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Background: The aim of this study was to observe the expression of microRNA-222 (miR-222) 

and matrix metalloproteinase inhibitor 3 (TIMP3) in non-small cell lung cancer (NSCLC) and 

discuss their significance.

Methods: A total of 230 patients with NSCLC were enrolled in the observation group during 

the operation. Ninety-eight normal adjacent tissues were used as the control group. Two groups 

of miR-222 and TIMP3 were detected by in situ hybridization and immunohistochemistry. The 

distribution of miR-222 and TIMP3 in A549/H358/PC9 cells was observed by immunofluo-

rescence. Chi-squared and Spearman correlation tests were used to analyze the relationship 

among miR-222, TIMP3 expression, and clinicopathological parameters of NSCLC. Kaplan–

Meier and Cox proportional hazards regression were used to analyze the prognostic impact of 

miR-222 and TIMP3.

Results:  Immunohistochemistry showed that the expression of miR-222 in lung cancer tissue 

was significantly higher, but TIMP3 was lower than that in normal lung tissue (P = 0.0001 

for the former and P = 0.0002 for the latter). Meanwhile, miR-222 and TIMP3 were mainly 

distributed in the cytoplasm. Among them, cTIMP3 accounted for 70.29% (72/101), cmiR-222 

for 59.35% (92/155), 14.85% for nTIMP3 (15/101), and 18.06% for nmiR-222 (28/155). There 

was a significant difference in distribution (both P , 0.0001). The expression of miR-222 and 

TIMP3 were negatively correlated in lung cancer tissues (r = -0.43, P = 0.0219). With the 

progression of clinical stage, the positive intensity of cTIMP3 showed a decreasing trend, while 

the cmiR-222 showed a reverse trend (the former P = 0.0024 and the latter P , 0.0001). In the 

Kaplan–Meier prognostic analysis, we found that the high expression of cTIMP3 could predict 

a better prognosis (P = 0.0040), whereas cmiR-222 was the opposite (P = 0.0016). Multivariate 

analysis shows that both can be used as independent factors.

Conclusion: TIMP3 expression in lung cancer is relatively low and has a negative correlation 

with lung cancer staging and prognosis, suggesting that it may play a defensive function in the 

development of lung cancer, while miR-222 has the opposite effect, and the expression of both 

proteins is negatively correlated, suggesting that in lung cancer progresses, both proteins may 

play some role together.

Keywords: lung cancer,tumor markers, A549/h358/pc9, biological mechanism, immuno-

fluorescence

Introduction
TIMP31,2 is a protein with a molecular weight of 24 kD. It exists in a wide range of 

tissue cytoplasm and extracellular matrix and participates in many biological reactions. 

Studies3,4 have shown that TIMP3 has a specific inhibitory effect on matrix metallo-

proteinases (MMPs) and binds to MMPs through a 1:1 non-covalent binding pattern, 

which inactivates the latter, thereby protecting the extracellular matrix from MMPs 
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degradation and remodeling, therefore suggesting that TIMP3 

has the effect of inhibiting tumor growth and invasion. Stud-

ies have shown that low expression of TIMP3 is observed in 

both hepatocarcinoma (HCC) and HCC cell lines, suggesting 

that the latter is closely related to HCC.

miRNAs are a class of non-coding,5–7 single-stranded, 

small RNA molecules that inhibit the translation or degrada-

tion of target mRNA by completely or incompletely bind-

ing to the 3′ non-coding region of the target gene, thereby 

regulating gene expression at the post-transcriptional level. 

Data6,7 have shown that up to 60% of human total genes are 

regulated by microRNA post-transcriptional regulation, and 

numerous studies7 have confirmed that microRNAs play an 

important role in regulating cell proliferation, differentiation, 

cell cycle, and apoptosis and then affect the development of 

tumors. Studies3,8 showed that microRNA-222 (miR-222) 

and miR-221 are highly homologous, and their genes are 

located in the P11.3 region of the X chromosome, in the 

region of about 1 kb, and the two clusters are distributed. 

