staining for Mortalin protein in MDA-MB231 breast cancer cells. MDA-MB231 breast cancer cells were immunostained
for Mortalin (red). Nuclei were visualized by DAPI staining (blue). Mortalin protein is mainly located in the cytoplasm of MDA-MB231 cancer cells

moderate and intense staining of Mortalin. The staining
area was scored as follows: scored as ‘-’ (negative, no or
less than 5 % positive cells), ‘+’ (5-25 % positive cells), ‘+
+ (26-50 % positive cells) and ‘“+++” (more than 50 %
positive cells). Taking the double scoring system to-
gether, “++” or ‘“+++  scored samples were considered as
high Mortalin expression, and ‘~’or ‘+’scored samples
were considered as low Mortalin expression.

Statistical analysis

Statistical analysis was performed using SPSS version
17.0 software for Windows (SPSS, Chicago, IL, USA).
Correlations between Mortalin expression and clinico-
pathological characteristics were evaluated using Chi-

square tests (x2) and Fisher's exact tests. Survival rates
were calculated using the Kaplan-Meier method, and dif-
ferences in survival curves were analyzed by log-rank
tests. Univariate and multivariate survival analyses were
performed on all characteristics using the Cox propor-
tional hazard regression model. A P-value less than 0.05
was considered statistically significant.

Results

Mortalin protein expression in invasive ductal carcinoma
and normal epithelia of breast

IF staining revealed strongly positive signals for Mortalin
protein in the cytoplasm of MDA-MB231 breast cancer
cells (Fig. 1). IHC staining demonstrated that Motalin
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Fig 2 a. Mortalin protein was detected in tissue microarray of breast lesions by Immunohistochemical staining. b1. Normal breast tissues are
negative for Mortalin expression. b2. Positive Mortalin protein expression was detected in the cytoplasm of DCIS. b3. Mortalin protein is strongly
positive in breast cancer with lymph node metastasis. b4. Mortalin protein is weak positive in breast cancer without metastasis.
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Table 1 Mortalin protein expression in breast cancers

Diagnosis No. Positive cases Positive Strongly
s e s .

Invasive ductal carcinoma of breast 155 34 22 53 46 78.1 %** 63.9 %**

DCIS 52 2410126 53.8 %* 34.6 %*

Adjacent non-tumor 45 32670 289 % 15.6 %

DCIS; ductal carcinoma in situ

Positive rate: percentage of positive cases with +, ++, and +++ staining score. Strongly positive rate: (high-level expression) percentage of positive cases with ++

and +++ staining score
* p<0.05 and ** p <0.01 compared with non-tumor tissues

protein was mainly located in the cytoplasm of breast
cancers. The positive rate of Mortalin protein was sig-
nificantly higher in breast cancers (78.1 %, 121/155) than
either in DCIS (53.8 %, 28/52) or in adjacent normal
breast tissues (28.9 %, 13/45) (P<0.01 and P <0.05, re-
spectively). Similarly, the strongly positive rate of Morta-
lin protein was higher in both breast cancers (63.9 %,
99/155) and DCIS (34.6 %, 18/52) compared with nor-
mal breast tissue (15.6 %, 7/45). Interestingly, positive
Mortalin  protein expression was also frequently

observed in blood vessels and/or lymphatic vessels in
the stroma of breast cancer and the adjacent non-tumor
tissues (Fig. 2, Table 1).

Correlations between Mortalin protein overexpression
and clinical parameters of breast cancer

Overexpression of Mortalin protein was significantly
correlated with histological grade, clinical stage, and
lymph node metastasis of breast cancer. However, Mor-
talin protein expression was not related with patient age,

Table 2 Correlation between Mortalin protein expression and the clinicopathological parameters of breast cancer

Variables No. of cases Mortalin strongly positive cases (%) )(2 P value

Age 0.044 0.834
250 82 53 (64.6 %)
<50 73 46 (63.0 %)

Menopausal status 0.839 0.361
premenopausal 74 50 (67.6 %)
Postmenopausal 81 49 (60.5 %)

Histological grade 7971 0.019**
Grade-1 62 32 (51.6 %)
Grade-2 48 32 (66.7 %)
Grade-3 45 35 (77.8 %)

Clinical stage 6.981 0.008**
0-Il 92 51 (554 %)
-1V 63 48 (76.2 %)

LN metastasis 6.364 0.012%*
Absent 76 41 (53.9 %)
Presence 79 58 (734 %)

ER 1.082 0.300
Positive 94 57 (60.6 %)
Negative 61 42 (68.8 %)

PR 0.926 0.338
Positive 89 54 (60.7 %)
Negative 66 45 (68.2 %)

