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Abstract Matrix metalloproteinases (MMPs) are a family of zinc-proteolytic endopeptidase enzymes

that play an important role in extracellular matrix (ECM) degradation in human cancer progression
and may be new targets for cancer therapeutics. This study aimed to detect the plasma level of matrix
metalloproteinases 13 (MMP-13) in 108 patients with invasive ductal carcinoma (IDC) and 131
healthy controls with commercial enzyme-linked immunosorbent assay (ELISA) kits. The correla-
tions between these protein levels and the clinical characteristics of the patients were also analyzed
to elucidate their role in breast-cancer development. The results showed a significantly lower median
concentration of MMP-13 in patients compared with controls (89.58 and 289.15 pg/ml, respectively;
P=0.000). Receiver-operator characteristic (ROC) curve analysis, to determine a cutoff value for
plasma MMP-13 concentration in the patients, had an AUC of 0.98 (95% CI=0.97-0.99), with a sensitivity
of 91.6% and specificity of 91.7% at cutoff point 169 pg/ml. The results underline the difference in
plasma level MMP-13 concentration in IDC development, and may serve as a biomarker for patients.
(Thai Cancer J2017,37:105-113)
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Introduction

Breast cancer is one of the major health
problems in women worldwide. WHO predicts that
the incidence of new cases will increase from 1.6
million in 2012 to 2.5 million cases in 2035, and
the mortality rate will increase from 521,907 cases
in 2012 to 846,587 cases in 2035". The most com-
mon histological subtype of breast cancer is
invasive ductal carcinoma (IDC), which generally
metastasizes to axillary lymph nodes and causes
more severe pathology than other histological
types”.

Matrix matelloproteinases (MMPs) are a

family of zinc-proteolytic endopeptidase enzymes
play an important role in extracellular matrix (ECM)
degradation in human cancers progression® and
may be approached as the new target for cancer
therapeutics®. Currently, 23 human MMPs have
been divided into 6 subgroups including colla-
genase, gelatinases, stromelysins, matrilysins,
membrane type MMPs and other MMPs®. Among
these, MMP-13 also known as collagenase-3, is a
member of MMP family in the collagenase sub-
group, play a central role in the MMP activation
cascade and has an important role in tumor

invasion and metastasis by cleavage type Il
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collagen®. The elevate levels of MMP-13 are asso-
ciated with aggressiveness and shorter overall sur-
vival of several cancers including oral cancer’,
colorectal cancer®, glioma® and breast cancer'”.
Owing to MMP-13 are secretory proteins it may
exported from the tumor cells into blood circula-
tion and are able to detect by ELISA method.
This study aimed to determine the plasma
levels of MMP-13 in the patients with IDC and
healthy women by ELISA method. The correlation
between these protein levels to the clinical char-
acteristics of the patients were also analyzed to

elucidate their role in breast cancer development.

Materials and methods
Specimens

Atotal of 108 blood samples from patients
diagnosed with IDC, 30-84 years of age, were
obtained from the Department of Research and
Technology Assessment, National Cancer Institute,
Bangkok, Thailand. All patients had not received
chemotherapy and/or radiation therapy prior to
blood collection. Control group (n=131) constituted
Thai healthy women, 36-62 years of age, who had
participated in a "Mammogram screening cam-
paign 600 cases for cerebration of the Fifth Cycle
Birthday Anniversary of HRH Princess Maha Chakri
Sirindthorn" at the Faculty of Tropical Medicine,

Mahidol University and had negative mammogram

Nuntana Meesiripan, et al. 107

(mammographic BI-RADS category 1 and 2) and
clinical examination were within normal range.
The study was approved by the Ethics Committee
of the National Cancer Institute (101_2015RC_
0OUT431), Thailand and the Ethics Committee,
Faculty of Tropical Medicine, Mahidol University,
Bangkok (MUTM 2015-042-01 and MUTM 2015-

028-01).