A number of studies8–14 have confirmed that miR-222 expres-

sion levels are significantly higher in various tumor tissues 

than in normal orthotopic tissues. This phenomenon is found 

in breast cancer, bladder cancer, colon cancer, glioblastoma, 

pancreatic cancer, etc. In addition, upregulation of miR-222 

expression is also positively correlated with increased tumor 

grade, poor prognosis, and low expression in tumors with 

good differentiation, low grading, and good prognosis. 

In our previous study, we found that miR-222 and TIMP3 

are negatively correlated in lung cancer expression, which 

may mean that both may have common pathways in the 

development of lung cancer. This study analyzed a large 

number of lung cancer tissue samples and followed up a 

large number of data to explore the relationship between 

the two and lung cancer characteristics and prognosis, to 

lay the foundation for further exploration of the relationship 

between the two.

Methods
From June 2010 to May 2014, histology samples of 230 

patients aged 34–76 years were collected in the First Affili-

ated Hospital of Sun Yat-Sen University and were pathologi-

cally diagnosed with non-small cell lung cancer (NSCLC). 

All patients did not undergo chemoradiation before surgery. 

During the operation, tumor tissue was taken from the 

observation group, and 98 normal tissues with a distance 

of .5 cm from the tumor tissue were taken from the control 

group. Follow-up data included tumor staging (according to 

the TNM staging guidelines of the eighth edition), gender, 

smoking index, and overall survival prognosis.

Ethical approval and written 
informed consent
All procedures performed in studies involving human 

participants were approved by the ethics committee of the 

First Affiliated Hospital, Sun-Yat Sen University. Written 

informed consent was obtained from all participants included 

in the study.

Detection of mir-222 and TiMP3 
using in situ hybridization and 
immunohistochemistry
in situ hybridization
Conventional section dewaxing, gradient ethanol rehydration. 

The slices were washed with 3% pepsin at room temperature 

for 15–20 minutes and again washed with 4% formaldehyde 

for 10 minutes. The pre-hybridization was performed at 

55°C for 2 hours, and then the slices were hybridized with 

digoxigenin-labeled miR-222 probe overnight at 55°C. The 

next day, the slices were washed thoroughly with different 

concentrations of saline sodium citrate buffer. The blocking 

solution was closed for 30 minutes. The slices were incubated 

with biotinylated mouse anti-digoxin at room temperature 

for 2 hours. The slices were incubated with the strept avidin-

biotin complex solution at room temperature for 30 minutes. 

3,3-N-Diaminobenzidine coloration, hematoxylin re-stained 

nuclei, fully washed, neutral gel seal preservation.

immunohistochemistry
TIMP3 was detected using the EliVision™ (Fuzhou Maxin 

Biological Technology Development Co., Ltd, Fuzhou, 

People’s Republic of China) Plus two-step method. Con-

ventional section dewaxing, gradient ethanol rehydration. 

The slices were autoclaved on demand, and after cooling, 

they were washed with PBS. Primary antibody (50 µL) was 

added to the slices and incubated overnight at 4°C. They 

were washed with PBS. Biotin-labeled secondary antibody 

(50 µL) was added to the slices, incubated for 10 minutes 

at room temperature, and washed with PBS. Streptavidin-

peroxidase solution (50 µL) was added dropwise, incubated 

at room temperature for 10 minutes, and washed with PBS. 

DAB coloration, hematoxylin stained nuclei, fully washed, 

neutral gel seal preservation. The brownish yellow particles 

indicate positive result.

reading assessment
The three pathologists performed the readings respectively. 

Under a 400-fold microscope, 10 slides were randomly 

selected, and 100 cancer cells were selected for each visual 

field. A semi-quantitative method was used to calculate 
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the proportion of positive cells by multiplying the fraction 

of staining intensity by the percentage of positive cells to 

obtain the final score (Immunohistochemistry [IHC] score: 

1–16), where -, 1–4; +, 5–8; ++, 9–12; and +++, 13–16. The 

proportion of positive cells was calculated according to the 

following method: #20%, 1; 20%–50%, 2; 50%–70%, 3; 

and .70%, 4. The staining intensity was as follows: nega-

tive, 1; weak, 2; media, 3; and strong, 4.

