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Introduction: The objective of this study was to assess the clinical significance of deter-
mining the levels of matrix metalloproteinase-2 (MMP-2), MMP-9, tissue inhibitor of matrix
metalloproteinase-1 (TIMP-1), and TIMP-2 in the peripheral blood of patients with differ-
entiated thyroid carcinoma (DTC).

Methods: Forty-nine patients with benign thyroid lesions and 57 patients with DTC were
examined using the enzyme-linked immunosorbent assay method preoperatively and 1 month
after operation.

Results: The levels of MMP-2, MMP-9, TIMP-1, and TIMP-2 in the peripheral blood of
patients with DTC were significantly higher than those measured in patients with benign
thyroid disease (P<0.05). After surgery, these levels in the peripheral blood of patients with
benign thyroid lesions were not significantly changed (P>0.05). However, after operation,
these levels in the peripheral blood of patients with DTC were significantly lower (P<0.05).
These levels in the serum of patients with DTC which were tumor-node-metastasis stage,
tumor diameter > cm, infiltrating capsula outside or existing lymph metastasis were sig-
nificantly higher than those reported in patients with early tumor-node-metastasis stage,
tumor diameter <l cm or absence of lymph metastasis (P<0.05).

Discussion: Detecting the levels of these factors in peripheral blood is helpful in the
diagnosis of benign and malignant thyroid lesions, and can be used as a basis for the
prognosis of DTC.

Keywords: differentiated thyroid carcinoma, matrix metalloproteinase-2, matrix
metalloproteinase-9, tissue inhibitor of matrix metalloproteinase-1

Introduction

Thyroid tumor is a type of tumor with the fastest growing incidence rate in the
previous 20 years. Particularly, thyroid carcinoma has an annual growth rate of
4-6.2%,"* and is pathologically classified as papillary carcinoma, follicular carci-
noma, medullary carcinoma, and undifferentiated carcinoma. Papillary and follicular
carcinomas are also termed differentiated thyroid carcinoma (DTC), accounting for
approximately 90% of all thyroid carcinomas.®> Studies show that the extracellular
matrix (ECM) is the main barrier to tumor metastasis. When the tumor breaks through
the basement membrane and enters ECM, it is the beginning of tumor metastasis and
invasion. Similar to other carcinomas, DTC is mainly featured by biological effects,
such as the destruction of the ECM and basement membranes. Matrix metalloprotei-
nases (MMPs) play the most important role in this process,’ MMPs can degrade
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almost all extracellular matrix except polysaccharides.
Tissue inhibitors of metalloproteinases (TIMPs) are specific
inhibitors of MMPs, which hamper tumor development.’ In
recent years, MMPs and TIMPs have been the focus of
tumor research. In this experiment, we detected the levels
of MMP-2, MMP-9, TIMP-1, and TIMP-2 in the peripheral
blood of patients with DTC and benign thyroid tumors using
the enzyme-linked immunosorbent assay (ELISA) method.
The aim was to explore their clinical significance in periph-
eral blood during the treatment of DTC.

Materials and Methods

Patients

We selected patients with thyroid adenoma who visited the
Department of General Surgery at Tianjin First Central
Hospital (Tianjin, China) for treatment and surgery. The
exclusion criteria were hypertension, coronary heart disease,
cerebrovascular event, diabetes, tuberculosis, and other sys-
temic tumors. There were 49 patients with benign thyroid
lesions (27 thyroid tumor cases and 22 nodular goiter cases).
Of those, 11 and 38 patients were males and females,
respectively. The median age of patients in this group was
37 years (range: 21-65 years). There were 57 patients with
DTC (52 papillary thyroid cancer cases and 5 follicular
carcinoma cases). Of those, 18 and 39 patients were males
and females, respectively. The median age of patients in this
group was 43 years (range: 27-69 years). According to the
Union for International Cancer Control staging standard for
thyroid carcinoma, there were 17, 34, and 6 cases of stage I,
II, and III disease, respectively. In addition, 20 healthy
volunteers were included as a control group.

Levels of MMPs and TIMPs Detected

Through ELISA

ELISA was used to detect the levels of MMP-2, MMP-9,
TIMP-1, and TIMP-2 in the serum of patients. Peripheral
blood (2 mL) was extracted from all fasting patients on
the day of surgery (in the morning) and 1 month after

Table | The Primers for MMPs, TIMPs, and f-Actin

surgery (in the morning). The specimens were centrifuged,
collected, and stored in the refrigerator. The expression of
MMP-1, MMP-9, TIMP-1, and TIMP-2 in the serum was
detected using the double sandwich ELISA method
according to the instructions provided by the manufacturer.
The testing kit was purchased from Boster Biological
Technology Co. Ltd.

