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Abstract  
Phosphatase and tensin homolog deleted on chromosome 10 (PTEN) and the proliferating antigen Ki67 have 

been widely studied in several tumors. However, their role as indicator in non-small cell lung cancer (NSCLC) 
remains unknown. Here, we investigated the expression of PTEN and Ki67 in NSCLC tissues and paired normal 
lung tissues to identify whether these proteins are associated with lung cancer development and survival. Immu-
nohistochemistry for PTEN and Ki67 was performed on 67 lung cancer tissues and 41 paired adjacent normal lung 
tissues to detect the expression of these two proteins. The expression of PTEN in NSCLC tissues (32.8%) was 
significantly lower than that in normal tissues (82.9%, P < 0.05). In contrast, the expression of Ki67 in NSCLC 
tissues (76.1%) was significantly higher than that in normal tissues (27.3%, P < 0.05). Expression of both PTEN 
and Ki67 were strongly associated with tumor histology, clinical stage, lymph node metastasis, differentiation and 
4-year postoperative survival rate (P < 0.05). However, PTEN expression was negatively correlated with Ki67 ex-
pression (r = -0.279, P < 0.05). In conclusion, low PTEN expression and Ki67 overexpression are associated with 
malignant invasion and lymph node metastasis of NSCLC. These proteins may serve as diagnostic and prognostic 
biomarkers of NSCLC.
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INTRODUCTION 
Non-small cell lung cancer (NSCLC) is a slow-

developing cancer with a complex pathogenesis; its 
progression involves several stages as well as acti-
vation of many oncogenes and inactivation of tumor 
suppressor genes[1]. Alterations in the expression of 
extracellular growth factors and signaling molecules 
commonly occur during NSCLC development. These 

proteins are involved in various cellular functions, 
including proliferation and cell cycle progression. 
Changes in their expressions can lead to undue pro-
liferation of tumor cells or escape from cell cycle 
checkpoints and apoptosis[2]. 

One such factor, phosphatase and tensin homolog 
deleted on chromosome 10 (PTEN), is involved in 
receptor tyrosine kinase (RTK) signaling due to its 
phosphorylase functions[3,4]. PTEN is a negative con-
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trol factor in the phosphoinositide-3 kinase (PI3K)/
serine-threonine kinase (AKT) pathway. This protein 
plays a role as tumor suppressor to inhibit the malig-
nant transformation of cells as well as the invasion, 
metastasis and growth of tumors. Mutation in PTEN 
eliminates its antitumor effects and promotes tum-
origenesis[5-9]. Previous studies have demonstrated the 
importance of other RTKs in lung tumors (particularly 
epidermal growth factor receptor (EGFR)); alterations 
in PTEN may, therefore, play a role in the pathogen-
esis of NSCLC[10]. Another protein with demonstrated 
roles in tumorigenesis is Ki67, a nuclear antigen re-
lated to cell proliferation as increased Ki67 expression 
is closely correlated with the proliferation and inva-
siveness of tumors[11]. Although the exact functions 
of Ki67 are unclear, there is accumulating evidence 
that Ki67 plays a critical role in cell cycle progres-
sion[2,12-14]. 

In this study, immunohistochemistry was performed 
to detect the expression of PTEN and Ki67 in NSCLC 
tissues and paired adjacent normal lung tissues. Ad-
ditionally, the expression was compared with clinico-
pathologic features  of NSCLC.

PATIENTS AND METHODS

Patients
Surgical tissues were collected from 67 patients 

with lung cancer who were treated at Wuxi People’s 
Hospital Affiliated to Nanjing Medical University 
from June 2007 to May 2008. Diagnosis was con-
firmed as NSCLC by postoperative pathology. The 
patients with lung cancer included 33 males and 34 
females with age ranging from 39 to 80 years. Patho-
logical staging was performed for all cases in ac-
cordance with the diagnostic criteria of the Union for 
International Cancer Control (UICC) and there were 
20 cases in stage I, 29 cases in stage II and 18 cases 
in stage III. Twenty-eight cases were squamous cell 
carcinoma, 31 cases were adenocarcinoma and 8 cases 
were large-cell carcinoma. In addition, 25 cases were 
poorly differentiated tumors, while 42 cases were 
highly or moderately differentiated tumors. Lymph 
node metastasis was evident in 29 cases and absent in 
38 cases. Paired normal tissues were collected from 
adjacent tissues (> 5 cm away from tumors) of 41 
cases. No patients had received radiotherapy or chem-
otherapy before surgery. 

