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Abstract. Thoracic aortic dissection (TAD) is a highly lethal 
disease occurring inside the aortic wall and is characterized 
by matrix degradation. Matrix metalloproteinases (MMPs) 
are members of a large endopeptidase family that function in 
the degradation of the extracellular matrix (ECM) proteins, 
the maintenance of the ECM, and the regulation of signaling 
in the aorta. MMPs are found in tissue with their natural 
inhibitors. Tissue inhibitors of metalloproteinases (TIMPs) 
are actively involved in both the activation and inhibition 
of MMPs. The present study was designed to determine the 
mRNA level gene expression differences of MMP2, MMP9, 
TIMP2 and TIMP3, which are considered to have an essential 
role in TAD, in aortic tissue and circulating monocyte cells. 
For the purpose of the present study, aortic vascular tissue 
and peripheral blood‑derived monocyte cells were obtained 
from 10 patients with TAD and 10 control individuals. The 
gene expression levels of targeted genes (MMP2, MMP9, 
TIMP2 and TIMP3) were examined by droplet digital PCR. In 
research results, decreased expression of MMP9, TIMP2 and 
TIMP3 genes (P=0.043, P=0.009 and P=0.028, respectively) 
and increased ratio of MMP2/TIMP3 (P=0.012) were obtained 
in the aortic tissue. No changes were observed in terms of 
gene expression in monocyte cells. When the results obtained 
were evaluated within the framework of TAD pathogenesis, it 
was concluded that expression changes in MMP9, TIMP2 and 
TIMP3 genes may provide a sensitive environment in aortic 
tissue and may be associated with TAD formation. In addition, 
since the expression ratios of MMPs and TIMPs may reflect 
disease development, it was considered that the evaluation of 
MMPs along with TIMPs may be an appropriate and informa‑
tive approach for future studies.

Introduction

Thoracic aortic dissection (TAD) is defined as the separation 
of the aortic layers along the vessel wall following a tear in the 
intima layer of the aorta (1). TAD is quite a life‑threatening and 
fatal condition. Based on estimations, the incidence of TAD is 
between 3 to 5 cases per 100.000 individuals per year (2‑4). 
The primary characterization finding for TAD is the degraded 
aortic media layer (1). Media is the middle layer of the aorta 
which is composed of smooth muscle cells (SMC), elastic 
and collagen fibers, proteoglycans, glycosaminoglycans, and 
some other proteins. The elastic fibers and supportive protein 
structures located in the media layer are the components of 
the extracellular matrix (ECM) which has a key role in main‑
taining the shape and strength of the aortic wall (1,5,6). In the 
dissected aorta, an excess amount of protease such as matrix 
metalloproteinases (MMPs) is also found, whose substrates 
are mainly the ECM components. The functions of MMPs 
are variable, thus they can either degrade or activate proteins 
in the ECM (7). Numerous studies have revealed that most 
of the MMPs exhibit differentiated expression in cases with 
TAD (8‑10). In particular, it has been reported that MMP2 
and MMP9 can degrade collagen types I, II and III that have 
been cleaved by MMP1 at the beginning of the process (11). 
In addition, it has been stated that both MMP2 and MMP9 
can be regulated by transforming growth factor β (TGF‑β) 
signaling, which is known to be involved in matrix synthesis 
and degradation (12).

MMPs, which have an important role in the formation of 
TAD (8‑10), have natural inhibitors in the cell (13). The tissue 
inhibitors of matrix metalloproteinases (TIMPs) inhibit the 
MMP function by binding in the active site of MMPs and 
prevent matrix degradation  (14). Although the inhibitory 
capacity of TIMP2 and TIMP3 varies, they act on all MMPs. 
TIMP2 has been reported to be highly effective in inhibiting 
MMP2. Additionally, TIMP3 has been found to inhibit 
MMP2 and MMP9 successfully (15,16). In cases with TAD 
it was shown that the expression levels of TIMPs can be both 
increased and decreased (8,17,18). Additionally, the MMP/
TIMP gene expression ratio appears to direct the cell function 
into a proteolytic stage, which is a key factor in TAD (1,19).

On the site of the tear, an inflammation also occurs in 
TAD. Macrophages are one of the main players of inflam‑
mation in TAD. Since the circulating monocytes give rise to 
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the macrophages, they are also important components of the 
process (20,21). It was observed that the percentage of total 
CD14+ monocytes was increased in patients with TAD, and 
there were expression changes in the genes managing the 
formation of TAD (22).

