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MMP-2 and MMP-9 gene
 polymorphisms act as
biological indicators for ulinastatin efficacy in
patients with severe acute pancreatitis
Lan Ling, MDa, Yan Li, MDa, Hong Li, MDb, Wen Li, MDa, Hong-Bo Zhang, MDa,∗

Abstract
Background: Severe acute pancreatitis (SAP) is a severe form of inflammatory disease with a high mortality rate. Ulinastatin, as a
urinary trypsin inhibitor (UTI), is a glycoprotein playing a critical role in SAP. Consequently, we identified the hypothesis that both
matrix metalloproteinase-2 (MMP-2) and matrix metalloproteinase-9 (MMP-9) gene polymorphisms might promote the efficacy of
ulinastatin in SAP.

Methods: A total of 235 patients with SAP were treated by intravenous drip of ulinastatin for the duration of 10 days. Polymerase
chain reaction-restriction fragment length polymorphism (PCR-RFLP) was performed for testing the distribution of genotypes and
alleles frequency of MMP-2 and MMP-9 gene polymorphisms, and analyzing association of MMP-2 rs243865, MMP-2 rs2285053,
MMP-9 rs3918242, or MMP-9 rs17576 with efficacy of ulinastatin in patients with SAP. Shesis software was adopted for analyzing
single genotypes of MMP-2 and MMP-9 gene polymorphisms site A Generalized Multifactor Dimensionality Reduction (GMDR)
model and a logistic regression analysis were used for analyzing effect of MMP-2 and MMP-9 gene polymorphisms on the efficacy of
ulinastatin in treating patients with SAP.

Results: CC genotype of MMP-2 gene rs243865 C>T was observed to have a better positive effect in promoting the efficacy of
ulinastatin in comparison with CT and TT genotypes. Haplotype CCTG, CCTA, CTTG, and CTTA were combined by MMP-2 and
MMP-9 gene polymorphisms which have the ability to increase the efficacy of ulinastatin in treating patients with SAP. MMP-2 gene
rs243865 C>T site polymorphism was served as a favorable factor while the MMP-9 gene rs3918242 C>T site polymorphism was
noticed as an unfavorable factor for the efficacy of ulinastatin in treating patients with SAP.

Conclusion: The key findings clearly demonstrated that both the MMP-2 rs243865 and MMP-9 rs3918242 gene polymorphisms
served as biological indicators for the efficacy of ulinastatin in treating patients with SAP.

Abbreviations: AP = acute pancreatitis, MMP-2 = matrix metalloproteinase-2, MMP-9 = matrix metalloproteinase-9, MMPs =
matrix metalloproteinases, PCR-RFLP = polymerase chain reaction-restriction fragment length polymorphism, SAP = severe acute
pancreatitis.
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1. Introduction

Acute pancreatitis (AP) as an inflammatory disease, occurs in the
pancreas, and severe acute pancreatitis (SAP) was considered to
be one of the types of AP with the abnormality named necrosis
discovered in pancreas and in the adjacent connecting organs
when inflammation predominantly responses to the cell im-
pairment.[1,2] However, about 15% to 20% of patients with SAP
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possess a high risk of mortality with systemic organ dysfunction
or local pancreatic complications or both together.[3] SAP is a
common acute abdominal disease due to the swift complications
and progression.[4] In spite of the present treatment regimens,
patients diagnosed with SAP still have a mortality rate of 10% to
20% owing to severe extra-pancreatic and pancreatic necrosis.[5]

Systemic inflammatory response syndrome in the early stage and
multisystem (renal, respiratory, and cardiovascular) organ
dysfunction in the later stage can be caused by a pro-
inflammation in patients with SAP.[6] Necrosis was considered
to be one of the main risk factors for developing secondary
infection, following appearance of a change from a pro-
inflammatory action to an anti-inflammatory action and results
in multiple organ failure.[7] The prevention of SAP that results in
the multiple organs failure should be prioritized predominantly
during the treatment of SAP with both the comprehensive
treatment and intensive care.[8] Recently, ulinastatin has been
widely utilized as one of the main ways of medication therapy to
treat patients with SAP.[9–11]

Ulinastatin is a glycoprotein which can be obtained from
human urine or applied pulmonary injury synthetically.[12]

Proteolytic enzymes including trypsin, elastase, and plasmin can
be effectively inhibited by the ulinastatin and the hydrolases of
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lipase and amylase, thus relieving systemic inflammatory
response so as to diminish the severity of pancreatitis.[13] A
study conducted by Lu et al have demonstrated that ulinastatin
has the ability to suppress the excessive release of inflammatory
regulators.[14] Matrix metalloproteinases (MMPs) were reported
to be a large group of calcium-dependent zinc with endo-
peptidases.[15] Created by various stromal and inflammatory
corpuscles, MMPs are capable of decreasing extracellular matrix
proteins and activating various bioactive molecules.[16] It was
previously demonstrated that cerulean-altered pancreatic MMPs
(matrix metalloproteinase-2 [MMP-2], MMP-1, and matrix
metalloproteinase-9 [MMP-9]) could induce pancreatitis in the
early stage of inflammation, and might potentially influence the
histological severity evaluation.[17] Furthermore, the observed
level of serum MMP-9 could be regarded as an efficacious
indicator for assessing the SAP severity.[18] Both MMP-9 and
MMP-2 were considered as gelatinases, and activated MMP-2
and MMP-9 played vital roles in the regeneration and
degradation of extracellular matrix mainly via their participation
in matrix degradation and secretion into extracellular matrix.[19]