Immunofluorescence assay
Culture medium H358, A549, and PC9 cells (purchased 

from Shanghai Tongpai Biological Technology Co., Ltd., 

Shanghai, People’s Republic of China) were cultured in 

a routine culture medium to make cell slides and perform 

fluorescence immunoassay experiments. In the culture plate, 

slides of cells that had been climbed were washed three times 

with PBS for 3 minutes each time; the slides were fixed with 

4% paraformaldehyde for 15 minutes; slides were washed 

with PBS for three times, each time for 3 minutes; 0.5% Tri-

ton X-100 (prepared in PBS) is permeable for 20 minutes at 

room temperature. The slides were immersed in PBS for three 

times, 3 minutes each time. The blotting paper was blotted 

to dry PBS. Normal goat serum was added dropwise onto 

the slides and blocked at room temperature for 30 minutes. 

The blotting paper was blotted off the blocking solution 

and was not washed. A sufficient amount of the blocking 

solution was added to each slide. The primary antibody 

(miR-222 was added with digoxigenin-labeled miR-222 

probe, hybridized overnight at 55°C) and anti-TIMP3 (1:200) 

were placed in a wet box and incubated overnight at 4°C, 

and PBS was used instead of primary antibody in negative 

control group; fluorescent secondary antibody was added: 

phosphate buffered saline with Tween-20 (PBST) was 

diluted three times, 3 minutes each time. Absorb the excess 

liquid on the blotting paper and add the diluted secondary 

antibody (CY3 mouse anti-digoxin, CY3 mouse anti-IgG, 

1:100, Abcam, Cambridge, UK), in a wet box, incubate 

at 20°C–37°C for 1 hour, PBST dip 3 times for 3 minutes 

each time, re-stain nucleus: Incubate DAPI in dark for 

5 minutes, stain the specimen, and wash 4 times with PBST 

for 5 minutes. The liquid on the slide was blotted dry with 

absorbent paper, and the slide was sealed with a sealing liquid 

containing anti-fluorescence quencher. The images were then 

observed under a fluorescence microscope.

statistical methods
Data were analyzed using GraphPad Prism 6.0 software 

(GraphPad Software, Inc., La Jolla, CA, USA). Count data 

were expressed as rates, and chi-squared tests were used for 

comparison between groups. Spearman test was used for 

correlation analysis, and Kaplan–Meier and Cox proportional 

hazards regression were used for univariate and multivariate 

analysis. P , 0.05 was considered statistically significant. 

“*” indicates “P , 0.01”, “**” indicates “P , 0.001”, and 

“***” indicates “P , 0.0001”.

Results
expression and relationship of mir-222 
and TiMP3 in lung cancer
IHC results showed that the expression of miR-222 in lung 

cancer tissue was significantly higher, but TIMP3 was lower 

than normal lung tissue (P = 0.0001 for the former and 

P = 0.0002 for the latter), and miR-222 and TIMP3 were 

mainly distributed in the cytoplasm. Cytoplasm TIMP3 

accounted for 70.29% (72/101) of TIMP3 positive, cmiR-222 

for 59.35% (92/155), nTIMP3 for 14.85% (15/101), and 

nmiR-222 for 18.06% (28/155), and there are significant 

differences (both P , 0.0001, cytoplasm vs nucleus). In the 

immunofluorescence (IF) experiment, this result was further 

confirmed by observing the distribution of miR-222 and 

TIMP3 in A549/H358/PC9 cells. By Spearman correlation 

analysis, there was a close negative correlation between the 

two protein expressions (Figures 1 and 2 and Table 1).