RNA Extraction and cDNA Synthesis

The peripheral blood total RNA extraction kit and Quant
cDNA first-strand synthesis kit were purchased from
Beijing Tiangen Biochemical Technology Co. Ltd. Cells
were lysed by using the guanidine/thiocyanate method; the
RNA was isolated and purified via silicon matrix adsorp-
tion. Subsequently, the RNA integrity was determined
through agar-agar gel electrophoresis. The yield and purity
were detected using an ultraviolet spectrophotometer. The
first strand of cDNA was synthesized using Oligo-dT15 as
primer.

Reverse Transcription-Polymerase Chain

Reaction (RT-PCR)

The primers for the MMPs, TIMPs, and the reference
protein B-actin were synthesized by Nanjing Kingsley
Company (Table 1). After 1% agarose gel electrophoresis,
the PCR products were photographed under ultraviolet
light. The results were analyzed using the Kodak DC 290
gel imaging system. The results were expressed as the
ratio of optical density (OD) (OD ratio of objective

gene=0D yvipscTivps)/! ODﬁ-actin)-

Statistical Analyses

All data are expressed as the mean + standard deviation.
Comparison among the treatment groups was performed
using one-way analysis of variance followed by post hoc
Student-Newman—Keuls tests. The SPSS 17.0 software
was used for the analyses (SPSS Inc., Chicago, IL,
USA). A P<0.05 denoted statistical significance.

Sense Strand Antisense Strand Product (bp)
MMP-2 5-TGGCACCCATTTACACCTAC-3 5'-CCTCGTATACCGCATCAATC-3’ 315
MMP-9 5-CCTTCTACGGCCACTACTGT-3’ 5-TCCACCTGGTTCAACTCACT-3’ 575
TIMP-1 5-ACTTCCACAGGTCCCACAAC-3’ 5-AGAAAGATGGGAGTGGGAAC-3’ 405
TIMP-2 5-CAGAGAAGAACATCAACGGG-3’ 5-CGAAGCCCCAGACACATAGA-3 369
B-actin 5-GGGACGACATGGAGAAAATC-3 5-GATCTGGGTCATCTTCTCGC-3’ 131
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Results
Levels of MMPs and TIMPs in Peripheral

Blood

The levels of MMP-2, MMP-9, TIMP-1, and TIMP-2 in
patients with benign thyroid disease were not significantly
different compared with those measured in the control group
(P>0.05). Prior to surgery, these levels in the peripheral blood
of 57 patients with DTC were significantly higher than those
recorded in patients with benign thyroid disease (P<0.05).
After surgery, there were no obvious changes in these levels
in the peripheral blood of patients with benign thyroid lesions
(P>0.05). However, as shown in Table 2, these levels in the
peripheral blood of patients with DTC were significantly
lower than those noted preoperatively (P<0.05).

The Results of RT-PCR

The expression levels of MMP-2, MMP-9, TIMP-1, and
TIMP-2 in patients with benign thyroid disease were not
significantly different compared with those detected in the
control group (P>0.05). Notably, there was no significant
difference between the preoperative and postoperative
levels (P>0.05). However, the expression levels of MMP-
2, MMP-9, TIMP-1, and TIMP-2 in the peripheral blood
of patients with DTC were significantly higher than those
observed in patients with benign thyroid lesions (P<0.05);
and the preoperative expression levels of MMP-2, MMP-
9, TIMP-1, and TIMP-2 were significantly higher than the
postoperative levels (P<0.05) (Figures 1 and 2).

Relationship of Clinicopathological
Features of DTC Patients with the Levels
of MMPs and TIMPs in Peripheral Blood
The levels of MMP-2, MMP-9, TIMP-1, and TIMP-2 in
the peripheral blood of DTC patients with advanced
tumor-node-metastasis stage, tumor diameter >I cm,
tumor invasion in the surrounding tissue, or lymph node

metastasis were significantly higher those measured in
patients with early tumor-node-metastasis stage patients,
tumor diameter <l cm, lymph node metastasis, and pre-
sence of the tumor limited in the thyroid (Table 3).

