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Increased matrix metalloproteinase-2 expression and 
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correlate with angiogenesis and early postoperative  
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Abstract: Matrix metalloproteinase (MMP)-2 and tissue factor pathway inhibitor (TFPI)-2 are known to influence 
tumor angiogenesis and progression. This work aimed to describe the levels of MMP-2 and TFPI-2 expression 
associated with tumor angiogenesis and early postoperative recurrence in patients with pancreatic carcinoma. 
Expression of MMP-2 and TFPI-2 in carcinoma tissues and paracarcinomatous tissues was assayed by immunos-
taining. Expression of vascular endothelial growth factor (VEGF) and CD34 in tumor tissues was also assayed by im-
munostaining. The correlations of MMP-2 and TFPI-2 with VEGF, microvessel density (MVD), and early postoperative 
recurrence were analyzed. The results showed that MMP-2 expression was significantly increased (P < 0.05) and 
TFPI-2 expression was significantly decreased (P < 0.001) in carcinoma tissues compared with paracarcinomatous 
tissues. MMP-2 expression was positively correlated with VEGF (r = 0.594, P < 0.001) and MVD (r = 0.432, P < 
0.001) in carcinoma tissues. TFPI-2 expression was negatively correlated with VEGF (r = -0.654, P < 0.001) and 
MVD (r = -0.360, P < 0.001) in carcinoma tissues. Multivariate logistic regression analysis showed that up-regulated 
MMP-2 and down-regulated TFPI-2 were independent predictors of early postoperative recurrence of pancreatic 
carcinoma. Receiver operating characteristic curve analysis showed that the combination of MMP-2 and TFPI-2 
was a reliable predictive model of early recurrence. We conclude that increased MMP-2 expression and reduced 
TFPI-2 expression are closely linked to angiogenesis and early postoperative recurrence of pancreatic carcinoma. 
Immunohistochemical assay of MMP-2 and TFPI-2 may be useful for predicting early relapse of pancreatic carci-
noma after surgery.
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Introduction

Pancreatic carcinoma is a highly aggressive 
and rapidly progressive disease. It is the ninth 
most common malignant tumor and the fourth 
leading cause of cancer deaths, with an aver-
age 5-year survival rate of about 4% in the 
United States [1, 2]. Currently, radical surgery is 
the only treatment for cure or long-term survi- 
val of patients with pancreatic carcinoma. 
Unfortunately, the majority of the patients pres-
ent with extensive tumor infiltration and/or dis-
tant metastasis when the disease is first diag-
nosed and are no longer candidates for cura-
tive resection [3]. Substantial efforts toward 
improving the diagnosis and treatment of pan-

creatic carcinoma have not produced signifi-
cant improvement in 5-year survival [4]. There 
is therefore an urgent need to deepen the 
understanding of the mechanisms by which 
pancreatic carcinoma develops and progresses 
in order to improve its prognosis.

Angiogenesis is the biological process through 
which new capillaries sprout from preexisting 
vascular structures. It has an active role in 
many physiological and pathological conditions, 
including embryogenesis, tissue repair, and 
tumor progression [5]. Angiogenesis is regulat-
ed by a balance of proangiogenic and antiangio-
genic factors and involved proliferation and 
migration of endothelial cells [6]. Angiogenesis 
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also requires degeneration and remodeling of 
extracellular matrix (ECM), both of which de- 
pend on the action of various proteases, par-
ticularly matrix metalloproteinases (MMPs) [7, 
8]. MMPs comprise a large family of zinc-
dependent endopeptidases that play a pivotal 
role in ECM degradation related to tumor inva-
sion, metastasis, and angiogenesis [7]. One  
of them, MMP-2 stimulates the angiogenic 
responses of endothelial cells [8-10]. Previous 
studies have shown that MMP-2 expression is 
increased in various types of human solid 
tumors, including pancreatic carcinoma [11-
14]. Tissue factor pathway inhibitor (TFPI)-2 is a 
broad-spectrum Kunitz-type serine proteinase 
repressor that is abundantly synthesized by the 
cells of normal human tissues and secreted 
into their ECM [15]. TFPI-2 can suppress the 
activity of ECM-associated proteases, including 
MMPs [16, 17]. Therefore, TFPI-2 may help to 
maintain the integrity of the ECM, thereby com-
bating tumor invasion, metastasis and angio-
genesis [17-20]. Reduced TFPI-2 expression 
has been correlated with the development and 
progression of some malignant diseases includ-
ing pancreatic carcinoma [21, 22].

relapse of pancreatic carcinoma were also 
determined.