relationship among cytoplasmic mir-222, 
TiMP3, and clinical features of lung cancer
The IHC results were scored and analyzed based on the assess-

ment results. There was no significant relationship between 

the positive expression of cmiR-222 and cTIMP3 and sex, 

cancer type, smoking index, and age. It was only related to the 

pTNM stage (IA–IIB vs IIIA–IV, both P , 0.0001). Mean-

while, it was found that with pTNM stage progressively, the 

intensity of TIMP3 expression was significantly decreased, 

and the number of patients with positive expression decreased, 

while miR-222 showed the opposite change (Table 2).

analysis relation of cytoplasmic mir-222, 
TiMP3, and prognosis
The univariate and multivariate analyses were performed 

using the positive and negative cytoplasmic miR-222 and 

TIMP3 as indicators. It was found that the positive expres-

sion of cytoplasmic miR-222 suggested a poor prognosis 

(P = 0.0016, R = 2.230), whereas the positive expression 

of cytoplasmic TIMP3 showed better results (P = 0.0040, 

R = 2.092), and Cox proportional hazards regression analy-

sis showed that both proteins can be used as independent 

prognostic factors (Figure 3 and Table 3).
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Figure 1 expression and distribution of TiMP3 and mir-222 in lung cancer.
Notes: The results of the ihc test were as follows: (A) PBs was used as a negative 
control, and the microscope was observed ×200 times. The protein expression 
score was evaluated according to the method. (B) The expression of mir-222 in lung 
cancer tissues was significantly higher, while that of TIMP3 was lower than that in 
normal lung tissues. (C) TiMP3 and mir-222 were mainly distributed in the cytoplasm 
(arrow). scale bar = 50 µm; magnification ×20. **P,0.001; ***P,0.0001.
Abbreviations: ihc, immunohistochemistry; mir-222, microrna-222; nsclc, 
non-small cell lung cancer; TiMP3, matrix metalloproteinase inhibitor 3.

Discussion
NSCLC is the most common histological type of lung 

cancer,15,16 and its 5-year survival rate is low.11 NSCLC 

includes both adenocarcinoma and squamous cell carcinoma. 

Up to 75% of lung cancer patients have had local and/or 

distant metastases at the time of diagnosis. Therefore, the 

search for effective, non-invasive biomarkers for prognosis 

is of great significance for the treatment of NSCLC.

Studies have shown that miRNAs are dysregulated in 

various tumor tissues and exert oncogene-like or tumor sup-

pressor-like effects by regulating the expression of oncogenes 

or tumor suppressor genes.17–19 Upregulation of miR-222 

expression is associated with poor prognosis of pancreatic 

cancer; miR-222 is highly expressed in bladder cancer and is 

associated with clinical stage, tumor diameter, and prognosis 

of bladder cancer, as well as in gastric cancer-related studies, 

Figure 2 The distribution of TiMP3 and mir-222 in h358, a549, and Pc9 cells was 
observed by iF.
Notes: a549, Pc9, and h358 cells results are shown; PBs was used as primary antibody 
for negative control. Through iF experiments, it was observed that TiMP3 and mir-222 
are mainly distributed in the cytoplasm. scale bar = 20 µm; magnification ×40.
Abbreviations: IF, immunofluorescence; miR-222, microRNA-222; TIMP3, matrix 
metalloproteinase inhibitor 3.

similar results was obtained.20–22 Multiple miRNAs are closely 

related to the development of NSCLC and help to assess tumor 

progression. TIMP33,4,23 is a pro-apoptotic protein involved in 

the proliferation and invasion of various tumor cells. TIMP3 is 

downregulated in endometrial cancer tissues and participates 

in the migration and invasion of endometrial cancer cells. It 

is downregulated in gastric cancer tissues and is associated 

with clinical stage and lymph node metastasis.