More importantly, single nucleotide polymorphisms (MMP-2
or MMP-9) have been identified and MMP-2 promoter
polymorphisms rs243865 C>T and MMP-9 promoter polymor-
phism rs3918242 C>T have been identified as functionary
factors in treating diseases.[20–22] Also, the association ofMMP-2
and MMP-9 gene polymorphism with ulinastatin efficacy in SAP
patients has been previously reported.[2] On the basis of
investigations made by the influence of MMP-2 gene polymor-
phism and MMP-9 gene polymorphism on the efficacy of
ulinastatin in patients with SAP, this studymainly aims to explore
the correlation ofMMP-2 andMMP-9 gene polymorphisms with
the efficacy of ulinastatin in treating the patients with SAP.
2. Methods

2.1. Ethics statement

The study was approved by the Ethics Committee of China-Japan
Friendship Hospital and all patients signed the informed consent.
Table 1

Primer sequences of MMP-2 and MMP-9 gene polymorphisms.

SNPs Primer sequences PCR length

MMP-2
2.2. Study subjects

A total number of 235 patients suffering from SAP admitted in
China-Japan Friendship Hospital from January, 2011 to
December, 2016 were selected as the study subjects, including
137 males and 98 females aged from 29 to 69 years old with an
average age of 45.34±5.66 years. All patients were diagnosed by
B-ultrasound or computed tomography (CT) examination in
accordance with the relevant diagnostic criteria established by the
Pancreatic Surgery Group of Surgery Branch of Chinese Medical
Association.[23] The diagnostic criteria were mentioned as
follows:
rs243865 C>T F: 5’∼TTTTTCATCTCTGGGCCATT∼3’ 101bp
R: 5’∼GACTTCTGAGCTGAGACCTGA∼3’
1)
rs2285053 C>T F: 5’∼GGATTCTTGGCTTGGCGCAGGA∼3’ 391bp
there was an external organ system involvement or organ
failure;
R: 50∼GGGGGCTGGGTAAAATGAGGCTG∼30
2)

MMP-9
rs3918242 C>T F: 5’∼GCCTGGCACATAGTAGGCCC∼3’ 436bp

R: 50∼CTTCCTAGCCAGCCGGCATC∼30

rs17576 A>G F: 5’∼GAGAGATGGGATGAACTG∼3’ 439bp
local complications appeared.

The diagnosis of SAP will be confirmed if the examined people
were presented with at least 3 of the following features: which
are:
R: 5’∼GTGGTGGAAATGTGGTGT∼3’
1)
 white blood cells >15�109/L;
F= forward, MMP=matrix metalloproteinase, PCR=polymerase chain reaction, R= reverse, SNP=
2)
 lactic acid detoxification >600U/L;

single nucleotide polymorphism.
3)
 glucose >180mg/dL;
2

4)
 albumin <32g/L;

5)
 urea nitrogen >16.065mmol/L; 6) PaO2 <60 mmHg;

6)
 calcium <2mg/L;

7)
 acute physiology;

8)
 chronic health evaluation (APACHE)-II score ≥8 points.

Patients
1)
 who were very sensitive to allergies;

2)
 who has history of allergy to drugs;

3)
 who were pregnant or lactating women;

4)
 who had received somatostatin treatment, gabexate or

calcitonin were all excluded.

2.3. Polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP)

In the early morning, 5mL of peripheral venous blood was
extracted from all the patients who were observed to be in the
state of fasting, and then the extracted blood was kept under the
temperature of �4°C after using trisodium citrate for anti-
coagulation. DNA Extraction Kit (DP318 ∼03, Beijing Tiangen
Biotechnology Co., Ltd., Beijing, China) was used in specific for
extracting DNA fragments. PCR-RFLP was used to detect MMP-
2 rs243865 C>T, rs2285053 C>T, and MMP-9 rs17576 A>G,
rs3918242 C>T gene polymorphisms. Primers were designed by
using the Primer Premier 5.0 software. The primer sequence was
synthesized by Sangon Biotech Co., Ltd. (Shanghai, China). The
primer sequence and length are shown in Table 1. A total of 20m
L PCR reaction system was composed of 100 ng of DNA
fragments, the concentration of 2.4mL of 10�PCR buffer
containing 15nmol/L of MgCl2, 1.0 UTaq of DNA polymerase,
200mmol/L of deoxyribonucleoside triphosphates (dNTPs) and
1mL each of forward and reverse primer. PCR reaction
conditions were as follows: pre-denaturation at 94°C for the
duration of 5minutes; 30 cycles at 94°C for 30 seconds, at 58°C
for the duration of 45 seconds, and at 72°C for the duration of 45
seconds; final extension at 72°C for the duration of 10minutes.
Sterile double distilled water instead of template was used as
negative control in each PCR reaction to ensure no contamina-
tion of the PCR reaction. The PCR product was digested and the
reaction system (15mL): 6mL of PCR product and 1.5mL of 10�
digestion buffer were added. Appropriate amount of sterile
double distilled water was added to ensure that the total volume
was 15mL. After digestion in a water bath at the temperature of
37°C for 16hours, the reaction was terminated. The product was
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performed on 3% agarose gel electrophoresis at 100 V for the
duration of 15minutes. Ethidium bromide (EB) staining and gel
imaging system were used for determining the results. Positive
control was established for each enzyme digestion reaction to
ensure the accuracy of digestion.
2.4. Treatment regimen and efficacy evaluation