Follow-up 

The patients were followed up by telephone or let-
ter, and all had complete follow-up information on 
survival. Survival time was defined as the time in-

terval from the date of surgery until the date of last 
follow-up (June 2012) or death. 

Detection of PTEN and Ki67expression 

Tissues were fixed in 10% formaldehyde and em-
bedded in paraffin by using conventional methods. 
Serial tissue sections were cut at 4 μmol/L thickness 
and placed on microscope slides for immunohisto-
chemistry. We used a mouse monoclonal antibody for 
PTEN and a mouse monoclonal antibody for Ki-67 
(both from Zhongshan Golden Bridge Biotechnology, 
Beijing, China). As immunohistochemistry with an-
tibodies against PTEN and Ki67 was performed using 
the streptomycin avidin-peroxidase (SP) method, sec-
tions were deparaffinized and rehydrated. The slides 
were then heated in a microwave for 10 minutes in a 
10-μmol/L citrate buffer solution at pH 6.0 and then 
cooled to room temperature. After quenching endog-
enous peroxidase activity with 0.3% H2O2 (in absolute 
methanol) for 30 minutes, the sections were incubated 
for 2 hours at room temperature with 5% bovine se-
rum albumin. Duplicate sections were then incubated 
overnight at 4 °C with the specific primary antibodies 
against PTEN and Ki-67, respectively. Sections were 
then treated successively with secondary antibodies 
and streptavidin (Zhongshan Golden Bridge Biotech-
nology). The 3, 3'-diaminobenzidine (DAB) substrate 
was performed to develop staining color, and then 
sections were counterstained with hematoxylin prior 
to dehydration and mounting. Sections of breast can-
cer tissue containing the above-mentioned antigens 
were used as positive control. Phosphate buffered sa-
line (PBS) was used in place of primary antibody as 
negative control. Positive staining appeared in cells as 
yellowish-brown puncta of PTEN and Ki67. Stained 
tissues were scored for the proportion of positive cells 
out of the total number of cells. Fewer than 5% posi-
tive cells were considered as negative; 5%-20% posi-
tive cells were considered as weakly positive (+); > 
20% positive cells were considered as strongly posi-
tive (++). Therefore, “positive expression” referred to 
both + and ++.

Statistical analysis
Analyses were performed by using SPSS l6.0 sta-

tistical analysis software, including χ2 test and Spear-
man rank correlation analysis. Quantitative variables 
were compared by using Student's t-test, and categor-
ical variables were compared by using χ2 test. Kaplan-
Meier survival curve and Log-rank tests were used to 
compare the survival rate between groups as designed. 
Two-sided alpha level was set at 0.05, with P < 0.05 
considered statistically significant.
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RESULTS

PTEN and Ki67 expression in NSCLC and 
paired normal lung tissues 

We examined the expression of PTEN and Ki67 in 
67 NSCLC specimes and 41 adjacent paired normal 
lung tissue specimens. PTEN was detected in both 
NSCLC and normal tissues (Fig. 1), but the posi-
tive expression rate of PTEN in NSCLC tissues was 
32.8%, which was significantly lower than that of 
normal lung tissues (82.9%) (P < 0.05). In contrast, 
Ki67 was detected significantly more often in NSCLC 
tissues (76.1%) than in normal lung (27.3%) (P < 
0.05). Furthermore, we analyzed whether the expres-
sion of PTEN correlated with the expression of Ki67 

in NSCLC. The result showed that their expression 
in NSCLC was negatively correlated (r = -0.239, P = 
0.022) (Table 1).