Materials and methods

Patients and tissue samples

Pancreatic carcinoma and adjacent paracarci-
nomatous tissues were obtained from 126 
patients who underwent curative resection at 
the Affiliated Provincial Hospital of Anhui 
Medical University (Hefei, China) between 2008 
and 2011. Pathological diagnosis of pancreatic 
carcinoma was made in formalin-fixed, paraf-
fin-embedded tissues. None of the patients 
had received chemotherapy, radiotherapy, or 
biologically targeted therapy before surgery. 
Pancreatic tissue located 2 cm beyond the 
tumor margin was defined as paracarcinoma-
tous. Patients or their relatives gave written 
informed consent; the study was conducted in 
accordance with the principles of the Helsinki 
Declaration and was approved by the Human 
Scientific Ethics Committee of Anhui Medical 
University.

Table 1. Clinicopathological data of 126 patients 
with pancreatic carcinoma
Characteristic Number %
Age (years) < 60 67 53.2

≥ 60 59 46.8
Gender Male 67 53.2

Femal 59 46.8
Tumor diameter (mm) < 20 60 47.6

≥ 20 66 52.4
Tumor location Head 86 68.3

Body/tail 40 31.7
Serum CA19-9 (U/mL) ≤ 37 46 36.5

> 37 80 63.5
Differentiation Mod-poor 89 70.6

Well 37 29.4
LNM Absent 41 32.5

Present 85 67.5
PNI Absent 49 38.9

Present 77 61.1
Tumor stage I 37 29.4

II 89 70.6
Early postoperative recurrence No 37 29.4

Yes 89 70.6
CA19-9, carbohydrate antigen19-9; LNM, lymph node metastasis; 
PNI, perineural invasion.

A few studies have shown that TFPI-2 overex-
pression strongly inhibits the activity and 
expression of MMP-2 and that the anti-inva-
sive properties of TFPI-2 are closely linked to 
MMP-2 inhibition [19, 23, 24]. A significant 
negative correlation of MMP-2 and TFPI-2 
expression has been seen in pancreatic car-
cinoma, and the differential expression of 
MMP-2 and TFPI-2 was closely associated 
with poor prognosis [25]. The available evi-
dence indicates that MMP-2 and TFPI-2 ha- 
ve opposite effects on tumor invasiveness, 
metastasis and angiogenesis and that the- 
se processes are modulated by the relative 
levels of expression of these two proteins.

Although the roles of MMP-2 and TFPI-2 in 
tumor growth, invasiveness and metastasis 
have been described, there have been no 
reports on the influence of MMP-2, TFPI-2, 
on angiogenesis in pancreatic carcinoma. 
Consequently, we assayed MMP-2, TFPI-2, 
vascular endothelial growth factor (VEGF) 
and CD34 expression by immunostaining of 
pancreatic carcinoma tissues, and investi-
gated the association of MMP-2 and TFPI-2 
staining with VEGF expression and microve- 
ssel density (MVD). The relationships of 
MMP-2 and TFPI-2 with early postoperative 
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Complete clinicopathological data, including 
age, gender, tumor diameter, tumor location, 
preoperative serum carbohydrate antigen 19-9 

was determined using the seventh edition of 
the American Joint Committee on Cancer (AJCC) 
tumor-node-metastasis (TNM) staging system 

Figure 1. Immunohistochemical staining for MMP-2, TFPI-2 and VEGF. MMP-2, TFPI-2 and VEGF are primarily local-
ized in cytoplasm of cells and have varying staining intensity. A. High MMP-2 expression. B. Low MMP-2 expression. 
C. Low TFPI-2 expression. D. High TFPI-2 expression. E. High VEGF expression. F. Low VEGF expression. All images, 
×400.