All the patients diagnosed with SAP were continuously infused
with ulinastatin through intravenous (No: 20080722; Guangdong
Techpool Bio-pharma Co., Ltd., Guangdong, Guangzhou, China)
at a dosage of 200,000 U ulinastatin + 250 mL 5% glucose liquid
twice every day for 10 days long. Observation indicators: time of
abdominal pain and distension, the total number of white blood
cells in the peripheral blood (normal value: 7.3�109–27.5�109),
bloodamylase (normal value: 20∼100U/L), urineamylase (normal
value: 460U/L), as well as the acute physiology and chronic health
evaluation II (APACHE-II) improved score before and after
treatment. APACHE-II score [24] includes 12 physiological scores,
1 age score, and 5 chronic disease scores. These 3 partial scores add
up to the total points.
The main diagnosed symptoms and signs (including abdominal

pain, abdominal distension) and the examined laboratory indicators
(including white blood cells, blood amylase, and urine amylase
content) were recorded on the 10th day before the treatment and at
the beginning of treatment. The efficacy of drug included:
1)
T

Cli

Fea

Age
Gen
M
F
B
A
T
T
A
T

APA
cure, on the treatment of the 10th day, abdominal pain of
patients disappeared; the instrument test results showed that the
laboratory indicators returned to normal physiological state;
2)
 effective, within the first 10 days of treatment, patients
abdominal pain and abdominal distension of patients reduced;
the laboratory indicators of more than 75% restored to the
normal physiological state;
3)
 invalid, after the treatment, the mainly diagnosed symptoms
and signs of patients did not show any improvement; the
indicators of laboratory examination did not recover; some
patients exhibited with the worst complications or died due to
this disease. Total efficiency was the combination of cure rate
and explicit efficiency.

2.5. Statistical analysis

All data were processed with the SPSS 21.0 software (IBMCorp.,
Armonk, NY), and Hardy–Weinberg Balance was used for
detecting the population representation of genotype distribution.
Comparison between the allele and genotype frequency was
able 2

nical features of patients with SAP in the effective and ineffective

ture

, yr
der
ale
emale
MI, kg/m2

bdominal distention and abdominal pain disappearance time (d)
ime of urine amylase recovery to normal (d)
ime of blood amylase recovery to normal (d)
PACHE-II score
ime of leukocyte recovery to normal (d)

CHE-II= acute physiology and chronic health evaluation-II, BMI=body mass index, SAP= severe ac
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tested by x2 test. Count data were expressed by rate or percentage
or constituent ratio, and statistical analysis was carried out by chi
square test. The measurement data were expressed with mean±
standard deviation, and the t test was used for comparison
between groups. Analysis of variance (ANOVA) was used for
comparison among multiple groups. Multiple factors were
investigated by logistic regression and Shesis software was used
to analyze the genotype of MMP-2 andMMP-9 gene site. P<.05
was considered significant statistically.
3. Results

3.1. Clinical outcomes of patients with SAP in the effective
group and the ineffective group

As we observed, the total number of 235 cases of patients with
SAP were treated with intravenous infusion of ulinastatin for 10
days long, and the total number of 189 cases were defined as
effective and the total number of 46 cases were defined as
ineffective according to the efficacy criteria. There were 109
males and 80 females included in the effective group with an age
of 45.15±4.92 years old, while there were 28 males and 18
females included in the ineffective group with an age of 46.15±
8.04 years old. Besides, there was no significant difference in the
factors like age, sex, and body mass index (BMI) between the 2
groups (P>.05). By comparing the time of abdominal distention
and abdominal pain disappearance after the treatment, leuko-
cyte, urine amylase, blood amylase turns to normal physiological
state, and APACHE-II score of these 2 groups, the results showed
that the time of abdominal pain and abdominal distension,
leukocyte, urine amylase and blood amylase recovery to normal
physiological state in the effective group were significantly
shorter than those in the ineffective group. Moreover, the
APACHE-II score in the effective group was also lower in
comparison with the ineffective group (all P<.05) (Table 2).
3.2. Identification for the genotyping of MMP-2 (rs243865,
rs2285053) and MMP-9 (rs3918242, rs17576) gene
polymorphisms by PCR-RFLP

PCR-RFLP was used for testing the distribution of different
genotypes and alleles frequency of MMP-2 and MMP-9 gene
polymorphisms. As the MMP-2 gene rs243865 C>T site PCR
product was digested by Xsp I, the wild type CC band was 188
bp, heterozygous mutation TC band was 188bp and 162bp;
homozygous mutant TT was only 162bp after enzyme digestion
groups.

