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report2 showed that lung cancer became one of the 
common malignant tumors and cancers all over 
the world. Moreover, cancer has been ranked at 
the first place of the morbidity and fatality due to 
lack of specific diagnosis and treatment drugs3. 
Further, deteriorating living environment, also 
contributing towards its continuously elevating 
morbidity year by year. Therefore, accelerating the 
studies on the pathogenesis of lung cancer to pro-
vide a good theoretical basis for the diagnosis and 
treatment of lung cancer has become an import-
ant subject of studies on lung cancer these days. 
In recent years, many studies4,5 showed that P13K/
AKT (phosphoinositide 3-kinases/ serine-thre-
onine kinase) signal pathway could take part in 
many signal transduction pathways, among which 
P13K could phosphorylate phosphatidylinositol to 
generate inositol lipids with the function of the 
second messenger in the human body6. On the 
other hand, AKT could take part in many physi-
ological processes of the organism, including cell 
cycle control and cell apoptosis process initiation, 
through the interaction with P13K signal pathway 
in the human body7. In recent years, as the stud-
ies on P13K/AKT signal pathway strengthened, it 
was noticed that there was a certain correlation 
between the changes of P13K/AKT signal trans-
duction pathway leading to the occurrence and 
deterioration of some malignant tumors in the 
human body. For instance, migration of human 
tracheal epithelial cell activated by AKT caused 
the loss of its contact inhibition function. Howev-
er, AKT activity could be inhibited through P13K 
specific inhibition8. Moreover, matrix metallopro-
teinases (MMPs) as a zinc ion-dependent extra-
cellular proteinase in the human body, could take 
part in the physiological processes, including the 
migration of tumor cells9. It could also act as a 
type IV collagenase, so as to promote the migra-
tion of some tumor cells.

Abstract. – OBJECTIVE: The present study has 
been planned to explore the relationship between 
P13K/AKT signal pathway-mediated matrix metal-
loproteinase-9 (MMP-9) gene and lung cancer.

PATIENTS AND METHODS: The adjacent le-
sion tissues were removed from 68 cases of pa-
tients with lung cancer admitted to our hospital 
from February 2013 to February 2015. They were 
selected as observation group, and the pulmo-
nary adjacent normal section specimens from 
18 cases were taken as control group. The dif-
ferences in expression quantities of P13K, AKT 
and MMP-9 genes in adjacent lesion tissues and 
adjacent normal tissues were detected by flu-
orescence quantitative PCR technology, en-
zyme-linked immunosorbent assay (ELISA), 
Western-blotting technology and immunohisto-
chemical technique and SP staining technology.

RESULTS: The mRNA expression quantities of 
P13K, AKT and MMP-9 genes in adjacent lesion 
tissues increased significantly in comparison 
to adjacent normal tissues, and the differences 
were statistically significant (p<0.05). The results 
of Spearman correlation detection showed that 
the expression quantity of MMP-9 in adjacent le-
sion tissues had a significantly positive correla-
tion with that of P13K and AKT (r=0.232, p<0.05).

CONCLUSIONS: MMP-9 gene could promote 
the generation of lung cancer through P13K/AKT 
signal pathway, which provides certain theoreti-
cal and experimental basis for subsequent diag-
nosis and treatment of lung cancer. 
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Introduction 

Cancer has exceeded cardiovascular and cere-
brovascular diseases and is the major killer of 
human lives at present, as shown in the statisti-
cal results of American Cancer Society1 in 2014. 
Moreover, the statistical results of another recent 

European Review for Medical and Pharmacological Sciences 2017; 21: 753-759

H. ZHENG1, J.-F. LIU2 

1Department of Ultrasonography, Hebei Chest Hospital, Shijiazhuang, Hebei, China
2Department of Thoracic Surgery, the First Hospital of Hebei Medical University, Shijiazhuang, China

Corresponding Author: JinFeng Liu, MM; e-mail: liu_jinfeng111@163.com

Studies on the relationship between P13K/AKT 
signal pathway-mediated MMP-9 gene and 
lung cancer



H. Zheng, J.-F. Liu 

754

However, there are fewer reports on the cor-
relation between P13K/AKT signal pathway-me-
diated MMP-9 and lung cancer. In the present 
study, we tried to explore the correlation between 
P13K/AKT signal pathway-mediated MMP-9 and 
lung cancer, hoping to provide certain theoretical 
and experimental basis for subsequent in-depth 
studies.