Discussion

The ECM is the main barrier to tumor metastasis. Breaking
through the surrounding BM and entering the ECM is the
first step of tumor metastasis and invasion. As a group of
major proteases secreted by connective tissues and involved
in ECM degradation, MMPs play an important role in phy-
siological and pathological processes, such as embryonic
development, cell migration, angiogenesis, wound healing,
atherosclerosis, invasion, and metastasis of malignant
tumors.® Among the five documented categories of
MMPs, gelatinases (including MMP-2 and MMP-9) can
specifically degrade type IV collagen (the main component
of the ECM and BM). Moreover, they are considered the
most direct and important MMPs in the process of tumor
invasion and metastasis.” Among the MMPs, MMP-9 is the
enzyme that is the largest molecular, secreted in the form of
zymogen. It is subsequently activated to form type IV col-
lagenase for the degradation and destruction of the ECM and
BM on the tumor surface. This process allows cancer cells to
infiltrate'® surrounding tissues through the destroyed BM.
MMP-2 can degrade type I collagen, activate MMP-9 and
MMP-13, and degrade other components of the ECM.'!
Numerous studies'>'® have shown that the expression of
MMP-2 and MMP-9 is significantly increased in several
types of cancer (breast, liver, gastric, colorectal, lung, endo-
metrial, bladder, etc.). This expression is related to tumor
cell metastasis and pathological grading. A study conducted
by Liu et al found that the expression levels of MMP-9 in
thyroid cancer tissue was significantly higher than those
measured in normal and tumor thyroid tissues. Moreover,
they stated that the expression levels of MMP-9 were sig-
nificantly correlated with American Joint Committee on

Table 2 MMPs and TIMPs in the Peripheral Blood of Patients with DTC and Benign Thyroid Tumors (X + s)

MMP-2 (ng/mL) MMP-9 (ng/mL) TIMP-1 (ng/mL) TIMP-2 (ng/mL)
Benign thyroid tumors (n=49) Preoperative 38.25+15.20° 47.60+20.10¢ 53.71+32.49° 49.81+17.26¢
Postoperative 35.20+17.70¢ 43.27+10.27¢ 55.15+13.74¢ 50.78+14.23¢
DTC (n=57) Preoperative 100.24+27.32* 134.70+£32.52% 117.78426.53* 89.43+18.05%
Postoperative 42.71%16.20° 51.46%18.34° 48.43+13.02° 52.36+12.27°
Healthy individuals (n=20) 30.25+11.70 40.52+10.20 47.10+12.30 46.74+12.53

Notes: *Compared with healthy individuals and benign thyroid tumors, P<0.05. "Compared with DTC patients prior to surgery, P<0.05. “Compared with healthy individuals,

P>0.05. “Compared with benign thyroid tumor patients prior to surgery, P>0.05.
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Figure | The expression levels of MMPs and TIMPs in patients with benign thyroid tumors were not significantly different from those in healthy persons, and there was no
significant change after surgery (P>0.05). The expression levels of TIMPs and MMPs in DTC patients before surgery were significantly higher than those in benign thyroid
tumor patients and healthy people. The expression levels of TIMPs and MMPs after surgery were significantly lower (*P<0.05).

Cancer stage, tissue differentiation, neck lymph node metas-
tasis, and capsular invasion of thyroid carcinoma.'® Zhang
and Liu found that the expression of MMP-9 in tumor
tissues of high-risk thyroid carcinoma patients was posi-
tively related with the levels of MMP-9 in peripheral
blood. In addition, they concluded that determining the
concentration of MMP-9 in peripheral blood can assist in
detecting cancer cell invasion, metastasis, and the presence
of small invasion and metastasis.”® For patients with high
MMP-9 expression, close follow-up should be conducted to
detect recurrence or metastasis and administer comprehen-
sive treatments, aiming to improve the prognosis. Pasieka
et al observed that the levels of MMP-2 and TIMP-2 in
peripheral blood are correlated with DTC.>' In the present
study, the levels of MMP-2 and MMP-9 in the peripheral
blood of patients with DTC were significantly higher than
those measured in patients with benign thyroid tumors.
Moreover, these levels in the peripheral blood of patients
with DTC were significantly decreased 1 month after opera-
tion. Hence, we speculated that MMP-2 and MMP-9 can
help judge the therapeutic effect and determine the
prognosis.

TIMP is a secretory protein and an inhibitor of MMP.
It is expressed in both tumor and interstitial tissues.”
Structurally, TIMPs are divided into two functional
regions. The cysteine residue in the N-terminal functional

region is combined with the Zn>" active center of MMPs,
while its C-terminal functional area forms bonds with
other parts of MMPs at a proportion of 1:1 to form the
MMP-TIMP complex. Thus, the combination of MMP
and substrate can be blocked to inhibit tumor invasion
and metastasis. TIMPs can be divided into four types
(i.e., TIMP-1, TIMP-2, TIMP-3, and TIMP-4) according
to their different targets. The regulation mechanism of
TIMPs on MMPs is mainly embodied in the activation
phase of zymogen and activated MMPs phase.?® However,
TIMPs themselves also play diverse roles in various pro-
cesses of tumor development, such as cell growth, prolif-
eration, apoptosis, angiogenesis, etc.>* Studies have found
that TIMP-1 and TIMP-2 could stimulate cell proliferation
and inhibit apoptosis,*>*’ TIMP-3 promotes
apoptosis.’® TIMP-2 prevents self-activation of MMP-2
mainly by forming stable complexes with the MMP-2

