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ATPase inhibitory factor 1 expression is an independent 
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Abstract: ATPase inhibitory factor 1 (IF1), an inhibitor of the mitochondrial H+-adenosine triphosphate (ATP) syn-
thase, is putatively involved in tumor progression. This study aimed to evaluate the expression levels of IF1 in 
non-small cell lung cancer (NSCLC) and the prognostic value for the patients. IF1 protein expression levels were 
detected in 149 cases of NSCLC by using immunohistochemistry. Kaplan-Meier analysis showed that NSCLC pa-
tients with high expression of IF1 possessed poorer outcome than those with low expression of IF1 (P=0.007). 
Moreover, IF1 was also prognostic in the patients with early stages (stage I/II) (P=0.042) and low grade (grade I/II) 
(P=0.002). Multivariable Cox-regression analysis showed that high expression of IF1 (HR=1.67, P=0.034), tumor 
size (HR=1.79, P=0.001), and lymph node metastasis (HR=2.66, P=0.000) were independent indicators for NSCLC 
patients. In conclusion, our study demonstrated that elevated expression of IF1 may associated with lymph node 
metastasis of NSCLC and served as an independent prognostic and recurrent indicator for the patients.
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Introduction

Lung cancer continues to be the most common 
causes of cancer-related deaths worldwide [1]. 
Patients with non-small cell lung cancer 
(NSCLC), which accounts for more than 80%  
of lung cancer, carry a poor clinical outcome 
with 5-years survival rate of 10%-15% [2]. 
According to the origin, NSCLC can be further 
divided into squamous cell carcinoma (SCC), 
lung adenocarcinoma (LAC), and large-cell car-
cinoma (LCC). Despite various traditional and 
novel therapies regimes were improved and 
developed, the overall survival of patients re- 
mained poor. Most patients were diagnosed in 
advanced stages and therefore missed the 
best opportunity to be cured. An integrated 
understanding of the biochemical signaling 
molecules and genetic factors of NSCLC could 
provide potential prognostic parameter and 
appropriate therapeutic targets [3-5].

In animals and plants, the mitochondrial F1F0-
ATPsynthase is molecularly regulated by an 

endogenous, nuclear encoded polypeptide, the 
ATPase inhibitory factor 1 (IF1) [6]. IF1 is a 
small, basic, heat-stable protein composed  
of 80-84 amino acids (~10 kDa) in mammals 
and predominantly compartmentalized inside 
the mitochondrial matrix. Without affecting  
the ATP synthesis during oxidative phosphoryla-
tion, IF1 has the unique capacity to inhibit the 
adenosine triphosphate (ATP)-hydrolyzing activ-
ity of the F1F0-ATPsynthase. Recently, IF1 was 
found to be overexpressed in several human 
cancers, including breast cancer, colon cancer 
and lung cancer [7]. However, the biological rel-
evance of IF1 in the NSCLC remains unknown. 
Therefore, we examined the expression of IF1 
and evaluated its prognostic value in 149 cases 
of NSCLC in this study. The results obtained 
from systematically analyzed NSCLC cohort 
indicated that the expression of IF1 was 
increased in the cancerous tissues, and posi-
tively correlated to tumor stages and lymph 
node metastasis. Elevated expression of IF1 
also served as an independent prognostic fac-
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tor in NSCLC patients, especially in those with 
early tumor-node-metastasis (TNM) stages 
(stage I/II), which may developed as a potential 
marker to stratify therapeutic decisions. 

Material and methods

Patients and tissue specimens

One hundred and forty-nine patients were 
included in this study, which carried out in 
accordance with the principles of the Helsinki 
Declaration and approved by the Ethical 
Committee of the Southwest Hospital, Third 
Military Medical University. All patients were 

present with NSCLC and underwent surgical 
resection without preoperative treatment be- 
tween January 2006 and December 2009. 
Specimens were provided by the Department 
of Pathology, Southwest Hospital, Third Military 
Medical University, Chongqing, China. The 
specimens were evaluated separately by two 
pathologists according to the seventh edition of 
TNM classification of the International Union 
Against Cancer [8]. Additionally, 10 samples of 
normal lung tissues were enrolled as normal 
controls.