Most of the studies in literature are not focused on the gene 
expression changes at the mRNA level in patients with TAD. 
In such complex diseases such as TAD, mRNA levels of target 
genes both in aortic vascular tissue and in the circulating 
counterparts, may provide important knowledge in the under‑
standing of the pathogenesis of the disease. Since MMP2 and 
MMP9 are closely related to the maintenance and degradation 
of the ECM and its components (7‑10,12), they were predicted 
to make significant contributions to the investigation of the 
pathogenesis of TAD and were selected among other MMPs. 
In addition, the fact that TIMP2 and TIMP3 have an effect 
on all MMPs and are particularly effective in the regulation 
of MMP2 and MMP9 (15‑18) are the reasons for their inclu‑
sion in the present study. A two‑step study was conducted, in 
which gene expression analysis was performed both in aortic 
tissue and circulating monocyte cells in patients with TAD 
and controls. The mRNA levels of MMP2, MMP9, TIMP2 and 
TIMP3 genes were investigated to identify candidate factors 
driving the development of TAD.

Materials and methods

Study design and subjects. The present study included 20 
aortic tissue samples and 20 whole blood samples obtained 
from 10 patients with TAD (2 women and 8 men) and 10 
individuals with coronary artery disease (2 women and 8 men) 
considered as a control group. All the participants underwent a 
surgical intervention between August 2019 and February 2021. 
Patients with TAD who were enrolled in the present study were 
diagnosed by clinicians with acute Stanford Type A aortic 
dissection. Patients with aortic aneurysms or connective tissue 
disorders such as Marfan syndrome were excluded. Individuals 
who underwent coronary artery bypass grafting (CABG) were 
used as the control. The ascending aorta tissue from the site of 
the central anastomosis of the CABG was obtained (17,18,23). 
Whole blood samples were collected during surgery. The 
experimental flowchart is provided in Fig. 1. The present study 
was approved (approval no. 2019/525) by the Istanbul Medical 
Faculty Clinical Research Ethics Committee and the Institute 
of Graduate Studies in Sciences, Istanbul University (Istanbul, 
Turkey) and written informed consent was obtained from all 
the participants.

Monocyte enrichment and RNA isolation. Venous whole 
blood (10 ml) was drawn from each patient with TAD and 
the control group, and stored in EDTA tubes. The human 
monocyte cells were collected from the whole blood through 
negative selection by using RosetteSep Human Monocyte 
Enrichment Cocktail (cat. no. 15668; StemCell Technologies, 
Inc.) with the help of the Ficoll‑Hypaque centrifugation 
method. To apply this method, a whole blood‑Rosette 
mixture prepared according to the manufacturer's recom‑
mended protocol was added to a Falcon tube containing 
15  ml Ficoll‑Hypaque. The addition was performed by 
spreading the mixture slowly on the surface of the Ficoll to 

avoid mixing of the blood‑Rosette mixture. The tubes were 
centrifuged at 1,200 x g for 20 min at 4˚C with the brake 
off. The desired cells were collected by pipette from the 
layer between the Ficoll and serum layer. All samples were 
processed for the RNA isolation using the PureLink RNA 
Mini Kit (cat. no. 12183018A; Thermo Fisher Scientific, 
Inc.). The obtained total RNA for each sample was reverse 
transcribed to cDNA with the iScript cDNA Synthesis Kit 
(cat. no. 1708890; Bio‑Rad Laboratories, Inc.).