Effective group Ineffective group

(n=189) (n=46) P

45.15±4.92 46.15±8.04 .284

109 28 .693
80 18

22.17±3.58 21.25±3.12 .111
3.72±1.25 4.30±1.50 .007
5.64±1.17 6.15±1.58 .015
3.97±1.67 4.72±1.99 .009
11.33±5.01 13.61±5.62 .007
5.60±1.66 6.26±1.93 .020

ute pancreatitis.
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Figure 1. Genotypes of MMP-2 (rs243865, rs2285053) and MMP-9 (rs3918242, rs17576) gene polymorphisms detected by PCR-RFLP. A= rs243865 C>T site
at MMP-2 gene, B= rs2285053 C>T site at MMP-2 gene, C= rs3918242 C>T site at MMP-9 gene, D= rs17576 A>G site at MMP-9 gene, MMP=matrix
metalloproteinase, PCR-RFLP=polymerase chain reaction-restriction fragment length polymorphism.
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(Fig. 1A). However, the PCR product of MMP-2 gene rs2285053
C>T site was digested by Hinf1, and a 391bp band was found in
wild-typeCC.Three heterozygousmutationTCbands (391bp, 338
bp, and 53bp) existed after digestion, of which the 53bp fragment
was too small to be detected by the electrophoresis, so the genotypes
were estimated by 338bp and 391bp bands. The homozygous
mutant TT bands were 338bp and 53bp, respectively (Fig. 1B).
Moreover, the PCR products of rs3918242 C>T site of MMP-9
gene were digested with Sph1, and the wild-type CC band was 435
bp; the heterozygous mutant CT bands were188bp, 247bp, and
435bp; the homozygous mutant TT bands were 188bp and 247bp
(Fig. 1C). The PCR product of rs17576 A>G site of MMP-9 gene
was digested byMspI, and the wild-type AA bands were 66bp and
58bp. The heterozygous mutant AG bands were124bp, 66bp, and
58bp. The 58bp fragment could not be found in the electropho-
retogram, thus the results could be deduced based on the 124bp and
66bp bands, and the homozygous mutant GG band was 124bp
(Fig. 1D). All above showed that sites of MMP-2 andMMP-9 gene
polymorphisms was defined by genotyping.

3.3. The loci of MMP-2 and MMP-9 gene polymorphisms
in SAP patients treated with ulinastatin

Hardy–Weinberg genetic balance was effective in testing the
genotype frequency of all patients, and the obtained results
4

showed that the genetic frequencies of all the genotypes
reached required genetic balance, which was the indication of
group representativeness (P >.05). In comparison with the
wild homozygous CC, the heterozygous CT and mutant
homozygous TT of rs243865 site in MMP-2 gene polymor-
phism were noticed to be significantly different between the
ineffective and effective groups (all P<.05); significant
differences were noticed in the distribution frequency of
allele C and T between the ineffective and effective groups
(P<.05); no significant differences were found in the
distribution frequency of rs2285053 C>T site of MMP-2
gene polymorphism between the effective and ineffective
groups (P >.05). Compared with the wild homozygous CC,
the distribution frequency of mutation homozygous TT of
rs3918242 site in MMP-9 gene polymorphism was noticed to
be significantly different between the ineffective and effective
groups (P<.05); no significant difference was observed in the
distribution frequency of heterozygous CT between the
ineffective and effective groups compared with wild homozy-
gous CC (P>.05). Moreover, there was a significant
difference in the distribution frequency of allele C and T
between the ineffective and effective groups (P<.05); while no
notable differences were found in the frequency of genotype
rs17576 A>G between the effective and ineffective groups
(P>.05) (Table 3).



Table 3

The genotype and allele frequencies of MMP-2 (rs243865, rs2285053) and MMP-9 (rs3918242, rs17576) polymorphisms in the effective
group and ineffective group.