Tumor tissue microarrays (TMAs) construction

Formalin-fixed, paraffin-embedded tissues 
were applied to construct tissue microarrays 
(TMAs) as previously described [9]. Briefly, after 
verification with hematoxylin and eosin (H&E) 
staining, representative tumor areas with 1.0 
mm-diameter were selected and deposited  
into a recipient paraffin block with tissue-array-
ing instrument (Beecher Instruments®, Silver 
Spring, MD, USA). Consecutive 3 μm-thick TMAs 
sections were mounted on coated glass sliders 
for immunohistochemistry analysis.

Immunohistochemical (IHC) staining and scor-
ing 

IHC staining was performed as previous proce-
dure [10]. Sections were dewaxed and rehydrat-
ed in graded alcohols. Endogenous peroxidase 
was blocked by using a 3% solution of hydrogen 
peroxide for 30 minutes. For antigen retrieval, 
sections were boiled in EDTA buffer (pH=8.0) 
for 15 minutes. After naturally cooling to room 
temperature and washing with PBS, sections 
were then incubated with anti-human IF1 (Cell 
Signaling Technology, Billerica, MA, dilution 
1:2000) at 4°C overnight. Following incubation 
with secondary antibody (DAKO, Denmark), the 
sections were then visualized using diamino-
benzidine solution (DAKO, Denmark), and lightly 
counterstained with hematoxylin. The sections 
were then photographed under high magnifica-
tion (400X). Five random areas of each section 
were selected to calculate the average optical 
density (AOD) by the Image-Pro Plus 6.0 soft-
ware. The data were then normalized by deter-
mining a z-score using the following calculation: 
[(OD value)-(mean of all OD values in cohort)]/
(standard deviation of all OD values in cohort) 
[11, 12]. The cutoff value was determined by 
X-tile [13]. Therefore, low and high expression 

Table 1. Correlation between IF1 expression 
levels and clinicopathological characters in 
NSCLC patients

Clinical  
characters

NSCLC
Cases 
N=149

IF1 Expression
P value

Low High
Age (years) 0.618
    ≤60 68 35 33
    >60 81 45 36
Gender 0.203
    Male 119 67 52
    Female 30 13 17
Smoking 0.017
    No 50 20 30
    Yes 99 60 39
Histology 0.695
    LAC 73 38 35
    SCC 76 42 34
Differentiation 0.384
    Well 31 15 16
    Moderate 80 41 39
    Poor 38 24 14
Stage 0.032
    I 77 49 28
    II 50 23 27
    III/IV 22 8 14
N status 0.043
    pN0 105 62 43
    pN1-2 44 18 26
T status 0.139
    pT1 45 22 23
    pT2 85 51 34
    pT3-4 19 7 12
LAC lung adenocarcinoma, SCC squamous cell carci-
noma. P value was evaluated by Chi-square test.
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of IF1 were defined as the z-scores ≤-0.049 
and >-0.049, respectively. Additionally, the nor-
mal lung tissues were also scored for the nor-
mal controls of NSCLC. 

Statistical analysis

Statistical analysis was performed using the 
SPSS statistical software package (standard 
version 18.0). Two tail Student’s test was used 
to determine the difference of IF1 between nor-
mal and cancerous tissues. Pearson chi-square 
test was applied to determine the relationship 
between IF1 expression and the clinicopatho-
logical characteristics. For survival analysis, 
Kaplan-Meier curve was generated with log-
rank test. Cox-regression analysis was applied 
to test for the independence of the prognostic 
value of IF1 expression. P<0.05 was consid-
ered statistically significant. 

Results

IF1 was highly expressed in NSCLC

In total, 149 cases of NSCLC patients were 
enrolled in the study. The median age of the 

patients was 60.85 years (range from 36 to 81 
years old). Among the subjects, 119 (79.87%) 
cases were males, and 30 (20.13%) cases were 
females. Seventy-three (49.0%) specimens 
were lung adenocarcinoma (LAC), and seventy-
six (51.0%) specimens were squamous cell car-
cinoma (SCC). In addition, 69 (46.31%) patients 
were found to be IF1 highly expressed com-
pared with 80 (53.69%) patients of IF1 lowly 
expressed. The details were summarized in 
Table 1. The cancerous tissues showed mark-
edly stronger IHC staining signals than that in 
the normal lung tissues (Figure 1A). Accordingly, 
the z-scores were significantly higher in NSCLC 
than that in the normal tissues (0.042 ± 1.017 
vs. -0.621 ± 0.282, P=0.042) (Figure 1B). 