Gene expression analysis. To analyze the mRNA expression 
of target genes, the QX200 Droplet Digital PCR System 
(ddPCR) (Bio‑Rad Laboratories, Inc.) was used. The PCR 
was set up with EvaGreen Supermix (Bio‑Rad Laboratories, 
Inc.) in 20 µl total volume. The following primer sequences 
for MMP2, MMP9, TIMP2, TIMP3 and GAPDH genes were 
used: MMP2 gene forward, 5'‑GCT​ACG​ATG​GAG​GCG​CTA​
ATG‑3' and reverse, 5'‑GGG​CAG​CCA​TAG​AAG​GTG​TTC‑3'; 
MMP9 gene forward, 5'‑TTT​GGT​GTC​GCG​GAG​CAC‑3' and 
reverse, 5'‑CGA​GTT​GGA​ACC​ACG​ACGC‑3'; TIMP2 gene 
forward, 5'‑CTG​GAC​GTT​GGA​GGA​AAG​AAGG‑3' and 
reverse, 5'‑CAT​CTG​GTA​CCT​GTG​GTT​CAGG‑3'; TIMP3 
gene forward, 5'‑GCA​ACT​CCG​ACA​TCG​TGA​TCC‑3' and 
reverse, 5'‑TGG​TGA​AGC​CTC​GGT​ACA​TCT​TC‑3'; GAPDH 
gene forward, 5'‑GCA​CCG​TCA​AGG​CTG​AGA​AC‑3' and 
reverse, 5'‑TGG​TGA​AGA​CGC​CAG​TGGA‑3'. The reaction 
mixture of each sample was partitioned into droplets with 
the QX200 droplet generator and transferred into a 96‑well 
plate. After sealing, the plate was placed into a T100 Thermal 
Cycler (Bio‑Rad Laboratories, Inc.) and the cycling protocol 
was activated. PCR cycling conditions were as follows: 1 cycle 
of preincubation at 94˚C for 180 sec, then 39 cycles of 3‑step 
amplification at 94˚C for 40 sec, 60˚C for 40 sec and 72˚C for 
50 sec, and 1 cycle of final extension at 72˚C for 300 sec. Since 
the EvaGreen is a fluorescent dye, the expression values of the 
target genes were obtained using the QX200 reader (Bio‑Rad 
Laboratories, Inc.) which is the last component of the ddPCR 
system.

Statistical analysis. All statistical analyses were performed 
using GraphPad Prism version  9.3.1 (Dotmatics). The 
numerical and categorical data were presented as the mean, 
standard error of the mean (SEM), and percentage (%). To 
reveal whether the data were normally distributed or not, 

Figure 1. Flowchart of the experimental applications performed. TAD, 
thoracic aortic dissection; ddPCR, droplet digital PCR.
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the Shapiro‑Wilk test was used. For descriptive statistical 
analysis of the study group, Mann‑Whitney U and Fisher's 
exact test were used for continuous and categorical vari‑
ables, respectively. In the ddPCR method  (24,25), the 
expression values were obtained as copy/ml for each sample 
using the QuantaSoft™ software (version 1.7.4; Quantosoft, 
s.r.o.) for the absolute quantification of the target genes. 
For each test subject, copy/1ng RNA values were calcu‑
lated by considering the initial amount of RNA used for 
the individual reactions. In addition to the target genes, a 
reference gene (GAPDH) was also included in the study to 
perform the normalization. Since the data was not normally 
distributed, the expression levels of the target genes (MMP2, 
MMP9, TIMP2 and TIMP3) between the patients with TAD 
and the control group were compared using the two‑tailed 
Mann‑Whitney U test. The correlation of the expression 
levels of target genes between aortic tissue and the monocyte 
cells was performed with the Spearman's correlation test due 
to the not normally distributed data type. Receiver operating 
characteristic (ROC) curve analysis was performed and area 
under the curve (AUC) values were calculated to investigate 
sensitivity and specificity. The results also revealed the 
differentiation degree between the patients with TAD and 
the control group samples and what the diagnostic values 
of the targeted mRNAs were. For the all‑statistical analysis, 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Descriptive characteristics. The descriptive characteristics 
of the patients with TAD and the control group are revealed 
in Table I. There was no statistically significant difference in 
age, height, weight, body mass index (BMI), smoking status, 
sex and hypertension between the patients with TAD and the 
respective control group.

mRNA expression analysis. In the aortic wall tissue, the 
expression level of MMP2 did not demonstrate a significant 
difference between patients with TAD and the control group 
(P=0.85). Expression levels of MMP9, TIMP2 and TIMP3 
genes were revealed to be significantly lower in patients with 
TAD compared with the control group (P=0.043, P=0.009 

and P=0.028, respectively). In the monocyte cells, while the 
expression level of TIMP2 (P=0.248) increased, the expres‑
sion levels of MMP2 (P=0.148), MMP9 (P=0.114) and TIMP3 
(P=0.370) slightly decreased in patients with TAD compared 
with the respective control groups (Table II). However, the 
observed changes in the expression level of any target genes 
were not statistically significant in monocyte cells (Fig. 2).

