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LETM1 overexpression is correlated with the clinical  
features and survival outcome of breast cancer
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Abstract: Background: Leucine zipper/EF hand-containing transmembrane-1 (LETM1) is a mitochondrial inner 
membrane protein that was first identified in Wolf-Hirschhorn syndrome. However, high-level expression of LETM1 
has been correlated with multiple human malignancies, suggesting roles in carcinogenesis and tumor progression. 
This study is aimed to explore the clinicopathological characteristics and prognostic value of LETM1 overexpression 
in breast cancer. Methods: Immunohistochemical (IHC) staining, and immunofluorescence (IF) were performed to 
examine LETM1 expression in breast cancer cell line/tissues compared with adjacent normal tissues. Statistical 
analysis was applied to evaluate the correlation between LETM1 overexpression and the clinicopathological fea-
tures of breast cancer. Survival rates were calculated using the Kaplan-Meier method, and the relationship between 
prognostic factors and patient survival was analyzed using the Cox proportional hazard models. Results: LETM1 
protein showed cytoplasmic staining pattern in breast cancer. The strongly positive rate of LETM1 protein was 61.6% 
(98/159) in breast cancer, which was significantly higher than in DCIS (29.7%, 11/37), hyperplasia (16.7%, 3/18) 
and adjacent normal breast tissues (15.9%, 7/44). High-level expression of LETM1 protein was correlated with 
lymph node metastasis, poor differentiation, late clinical stage, disease-free survival (DFS) and overall survival (OS) 
rates in breast cancer. Moreover, multivariate analysis suggested that LETM1 emerged as a significant independent 
prognostic factor along with clinical stage of patients with breast cancer. Conclusions: LETM1 plays an important 
role in the progression of breast cancer. High level expression of LETM1 is an independent poor prognostic factor 
of breast cancer.
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Introduction

For women, breast cancer has long been the 
most frequently diagnosed malignancy and one 
of the primary causes of cancer-related death 
all over the world. Every year, about 1.67 million 
new people were diagnosed with breast cancer, 
accounted for a quarter of all cancers [1, 2]. 
According to the global statistics, the rate of 
breast cancer incidence especially in develop-
ing countries is increasing [3]. With the purpose 
of achieve better management of breast can-
cer, it is very important to find the identification 
of clinical, pathological and biological factors 
that have prognostic value, as those factors 
could be used to make contribution to the 
improvement of breast cancer prognosis [4].

Leucine zipper/EF hand-containing transmem-
brane-1 (LETM1) gene, which encodes a mito-
chondrial inner membrane protein, is located 
on the short arm of human chromosome 4 [5], 
and it was first identified in Wolf-Hirschhorn 
syndrome (WHS) [6, 7]. LETM1 encodes for the 
human homologue of yeast Mdm38p, amito-
chondria-shaping protein which function is 
unknown. However, previous studies showed 
that LETM1 is acted as an anchor protein for 
complex formation between mitochondria and 
ribosome, which can also regulate the biosyn-
thesis of mitochondria [8, 9]. The increased 
expression of LETM1 in human cancer pro-
motes that the disorder expression of LETM1 is 
a key feature of tumorigenesis [10]. Hwang et 
al. reported that LETM1 suppressed lung tumor 
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growth through activation of AMPK activity and 
inhibition of Akt activity, suggesting that LETM1 
may provide a useful target for designing lung 
tumor prevention and treatment [11]. Chen et 
al. demonstrated that LETM1 plays an impor-
tant role in the progression of HNSCC, and high 
levels of LETM1 protein are significantly associ-
ated with the presence of lymph node metasta-
sis, advanced stage, poor differentiation, and 

shortened survival of patients with HNSCC [12]. 
However, few studies have reported the clini- 
copathological significance of LETM1 protein 
overexpression in breast cancer.

In this study, we demonstrated the clinicopa- 
thological significance of LETM1 through prog-
nostic evaluation of LETM1 overexpression in 
breast cancers. The results revealed that 

Figure 1. Immunofluorescent staining of LETM1 in MDA-MB-231 human breast cancer cells. LETM1 protein is main-
ly located in the cytoplasm of MDA-MB-231 cancer cells. (Red for LETM1, Green for β-actin, and Blue for DAPI).