Her2 status 1.609 0.206
Positive 96 65 (67.7 %)
Negative 59 34 (57.6 %)

* p<0.05 and ** p<0.01
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Fig 3 Relationship between Mortalin expression and clinicopathological significance of breast cancer. The expression level of Mortalin protein
was significantly related with Histological grade (P=0.019), Clinical stage (P=0.008) and LN metastasis (P=0.012)

J

Table 3 Univariate and multivariate survival analyses (Cox regression model) of various factors in 155 breast cancer patients
Characteristics B SE Wald HR 95%(Cl P

Lower Upper value
Univariate survival analyses
Age 0212 0.162 1.724 1.237 0.901 1.698 0.189
Menopausal status 0.285 0.165 2982 1.330 0.962 1.838 0.084
Histological grade 0.049 0.098 0.256 1.051 0.868 1272 0613
Clinical stage 0.870 0.179 23.608 2.386 1.680 3.389 0.000**
LN metastasis 0451 0.164 7.521 1.570 1137 2.166 0.006**
ER 0.241 0.164 2.164 1.273 0923 1.755 0.141
PR 0.094 0.164 0326 1.098 0.796 1514 0.568
Her2 0.579 0.169 11.789 1.785 1.282 2484 0.001**
Mortalin 0.550 0.171 10.343 1.732 1.239 2422 0.001**
Multivariate survival analyses
Clinical stage 0.690 0.187 13615 1.994 1382 2876 0.000%*
LN metastasis 0.270 0.170 2518 1.310 0.938 1.829 0.113
Her2 0442 0.172 6.575 1.556 1.110 2.182 0.010*
Mortalin 0427 0.175 5.940 1.533 1.087 2.162 0.015%

* p<0.05 and ** p<0.01
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Fig 4 Kaplan-Meier analyses of disease-free and over-all survival rates in 155 breast cancer patients in relation to Mortalin protein overexpression.
Breast cancer Patients with high Mortalin expression had (a) lower disease-free (P=0.000) and (b) over-all (P=0.000) survival rates than those with
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menopausal status, ER or PR levels and Her2 status in
breast cancer. For histological grade, the strongly posi-
tive rate of Mortalin protein was significantly higher in
Grade-3 breast cancers (77.8 %, 35/45) than in Grade-2
(66.7 %, 32/48) and Grade-1 (51.6 %, 32/62). The
strongly positive rate of Mortalin protein was 76.2 %

(48/63) in breast cancers with clinical stage III-IV, which
was significantly higher than in cases with clinical stage
0-1I (55.4 %, 51/92). Similarly, the strongly positive rate
of Mortalin protein was higher in breast cancers with
lymph node metastasis (73.4 %, 58/79) compared with
those with no metastasis (53.9 %, 41/76). Taken as a
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Fig 5 Kaplan—-Meier survival curves of breast cancer patients in early and late stage. a and ¢ show comparison of DFS and OS, respectively, in
Mortalin (L) and (H) patients of early stage. b and d show comparison of DFS and OS, respectively in Mortalin (L) and (H) patients of late stage
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whole, the expression of Mortalin protein was positively
correlated with histological grade, clinical stage and
lymph node metastasis (Table 2, Fig. 3).

Association between overexpression of Mortalin and the
prognosis of patients with breast cancer

Univariate analysis demonstrated that Clinical stage
(P=0.000), LN metastasis (P =0.006), Her2 expres-
sion levels (P=0.001), and Mortalin expression sta-
tus (P =0.001) were significantly associated with DFS
and OS in patients with breast cancer (Table 3).
These data suggested that Mortalin could be a valu-
able prognostic factor in breast cancer. Further
multivariate analysis using the Cox proportional haz-
ards model revealed that Mortalin overexpression
emerged as a significant independent prognostic fac-
tor for survival along with clinical stage and Her2
expression in breast cancer (P=0.015). To further
substantiate the importance of high Mortalin expres-
sion in breast cancer progression, we analyzed DFS
and OS of 155 breast cancer cases using the Kaplan-
Meier method, and found that patients with high
Mortalin expression had lower DFS and OS than
those with low Mortalin expression (both P < 0.0001)
(Fig. 4). Additionally, breast cancer patients with

high Mortalin expression had decreased DFS and OS
compared to those with low Mortalin expression in
either Early stage cases (P=0.043, P=0.042 respect-
ively) or late-stage cases (P =0.008, P=0.010 respect-
ively) (Fig. 5). Similarly, the patients with high
Mortalin expression had decreased DFS and OS
compared to those with low Mortalin expression in
either LN metastasis (-) cases (P=0.003, P=0.005
respectively) or LN metastasis (+) cases (P =0.035, P
=0.029 respectively) (Fig. 6). However, in the groups
of patients with Her2 (-) cases, DFS and OS rate
were not correlated with Mortalin expression status
(P=0.133, P =0.134 respectively) (Fig. 7).