Association between PTEN and Ki67 expres-
sion and clinicopathologic features

To identify whether the expression of the two pro-
teins in lung tumors was associated with clinical fea-
tures of the disease, we assessed expression patterns 
in terms of clinicopathologic features (Table 2). No 
statistically significant differences were observed in 
the expressions of PTEN and Ki67 when the data were 
stratified for  gender and age. However, expressions 
of PTEN and Ki67 correlated with the degree of dif-
ferentiation, presence or absence of lymph node me-
tastasis, clinical stage and tumor histological category, 

Fig. 1 PTEN and Ki67 expression by immunohistochemistry in non-small cell lung cancer (NSCLC) tissues. PTEN (brown) is ex-
pressed in the cytoplasm of NSCLC cells, A: adenocarcinoma; B: squamous carcinoma. Ki67 (brown) is expressed in the nuclei of NSCLC cells, C: 
adenocarcinoma; D: squamous carcinoma. PTEN is negatively expressed in adenocarcinoma (E) and squamous carcinoma (F). Ki67 is negatively ex-
pressed in adenocarcinoma (G) and squamous carcinoma (H).
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Relationship between Ki67 or PTEN expres-
sion in NSCLC tissues and postoperative sur-
vival

Follow-up data from all patients indicated that there 

Table 2 Correlation between expressions of PTEN and Ki67 in NSCLC with clinicopathologic features

N
PTEN Ki67

+ - Positive expression (%) P-value + - Positive expression (%) P-value

Age (years)

   ≤ 60 30 11 19 36.67 0.548 21  9 70.00 0.290

   > 60 37 11 26 29.73 30  7 81.08

Sex

   Male 33 10 23 30.30 0.664 26  7 78.79 0.614

   Female 34 12 22 35.29 25  9 73.53

Tumor position

   Periphery type 40 10 30 25.00 0.096 31  9 77.50 0.747

   Central type 27 12 15 44.44 20  7 74.07

Tumor size (cm)

   ≤ 3 35 13 22 37.14 0.432 24 11 68.57 0.130

   > 3 32 9 23 28.13 27  5 84.38

Tumor category

   Squamous cancer 28 5 23 18.71 19  9 67.9

   Adenocarcinoma 31 12 19 38.70 0.014 25  6 80.65 0.037

   Large cell carcinoma  8  3  5 37.50 5  3 62.50

Lymph metastasis

   Yes 29 5 24 17.24 0.018 31  9 77.5 0.023

   No 38 17 21 44.74 8  9 47.0

TNM Stage

   I,II 49 22 27 44.90 0.038 30 19 61.22 0.043

   III 18 6 12 33.33 14  4 77.8

Differentiation degree

   Low 25 5 20 20.00 0.007 23  2 92.00 0.020

   High/moderate 42 19 23 45.24 28 14 66.67

were 30 living patients on the cut-off date of follow-
up, while 4 patients experienced recurrence during 
follow-up and 33 patients died. Kaplan-Meier survival 
curve analysis was performed (Fig. 2). Furthermore, 
Kaplan-Meier plots of survival showed that patients 

Table 1 Correlation between PTEN and Ki67 expression in NSCLC

PTEN expression  
Ki67 expression

Total R value P-value
+ -

Positive 13 9 22

Negative 38 7 45 - 0.279 0.022

Total 51 16 67

respectively. Interestingly, inverse correlations were 
found: PTEN expression gradually increased with in-
creased malignant differentiation while Ki67 expres-
sion gradually decreased. The expression of PTEN was 
significantly negatively correlated with lymph node 
metastasis, but Ki67 expression was positively corre-

lated with lymph node metastasis (P < 0.05). Moreo-
ver, we showed that positive expression of PTEN 
and Ki67 in adenocarcinoma was higher than that in 
squamous cell carcinoma (P < 0.05). The expression 
of either PTEN or Ki67 did not correlate with tumor 
location and size (P > 0.05).
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Fig. 2 Kaplan-Meier survival curves of NSCLC patients stratified by positive or negative expression of PTEN (A) or Ki67 (B). 
Signficiant difference was noted between patients with positive or negative expression of PTEN or Ki67 (P < 0.05).