Table 2. Differential expression of MMP-2 and TFPI-2 in pancreatic carcinoma tissues and paracarci-
nomatous tissues (N = 126)

Tissue
MMP-2 expression TFPI-2 expression

Low (%) High (%) P-value Low (%) High (%) P-value
Carcinoma, N (%) 34 (27.0%) 92 (73.0%) 0.019 90 (71.4%) 36 (28.6%) < 0.001
Paracarcinomatous, N (%) 90 (71.4%) 36 (28.6%) 27 (21.4%) 99 (78.6%)
MMP, matrix metalloproteinase; TFPI, tissue factor pathway inhibitor.

Table 3. Association of MMP-2 and TFPI-2 expression with VEGF and 
MVD in pancreatic carcinoma

Immunoreactivity
MMP-2 expression TFPI-2 expression

Low High r-value P-value Low High r-value P-value
VEGF
    Low 20 5 0.594 < 0.001 3 22 -0.654 < 0.001
    High 14 87 87 14
MVD
    Low 25 24 0.432 < 0.001 25 24 -0.360 < 0.001
    High 9 68 65 12
MMP, matrix metalloproteinase; TFPI, tissue factor pathway inhibitor; VEGF, vascular 
endothelial growth factor; MVD, microvessel density. The MVD was calculated after 
staining for CD34. The MVD was categorized as either low or high based on the 
median value of 15.

(CA19-9) concentrations, tu- 
mor differentiation, lymph 
node metastasis (LNM), pe-
rineural invasion (PNI), tu- 
mor stage and early postop-
erative recurrence were ob- 
tained from the patients’ 
medical records. The pati- 
ents ranged from 45 to 66 
years of age (mean of 55 
years) and included 67 men 
and 59 women. Tumor dif-
ferentiation was histologica- 
lly defined using the World 
Health Organization (WHO) 
classification. Tumor stage 
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[26]. Tumor recurrence within 12 months of 
surgery was defined as early postoperative re- 
currence [27]. A summary of the clinicopatho-
logical data is given in Table 1.

Immunohistochemical staining and assess-
ment

Immunohistochemical staining was performed 
using a two-step protocol following the instruc-
tions provided by the kit manufacturer. Paraffin 
embedded specimens were sectioned at 4 mm, 
mounted on slides, heated at 60°C for 20 min-

MO, USA) substrate and the sections were 
counterstained with hematoxylin, dehydrated 
and mounted. Tissue sections that were not 
incubated with primary antibodies served as 
negative controls.

Semi-quantitative analysis of MMP-2, TFPI-2 
and VEGF staining included determining the 
percentage of stained cells and scoring the 
intensity of staining, as described previously 
[25]. The percentage of stained cells was 
scored as 0 for none; 1 for < 10%, 2 for 10-30%, 
and 3 for > 30%. Staining intensity was scored 

Figure 2. CD34 staining of MVD in pancreatic carcinoma tissue. A. Tumors 
with high MMP-2 expression had a significantly greater MVD than tumors 
with low MMP-2 expression (P = 0.002). B. Tumors with high TFPI-2 expres-
sion had a significantly smaller MVD than tumors with low TFPI-2 expression 
(P = 0.004). C. Representative section of pancreatic carcinoma tissues with 
immunohistochemical staining of CD34 (×200).

utes, dewaxed with xylene, 
rehydrated through an etha-
nol series (100%, 95%, 75%), 
and rinsed in phosphate-buff-
ered saline (PBS) [25]. Antigen 
retrieval was then performed 
by heating tissue sections 
immersed in 0.01 mol/L so- 
dium citrate buffer (pH 6.0) at 
80°C for 20 minutes in a mi- 
crowave oven. After endoge-
nous peroxidase activity was 
blocked with 0.3% H2O2 for  
10 minutes, the sections we- 
re incubated overnight (at le- 
ast 10 hours) with monoclo-
nal rabbit anti-human MMP-2 
(Santa Cruz Biotechnology, 
Inc., Santa Cruz, CA, USA), mo- 
noclonal sheep anti-human 
TFPI-2 (Fitzgerald Industries 
International, Inc., MA, USA), 
polyclonal rabbit anti-human 
VEGF (Zhongshan Golden Bri- 
dge Biotechnology Co., Ltd., 
Beijing, China) or polyclonal 
rabbit anti-human CD34 (R&D 
systems, Inc., Minneapolis, 
MN, USA) antibody in a humid 
chamber at 4°C. After wash-
ing with PBS, the sections 
were incubated with a biotinyl-
ated secondary antibody (mo- 
use anti-rabbit-IgG or mou- 
se anti-sheep-IgG; Zhongshan 
Golden Bridge Biotechnology 
Co., Ltd., Beijing, China) for 10 
minutes at 37°C. Immunore- 
activity was visualized with 
3,3-diaminobenzidine (DAB; 
Sigma-Aldrich Corp. St. Louis, 
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as 0, none; 1, weak; 2, intermediate; 3, strong. 
The total immunoreactivity score was the prod-
uct of the staining percentage and intensity 
scores. Low expression was reported as a final 
score ≤ 3 and high expression as a score > 3. 
MVD was calculated after staining for CD34. 
Microvessels were preliminarily evaluated at 
low magnification (×200) to identify the most 
vascularized areas (hot spots) and then the 