The expression and distribution of miR-222 and TIMP3 

in NSCLC tissues were observed by IHC. The positive 
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tissue is lower than that of normal lung tissue, and it is also 

mainly distributed in the cytoplasm, which is significantly 

higher than that in the nucleus. This result is consistent with 

our IF results and shows that in three types of cells (A549/

H358/PC9), miR-222 and TIMP3 are mainly distributed in 

the cytoplasm. Further analysis showed that as the grade 

of tumor pTNM increased, the expression level of TIMP3 

showed a significant downward trend, while that of miR-222 

was the opposite. These results suggest that the functional 

characteristics of TIMP3 in lung cancer may be defensive 

and that miR-222 has cancer-promoting function. The con-

clusions of our abovementioned literature are consistent,24–27 

and its underlying mechanism may be consistent with the 

above, and it exerts its effects in the cytoplasm. However, 

there is an interesting phenomenon in this study. The expres-

sion of TIMP3 is negatively correlated with the expression 

of miR-222. The two expressions may have a tendency to 

control each other in the opposite direction. This phenom-

enon has also been observed in our prognostic analysis. 

The cytoplasmic TIMP3 anti-cancer- and miR-222 cancer-

promoting functions were further discovered. We found that 

the cytoplasmic TIMP3 positive has a good prognosis, with 

the median survival time being significantly longer than that 

of the negative ones, whereas the cytoplasmic miR-222 is 

the opposite. This means that TIMP3 may play a role in the 

defense mechanism and miR-222 play a related mechanism. 

At present, this research has not been confirmed by other 

studies; only we have observed, and further experiments in 

cells and animals were needed.

Table 2 correlation of cytoplasmic TiMP3 and mir-222 with 
clinicopathologic parameters

Groups cTIMP3 P-value cmiR-222 P-value

- + - +

gender 1.0000 1.0000
Male 71 42 51 62
Female 73 44 52 65

age (years) 0.4139 0.5074
,55 68 46 54 60

$55 76 40 49 67

smoking index 0.5866 0.5960
,400 71 46 50 67

$400 73 40 53 60

histological type 0.8914 0.2316
scc 78 45 60 63
aD 66 41 43 64

TnM staging ,0.0001 ,0.0001

ia–iiB 63 66 85 44
iiia–iV 81 20 18 83

Abbreviations: aD, adenocarcinoma; mir-222, microrna-222; scc, squamous 
cell carcinoma; TiMP3, matrix metalloproteinase inhibitor 3.

expression rate of miR-222 in 230 cases of NSCLC was 

67.39%, which was significantly lower than that in benign 

lung tissues; of which the simple cytoplasmic expression 

positive rate was 59.35% (92/155), while the positive expres-

sion rate in the cell nucleus alone was 18.06% (28/155); the 

former was significantly higher than the latter, and the posi-

tive rate of both cytoplasm and nucleus was 22.58% (35/155). 

While the expression of TIMP3 in lung cancer tissue is 

contrary to that of miR-222, the positive rate of lung cancer 

Table 1 relationship between both proteins expression and TnM stage

TIMP3 P-value miR-222 P-value

- + - +
nsclc 129 101 0.0002 75 155 0.0001
Benign 33 65 55 43

Spearman correlation S(r) between expression of TIMP3 and miR-222

Patients (n) r P-value
TiMP3 vs mir-222 230 -0.430 0.0219

cTIMP3 cmiR-222

IHC score I II III IV I II III IV

- 25 38 35 46 41 44 9 9

+ 15 18 6 4 5 3 8 10

++ 10 12 4 3 8 10 13 12

+++ 5 6 2 1 9 9 17 23

Positive (%) 54.54 48.64 25.53 14.81 34.92 33.33  80.85  83.33

χ2 25.55 55.66

P-value 0.0024 ,0.0001

Abbreviations: ihc,  immunohistochemistry; mir-222, microrna-222; TiMP3, matrix metalloproteinase inhibitor 3.
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Conclusion
This study investigated the distribution of TIMP3 and miR-

222 in the cytoplasm by analyzing a large number of clinical 

specimens and repeated experiments with three cells (A549, 

H358, and PC9). Through the analysis, we found that the 

former may have a good prognosis, and there is a negative 

correlation with the latter, and its effect mechanism may be 

related to the latter. These require further studies.
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