while

precursor, or directly inhibits the catalytic activity of
MMP-2 by combining with it.>” TIMP-1 is a specific
inhibitor of MMP-9. Previous studies”™ found that
TIMP-1 expression could be detected in fibroblasts of
DTC and thyroid adenoma, and it is closely related with
tumor size, lymph node metastasis, clinical stage, and
vascular invasion, while promoting recurrence.
A number of scholars think that the dynamic balance

between TIMP-2 and MMP-2 affects tumor invasion and
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Figure 2 The PCR results for MMPs and TIMPs. Agarose gel electrophoresis showing that the lengths of the mRNA fragments of MMP-2, MMP-9, TIMP-1, and TIMP-2 were
320 bp, 582 bp, 405 bp, and 372 bp, respectively. The PCR bands of MMPs and TIMPs in patients with DTC were the brightest; after surgery, the brightness of these bands
was significantly reduced. Moreover, there were no significant differences compared with the control group and the benign thyroid tumor group. |: B-actin; 2: healthy
individual; 3: benign thyroid tumor (prior to surgery); 4: benign thyroid tumor (after surgery); 5: DTC (prior to surgery); 6: DTC (after surgery).

metastasis, and the ratio imbalance of the two is more
clinically important than a single-factor abnormality.?’
Our experiments showed that the preoperative levels of
TIMP-1 and TIMP-2 in patients with DTC were signifi-
cantly elevated. It was considered that this elevation was
induced by significant increases in the levels of MMP-2
and MMP-9. However, these increased levels of TIMP-1
and TIMP-2 were lower than those of MMP-2 and
MMP-9. Our results also showed that both MMPs and
TIMPs were overexpressed in peripheral blood of DTC
patients, and the expression of MMPs were higher than

that of TIMPs, which may promote the development of
tumor because the balance between the two was broken.
The interaction between TIMPs and MMPs promotes the
occurrence and metastasis of DTC. The levels of MMPs in
high-risk DTC patients were significantly increased com-
pared with those of TIMPs, the balance between MMPs
and TIMPs in the body was impaired, and the amount of
TIMPs relative to that of MMPs decreased. These effects
may be led to a weakened inhibitory capability of MMPs.
Meanwhile, the enhanced activity of MMPs accelerates
degradation of the ECM, promotes the spread of tumor
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Table 3 Clinicopathological Features of DTC and the Levels of MMPs and TIMPs in Peripheral Blood (X -+ s)

Pathological Characteristics n MMP-2 MMP-9 TIMP-I TIMP-2
(ng/mL) (ng/mL) (ng/mL) (ng/mL)
TNM Phase | 17 80.14+17.30 108.43+21.30 78.44+20.37 62.23+21.52
Phase I, Il 40 140.57+32.30° 157.20+24.58° 130.27+28.43% 102.17423.38*
Tumor size <1.0 cm 10 76.54+20.32 90.28+26.30 86.27+20.30 60.49+21.30
21.0 cm 47 143.27427.54° 148.24+31 .46° 140.42+28.19° 112.20+29.58°
Extent of infiltration Limited to the thyroid 41 75.24+25.37 101.27+25.32 102.63+20.49 58.47+23.57
Outside the thyroid 16 147.19426.33¢ 156.36+17.54° 154.24+26.50° 119.43+19.35¢
Lymph metastasis No 37 81.46120.39 91.20+21.52 100.20+20.73 59.71+16.33
Yes 20 152.28+24.62¢ 150.98+26.74¢ 152.23+21.27¢ 120.20+22.36¢

Notes: *Compared with Phase I, P<0.05. ®Compared with patients with tumor size <I.0 cm, P<0.05. “Compared with patients with tumor limit in thyroid, P<0.05.

dCompared with patients without lymph metastasis, P<0.05.

cells beyond the BM, and may cause blood or lymphatic
metastasis. The detection of MMPs and TIMPs in periph-
eral blood is helpful in the diagnosis of benign and malig-
nant thyroid tumors. It assists in assessing the metastatic
status of DTC and provides a reference for the develop-
ment of an individualized treatment plan. The detection of
MMP-2, MMP-9, TIMP-1, and TIMP-2 in peripheral
blood after operation can timely detect disease recurrence
in patients.
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