Patients and Methods

Materials
The lung cancer tissues excised from 68 cases 

of patients with lung cancer admitted to our hospi-
tal from February 2013 to February 2015 were se-
lected as observation group. It included 38 males 
and 30 females, with the average age of (37.5±8.6) 
years old. The pulmonary adjacent normal section 
specimens from 18 cases were taken as the con-
trol group, including 12 males and 6 females, with 
the average age of (36.3±9.2) years old. All above 
research objects were primary lung cancer cases 
and passed pathological diagnosis after operation 
(WHO/UICC special diagnosis criteria for lung 
cancer in 2011). There were no significant differ-
ences between the control group and the observa-
tion group in gender and age (X2=1.763, p=0.328; 
t=0.243, p=0.915). Experiment specimens ob-
tained through operation should be stored in liq-
uid nitrogen for the subsequent experiment.

Methods
The molecular reagents, RT-PCR kits, and ELI-

SA determination kits were purchased from Ta-
KaRa (Dalian, China). Animal protein extraction 
kits were purchased from AXYGEN (Suzhou, 
China). SP kits were purchased from Tiangen 
Biotech Co., Ltd. (Beijing, China). The rest mo-
lecular reagents were purchased from Shanghai 
Biotech Co., Ltd. (Shanghai, China).

RT-PCR
RNA extraction: (1) About 0.2 g experimental 

sample was taken from -80°C refrigerator and 
immediately placed into the prepared ice box for 
melting. After most of it was melts, 0.45 ml RNA 
Plus was added. Subsequently, the experimental 
sample was rapidly absorbed back and forth with 
a pipette. (2) After being centrifuged at 12,000 
rpm and 4°C for 15 min, supernatant was discard-
ed, 200 ml chloroform was added into sediment, 
which was sharply absorbed back and forth with 
pipette or shaken with hand for 15s and then con-

ducted by still standing on ice for 15 min. (3) Cen-
trifugation was conducted at 12,000 rpm and 4°C 
for 15 min. (4) Supernatant was absorbed slightly 
with pipette and transferred into EP tube with-
out RNase. After commensurable isopropanol 
had been added, it was bottomed up to mix well 
and then conducted by still standing on ice for 10 
min. (5) Centrifugation was conducted at 12,000 
rpm and 4°C for 5 min. (6) Supernatant was dis-
carded, and 750 ml 75% ethyl alcohol was added 
along tube wall, mixing slightly. Centrifugation 
was conducted at 12,000 rpm and 4°C for 10 min. 
(7) Supernatant was discarded, and the residual 
ethyl alcohol was removed as much as possible 
(or placed at room temperature for 15-20 min). (8) 
Appropriate water without RNase was added to 
measure the quality of extracted RNA, and the 
rest was used for reverse transcription.

Fluorescent quantization: Operation was con-
ducted according to the instructions of TaKaRa 
fluorogenic quantitative PCR, with slight improve-
ment. The fluorogenic quantitative PCR primers 
were compounded by Shanghai Bioengineering 
Technology Co., Ltd. See Table I for sequences.

ELISA
The measurement of P13K, AKT, and MMP-

9 proteins in different samples in control group 
and observation group was conducted according 
to instructions of ELISA kit (TaKaRa Corpora-
tion, Otsu, Shiga, Japan), with modifications10. 
The standard protein sample used in this study 
was diluted with dilution buffer according to the 
ratio of 1:50, based on which standard curve was 
designed. After samples to be tested were dilut-
ed with phosphate buffered saline (PBS, 7.2 pH) 
according to the ratio of 1:1000, 100 ml samples 
to be tested were added to each well of 96-well 
plates. Subsequently, 50 ml test liquid A was add-
ed. After the 96-well plates were placed at room 
temperature for 2h, tetramethylbenzidine (TMB) 
chromogenic substrate was added, and the light 

Table I. Fluorogenic quantitative PCR primers.