The gene expression level ratios of MMP2/TIMP2, MMP2/
TIMP3, MMP9/TIMP2 and MMP9/TIMP3 were also calcu‑
lated in both aorta samples and the circulated monocyte cells. 
In the aorta samples, MMP2/TIMP3 (P=0.012) expression ratio 
was higher in the patients with TAD compared with the control 
group and this difference was statistically significant. There 
was no significant difference in MMP2/TIMP2 (P=0.063), 
MMP9/TIMP2 (P=0.248) and MMP9/TIMP3 (P=0.796) gene 
expression ratios between the tested groups. In monocyte 
cells, none of the MMP/TIMP ratios of the examined target 
genes exhibited a significant difference between the patients 
with TAD and the respective control group. The following 
values were found: MMP2/TIMP2 (P=0.447), MMP2/TIMP3 
(P=0.681), MMP9/TIMP2 (P=0.796) and MMP9/TIMP3 
(P=0.279) (Fig. 3).

Findings of the ROC curve analyses of the target genes, 
which demonstrated statistically significant changes at the 
mRNA expression levels between the patients with TAD and 
the control group, are as follows. MMP9 (P=0.041; AUC=0.77; 
95% CI, 0.490‑0.971), TIMP2 (P=0.010; AUC=0.840; 95% 
CI, 0.633‑1.00), TIMP3 (P=0.028; AUC=0.800; 95% CI, 
0.600‑0.999), MMP2/TIMP3 (P=0.013; AUC=0.830; 95% CI, 
0.644‑1.00). The data are presented in Fig. 4. The correlation 
analysis was performed to reveal whether there was a rela‑
tionship between the obtained expression levels of the target 
genes in the aorta and the monocyte cells. Additionally, the 
correlation analysis was also performed to check the possible 
relationship between the expression levels of target genes 
in the same tissue. No significant correlation was identi‑
fied in the expression levels of MMP2 (rs=‑0.771, P=0.103), 
MMP9 (rs=0.267, P=0.493), TIMP2 (rs=0.503, P=0.144) and 
TIMP3 (rs=‑0.524, P=0.197) genes between the aorta and the 
monocyte cells. In addition, a significant positive correla‑
tion between the expression of MMP2 and TIMP2 (rs=0.93, 
P<0.001) genes in aorta was observed. All the r and P values 
are presented in Table III.

Table I. Descriptive characteristics of patients with TAD and the control group.

Parameters	 Patients with TAD (n=10)	 Control group (n=10)	 P‑value

Mean age ± SEM, years	 53.80±3.15	 55.10±1.95	 0.492
Mean height ± SEM, cm	 167.30±2.26	 167.60±2.08	 0.896
Mean weight ± SEM, kg	 84.20±3.60	 80.80±2.24	 0.245
Mean BMI ± SEM, kg/m2	 30.29±1.67	 28.99±1.42	 0.393
Smokers, %	 60 (n=6) 	 80 (n=8) 	 0.639
Sex (female/male), %	 20/80 (n=2/8)	 20/80 (n=2/8)	 0.999
Hypertension, %	 100 (n=10)	 80 (n=8)	 0.478

Mann‑Whitney U test was used for continuous variables, and Fisher's exact test was used for categorical variables. TAD, thoracic aortic dissec‑
tion; SEM, standard error of mean; BMI, body mass index.
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Discussion

TAD is a lethal condition that occurs when there is a tear in 
the intima and media layer of the aorta, and can result in death 
if not treated immediately. Since the aorta is a multilayered 
tissue, it is composed of numerous different types of cells 
and molecules. In TAD, a tear in the intima layer extends 
along the vessel, providing a new route for blood flow and 
weakening the aortic tissue (20). Although the details of the 
molecular background and pathogenesis of TAD have not been 
completely elucidated, MMPs are one of the most important 
players in TAD and are considered to be responsible for ECM 
degradation (26,27). Numerous studies have revealed that the 
expression levels of MMPs differ in cases of TAD (8,9,17,28). 

The importance of MMPs for the pathogenesis of TAD makes 
it reasonable to consider their tissue inhibitors as well (14). 
TIMPs regulate the proteolytic ability and activities of 
MMPs (29,30).