A B

Table 3 The relationship between PTEN and Ki67 expression and prognosis of NSCLC patients

HR: hazard ratio; CI: confidence interval; ref: reference aCox regression with adjustment for age, sex and stage.

Protein Total (n) Deaths (n) Median overall survival (Months) Adjusted HR (95% CI)a Adjusted P a

PTEN

   + 22 9 24.6 ref

   - 45 24 19.3 2.85 (1.32-4.21) < 0.001

Ki67

   + 51 27 17.9 ref

   - 16 6 31.1 0.55 (0.32-0.88)    0.021

with negative Ki67 expression had a median overall 
survival time of 31.1 months, whereas patients with 
positive Ki67 expression had an overall survival of 
17.9 months (Log-rank, P < 0.05). For PTEN expres-
sion, the overall survival was 19.3 months for patients 
with negative expression and 24.6 months for those 
with positive expression (Log-rank, P < 0.05; Table 3).

DISCUSSION
PTEN-encoded phosphatases can dephosphor-

ylate focal adhesion kinase by blocking the PI3K/
protein kinase B pathway and downstream signaling, 
thereby regulating cell cycle, proliferation, infiltration 
and migration of cells[15-17]. Alterations in its activity, 
therefore, can effect changes in regulation of these 
cellular process and lead to tumorigenesis[18,19]. In ad-
dition, the mutation rate of PTEN was found to be 
43% in prostate cancer[4]. Here, we demonstrated that 
loss of PTEN expression was commonly found in lung 
cancer tissues, indicating that the deletion or mutation 
of PTEN may promote lung cancer development and/
or progression. PTEN loss or reduced expression may 
lead to altered epithelium and excessive proliferation 
of lung tissues, thus forming tumors[19]. The expres-
sion of PTEN was less common in lung squamous 

carcinoma than other histological categories of lung 
tumor, such as adenocarcinoma or large cell cancer. 
Moreover, it also varied among differently differenti-
ated lung tumors. In fact, poorer differentiation leads 
to lower expression rate of PTEN, indicating that loss 
of PTEN expression correlated with tumor histol-
ogy and malignant differentiation degree. In addition, 
with advanced stage, PTEN expression level gradually 
declined, more patients developed lymph node me-
tastases and 4-year survival rate gradually decreased. 
Therefore, PTEN expression may be useful as a prog-
nostic biomarker, as the loss of expression indicates 
more advanced disease. 

The proliferation marker Ki67 has been shown to be 
upregulated in many tumors[20]. Indeed, it is an indica-
tor of poorer prognosis for some cancers[21,22]. There-
fore, this study extended previous work by assessing 
the relationship between Ki67 and malignant biologi-
cal characteristics of NSCLC. Perhaps unsurprisingly, 
Ki67 expression was significantly more frequent in 
NSCLC than in normal adjacent lung tissues. These 
results indicated that Ki67 indirectly reflects undue 
proliferation of malignant tumors. Furthermore, Ki67 
expression was also associated with lymph node me-
tastasis, tumor histology and more advanced tumors. 
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The 4-year survival of patients with Ki67-positive 
tumors was significantly lower than those with Ki67-
negative tumors. This finding suggested that Ki67 
expression in NSCLC is closely related to disease 
prognosis. The expression of Ki67 also varied among 
differently differentiated lung tumors. On the con-
trary, Ki67 expression in poorly differentiated tumor 
was significantly higher than in moderately or highly 
differentiated tumor, indicating that Ki67 expression 
closely correlated with tumor differentiation degree.

In conclusion, this study demonstrated that low 
PTEN expression and high Ki67 expression are as-
sociated with high proliferation activity, low differ-
entiation of tumor tissues and high possibility of early 
invasion and metastasis. Additionally, the expression 
levels of both proteins are closely related to postop-
erative 4-year survival of NSCLC patients. Combined 
detection of PTEN and Ki67 can aid in determining 
malignancy degree and the prognosis of patients with 
NSCLC.
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