Primer name Sequences

P13K-F ATGAGCAGAAGCAAGCCGTGAC
P13K-R CTGGGCTTTAAGTCCCGATG 
AKT-F GTGCTAGCTAGTCGATCGAT
AKT-R TGCTAGCTAGTCGATAGCTAC
MMP-9-F GCTAGCTAGCTAGTAGCTAC
MMP-9-R TGCTAGCTAGCTAGAGTCGATCG
GAPDH-F GTCGATGGCTAGTCGTAGCATCGAT
GAPDH-R TGCTAGCTGGCATGCCCGATCGATC
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absorption value was tested at 495 nm. Then, 
the content and concentration of P13K, AKT and 
MMP-9 proteins in all samples to be tested were 
calculated according to the standard curve. 

Western-Blotting 
Experimental samples stored in -80°C refrigera-

tor was taken out and melt on ice for the extraction 
of total protein. About 150 mg experimental tissue 
sample was taken from -80°C refrigerator and then 
grinded rapidly in the pre-cooling mortar on the 
ice. After the completion of grinding, it was trans-
ferred into 1.5 mL Eppendorf (EP) tube rapidly, 
added with 300 ml protein extraction solution A 
and 5 ml proteinase inhibitor B. After being kept 
warm at 37°C for 30 min, centrifugation was con-
ducted at 12,000 rpm for 10 min, supernatant was 
slightly absorbed with pipette and put into new 1.5 
ml EP tube. Target protein was determined through 
Western-blot. 10 ml supernatant and loading buffer 
A were absorbed and mixed well to conduct sodi-
um dodecyl sulphate-polyacrylamide gel electro-
phoresis (SDS-PAGE) electrophoresis and trans-
membrane by semi-dry turn method. After being 
sealed at room temperature for 1h, 5% skim milk 
powder was incubated with anti-P13K, AKT and 
MMP-9 antibodies (1:1 000, 4°C overnight) and 
second antibody marked with horseradish peroxi-
dase (1:1 000, shaking at room temperature for 1h). 
After Tris buffered saline-tween (TBS-T) washing 
membrane for 3 times, coloration was conducted 
with diaminobenzidine and images were taken by 
Fluorchem 9900 imaging system. The integral op-
tical densities of all protein coloration strips were 
determined to calculate the relative contents of the 
protein of P13K, AKT, and MMP-9.

Immunohistochemistry 
Steps of immunohistochemistry: Detection 

was conducted by applying immunohistochem-
istry SP-connection, and the specific experimen-
tal steps were as follows: (1) Lung specimens of 
the control group and experiment group were 
immobilized with 10% formaldehyde and em-
bedded in paraffin. During the test, the thickness 
of paraffin section was about 4 mm; the prepared 
experiment sections were fixed on a glass slide 
to be baked at 70°C for about 1h. (2) De-waxing 
process was conducted through the prepared xy-
lene and elution was conducted with anhydrous 
alcohol. After elution, the residual ethyl alcohol 
was washed off with ultrapure water. Finally, 
washing was conducted with phosphate buff-
ered saline (PBS, 7.2 pH) (for 5 times, 5 min for 

each). After being heated in the sterilizing pot at 
121°C for 2 min and cooled, it was placed in PBS 
solution at room temperature for 30 min. (3) Af-
ter PBS solution had dried up, 50 ml peroxidase 
blocker was added to the above sections. After 
being placed at 37°C for about 10 min, washing 
was conducted with PBS (for 5 times, 5 min for 
each). After PBS solution had been removed, 45 
ml non-immune serum was added to incubate at 
room temperature for 10 min. (4) Primary an-
tibody was added to the above sections, which 
were placed to incubate at room temperature 
for about 2h (or at 4°C overnight) washed with 
PBS (for 5 times, 5 min for each). (5) About 50 
ml streptomycin-peroxidase was added into the 
above sections, which were incubated at 37°C for 
2h and washed with PBS (for 5 times, 5 min for 
each). (6) 100 ml coloring reagent A was added 
and observation was conducted under a micro-
scope. (7) 10 min later, flushing was conducted 
with distilled water. Then counterstaining was 
conducted with hematoxylin for 5 min and flush-
ing was conducted again. Dewatering and dry-
ing were conducted with anhydrous alcohol and 
sections were sealed with neutral balsam.

Identification of results: The positive results 
of experimental sections passed through immu-
nohistochemistry process were as follows: in 
case yellow granules occurred in cytomembrane 
or cytoplasm, namely the negative results were 
membrane staining <10% or tumor cells after 
staining were negative, it could be judged as 
negative. In the study, the quantitative decision 
was conducted for the results through LI index. 
KI index referred to the number of positive cells 
in each field11. 