atic carcinoma tissues and the surrounding 
paracarcinomatous tissues were evaluated 
using Pearson’s chi-square test. The associa-
tions of MMP-2 and TFPI-2 with VEGF expres-
sion and MVD were determined using Spearman 
rank correlation coefficient. Univariate and 
multivariate analyses of factors associated 
with early postoperative recurrence were per-
formed by logistic regression analysis. The sig-

Table 4. Logistic regression analysis of factors associated with early postoperative recurrence of 
pancreatic carcinoma

Variables
Univariate model Multivariate model

Coefficient OR (95% CI) P-value Coefficient OR (95% CI) P-value
Age (years) (< 60 vs. ≥ 60) -0.681 0.506 (0.229-1.119) 0.092

Gender (male vs. female) -0.723 0.485 (0.222-1.058) 0.069

Tumor diameter (mm) (< 20 vs. ≥ 20) -0.249 0.779 (0.360-1.686) 0.526

Tumor location (head vs. body/tail) -0.218 0.804 (0.357-1.811) 0.599

Serum CA19-9 (U/mL) (≤ 37 vs. > 37) 1.212 3.360 (1.513-7.462) 0.003 0.123 1.131 (0.306-4.178) 0.853

Differentiation (mod–poor vs. well) -1.790 0.167 (0.072-0.389) < 0.001 -0.291 0.748 (0.170-3.290) 0.701

LNM (absent vs. present) 3.414 30.390 (10.774-85.718) < 0.001 0.740 2.095 (0.073-59.855) 0.665

PNI (absent vs. present) 1.381 3.981 (1.777-8.915) 0.001 -0.119 0.887 (0.207-3.810) 0.872

Tumor stage (I vs. II) 3.603 36.703 (12.617-106.771) < 0.001 2.102 8.180 (2.002-33.431) 0.003

MMP-2 expression (low vs. high) 3.454 31.629 (10.966-91.225) < 0.001 1.834 6.258 (1.478-26.503) 0.013

TFPI-2 expression (low vs. high) -2.693 0.068 (0.027-0.172) < 0.001 -1.985 0.137 (0.040-0.467) 0.001
CA19-9, carbohydrate antigen19-9; LNM, lymph node metastasis; PNI, perineural invasion; MMP, matrix metalloproteinase; TFPI, tissue factor pathway inhibitor; OR, 
odds ratio; CI, confidence interval.

Figure 3. Receiver operating characteristic (ROC) curves of MMP-2, TFPI-2, 
and MMP-2+TFPI-2 for prediction of early postoperative recurrence in pan-
creatic carcinoma. The areas under the curve (AUC) for MMP-2, TFPI-2 and 
MMP-2+TFPI-2 were 0.826, 0.776 and 0.890, respectively.

highest MVD of each hot  
spot was calculated at high 
magnification (×400) [28]. 
The final MVD was the aver-
age value of measurements 
made for three hot spots in 
each tumor tissue. All sec-
tions were assessed indepen-
dently by two experienced 
pathologists without knowing 
each other’s results. Differen- 
ces in scoring and microves-
sel count were resolved by 
joint evaluation.