Figure 2. Immunohistochemical staining for LETM-1 protein expression. A. LETM-1 protein is absolutely negative in 
normal breast tissue. B. LETM-1 protein showed positive signals in DCIS. C. LETM1 protein showed strongly cyto-
plasmic positive signals in invasive breast cancer tissues. D. LETM-1 protein is strongly positive in lymph node with 
metastasis breast cancer. (Original magnification, 200× in A-D).
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LETM1 protein is frequently up-regulated in 
breast cancers compared with DCIS, hyperpla-
sia tissues and adjacent nontumor breast tis-
sues. LETM1 may be a good independent pre-
dictor of prognosis for patients with breast 
cancer.

Materials and methods

Clinical samples

Total 258 tissue samples, including 159 of 
breast cancers, 37 of ductal carcinoma in si- 
tu (DCIS), 18 of hyperplasia, and 44 of normal 
tissues of breasts, were collected from the 

incubation at room temperature for 30 min with 
biotinylated secondary antibodies, the slides 
were incubated with streptavidin-peroxidase 
complex at room temperature for 30 min. 
Immunostaining was developed using 3,3’-di- 
aminobenzidinechromogenand counterstained 
with Mayer’s hematoxylin. We used the Mouse 
IgG isotope controls which showed negative 
staining. Also, the positive tissue sections were 
processed omitting the primary antibody as the 
negative controls.

Two pathologists (Lin Z & Liu S) who did not 
possess knowledge of the clinical data exam-
ined and scored all tissue specimens. Briefly, 

Table 1. LETM-1 proteinexpression in breast cancers

Diagnosis No. of 
cases

LETM1  
expression Positive 

rate 
Strongly 

positive rate
- + ++ +++

Breast cancers 159 33 28 65 33 79.2%** 61.6%**
DCIS 37 20 6 9 2 45.9% 29.7%
Hyperplasia 18 12 3 3 0 33.3% 16.7%
Adjacent normal breast 44 31 6 7 0 29.5% 15.9%
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<0.01 compared with adjacent normal breast.

Table 2. Relationship between LETM-1 protein overexpression 
and the clinicopathological features of breast cancer

Clinical features No. of 
cases

Strongly positive 
cases (%) χ2 P value

Age 0.207 0.650
    ≥50 85 51 (60.0%)
    <50 74 47 (63.5%)
Menopausal status 0.468 0.494
    Premenopausal 65 38 (58.5%)
    Postmenopausal 94 60 (63.8%)
Tumor size 1.450 0.229
    T1 80 53 (66.3%)
    T2 79 45 (60.0%)
Tumor differentiation 9.854 0.007**
    Well 60 28 (46.7%)
    Moderate 76 52 (68.4%)
    Poor 23 18 (78.3%)
Clinical stage 4.556 0.033**
    0-II 82 44 (53.7%)
    III-IV 77 54 (70.1%)
LN metastasis 8.975 0.003**
    T1 91 47 (51.6%)
    T2 68 51 (75.0%)
**P<0.01.

Department of Pathology, Yan- 
bian Tumor Hospital. The normal 
breast tissues were obtained 
from the resection margins of 
modified radical mastectomy sp- 
ecimen of breast cancer. The tis-
sues were routinely processed 
with 10% buffered formalin fixa-
tion and paraffin embedded. The 
pathological parameters were 
carefully reviewed in all of the 
cases and two experienced pa- 
thologists reviewed the H&E st- 
ained slides and one appropriate 
paraffin block was selected for 
this study.

Immunohistochemical (IHC) 
analysis

The immunostaining kits were 
purchased from DAKO Inc. (Glo- 
strup, Denmark) and Nichirei Inc. 
(Tokyo, Japan). 4-μm tissue sec-
tions were prepared on silane-
coated slides (Sigma, St Louis, 
MO, USA).

Tissue sections were deparaf-
finized, rehydrated and incubat-
ed with 3% H2O2 in methanol for 
15 min at room temperature to 
deactivate endogenous peroxi-
dase. The antigen was retrieved 
at 95°C for 20 min by placing the 
slices in 0.01 M sodium citrate 
buffer (pH 6.0). The slices were 
then incubated with primary anti-
body LETM1 (1:50, Abnova, Tai- 
pei, Taiwan) at 4°C overnight and 
then washed with PBS. After 
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Figure 3. Kaplan-Meier analysis of DFS and OS rates in 159 breast cancer patients in relation to LETM1 protein 
overexpression. Breast cancer patients with high LETM1 expression had lower DFS (A) and OS (B) rates compared 
with breast cancer patients with low LETM1 expression (both P=0.001).