Experiment on Blocking P13K/AKT 
Signal Pathway

In this study, we detected the expression quan-
tities of P13K, AKT, and MMP-9 genes before and 
after adding P13K/AKT signal pathway blocking 
agent LY294002 into cultured lung cancer tissue 
cells (specific methods refer to12).

Statistical Analysis
The obtained experimental data were pro-

cessed by SPSS 20.0 statistical software (SPSS 
Inc., Chicago, IL, USA). In this study, the exper-
imental data were all expressed by mean ± stan-
dard deviation (x±s). Single factor analysis meth-
od was applied to implement data analysis among 
different groups. p<0.05 indicated that there was 
a significant difference.
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Results

The mRNA Expression Quantities of 
P13K, AKT, and MMP-9 in Control Group 
and Observation Group

The mRNA was extracted from adjacent le-
sion tissues and adjacent normal lung tissues. On 
this basis, the relative mRNA expression quanti-
ties of P13K, AKT, and MMP-9 were determined 
by fluorogenic quantitative PCR method (Figure 
1). The results showed that the mRNA contents 
of P13K, AKT, and MMP-9 genes in the speci-
mens of adjacent lesion tissues were higher and 
there were significant differences between them 
(p<0.05) in comparison adjacent normal lung 
tissues. Moreover, there was a certain correla-
tion between P13K, AKT, and MMP-9 genes and 
lung cancer.

Protein Expression Quantities of P13K, 
AKT, and MMP-9 in Control Group and 
Observation Group Detected by ELISA 
Method

Protein expression quantities of P13K, AKT, and 
MMP-9 in adjacent lesion tissues and adjacent nor-
mal lung tissues were determined by ELISA meth-
od, and the results were shown in Table II. The 
data in Table II showed that the protein contents of 
P13K, AKT and MMP-9 in adjacent lesion tissues 
were higher than those in adjacent normal lung 
tissues (p<0.05), which indicated that there was a 
certain correlation between the protein contents of 
P13K, AKT and MMP-9 and lung cancer.

Protein Expression Quantities of P13K, 
AKT, and MMP-9 in Control Group and 
Observation Group Detected by 
Western-blotting Method

The protein expression quantities of P13K, 
AKT, and MMP-9 genes in adjacent normal lung 
tissues and adjacent lesion tissues were determined 

by Western-blotting method, and the results were 
shown in Figure 2. Figure 2 showed that there were 
significant differences in the protein contents of 
P13K, AKT, and MMP-9 between adjacent normal 
lung tissues and adjacent lesion tissues, namely the 
protein contents of P13K, AKT and MMP-9 in ad-
jacent lesion tissues were significantly higher than 
those in adjacent normal lung tissues. This result 
was consistent with that of ELISA. 

Immunohistochemical Results of MMP-9 
Protein in Control Group and 
Observation Group

The immunohistochemistry detection for 
MMP-9 protein in adjacent lesion tissues and ad-
jacent normal lung tissues showed that adjacent 
normal lung tissues had less MMP-9 positive 
cells (namely, there were less dark brown cells 
after cell staining), while the adjacent lesion tis-
sues had more MMP-9 positive cells. There were 
significant differences between them (p<0.01). 
Moreover, the counting results of MMP-9 posi-
tive cells in adjacent lesion tissues and adjacent 
normal lung tissues showed that the number of 
MMP-9 positive cells in adjacent normal lung tis-
sues was more than that in adjacent lesion tissues 
(p<0.01) (Table III). This result was consistent 
with that of ELISA and Western-blotting.

P13K/AKT Specific Inhibitor LY294002 
Blocking Experiment

The determination of expression quantities of 
P13K, AKT and MMP-9 genes before and after 
adding blocking agent LY294002 into lung cancer 
cells showed that (Figure 4) the expression quan-

Relative expression quantity = (ct value of target gene – ct 
value of reference gene)/ct value of reference gene

Figure 1. The mRNA expression quantities of P13K, AKT, 
and MMP-9 in control group and observation group.

Table II. Protein expression quantities of P13K, AKT and 
MMP-9 in adjacent lesion tissues and adjacent normal lung 
tissues.