Discussion

In the current investigation, we focused on Mortalin/
mthsp70/GRP75, a member of the heat shock protein
(Hsp) 70 family, which is enriched in human cancer cells
[4, 9, 13]. It has been established that Mortalin has vari-
ous subcellular localizations, interacts with multiple
binding partners, and plays a role in carcinogenesis.
Also, it is elevated in immortalized cell lines and tumor
cells, and additional upregulation of Mortalin expression
at later stages of carcinogenesis coincides with the acqui-
sition of invasiveness [4]. Moreover, it has multiple
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functions contributing to continued proliferation of can-
cer cells, including mitochondrial-biogenesis, ATP pro-
duction, anti-apoptosis, chaperoning, inactivation of
tumor suppressor p53 and PI3K/AKT activities [14, 15].
Targeting Mortalin by siRNA, ribozymes and small mol-
ecules including MKT-077 and Withaferin A resulted in
growth arrest/apoptosis of cancer cells [16-22].

Here, we confirmed that the level of Mortalin was ele-
vated in breast cancer, which supports the premise of
overexpression of Mortalin in promoting human car-
cinogenesis. Compared with adjacent non-tumor tissues,
Mortalin protein was found to be significantly up-
regulated in breast cancer using IHC. Shin et al. stated
that an overabundance of Mortalin expression on the
cell surface was found by comparative proteome profil-
ing of the cell surface and plasma membrane proteomes
of various cancer and normal cells [23]. We also found
that Mortalin protein was mainly localized in the cyto-
plasm of breast cancer cells using IF staining in MDA-
MB231 cancer cells and IHC analysis of paraffin-
embedded breast cancer tissues. Moreover, our IHC re-
sults showed that the positive rate of Mortalin protein in
DCIS was also significantly higher than adjacent normal
tissues, indicating that over expression of Mortalin may
occur in the initiation stage of breast cancer progression.

Recent studies have shown that the expression levels of
Mortalin in cell lines with higher metastatic potential
were significantly higher compared to those with lower
metastatic potential. Compared with paracarcinomatous
tissues and normal liver tissues, the expression of Morta-
lin was significantly increased in Hepatocellular carcin-
oma tumor tissues [24]. The present study clearly
indicates that positive Mortalin protein expression was
also observed in blood vessels and/or lymphatic vessels
in the stroma of breast cancer and the adjacent non-
tumor tissues. Furthermore, the presence of Mortalin in
breast cancer is also significantly associated with histo-
logical grade, LN metastasis and clinical stage, the three
critical prognostic factors indicative of poor outcomes
and cancer recurrence in breast cancer patients. Dundas
et al. stated that in human colorectal adenocarcinoma,
higher Mortalin expression correlated with poor patient
survival [13]. In the present study, univariate survival
analysis revealed that clinical stage, LN metastasis, Her2
expression level and Mortalin expression status are all
significantly related with DFS and OS rates of patients
with breast cancer (P <0.05). Further multivariate sur-
vival analysis showed that Mortalin expression was one
of the independent prognostic factors, along with clinical
stage and Her2 status. Apparently, Mortalin may be a
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novel marker related to poor survival of breast cancer
patients. Most importantly, breast cancer patients with
overexpression of Mortalin concomitant with advanced
clinical stages and lymph node metastasis had a lower
survival rate than those with low Mortalin expression.
Furthermore, Her2 positive was determined to be the
important factor in predicting long-term DFS and OS of
breast cancer patients. Chen et al. found that expression of
Mortalin was notably higher in the SMMC 7721 (a liver-
derived tumor cell line) than in a normal liver cell line [25].
Lu et al. showed that human HepG2 cells lacked mortalin-
p53 interaction and were resistant to apoptosis, but cell
apoptosis was significantly increased by Mortalin shRNA
transfection [26]. Chen et al. also showed the conclusions
that low expression of Mortalin was able to inhibit EMT,
decrease tumor progression and lose the metastasis-
inducing capability [24].

Despite of these interesting findings, larger sample size
in randomized studies is needed to assess the potential
value of Mortalin as candidate biomarker for breast can-
cer surveillance.

Conclusions

Mortalin plays an important role in breast cancer pro-
gression; it might be a new attractive biomarker for
prognostic evaluation and a molecular therapeutic target
in patients with breast cancer.
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