The present study aimed to investigate the mRNA gene 
expression levels of MMP2, MMP9, TIMP2 and TIMP3 genes 
in the aortic wall and circulating monocyte cells in patients 
with TAD. The mRNA expression level of the MMP2 gene 
both in the aortic wall and monocyte cells did not reveal a 
statistically significant change in patients with TAD and 
control subjects (P=0.85 and P=0.15, respectively). MMP2 
can be expressed by the SMC in the aorta. During formation 
of TAD, a considerable amount of SMC might be lost due to 
apoptosis (31). MMP2 also has an important role in tissue 

Table II. mRNA expression levels of target genes in aortic tissue and monocyte cells.

A, Aortic tissue

	 MMP2	 MMP9	 TIMP2	 TIMP3
	 -------------------------------------------------	 -------------------------------------------------	 -----------------------------------------------------------------	 ------------------------------------------------------
Groups	 Mean ± SEM	 P‑value	 Mean ± SEM	 P‑value	 Mean ± SEM	 P‑value	 Mean ± SEM	 P‑value

TAD	 0.0186±0.0045		  0.0035±0.0013		  0.23±0.035		  0.058±0.018	
Control	 0.0187±0.0041	 0.853	 0.0088±0.0029	 0.043a	 0.39±0.049	 0.009a	 0.180±0.048	 0.028a

B, Monocyte cells

Groups	 Mean ± SEM	 P‑value	 Mean ± SEM	 P‑value	 Mean ± SEM	 P‑value	 Mean ± SEM	 P‑value

TAD	 0.028±0.025		  0.0074±0.0027		  0.12±0.053		  0.00081±0.00024	
Control	 0.0030±0.003	 0.148	 0.021±0.0067	 0.114	 0.11±0.022	 0.248	 0.0037±0.0027	 0.370

Mann‑Whitney U test was used to calculate the P‑values. aP<0.05 indicates a statistically significant difference. MMP, matrix metalloprotein‑
ases; TIMP, tissue inhibitors of metalloproteinases; SEM, standard error of mean; TAD, thoracic aortic dissection.

Figure 2. mRNA expression levels of target genes. MMP2, MMP9, TIMP2 and TIMP3 expression levels for both patients with TAD and controls in (A) aortic 
tissue and (B) monocytes cells. *P<0.05 and **P<0.01. MMP, matrix metalloproteinases; TIMP, tissue inhibitors of metalloproteinases; TAD, thoracic aortic 
dissection.
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remodeling in patients with TAD, which can be considered as 
an important part of the wound healing process. The MMP2 
level starts to increase after the acute phase in TAD (32). It is 
clearly observed that MMP2 levels can vary, and can either 
be increased or decreased in the aortic tissues of patients with 

TAD, as revealed in previous studies (8,17). These inconsisten‑
cies with regard to the MMP2 levels may be due to the disease 
stage differences in patients with TAD (31). Additionally, the 
results of a meta‑analysis study supported that there was no 
difference between patients with TAD and control groups 

Table III. Spearman's correlation analysis of the target genes.

A, Gene expression in aortic tissue

	 MMP2	 TIMP2	 MMP9	 TIMP3
	 ------------------------------------------	 ------------------------------------------	 ------------------------------------------	 -----------------------------------------
Genes	 rs	  P‑value	  rs	 P‑value	  rs	 P‑value	  rs	 P‑value

MMP2	 1.00	 ‑	 0.93	 <0.001a	 0.02	 0.973	 0.30	 0.407
TIMP2	 0.93	 <0.001a	 1.00	 ‑	 ‑0.03	 0.946	 0.33	 0.349
MMP9	 0.02	 0.973	 ‑0.03	 0.946	 1.00	 ‑	 0.04	 0.918
TIMP3	 0.30	 0.407	 0.33	 0.349	 0.04	 0.918	 1.00	 ‑

B, Gene expression in monocyte cells

	 MMP2	 TIMP2	 MMP9	 TIMP3
	 ------------------------------------------	 ------------------------------------------	 ------------------------------------------	 -----------------------------------------
Genes	 rs	 P‑value	  rs	 P‑value	  rs	 P‑value	  rs	 P‑value

MMP2	 ‑0.77	 0.103	 ‑0.60	 0.242	 0.14	 0.803	 ‑0.54	 0.297
TIMP2	 0.38	 0.279	 0.50	 0.144	 0.24	 0.513	 0.41	 0.247
MMP9	 ‑0.05	 0.912	 0.15	 0.708	 0.26	 0.493	 ‑0.60	 0.097
TIMP3	 ‑0.21	 0.619	 ‑0.07	 0.882	 0.17	 0.703	 ‑0.52	 0.197

aP<0.01 indicates a statistically significant difference. rs Spearman's correlation coefficient; MMP, matrix metalloproteinases; TIMP, tissue 
inhibitors of metalloproteinases.