Statistical analysis

Statistical analyses were per-
formed using SPSS version 
17.0 (SPSS, Inc., Chicago, IL, 
USA). Results for continuous 
variables were presented as 
mean ± standard deviation 
(SD). Statistically significant 
differences in the total immu-
noreactivity scores of pancre-
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nificant variables in univariate model were 
introduced into multivariate model in a step-
wise manner (i.e., backward elimination) to 
determine the independent risk factors for 
early postoperative recurrence of pancreatic 
carcinoma. Logistic regression combined with 
receiver operating characteristics (ROC) curve 
analysis was used to evaluate the ability of 
MMP-2 and TFPI-2 alone and in combination to 
predict early postoperative recurrence of pan-
creatic carcinoma. All analyses were two-tailed 
and P < 0.05 was defined as statistically 
significant.

Results

Immunohistochemical characteristics of MMP-
2 and TFPI-2

MMP-2 and TFPI-2 staining were mainly local-
ized in the cytoplasm of cells. MMP-2 expres-
sion was greater in pancreatic carcinoma than 
in paracarcinomatous tissues (Figure 1A, 1B). 
In contrast, TFPI-2 expression was lower in pan-
creatic carcinoma than in paracarcinomatous 
tissues (Figure 1C, 1D). The differences in 
expression of MMP-2 (P = 0.019) and of TFPI-2 
(P < 0.001) in carcinoma compared with para-
carcinomatous tissues were significant (Table 
2).

Correlation of MMP-2 and TFPI-2 with VEGF in 
pancreatic carcinoma tissues

High VEGF expression was found in 101 of 126 
carcinoma samples (80.2%; Figure 1E, 1F). The 
relationships of MMP-2 and TFPI-2 with VEGF 
expression were evaluated by using Spearman’s 
rank correlation test. There was a significant 
positive correlation between MMP-2 and VEGF 
expression in pancreatic carcinoma tissues (r = 
0.594, P < 0.001). Conversely, there was a sig-
nificant negative correlation between TFPI-2 

and VEGF expression (r = -0.654, P < 0.001) 
(Table 3).

Correlation of MMP-2 and TFPI-2 with MVD in 
pancreatic carcinoma tissues

CD34 staining was used to assess MVD in 
tumor tissues. The mean value of MVD was 
15.7 per field (median, 15; range, 4-31). Tumor 
tissues with high MMP-2 expression had signifi-
cantly greater MVD values than those with low 
MMP-2 expression (16.7 ± 5.9 vs. 13.2 ± 5.2; P 
= 0.002; Figure 2A). Conversely, tumor tissues 
with high TFPI-2 expression had significantly 
smaller MVD values than those with low TFPI-2 
expression (13.3 ± 5.7 vs. 16.7 ± 5.7; P = 
0.004; Figure 2B). Representative CD34 stain-
ing results in pancreatic carcinoma tissues are 
shown in Figure 2C.

An MVD value greater than or equal to the 
median value of 15 was considered to be high 
and a value < 15 was regarded as a low densi-
ty. MMP-2 expression was positively correlated 
with MVD (Spearman’s r = 0.432, P < 0.001), 
whereas TFPI-2 expression was negatively cor-
related with MVD (Spearman’s r = -0.360, P < 
0.001) (Table 3).

Logistic regression analysis of early postopera-
tive recurrence of pancreatic carcinoma

Logistic regression analysis was used to iden-
tify variables that had a significant influence on 
early postoperative recurrence of pancreatic 
carcinoma. Univariate analysis found that ear- 
ly postoperative recurrence was significantly 
associated with high preoperative serum CA19-
9 concentrations (P = 0.003), poor tumor dif-
ferentiation (P < 0.001), LNM (P < 0.001), PNI 
(P = 0.001), high tumor stage (P < 0.001), 
increased MMP-2 expression (P < 0.001) and 
decreased TFPI-2 expression (P < 0.001) (Table 
4).

In multivariate analysis, high MMP-2 expres-
sion was found to be an independent risk factor 
for early postoperative recurrence of pancreat-
ic carcinoma [odds ratio (OR) = 6.258; 95% 
confidence interval (CI) 1.478-26.503; P = 
0.013]. However, high TFPI-2 expression was 
an independent protective factor against early 
postoperative recurrence (OR = 0.137; 95% CI 
0.040-0.467; P = 0.001). High tumor stage was 

Table 5. Predictive ability of MMP-2 and 
TFPI-2 for early postoperative recurrence of 
pancreatic carcinoma
Variable AUC (95% Cl) P-value
MMP-2 0.826 (0.734-0.917) < 0.001
TFPI-2 0.776 (0.678-0.875) < 0.001
MMP-2+TFPI-2 0.890 (0.816-0.963) < 0.001
MMP, matrix metalloproteinase; TFPI, tissue factor path-
way inhibitor; AUC, area under the curve.