Genotype/allele Effective group (n=189) (%) Ineffective group (n=46) (%) P OR (95%CI)

MMP-2 rs243865
CC 129 (68.25) 11 (23.91) Ref
CT 56 (29.63) 28 (60.87) <.001 5.864 (2.729 ∼ 12.600)
TT 4 (2.12) 7 (15.22) <.001 20.520 (5.192 ∼ 81.120)
C 314 (83.07) 50 (54.35) Ref
T 64 (16.93) 42 (45.65) <.001 4.121 (2.523 ∼ 6.731)

MMP-2 rs2285053
CC 130 (68.78) 37 (80.43) Ref
CT 50 (26.46) 9 (19.57) .258 0.632 (0.285 ∼ 1.405)
TT 9 (4.76) 0 (0.00) .112 0.183 (0.0104 ∼ 3.223)
C 310 (82.01) 83 (90.22) Ref
T 68 (17.99) 9 (9.78) .57 0.494 (0.237 ∼ 1.032)

MMP-9 rs3918242
CC 62 (32.80) 25 (54.35) Ref
CT 81 (42.86) 20 (43.48) .152 0.612 (0.313 ∼ 1.202)
TT 46 (24.34) 1 (2.17) <.001 0.054 (0.007 ∼ 0.413)
C 205 (54.23) 70 (76.09) Ref
T 173 (45.77) 22 (23.91) <.001 0.372 (0.221 ∼ 0.627)

MMP-9 rs17576
AA 61 (32.28) 17 (36.96) Ref
AG 95 (50.26) 17 (36.96) .242 0.642 (0.305 ∼ 1.353)
GG 33 (17.46) 12 (26.09) .54 1.305 (0.557 ∼ 13.059)
A 217 (57.41) 51 (55.43) Ref
G 161 (42.59) 41 (44.57) .732 1.084 (0.685 ∼ 11.715)

Ref was reference; MMP=matrix metalloproteinase.

Ling et al. Medicine (2019) 98:24 www.md-journal.com
3.4. CC genotype rs243865 C>T site at MMP-2 supports
ulinastatin in treating patients with SAP
The relationship between MMP-2 polymorphism or MMP-9
polymorphism and the efficacy of ulinastatin in treating patients
with SAP was investigated. As the results showed in Table 4 and
Table 5: after the 10 days of ulinastatin treatment in patients with
SAP, the time duration of abdominal pain and distention, blood
Table 4

Association between MMP-2 polymorphism or MMP-9 polymorphism

Genotype Abdominal distension/
abdominal pain

disappearance time (h)

Time of leucocyte
recovery

to normal (d)

Time of urinary
amylase recover
to normal (d)

MMP-2 rs243865 C>T
CC 3.39±0.93 5.41±0.85 3.56±1.35
CT 4.33±1.52

∗
6.06±1.60

∗
4.77±1.93

∗

TT 5.73±0.90
∗

7.55±0.82
∗

6.18±1.83
∗

MMP-2 rs2285053 C>T
CC 3.81±1.28 5.74±1.28 4.10±1.74
CT 3.86±1.46 5.73±1.28 4.07±1.85
TT 4.11±1.27 5.89±1.27 4.67±1.41

MMP-9 rs3918242 C>T
CC 4.33±1.25 6.15±1.32 4.79±1.67
CT 3.39±1.24 5.88±1.20 4.41±1.54
TT 2.57±0.65

∗
4.68±0.59

∗
2.23±0.79

∗

MMP-9 rs17576 A>G
AA 3.83±1.31 5.77±1.23 4.18±1.74
AG 3.77±1.37 5.68±1.32 4.01±1.80
GG 4.00±1.21 5.84±1.24 4.27±1.70

∗
P<.05 compared with the patients with CC or AA genotypes; MMP=matrix metalloproteinase, SAP=

5

serum amylase, urine amylase and the efficient albumin recovery in
CC genotype patients with rs243865 C>T site of MMP-2 gene
polymorphismwere all significantly shorter than those with CT and
TT genotypes, but the APACHE-II improved score was significantly
higher in comparison with CT and TT genotypes (all P<.05).
Patients with TT genotype of rs3918242 C>T site MMP-9 gene
polymorphism had significantly shorter time of abdominal pain and
and the efficacy of ulinastatin in treating patients with SAP.

y
Time of blood

amylase recovery
to normal (d) APACHE-II score

Before
treatment

After treatment
for 10 days

Improved
value

5.36±1.50 17.44±4.32 10.89±4.77 6.55±1.70
6.00±1.82

∗
17.81±4.57 13.17±5.39 4.64±2.60

∗

8.27±1.27
∗

16.91±4.89 12.55±6.89 4.36±4.50
∗

5.73±1.71 17.89±4.51 12.05±5.23 5.83±2.41
5.68±1.89 16.42±4.17 10.75±5.30 5.68±2.52
6.00±1.22 18.56±3.36 13.44±2.96 5.11±2.26

6.41±1.57 17.06±4.39 12.11±5.06 4.94±2.34
6.04±1.46 18.27±4.57 12.92±5.16 5.35±2.18
3.79±1.04

∗
16.89±4.01 8.70±4.39 8.19±1.30

∗

5.78±1.65 18.14±4.79 12.46±5.27 5.68±2.33
5.63±1.86 17.46±3.97 11.43±4.75 6.04±2.49
5.89±1.56 16.71±4.78 11.47±6.10 5.24±2.38

severe acute pancreatitis.
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Table 5

Association between MMP-2/MMP-9 polymorphisms and
APACHE-II improved score of SAP patients before and after
treatment with ulinastatin.