Detection of plasma MMP-13

A 5 ml aliquot of EDTA blood was centri-
fuged at 1300 g for 10 minutes at4°C. Plasma was
separated and stored at -80°C until used. Plasma
MMP-13 content was measured using a human
MMP-13 ELISA kit ab100605 (Abcam, England).
Plasma MMP-13 concentrations were determined
from a calibration curve, linear over the range
8-6000 pg/ml. Each sample was measured in
duplicate. Results of the two groups are expressed

as median with interquartile range (IQR).

Statistical analysis

Statistical significance of plasma MMP-13
levels between patients and healthy controls were
analyzed by independent student t-tests. The
Kurskal-Willis test was used for analyze the asso-
ciation between plasma MMP concentration and
clinicopathologial features of the patients. Odds

ratios (OR) and 95% confidence interval (Cl) were
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Table 1 Clinical characteristic data of all invasive ductal carcinoma breast cancer patients (n=108)

and healthy women (n=131)

Characteristics Number (%)
Patients
Age (yr)
<50 57 (52.8
>50 51 (47.2
Histological grade
Well differentiated 24 (22.2)
Moderately differentiated 45 (41.7)
Poor differentiated 39 (36.1)
TNM stage
| 25 (23.1)
Il 38(35.2)
Il 32 (29.6)
v 13 (12.1)
Tumor size (cm)
<3.0 46 (42.6)
>3.0 20 (18.6)
No data 42 (38.9)
Lymph node metastasis
Negative 30 (27.8)
Positive 45 (41.7)
No data 33 (30.6)
Organ metastasis
Negative 37 (34.2)
Positive 14 (13.0)
No data 57 (52.8)
Presence of ER, PR, HER2
Non-triple negative 79 (73.1)
Triple negative 18 (16.7)
No data 11 (10.2)
Healthy women
Age (yr)
<50 53 (40.5)
> 50 78 (59.5
Mammographic category
Category 1 21 (16.0)
Category 2 110 (84.0)
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also calculated by multiple logistic regression
analysis. Cutoff points of patient plasma MMP-13
levels were determined by receiver-operating
characteristic (ROC) curve. All statistical tests were
carried out using SPSS statistical software version
20.0 for Microsoft Windows, (IBM's Corp., New York,

NY, USA).

Results
Mean+SD age of the patients was 51+12
years, with 53% <50 years old. As regards histo-
logical feature, 24 (22%) specimens were well dif-
ferentiated (G 1), 45 (42%) moderately differenti-

ated (G Il) and 39 (36%) poorly differentiated (G
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). Twenty-five (23%) cases were at TNM stage |,
38 (35%) stage II, 32 (30%) stage Ill,and 13 (12%)
stage IV. Mean + SD age of healthy women con-
trol was 54 + 10 years, with 40% <50 years old.
(Table 1).

Median plasma MMP-13 level of patients
(89.58 pg/ml, IQR = 48.45-126.91 pg/ml) was lower
than that of controls (289.15 pg/ml, IQR=230.60 -
339.40 pg/ml (P=0.000, OR=1.60, 95%Cl=
1.53-1.68) (Figure 1). ROC curve to determine cut-
off value of plasma MMP-13 concentration in
patients had an AUC of 0.98 (95%CI=0.97-0.99),
with a sensitivity of 91.6% and specificity of 91.7%

at cutoff point of 169.36 pg/ml (Figure 2).
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Figure 1

Plasma level of MMP-13. Differences in plasma level of MMP-13 in breast cancer patients

and healthy controls. Box plot diagram with median, 1% quartile, 3" quartile and non-outlier

range.
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Figure 2 Receiver-operator curves (ROCs) analysis. ROC curve for plasma MMP-13 levels with an

AUC of 0.98 (95% CI = 0.97-0.99).