Elevated expression of IF1 correlated with 
advanced tumor stages and lymphatic metas-
tasis

The relationship between IF1 expression and 
clinicopathological characters was evaluated 
(Table 1). IHC staining showed the expression 
levels of IF1 were significantly increased in 
patients with advanced TNM stages (Figure 1A 

Figure 1. Expression levels of IF1 in NSCLC. A. Representative IHC staining images of IF1 expression levels in normal 
lung tissues and NSCLC patients with TNM stage I, II and III, respectively. B. Statistical analysis of z-scores in normal 
lung tissues and patients with different TNM stage. C. Representative IHC staining images showing the expression 
of IF1 in NSCLC without or with lymph node metastasis (LNM). D. Statistical analysis of z-scores in patients without 
LNM compared with those with LNM. Original magnification: x400. Scale bar 25 μm. *P<0.05.
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and 1B, Table 1, P=0.032) or lymphatic metas-
tasis (Figure 1C and 1D, Table 1, P=0.043) as 
compared with those with early TNM stages or 
without lymphatic metastasis, respectively. 
These results suggest that IF1 associated to 
the aggressiveness of NSCLC patients.

IF1 served as an independent prognostic indi-
cator in NSCLC

The prognostic value of IF1 was evaluated in 
NSCLC patients by comparing the IFlow and IFhigh 
group. Kaplan-Meier analysis showed that the 
patients with high levels of IF1 had significant 
worse overall survival than those with low lev-
els of IF1 (Figure 2A left panel, P=0.007) in 
NSCLC. Moreover, IF1 expression status was 
significantly associated with tumor recurrence. 
The recurrence rate in patients with IF1 low 
expression was much lesser than those with 
IF1 high expression (Figure 2A right panel, 
P=0.003). Cox-regression analysis was used  
to determine the hazard ratio of prognostic rel-
evant characters including gender (male vs. 
female), age (blow vs. above the median age  
of 60.85 years), smoking (former/current vs. 
never), TNM stage (stage I vs. stage II vs. stage 
III/IV), histological subtype (LAC vs. SCC) and 
IF1 expression level (dichotomized by z-scores 
-0.049). Multivariable Cox-regression analysis 
revealed that elevated expression of IF1 could 
be an independent prognostic factor (HR= 
1.667, P=0.034) in NSCLC (Table 2). These re- 
sults demonstrate that elevated expression of 

(77.2 (95% CI 67.9 to 86.5) months) was longer 
than in the IF1high group (58.6 (95% CI 48.8 to 
68.4) months). The recurrence rate in patients 
with IF1 high expression was higher than those 
with IF1 low expression (Figure 2B right panel, 
P=0.037). We further did a subgroup analysis, 
stratifying NSCLC patients by both IF1 expres-
sion and tumor size. Patients with tumor size 
≤7 cm and low IF1 level tended to have longer 
overall survival (P=0.067) and had the signifi-
cantly lower recurrent rate (P=0.013) (Figure 
2C). Accordingly, the 5-year recurrent rate of 
patients with tumor size >7 cm was much high-
er than those with tumor size ≤7 cm (50.88% 
vs. 31.94%). In addition, analyses of IF1 expres-
sion in low-grade (grade I/II) patients revealed 
that IFlow group possessed markedly promising 
overall survival rate (P=0.002), as well as lower 
recurrent rate (P=0.012) than those in IFhigh 
group (Figure 2D). The results indicate that ele-
vated expression of IF1 predicted the malignan-
cy or the risk of the recurrence of early stage 
and lower grade NSCLC, and could be recog-
nized as a stratifying marker for adjuvant 
therapy.

Discussion

Lung cancer is a common malignancy with high 
mortality rate [1]. Approximately 65% of NSCLC 
patients were firstly diagnosed at advanced 
stages (stage III/IV), and led to an unfavorable 
5-year overall survival rate of less than 5% [14]. 
Thus, early detection of lung cancer could sig-

Figure 2. The prognostic value of IF1 in NSCLC patients. A. Kaplan-Meier curves of time after diagnosis and time to 
relapse in NSCLC patients. B. Kaplan-Meier curves of time after diagnosis and time to relapse in the NSCLC patients 
with early TNM stage (stage I/II). C. Kaplan-Meier curves of time after diagnosis and time to relapse in the NSCLC 
patients with tumor size ≤7 cm. D. Kaplan-Meier curves of time after diagnosis and time to relapse in the NSCLC 
patients with low grade (grade I/II).