the immunostaining for LETM1 was semi-quan-
titatively scored as ‘-’ (negative) (no or less than 
5% positive cells), ‘+’ (5-25% positive cells), ‘++’ 
(26-50% positive cells), and ‘+++’ (more than 
50% positive cells). Only cytoplasmic and mem-
branous staining patterns were considered as 
positive staining, and the strong positive means 
‘++’ and ‘+++’ positive cells. For survival analy-
sis, the LETM1 expression level was denoted as 
high expression (‘++’ and ‘+++’) and low expres-
sion (‘-’ and ‘+’).

Immunofluorescence (IF) staining analysis

IF staining was used to detect the sub-cellular 
localization of LETM1 protein in MDA-MB-231 
cells. All steps were performed at room tem-
perature. MDA-MB-231 cells were grown on 
coverslips to 70-80% confluence, then fixed 
with 4% paraformaldehyde for 10 min, and 
after 24 h cells were permeabilized with 0.5% 
TritonX-100 for 10 min. Blocking was performed 
with 3% Albumin Bovine V (A8020, Solarbio, 
Beijing, China) for 1 h. After washing with PBS, 
cells were incubated with the LETM1 antibody 
(1:500) at 4°C overnight, followed by incuba-
tion with Alexa Fluor® 568 goat anti-mouse IgG 
(H+L) (A11004, 1:1000, Invitrogen, USA) for 1 
h. After washing with PBS, cells were counter-
stained with DAPI (C1006, Beyotime, Shanghai, 
China) and the coverslips were mounted with 
Antifade Mounting Medium (P0126, Beyotime, 
Shanghai, China). Finally, the IF signals were 
visualized and recorded with a Leica SP5II con-
focal microscope (Heidelberg, Germany).

Statistical analysis

Statistical analyses of the data were performed 
using SPSS 17.0 software (SPSS Inc., Chicago, 
IL, USA). Correlations between LETM1 expres-
sion and clinicopathological characteristics 
were analyzed by Chi-square tests (χ2) and 
Fisher’s exact tests. Disease-free survival (DFS) 
and overall survival (OS) rates after tumor 
removal were calculated using the Kaplan-
Meier method, and differences in survival 
curves were analyzed using the Log-rank tests. 
The Cox proportional hazards regression model 
was used for univariate and multivariate sur-
vival analysis. P<0.05 was considered statisti-
cally significant.

Results

LETM1 expression in breast cancer and nor-
mal breast

IF staining showed that LETM1 mainly located 
in the cytoplasm of MDA-MB-231 breast cancer 
cells (Figure 1). IHC staining also showed that 
LETM1 is mainly located in the cytoplasm of 
breast cancers (Figure 2). The positive rate of 
LETM1 protein was significantly higher in breast 
cancer 79.2% (126/159) than that in DCIS 
(45.9%, 17/37), hyperplasia (33.3%, 6/18) and 
adjacent normal breast tissues (29.5%, 13/44) 
(P<0.01) (Table 1). Similarly, the strongly posi-
tive rate of LETM1 protein was 61.6% (98/159) 
in breast cancers, which was also significantly 
higher than that in DCIS (29.7%, 11/37), hyper-
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Figure 4. Kaplan-Meier analysis of DFS and OS rates in 159 breast cancer patients with or without LETM1 highly 
expressed in relation to clinical stage. In early stage (stages 0-II, n=82), patients with high LETM1 expression had 
significantly reduced DFS (A) and OS (B) rates compared with those with low LETM1 expression (P=0.030 and 
P=0.025, respectively). The DFS (C) and OS (D) rates in patients were not related with LETM1 expression in late 
stage (stages III-IV, n=77) (P=0.143, P=0.065, respectively).

plasia (16.7%, 3/18) and adjacent normal br- 
east tissues (15.9%, 7/44) (P<0.01) (Table 1).

Clinicopathological significance of LETM1 
overexpression in breast cancers

LETM1 overexpression was significantly corre-
lated with tumor differentiation, clinical stage 
and LN metastasis of breast cancer. However, 
LETM1 expression was not related with 
patients’ age, menopausal status, and tumor 
size in breast cancer (Table 2).