Genotype APACHE-II score
Before

treatment
After treatment
for 10 days

Improved
value

MMP-2 rs243865 C>T
CC 17.44±4.32 10.89±4.77 6.55±1.70
CT 17.81±4.57 13.17±5.39 4.64±2.60∗
TT 16.91±4.89 12.55±6.89 4.36±4.50∗

MMP-2 rs2285053 C>T
CC 17.89±4.51 12.05±5.23 5.83±2.41
CT 16.42±4.17 10.75±5.30 5.68±2.52
TT 18.56±3.36 13.44±2.96 5.11±2.26

MMP-9 rs3918242 C>T
CC 17.06±4.39 12.11±5.06 4.94±2.34
CT 18.27±4.57 12.92±5.16 5.35±2.18
TT 16.89±4.01 8.70±4.39 8.19±1.30∗

MMP-9 rs17576 A>G
AA 18.14±4.79 12.46±5.27 5.68±2.33
AG 17.46±3.97 11.43±4.75 6.04±2.49
GG 16.71±4.78 11.47±6.10 5.24±2.38

APACHE-II= acute physiology and chronic health evaluation-II, MMP=matrix metalloproteinase,
SAP= severe acute pancreatitis.
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abdominal distension, and blood serum amylase, urine amylase and
albumin recovery than those who with CC genotype, whereas the
APACHE-II improved score was significantly higher in comparison
with patientswithCC genotype (allP<.05).However, therewas no
significant difference in time of abdominal pain, blood amylase,
urinary amylase and albumin normalizing time and APACHE-II
score of patients with CC genotype of rs2285053C>T site carrying
MMP-2 gene polymorphism and patients with CT and TT
genotypes (all P >.05), while there was no significant difference
in time of abdominal pain, blood amylase, urinary amylase and
albumin normalizing time and APACHE-II score of patients with
AA genotype of rs2285053 C>T site carrying MMP-2 gene
polymorphismandpatientswithAGandGGgenotypes (allP>.05).
All these showed that patientswithCCgenotype rs243865C>T site
of MMP-2 gene polymorphism have better efficacy after treatment.
3.5. MMP-2(rs243865/rs2285053) and MMP-9(rs3918242/
rs17576) polymorphisms in the efficacy of ulinastatin in
treating patients with SAP

The linkage disequilibrium analysis of rs243865 C>T and
rs2285053 C>T sites of MMP-2 gene polymorphism and
rs3918242 C>T and rs17576 A>G sites of MMP-9 gene
Table 6

Multivariate logistic regression analysis suggests that MMP-2 gene
ulinastatin in treating patients with SAP.

Factor B SE

MMP-2∼rs243865CC 5.932 1.64
MMP-9∼rs3918242CC 2.546 1.11
Abdominal distention/pain disappearance time 0.261 0.39
Time of leukocyte recovery to normal 0.942 0.38
Time of urine amylase recovery to normal 0.267 0.51
Time of blood amylase recovery to normal 0.130 0.37
Improved value of APACHE-II score 0.974 0.25

95% CI=95% confidence interval, APACHE-II=acute physiology and chronic health evaluation-II, B= reg
severe acute pancreatitis, SE= standard error.
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polymorphism was performed, and the results showed that there
existed a strong linkage disequilibrium, and we could do
haplotype analysis in this study. Thus, Shesis software was used
for analyzing the haplotypes of rs243865 C>T and rs2285053
C>T sites of MMP-2 gene polymorphism and rs3918242 C>T
and rs17576 A>G sites of MMP-9 gene polymorphism, in which
genotypes with a frequency of less than 0.03 in each group should
be discarded. As shown in Table 6, the haplotype CC and CT
with rs243865 C>T and rs2285053 C>T sites of MMP-2
increased efficacy of ulinastatin in patients with SAP (OR =
0.501, 95% CI=0.316–0.797, P= .003; OR=0.138, 95% CI=
0.035–0.553, P= .001) and the haplotype TG and TA of MMP-9
rs3918242 C>T and rs17576 A>G sites increased efficacy of
ulinastatin in patients with SAP (OR=0.472, 95% CI=0.229–
0.976, P= .039; OR=0.443, 95% CI=0.235–0.836, P= .010).
All these results predominantly indicated that the haplotype CC
and CT of rs243865 C>T and rs2285053 C>T sites of MMP-2
gene polymorphism and the haplotype TG and TA rs3918242
C>T and rs17576 A>G sites of MMP-9 gene polymorphism has
improved the efficacy of ulinastatin in patients with SAP.
3.6. MMP-2 gene rs243865 C>T site C allele improves the
efficacy of ulinastatin in treating patients with SAP