Table 2. Univariable/Multivariable Cox-regression analysis for 
overall survival in NSCLC patients

Factors
Univariable Multivariable

HR (95%) CI P value HR (95%) CI P value
Gender 0.982 0.571-1.689 0.948
Age 1.187 0.749-1.881 0.466 1.686 1.036-2.743 0.036
Smoking 0.661 0.417-1.047 0.078
T status 1.990 1.402-2.825 0.000 1.793 1.266-2.539 0.001
N status 2.847 2.130-3.806 0.000 2.661 1.962-3.607 0.000
Histology 0.673 0.424-1.068 0.093
IF1 1.858 1.170-2.949 0.000 1.667 1.040-2.671 0.034
HR hazard ratio, CI confidence interval.

IF1 predicted the aggressive-
ness property and might serve 
as a considerable independent 
indicator in NSCLC.

Moreover, we further detected 
the prognostic value of IF1 in 
early TNM stages (stage I/II) 
patients. Kaplan-Meier analysis 
showed that the IF1high group 
suffered significant worse out-
come than the IF1low group 
(Figure 2B left panel, P=0.042). 
Accordingly, the median overall 
survival time in the IF1low group 
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nificantly improve the therapy response rate 
and prolonged survival time of patients [15].  
In the present study, we found that the IF1  
content was low in normal lung tissues, in- 
creased in early stages of NSCLC, and reached 
the highest level in advanced stages. Mean- 
while, Kaplan-Meier analysis suggested that 
the IF1high group possessed poorer prognosis 
and higher recurrent rate than the IF1low group 
in patients with early stages. These findings 
suggested that the expression of IF1 might be 
developed as a predictive biomarker for early 
detection and potential indicator for stratify 
therapeutic decisions.

Downregulation of oxidative phosphorylation 
and concurrent activation of aerobic glycolysis 
are hallmark features of human cancers [16-
18]. Mitochondria are the primary energy  
producers of the cell that regulate intracellu- 
lar energy metabolism. The dysfunctions of 
mitochondria have been found to participate  
in tumorgenesis and tumor progression, in- 
cluding proliferation, apoptosis, drug resis-
tance, dedifferentiation and metastasis [19-
21]. Laura et al. first reported IF1 in 2010 as a 
contributor to tumor growth, which promoted 
the metabolic switch in cancer cells [7]. In the 
following, more and more studies suggested 
that high expression of IF1 played a prominent 
role in tumor progression and was correlated 
with the regulation of tumor energetic metabo-
lism by controlling the synthase activity of the 
H+-ATP synthase [22-28]. The increase of IF1 
might alter the pattern of energy metabolism 
and result in the aggressiveness of NSCLC 
patients. Furthermore, owing to its functional 
activities in inhibiting the hydrolysis of ATP and 
preventing mitochondrial remodeling [6, 29], it 
holds strong potential to become a novel target 
for cancer therapy by reprogramming energy 
metabolism.

Metastasis is the major cause of NSCLC-related 
mortality. The epithelial-mesenchymal transi-
tion (EMT) is a carcinogenesis-enabling pro-
cess with pivotal role in the initiation of metas-
tasis and establishment of tumor in the meta-
static site [30]. NF-κB/Snail is one of the key 
signaling pathways in regulating the EMT [31]. 
Previous study reported that IF1 could activate 
the Snai1 signaling and mediate metastasis in 
hepatocellular carcinoma [32]. In the present 
study, we found that the expression of IF1 was 

associated with lymph node metastasis in 
NSCLC patients. Thus, detection of IF1 might 
help to predict the metastasis event and offer 
new possibilities in the treatment for patients 
suffering from NSCLC. 

In conclusion, we demonstrated that IF1 ex- 
pression levels were significantly higher in 
NSCLC tissues compared with normal lung tis-
sues. Moreover, our results showed that the 
elevated expression of IF1 was closely related 
to lymph node metastasis and served as an 
independent prognostic and recurrent indicator 
in NSCLC patients, particularly in those with 
early TNM stages or lower grade. IF1 may thus 
be useful for evaluating prognosis and may pro-
vide a novel target for the treatment of patients 
with NSCLC.
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