For tumor differentiation, the strongly positive 
rate of LETM1 was significantly higher in poorly 
differentiated breast cancer (78.3%, 18/23) 
than in well (46.7%, 28/60) and moderately 
(68.4%, 52/76) differentiated cases (P=0.007). 
Similarly, the strongly positive rate of LETM1- 
was higher in advanced-stage breast cancer (st- 

age III-IV) (70.1%, 54/77) than in early-stage 
cases (stage 0-II) (53.7%, 44/82) (P=0.033). In 
addition, breast cancer with lymph node metas-
tasis had higher LETM1 expression (75.0%, 
51/68) compared with the cases with nonme-
tastasis (51.6%, 47/91) (P=0.003).

Association between LETM1 expression and 
patient survival

Survival analysis showed that breast cancer 
patients with high LETM1 expression had lower 
disease-free survival (DFS) and overall survival 
(OS) rates than those with low LETM1 expres-
sion as determined by the Kaplan-Meier meth-
od (both P<0.01) (Figure 3). By combination 
analysis, we found that for breast cancer 
patients with early stage (I-II), the LETM1 level 
was associated with lower DFS and OS rates 
(P=0.030, P=0.025, respectively) (Figure 4A, 
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4B). However, the LETM1 expression were not 
correlate with the survival rates of breast can-
cer patients with advanced stage (III-IV) 
(P=0.143 and P=0.065, respectively) (Figure 
4C, 4D).

Moreover, univariate analysis demonstrated 
that clinical stage (P=0.000) and LETM1 
expression status (P=0.008) were significantly 
associated with DFS and OS in patients with 
breast cancer (Table 3). These data suggest 
that LETM1 could be a valuable prognostic fac-
tor in breast cancer. Multivariate analysis was 
performed using the Cox proportional hazards 
model for all significant variables examined in 
the univariate analysis. We found that clinical 
stage (HR: 1.899, 95% CI: 1.378-2.617, P= 
0.000) proved to be an independent prognostic 
factor for survival in breast cancer. Importantly, 
LETM1 high expression also emerged as a sig-
nificant independent poor prognostic factor in 
breast cancer (HR: 1.448, 95% CI: 1.042-
2.011, P=0.027) along with clinical stage (Table 
3).

Discussion

The number of younger patients (aged ≤30 
years) with breast cancer is increasing, and 
have a greater chance of having an endocrine-
unresponsive tumor and a significantly poor 
prognosis compared with patients aged be- 
tween 31 and 50 years [13]. In order to reduce 
the number of deaths and improve quality of 
life for patients with breast cancer, it is neces-

tion of effector caspases [15, 16]. The role of 
mitochondria in the development and progres-
sion of cancer is a rapidly expanding topic 
[17-19].

In addition, current study has provided clear 
evidence that LETM1 regulates mitochondrial 
biogenesis and translation system which can 
be implicated in tumorigenesis and cancer. 
Piao et al. [10] found that LETM1 is overex-
pressed in various human cancers compared 
with normal tissue from breast, colon, esopha-
gus, lung, ovary, rectum, stomach, and uterine 
cervix by immunohistochemical analysis. They 
also found that the overexpression of LETM1 
can induce necrotic cell death in HeLa cells, 
and the inhibition of mitochondrial biogenesis 
and ATP production seems to be the main 
cause. Hwang et al. [11] found that the overex-
pression of LETM1 can induce destruction of 
mitochondria in lung cancer cells through 
depleting ATP and AMPK activation and can 
also facilitating apoptosis via alter Akt signaling 
and inhibit the cell cycle. Shin et al. [20] showed 
that the overexpression of the two mitochon-
dria-targeting genes, LETM1 and carboxyl-ter-
minal modulator protein (CTMP), significantly 
reduced the incidence of tumorigenesis in 
H-ras12V liver cancer model mice. These re- 
sults suggested its potential as a tool for gene 
therapy. Taken together, these findings indicat-
ed that LETM1 may play an important role in 
carcinogenesis and tumor progression. Inte- 
restingly, our team found that the overexpres-
sion of LETM1 was related with clinical features 

Table 3. Cox regression model analysis of the clinicopathological features 
in 159 patients with breast cancer