The ulinastatin intravenous drip therapy was served as the
dependent variable, the rs243865 genotypes of MMP-2 gene
polymorphism, and the rs3918242 genotype of MMP-9 gene
polymorphism, the disappearance time of abdominal pain and
distension, blood amylase, urine amylase and leucocyte recovery
time, and the APACHE-II improved score were served as efficient
independent variables, which were included in the multivariate
logistic regression analysis. The results in the Table 7 showed that
the C allele on the MMP-2 gene polymorphism rs243865 C>T
site was a favorable factor affecting the efficacy of ulinastatin in
treating the patients with SAP (P<.05). However, the abnormal
leucocyte recovery time and improved value of APACHE-II score
ofMMP-9 gene polymorphism rs3918242C>T site allele C were
the unfavorable factors of ulinastatin treatment in the patients
suffering from SAP (P<.05). The results showed that notMMP-9
gene polymorphism rs3918242 C>T site C allele but MMP-2
gene polymorphism rs243865 C>T site C allele could improve
the ulinastatin treatment.
4. Discussion

A previous study showed that gene polymorphisms might have
potential effects on SAP treatment, thus we investigated the
rs243865 C>T site C allele is able to strengthen the efficacy of

OR 95% CI P

6 0.003 0.00 ∼ 0.067 <.001
3 12.757 1.439 ∼ 113.097 .022
4 1.298 0.559 ∼ 2.809 .508
1 2.566 2.217 ∼ 5.411 .013
6 1.306 0.475 ∼ 3.589 .605
3 1.013 0.488 ∼ 2.104 .972

2.648 1.622 ∼ 4.321 <.001

ression coefficient, MMP=matrix metalloproteinase, OR= odd ratio, R=goodness of fit index, SAP=
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genotype and alleles among 235 patients with SAP to the
synergistic effect of MMP-2 and MMP-9 gene polymorphisms on
the efficacyofulinastatin inpatients suffer fromSAPin this study.[25]

Consequently, our results showed that the synergistic effect of
MMP-2 and MMP-9 gene polymorphisms might be the biological
indicator for the efficacy of ulinastatin in patients with SAP.
SAP is different from mild AP due to the necrosis and

hemorrhage of pancreatic tissues, as well as the life-threatening
complications including electrolyte multiple organ dysfunction,
imbalance, and inflammation.[26] Ulinastatin functions as an
acid-resistant trypsin inhibitor and works through stabilizing the
lysosomal membranes and reducing organ dysfunctions, thereby
treating the local complications resulted from SAP.[27] By
comparing the diagnosed symptoms of pre-treatment and post-
treatment of patients with SAP, after the 10 days of ulinastatin
treatment, the duration of diagnosed symptoms with MMP-2
gene polymorphism rs243865 C>T site CC genotype including
abdominal distension and abdominal pain were noticed to be
reduced significantly. Besides, albumin was significantly raised
whereas the urine analysis, serum amylase and the APACHE-II
score were markedly decreased. Consistently, previous studies
noted that a reduction in the diagnosed symptoms and an
elevation in the laboratory tests might attribute to the inhibition
function of ulinastatin in the hydrolase enzyme activity of
elastase, and trypsin.[28,29] Therefore, this will result in improved
tissue perfusion and microcirculation, inhibition of inflammatory
mediator releasing and leukocyte activation. All these influences
with ulinastatin could contribute to a decrease in the damage
done to the human tissues and organs and a reduction in all kinds
of complications.[30]

Importantly, the study is based on the hypothesis that MMP-2
and MMP-9 gene polymorphism might be correlated with the
efficacy of ulinastatin in patients with SAP. As a collagenase type
IV with the major function of degradation of type IV collagen,
MMP-2 is a main component structured the basement membrane
as well as extracellular matrix.[31] MMP-9 is also a collagenase
type IV and is found to accelerate the invasion and migration of
inflammatory cells and vascular endothelial impairment, which is
linked to a worsened inflammatory response.[32,33] MMP-2 and
MMP-9 have been identified to be closely associated with acute
inflammatory reaction.[34] Efficacy of ulinastatin could be
improved by reducing the rate of acute respiratory distress
syndrome, in which ulinastatin has the ability to decrease
endotoxin absorption and inflammatory response to protect
tissues and organs as well as to preserve physiological functions
of tissues and organs by suppressing the hydrolytic enzyme
release.[35] A previous study indicated that ulinastatin could
lower the plasma amylase levels and notably decrease the
pathological changes in pancreas to diminish the risks of
complications.[11] It was also proved that ulinastatin could
influence the protective roles played by MMP-9 and MMP-2 in
tissues and organs.[36]

Moreover, our study predominantly demonstrates that the
effect on MMP-2 rs243865 C>T CC genotype and MMP-9
rs3918242 C>T TT genotype were noticed to be more obvious in
comparison with patients with other genotypes, which suggested
that MMP-2 gene polymorphism and MMP-9 gene polymor-
phism are associated with the efficacy of ulinastatin in patients
with SAP. Existed promoter factors including rs243865 C>T and
rs3918242 C>T of gene polymorphisms of MMP-2 andMMP-9
might influence the gene transcription and lesions in gene
function, respectively.[37,38] The rs243865 C>T transition in
7

MMP-2 gene enables to disrupt a Sp-1-binding site which
contributes to a reduced MMP-2 promoter activity, while the
transition of rs3918242 C>T in the MMP-9 gene has been
proposed to be the cause of an increased promoter activity.[39]