 Adjacent  Adjacent
 lesion tissues normal lung 
Gene (mg/l) tissues (mg/l) p-value

P13K 0.15 0.67 <0.05
AKT 0.23 0.92 <0.05
MMP-9 0.47 4.32 <0.05

Note: p<0.05 indicated that there was a significant difference.
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tities of P13K, AKT and MMP-9 genes in lung 
cancer cells after adding blocking agent were 
significantly decreased by comparing with those 
before adding a blocking agent. It indicated that 
the blocking of P13K/AKT signal pathway could 
lower the content of MMP-9 protein in lung can-
cer cells. 

Correlation Between MMP-9 and Lung 
Cancer

The detection of correlation between the num-
ber of MMP-9 positive cells in adjacent lesion 

tissues and adjacent normal lung tissues showed 
that most of the MMP-9 positive cells were lung 
cancer cells (87.2%). The results of Spearman 
correlation detection showed that there was a pos-
itive correlation between MMP-9 and lung cancer 
(r=0.232, p<0.05), which confirmed that MMP-9 
gene took part in the occurrence and evolution 
processes of lung cancer.

Discussion

Among many features of the malignant tumor, 
invasion and metastasis are considered to be the 
main factors responsible for the recurrence after 
treatment13. The earlier study results showed that 
as a kind of important intercellular substance 
protease in the human body, the family of matrix 
metalloproteinases (MMPs) played a very im-
portant role in the process of body inflammation, 
wound healing, regeneration of injured vessels 
as well as the replication and transfer of tumor 
cells14,15. According to the differences of structure 
and properties of MMPs metabolic substrates, 
most of the MMPs in the human body can be di-
vided into four main types, namely gelatinases, 
collagenase, stromatolysis, and model MMPs16. 
A recent study17 also showed that MMPs usually 

Table III. Statistical results of positive cell count of CD44V6 in normal ovarian tissues, ovarian benign tumor and ovarian 
cancer tissues.

 Total cellular  Number of Number of
Group score (n) MMP-9 positive cells  MMP-9 negative cells KI value (%) p-value

Adjacent lesion tissues 600 53 547 8.83 <0.05
Adjacent normal lung tissues 600 523 77 87.2 

Note: p<0.05 indicated that there was a significant difference.

Figure 2. Protein expression quantities of P13K, AKT, and 
MMP-9 in the control group and the observation group. A, 
Lung cancer tissues sample; B, Adjacent normal tissue sample.

Figure 3. Immunohistochemical staining of MMP-9 in adjacent lesion tissues and adjacent normal lung tissues. A, Adjacent nor-
mal lung tissues. B, Adjacent lesion tissues (magnification: × 400). Note: p<0.05 indicated that there was significant difference.
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existed in inactive status in the human body and 
it could be activated to degrade the intercellular 
special substances only under certain conditions18. 
Since MMPs could degrade the intercellular ad-
hesive substances, it could reduce the adhesive 
characters between cells to a large extent so as 
to promote the transfer of cells in human body, 
which was characterized by invasion and metas-
tasis of tumor cells in the tumor cells19.

With the deepening investigation on signal 
transduction pathway in recent years, it was 
found that P13K/AKT signal pathway could par-
ticipate in many signal transduction processes 
in the human body20,21. It was also proved that 
the activation of P13K/AKT signal pathway 
could participate in the processes of apoptosis 
and migration of tissue cells and tumor cells. 
For instance, the utilization of specific inhibitor 
LY294002 and Wortmannin of P13K/AKT sig-
nal pathway could reduce the intracellular SKT 
content to promote the apoptosis of tumor cells. 
Study results20 showed that P13K/AKT signal 
pathway could regulate the migration of tumor 
cells through many genes in the human body and 
there is a paucity of information on the correla-
tion between P13K/AKT signal pathway-mediat-
ed MMP-9 and lung cancer.

Conclusions

In the present study, through the detection of 
expression quantity of P13K/AKT signal pathway 
gene and MMP-9 gene in lung cancer tissues and 
adjacent normal lung tissues, we found that the 
expression quantity of P13K/AKT signal pathway 
and MMP-9 gene in lung cancer tissues increased 
significantly by comparing with adjacent normal 

lung tissues. However, the expression quantity of 
MMP-9 protein decreased significantly after add-
ing P13K/AKT signal pathway inhibitor, which 
indicated that the MMP-9 gene could participate 
in the occurrence and deterioration processes of 
lung cancer of organism through P13K/AKT to 
some extent.
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