MMP-2 and TFPI-2 in pancreatic carcinoma

2418 Am J Transl Res 2015;7(11):2412-2422

also an independent predictor of early postop-
erative recurrence (OR = 8.180; 95% CI 2.002-
33.431; P = 0.003) (Table 4).

MMP-2, TFPI-2, and prediction of early postop-
erative recurrence of pancreatic carcinoma

ROC curve (Figure 3) was constructed to evalu-
ate the predictive value of MMP-2 and TFPI-2 
for early postoperative recurrence. The area 
under the curve (AUC) was 0.826 (95% CI 
0.734-0.917) for MMP-2 and 0.776 (95% CI 
0.678-0.875) for TFPI-2. The combination of 
MMP-2 and TFPI-2 increased the specificity and 
sensitivity over that of MMP-2 or TFPI-2 alone 
for predicting early postoperative recurrence, 
with an AUC of 0.890 (95% CI 0.816-0.963) 
(Table 5).

Discussion

In this study, we used immunochemical stain-
ing to assess MMP-2 and TFPI-2 expression in 
pancreatic carcinoma and paracarcinomatous 
tissues and investigated the association of 
MMP-2 and TFPI-2 expression with angiogene-
sis and early postoperative recurrence. As 
reported previously, MMP-2 expression was sig-
nificantly up-regulated in pancreatic carcinoma 
relative to paracarcinomatous tissues [11-14, 
25]. TFPI-2 expression was significantly down-
regulated in pancreatic carcinoma compared 
with paracarcinomatous tissues, which is also 
consistent with previous findings [21, 22, 25]. 
Tumors with high MMP-2 or low TFPI-2 expres-
sion had a significantly greater MVD than those 
with low MMP-2 or high TFPI-2 expression. We 
found that there was a significant positive cor-
relation of MMP-2 expression with VEGF expres-
sion and MVD. However, TFPI-2 expression had 
a significant negative correlation with VEGF 
expression and MVD in tumor tissues. In- 
creased MMP-2 expression and decreased 
TFPI-2 expression were independent predictors 
of early recurrence of pancreatic carcinoma 
after curative resection. Including both MMP-2 
and TFPI-2 in ROC curve analysis increased the 
AUC.

Angiogenesis is recognized as essential for 
tumor growth, invasion and metastasis, and is 
regulated by several key promoters and inhibi-
tors [29, 30]. VEGF, a specific proangiogenic 
factor, has long been regarded as a crucial 
mediator of tumor angiogenesis [31, 32]. 
Accumulating evidence indicates that MMP-2 

plays a prominent role in angiogenesis and pro-
gression of tumor [33-38]. Itoh et al. [33] 
reported that the volume and number of blood 
vessels in transplanted tumors were reduced in 
MMP-2-deficient compared with wild-type mice, 
and proposed a role for MMP-2 in angiogenesis 
and tumor growth. Fang et al. [34] reported that 
suppression of MMP-2 activity by antisense oli-
gonucleotides led to the loss of tumor micro-
vasculature and decrease in tumor weight. 
MMP-2 is thus required for development of the 
angiogenic phenotype during tumor progres-
sion. Moreover, both endogenous and synthetic 
MMP-2 inhibitors have been shown to strongly 
inhibit tumor angiogenesis both in vivo and in 
vitro [34-38]. In this group of patients, MMP-2 
expression had a significant positive correla-
tion with both VEGF expression and MVD. 
Together with previous findings, this suggests a 
facilitative role of MMP-2 in VEGF-mediated 
angiogenesis of pancreatic carcinoma. The cor-
relation with VEGF expression could explain  
the rapid progression of tumors that express 
MMP-2.