Figure 3. MMP/TIMP mRNA gene expression level ratios of target genes. MMP/TIMP gene expression ratios of target genes in patients with TAD and controls 
in (A) aortic tissue and (B) monocyte cells.*P<0.05. MMP, matrix metalloproteinases; TIMP, tissue inhibitors of metalloproteinases; TAD, thoracic aortic 
dissection.
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for the circulating mRNA expression level of the MMP2 
gene (10). The complex molecular background of TAD and the 
fact that MMPs often work cooperatively with other MMPs 
and TIMPs to exert different functions (degradation of ECM 
and remodeling of tissues) rather than working alone may 
explain the undifferentiated gene expression level of MMP2 
in cases of TAD.

In addition, it was further revealed in the present study 
that the mRNA gene expression level of the MMP9 gene 
in aortic tissue was significantly decreased (P=0.043) in 
patients with TAD. Even though a decreased mRNA level 
for the MMP9 gene was also detected in monocyte cells in 
cases with TAD, the result was not statistically significant 
(P=0.114). Moreover, the results of the MMP9 ROC curve 
analysis in the aorta revealed that MMP9 expression levels 
may be used to differentiate patients with TAD and the 
control group (AUC=0.770; P=0.041). It was revealed that 
the level of MMP9 did not present a statistically significant 
difference in patients with TAD (17). Since MMP9 is an 
important player in the wound‑healing process in the intima 
layer of the aorta (33), it can be inferred that its measured 
amount might be affected by the rupture within the onset 
of the dissection. By contrast, there are a number of studies 
that conclude that the expression level of MMP9 was 
increased in patients with TAD whether in aortic tissue or in 
plasma (8‑10,17). It is known that MMP9 is also stimulated 
in response to mechanical injury  (34). The aortic region 
where the medial dissection begins may be the site of ECM 
alteration caused by hemodynamic stress (35,36). This may 
explain the changes in the expression level of MMP9 in 
the patients with TAD (9). The decreased MMP9 mRNA 
expression level obtained in patients with TAD in the present 
study expresses the level at a particular time point, not the 
time‑dependent variation. It can be surmised that the aortic 
samples obtained during the surgical operation might not 
represent the exact same disease stage. The aortic tissue may 
still be under the influence of mechanical signaling or the 
wound may not have started the healing process. This differ‑
ence may lead to different MMP9 levels in patients with 
TAD. It can be concluded that further studies are required 
to confirm the importance of the findings on MMP9 for 
improved understanding of the pathogenesis of TAD.

TIMPs are found in aortic tissue concurrently with MMPs. 
Any change in the expression level of a TIMP may change the 
MMP/TIMP ratio, resulting in a change in MMP activity (14). 
In the present study, it was revealed that there was a statisti‑
cally significant decrease in the mRNA expression levels of 
TIMP2 (P=0.009) and TIMP3 (P=0.028) in the aorta of cases 
with TAD. Furthermore, ROC curve analyses of TIMP2 
(AUC=0.840; P=0.010) and TIMP3 (AUC=0.800; P=0.028) in 
aortic tissue demonstrated that patients with TAD and control 
groups can be differentiated by using TIMP2 and TIMP3 
mRNA expression levels in aorta. No significant difference 
was observed in terms of TIMP2 and TIMP3 gene expression 
in monocyte cells. In a previous study, in which ELISA was 
used, it was revealed that the expression level of TIMP2 was 
decreased in the aorta of cases with TAD. It is stated that the 
decreased expression level of TIMP2 might represent the 
pre‑dissection situation rather than the dissection‑related func‑
tion such as wound healing (17). In addition, it was revealed 
that the mRNA level of TIMP3 was decreased in aortic tissue 
in patients with TAD. It was shown that the decrease in 
TIMP3 level may have occurred as a result of stimulation by 
TNF‑α and TGF‑β signalling in vitro (37). Considering the 
role of TGF‑β on ECM component regulation, fibrosis, and the 
regulation of MMP2 and MMP9 genes (1), it can be inferred 
that the decrease of TGF‑β may directly affect the expression 
levels of TIMP3, MMP2, and MMP9. The present study has 
provided supporting results to the previous studies (1,17,37) 
for TIMP2 and TIMP3 gene expression in patients with TAD. 
Since TIMPs are the regulators of the MMPs, the decrease 
in their gene expression levels might be associated with the 
elevated MMP function or the elevated MMP/TIMP ratio, 
which may cause increased degradation in aorta tissue in 
patients with TAD.