The correlation of MMP-13in the IDC with
various clinical data were demonstrated in Table
2. The plasma MMP-13 level of patients is not sig-

nificantly associated with all clinical features.

Discussion

Mammography is the best technique for
detection of breast cancer'' but it can only be
performed in a hospital setting due to the high
operating cost'?. On the other hand, immunohis-
tochemical technique needs expert pathologist
to perform the procedure and to analyze results.
Thus, a novel biomarker associated with breast
cancer is still needed. This study, the plasma
MMP-13 levels in a patients with IDC were mea-

sured using commercial ELISA kits.

Little is known for the plasma or serum
levels of MMP-13 in several cancer patients. The
plasma levels of MMP-13 was higher in prostate
cancer patients with metastasis than in the control
groups'®, whereas Bonald CM et al™ reported no
difference concentration of plasma MMP-13 in
between prostate cancer patients and healthy
controls. Moreover, MMP-13 levels could not be
detected in both plasma of breast cancer patients
and healthy controls because they did not reach
the detection sensitivity of the ELISA kits used in
the study'®. However, this study can be detected
the MMP-13 concentration in plasma of both two
groups. The lower levels of MMP-13 protein in the
patients plasma than in the controls found in this
study was similar with the previous report in

colorectal cancerthat the serum MMP-2 levels was
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Table 2 Plasma level of MMP-13 in IDC patients in association to clincopathological data
Variables n MMP-13 (pg/ml) Odds ratio (95%Cl) P
Median (IQR)

Patients

Invasive ductal carcinoma 108 89.58 (48.45 - 126.91)
Age (yr)

<50 57 88.03 (39.58 - 123.30)

> 50 51 91.34 (52.59 - 141.75) 0.800 (0.375-1.705) 0.563
Histological grade

Well differentiated 24 95.87 (57.21 - 144.33)

Moderately differentiated 45 89.06 (46.79 - 122.05)  1.244 (0.449 - 3.447) 0.675

Poor differentiated 39 88.03 (47.42-132.06) 1.007 (0.427 - 2.374) 0.988
TNM stage

I 25 70.51(39.58 - 102.68)

I 38 91.86 (50.10 - 142.89)  0.250 (0.060 - 1.048) 0.058

Il 32 89.58 (57.62 - 130.42)  0.494 (0.129 - 1.884) 0.306

v 13 110.93(84.12-126.39) 0.444 (0.113-1.743) 0.245
Tumor size (cm)

<3.0 46 90.20 (56.07 - 127.42)

>3.0 20 100.10 (59.68 - 134.64) 0.727 (0.251-2.110) 0.558
Lymph node metastasis

Negative 30 81.33 (50.10 - 107.84)

Positive 45 88.03 (43.70-123.30) 0.915(0.363 - 2.308) 0.850
Organ Metastasis

Negative 37 87.00 (52.16 - 110.71)

Positive 14 114.02 (53.02-127.42)  0.340 (0.900 - 1.282) 0.111
Presence of ER, PR, HER2

Non-triple negative 79 84.12 (42.67 - 126.91)

Triple negative 18  106.81(63.51-156.29) 0.561 (0.197 - 1.595) 0.278

Non-triple negative = ER+/-, PR+/-, and HER2+
Triple negative = ER-, PR-, and HER2-
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lower than that of healthy control'® and the lower
MMP-1 levels in breast cancer patients than thatin
healthy controls™. It was unclear for the unusual
lower plasma or serum levels of several MMPs in
the cancer patients but Decock J et al'® hypothe-
sized that this may be reflect the concentration of
MMPs in tumor microenvironment. Interestingly,
ROC curve analysis to determine cutoff value, sen-
sitivity and specificity of plasma MMP-13 indicate
that the potential of this protein may be used as
the biomarker for IDC.

In conclusion, the plasma MMP-13 has
important roles for IDC development and may be
served as a biomarker for IDC. However, further
study with larger sample will increase the preci-

sion of the data.
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