There is increasing evidence that TFPI-2 also 
has a key role in the process of tumor angio-
genesis [39-42]. Chand et al [39] demonstrat-
ed that HT-1080 fibrosarcoma cells transfected 
with the human TFPI-2 gene, and actively ex- 
pressing TFPI-2 protein, regulate tumor angio-
genesis by down-regulating the VEGF receptor, 
with subsequent inhibition of tumor growth and 
metastasis. Yanamandra et al. [40] indicated 
that infection with recombinant adenovirus 
expressing TFPI-2 inhibited tumor growth, inva-
sion, and angiogenesis in a human glioblasto-
ma cell line. Ran et al. [41] demonstrated that 
TFPI-2 protein significantly inhibited tumor-
related angiogenesis and tumor invasion both 
in vitro and in vivo. Zhang et al. [42] found that 
expression of TFPI-2 was negatively correlated 
with VEGF and MVD in cervical cancer, and that 
decreasing TFPI-2 was significantly correlated 
with tumor angiogenesis during the progres-
sion of cervical cancer. In these pancreatic car-
cinoma patients, TFPI-2 expression had a sig-
nificant negative correlation with both VEGF 
expression and MVD in tumor tissues. These 
findings revealed that TFPI-2 had an inhibiting 
effect on angiogenesis in pancreatic carcinoma 
tissues. The mechanism may involve down-reg-
ulation of VEGF expression due to inhibition of 
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MMP-2 expression thereby resulting in sup-
pression of uncontrolled tumor growth.

MMP-2 expression was found to be closely 
related to tumor recurrence in various types of 
human tumors, such as tongue squamous cell 
carcinoma, ovarian adenocarcinoma, hepato-
cellular carcinoma, non-small cell lung cancer, 
and prostate carcinoma [43-49]. Yoshizaki et 
al. [43] reported that increased MMP-2 expres-
sion was significantly correlated with local and 
distant metastatic tumor recurrence in tongue 
squamous cell carcinoma. Zhang et al. [45] 
found that the MMP-2 in the stromal compart-
ment of hepatocellular carcinoma was signifi-
cantly associated with recurrence. Leinonen et 
al. [47] reported that high MMP-2 expression 
was associated with increased tumor recur-
rence in non-small cell lung cancer. In our 
patients, elevated MMP-2 expression was an 
independent predictor of early relapse follow-
ing curative resection. However, other series 
did not find a significant association between 
the expression of MMP-2 and the risk of local 
and/or distant recurrence in early-stage oral 
squamous cell carcinoma [50] or rectal cancer 
[51]. In addition, Ekinci et al. [52] found that 
tumor recurrence in ovarian epithelial cancer 
was not significantly associated with the stain-
ing intensity and total score of MMP-2 expres-
sion, but was associated with stromal staining 
of MMP-2. Additional studies are thus required 
to confirm our results.

It has been reported that negative or low 
expression of TFPI-2 was significantly associat-
ed with aggressive clinicopathologic features, 
tumor recurrence, and unfavorable outcome in 
breast cancer [53]. This is consistent with our 
finding that decreased TFPI-2 expression was 
an independent predictor of early relapse of 
pancreatic carcinoma after surgery. ROC curve 
analysis showed that taken together, high 
MMP-2 plus low TFPI-2 expression had increa- 
sed predictive value. Thus, increased MMP-2 
and decreased TFPI-2 expression might be a 
useful indicator of early postoperative relapse, 
and might help clinicians to identify patients at 
increased risk. 

Currently, very little additional data are avail-
able on the roles of MMP-2 and TFPI-2 in angio-
genesis and in identifying patients at risk of 
early postoperative relapse of pancreatic carci-
noma. This, and the possibility of selection bias 

in any retrospective study, indicates that addi-
tional, prospective studies enrolling larger 
cohorts of subjects are needed to support our 
findings.

Taken together, we found that increased MMP-2 
expression and reduced TFPI-2 expression 
were significantly correlated with tumor angio-
genesis, and were independent predictors of 
early postoperative relapse in patients with 
pancreatic carcinoma. MMP-2 and TFPI-2 may 
have opposing influences on angiogenesis and 
progression of pancreatic carcinoma. The re- 
sults support the value of immunohistochemi-
cal evaluation of MMP-2 and TFPI-2 in pancre-
atic carcinoma for predicting early recurrence 
following curative resection.
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