Characteristics B SE Wald HR
95% CI

P value
Lower Upper

Univariate
    Age 0.037 0.160 0.054 1.038 0.759 1.419 0.816
    Menopausal status 0.264 0.163 2.628 1.302 0.946 1.792 0.105
    Tumor size 0.204 0.161 1.611 1.226 0.895 1.680 0.204
    Tumor differentiation 0.150 0.114 1.724 1.162 0.929 1.454 0.189
    Clinical stage 0.684 0.162 17.722 1.981 1.441 2.724 0.000**
    LN metastasis 0.075 0.161 0.218 1.078 0.786 1.477 0.641
    LETM-1 0.442 0.166 7.076 1.555 1.123 2.154 0.008**
Multivariate
    Clinical stage 0.641 0.164 15.340 1.899 1.378 2.617 0.000**
    LETM-1 0.370 0.168 4.870 1.448 1.042 2.011 0.027**
B: coefficient; SE: standard error; Wald: Wald statistic; HR: hazard ratio; CI: confidence inter-
val. **P<0.01.

sary to find new bio- 
markers.

As an organelle, mito-
chondria participate 
in a variety of cellular 
functions, such as gr- 
owth, division, apop-
tosis, and energy me- 
tabolism [14], which is 
crucial for life and de- 
ath of the cell. Mitoch- 
ondria can produce 
most of the ATP, par-
ticipate in Ca2+ signal-
ing and integrate di- 
verse apoptotic stimu-
li by releasing protein 
cofactors needed in 
the cytosol for activa-
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of triple-negative breast cancer (TNBC) patients 
[21]. In this study, we want to investigate the 
clinicopathological significance of LETM1 exp- 
ression in other more types of breast cancer.

We first performed IF staining of LETM1 in 
MDA-MB-231 breast cancer cells. In agree-
ment with previous studies, we found that 
staining of LETM1 is mainly localized in the 
cytoplasm, which was also reinforced by IHC 
staining in breast cancer tissue. Through IHC 
staining of LETM1 and survival data analysis, 
we found that the positive and strongly positive 
rates of LETM1 were significantly higher in 
breast cancer tissues than in either DCIS or 
nontumor tissues. These findings suggest that 
LETM1 potentially plays an important role in 
breast cancer progression and aggressivene- 
ss.

In our previous studies, LETM1 expression was 
found to be elevated and correlate closely with 
aggressive features, and/or poor prognosis in 
many human cancers [12, 21]. A clinical study 
involving 107 TNBC patients showed that the 
LETM1 could serve as an independent predic-
tor for disease-free survival and overall survival 
in patients with TNBC [21]. In 176 cases of 
head and neck squamous cell carcinoma 
(HNSCC), the strongly positive expression of 
LETM1 was observed in 65.3% of the cases, 
and it was significantly correlated with poor dif-
ferentiation, presence of lymph node metasta-
sis and advanced stage, and it was a poor prog-
nostic predictor of the patients [12].

Similarly, we found that the strongly positive 
rate of LETM1 was correlated closely with 
tumors poorer differentiation, lymph node me- 
tastasis and later clinical stages. These results 
suggested that LETM1 up-regulation promotes 
the invasion and/or metastasis of breast can-
cer cells. However, LETM1 expression levels 
were not correlated with age, menopausal sta-
tus and tumor size of patients with breast can-
cer. Importantly, positive expression of LETM1 
was a strong and independent predictor of 
short overall survival of breast cancer patients, 
as evidenced by the Kaplan-Meier curves and 
multivariate Cox proportional hazards regres-
sion analysis. Furthermore, stratified survival 
analysis of breast cancer clinical stage showed 
that LETM1 expression was helpful for predict-
ing the poor survival of patients with early stag-
es of breast cancer.

In conclusion, LETM1 overexpression appears 
to be associated with breast cancer progres-
sion, and may potentially be used as a biomark-
er for prognostic evaluation in breast cancer. 
Therefore, understanding the role of LETM1 
may be important in developing effective thera-
peutics for breast cancer and it may be taken 
as a candidate for breast cancer therapy. A 
comprehensive analysis of the molecular me- 
chanism of LETM1 involved in the development 
and progression of breast cancer is eagerly 
required.

Conclusions

In summary, LETM1 plays a key role in the pro-
gression of breast cancer, and high level of 
LETM1 protein are strongly associated with the 
tumor differentiation, advanced stage and 
lymph node metastasis of patients with breast 
cancer. The high proportion and prognostic 
value of LETM1 expression in breast cancer 
suggests that LETM1 may be a significant bio-
marker and a potential therapeutic target for 
breast cancer.
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