MMP/TIMP ratio is as important as the individual 
expression changes of MMP and TIMP genes in explaining 
the pathogenesis of TAD. It has been reported that due to 
impaired MMP/TIMP balance, MMP functions in the cell are 
moving toward the proteolytic state (1,19). Decreased TIMP2/
MMP2 results were also obtained in patients with TAD in a 
study by Manabe et al (17), and they supported the theory that 
an increased MMP/TIMP ratio has shifted the cell into the 
proteolytic stage. In the results of the present study, the increase 

Figure 4. ROC curve analyses and AUC of MMP9, TIMP2, TIMP3 and MMP2/TIMP3 gene expression levels in patients with TAD and the control group in 
aorta. (A) MMP9 (P=0.041; AUC=0.77; 95% CI, 0.490‑0.971), (B) TIMP2 (P=0.010; AUC=0.840; 95% CI, 0.633‑1.00), (C) TIMP3 (P=0.028; AUC=0.800; 
95% CI, 0.600‑0.999), (D) MMP2/TIMP3 (P=0.013; AUC=0.830; 95% CI, 0.644‑1.00). ROC, receiver operating characteristic; AUC, area under curve; CI, 
confidence interval; MMP, matrix metalloproteinases; TIMP, tissue inhibitors of metalloproteinases; TAD, thoracic aortic dissection.
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of MMP2/TIMP2 (P=0.063), MMP2/TIMP3 (P=0.012) gene 
expression ratios were revealed in aortic tissue. Based on these 
findings, it can be considered that increasing MMP/TIMP 
ratios may cause a tendency to increase aortic lysis. Moreover, 
ROC curve analysis of the MMP2/TIMP3 expression ratio 
revealed that MMP2/TIMP3 (AUC=0.830; P=0.013) may 
differentiate patients with TAD from the control group.

The aim of the present study was to also investigate 
whether there was a relationship between aortic tissue and 
monocyte cells in terms of the expression levels of target 
genes. As a result of the correlation analysis, it was revealed 
that gene expression levels of MMP2 and TIMP2 exhibited a 
positive correlation in the aortic tissue (rs=0.93; P<0.001). This 
result supports the close functional relationship of MMP2 and 
TIMP2 genes with each other (14,15). Accordingly, the positive 
correlation of the mRNA levels of MMPs and TIMPs, which 
may alter the MMP/TIMP ratio, might support the importance 
of the MMP/TIMP ratio in cases with TAD. Further analysis 
may provide further insight with regard to the MMP‑TIMP 
relationship in patients with TAD.

Additionally, a limitation of the present study is the 
absence of protein level analysis. It is clear that performing 
protein level analysis would contribute greatly to the validation 
of the gene expression data. However, protein analysis could 
not be included in the present study due to the limited amount 
of vascular material used as control tissue. Considering the 
risks of dividing the small amount of tissue into two parts, 
the obtained material was only used for RNA isolation in 
sufficient quantity.

In conclusion, the present study revealed that MMP9, 
TIMP2 and TIMP3 genes have differentiated gene expression 
in aortic vascular tissue of patients with TAD. Considering the 
role of MMPs in matrix maintenance, altered gene expression 
might be expected in TAD. However, the altered expression of 
MMP inhibitors (TIMPs) in cases with TAD are noteworthy. 
It can be acknowledged that TIMPs as well as MMPs have 
an important role in understanding the pathogenesis of TAD. 
Additionally, it was considered that examining MMPs along 
with TIMPs rather than alone is more informative in terms 
of understanding the disease pathogenesis. Considering the 
statistically significant differences in MMP9, TIMP2 and 
TIMP3 gene expression, as well as MMP2/TIMP3 ratio, it 
can be inferred that future studies in both aortic tissue and 
circulation at the protein level by increasing the sample size 
may be an important step for the early diagnosis of TAD. 
Furthermore, considering the large number of members of the 
MMP and TIMP gene families, it is likely that they affect each 
other in various combinations. In accordance with this point of 
view, the possible cross‑interference of all MMPs and TIMPs 
are planned to be analyzed in future studies.
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