Results of our study also indicate that the MMP-2 expression in
the CC genotype was significantly increased compared with CT
and TT genotypes, and individuals with the MMP-9 gene TT
genotype had a higher risk consequence in comparison to the CC
and CT genotypes. Furthermore, the previously study also noted
that MMP-2 rs243865 C>T and MMP-9 rs3918242 C>T gene
polymorphisms were closely related to cancer susceptibility.[40,41]

In conclusion, the present study found that the synergistic effect
of MMP-2 gene polymorphism and MMP-9 gene polymorphism
promoted the efficacy of ulinastatin in patients with SAP.
However, larger sample sizes should also be included in the
further studies to obtain more creditable results due to some
limitations existing in the present study. Nevertheless, our
findings provide evidence for clinical practice of ulinastatin
treatment in patients with SAP.
Acknowledgment

We would like to express our gratitude for the helpful comments
received from our reviewers.
Author contributions

L. Ling and Y. Li designed the study. L. Ling, H. Li, and W. Li
collated the data, designed and developed the database, carried
out data analyses and produced the initial draft of the
manuscript. H.B. Zhang and Y. Li contributed to drafting the
manuscript. All authors have read and approved the final
submitted manuscript.
Conceptualization: Lan Ling, Yan Li.
Data curation: Yan Li.
Methodology: Lan Ling, Hong Li.
Resources: Hong Li.
Supervision: Wen Li.
Writing – original draft: Wen Li, Hong-Bo Zhang.
Writing – review & editing: Hong-Bo Zhang.
References

[1] Yi F, Ge L, Zhao J, et al. Meta-analysis: total parenteral nutrition versus
total enteral nutrition in predicted severe acute pancreatitis. Intern Med
2012;51:523–30.

[2] Zhen GD, Zhao LB, Wu SS, et al. Associations of MMP-2 and MMP-9
gene polymorphism with ulinastatin efficacy in patients with severe acute
pancreatitis. Biosci Rep 2017;37:

[3] Kylanpaa ML, Repo H, Puolakkainen PA. Inflammation and immuno-
suppression in severe acute pancreatitis. World J Gastroenterol
2010;16:2867–72.

[4] Wang HL, Yu KJ. Sequential blood purification therapy for critical
patients with hyperlipidemic severe acute pancreatitis. World J Gastro-
enterol 2015;21:6304–9.

[5] Maheshwari R, Subramanian RM. Severe acute pancreatitis and
necrotizing pancreatitis. Crit Care Clin 2016;32:279–90.

[6] Zerem E. Treatment of severe acute pancreatitis and its complications.
World J Gastroenterol 2014;20:13879–92.

[7] Beger HG, Rau BM. Severe acute pancreatitis: clinical course and
management. World J Gastroenterol 2007;13:5043–51.

[8] Janisch NH, Gardner TB. Advances in management of acute pancreatitis.
Gastroenterol Clin North Am 2016;45:1–8.

[9] Merza M, Hartman H, Rahman M, et al. Neutrophil extracellular traps
induce trypsin activation, inflammation, and tissue damage in mice with
severe acute pancreatitis. Gastroenterology 2015;149:1920–31.

http://www.md-journal.com


Ling et al. Medicine (2019) 98:24 Medicine
[10] Mehri A, Jalaie S. A systematic review on methods of evaluate sentence
production deficits in agrammatic aphasia patients: validity and
reliability issues. J Res Med Sci 2014;19:885–98.

[11] Feng C, SuX, Chen LI, et al. Ulinastatin enhances the therapeutic effect of
intraperitoneal lavage on severe acute pancreatitis in rats. Exp Ther Med
2015;9:1651–5.

[12] Gao C, Li R, Wang S. Ulinastatin protects pulmonary tissues from
lipopolysaccharide-induced injury as an immunomodulator. J Trauma
Acute Care Surg 2012;72:169–76.

[13] Hartman H, Wetterholm E, Thorlacius H, et al. Histone deacetylase
regulates trypsin activation, inflammation, and tissue damage in acute
pancreatitis in mice. Dig Dis Sci 2015;60:1284–9.

[14] Lu P, Takai K, Weaver VM, et al. Extracellular matrix degradation and
remodeling in development and disease. Cold Spring HarbPerspect Biol
2011;3:

[15] Verma RP, Hansch C. Matrix metalloproteinases (MMPs): chemical-
biological functions and (Q)SARs. BioorgMed Chem 2007;15:2223–68.

[16] Alexander K, Banos A, Abro S, et al. Levels of matrix metalloproteinases
in arthroplasty patients and their correlation with inflammatory and
thrombotic activation processes. Clin Appl ThrombHemost 2016;22:
441–6.

[17] Aynaci M, Tuncyurek P, Nart D, et al. Does matrix metalloproteinase
activity predict severity of acute pancreatitis. ANZ J Surg
2006;76:801–4.

[18] Chen P, Yuan Y, Wang S, et al. Serum matrix metalloproteinase 9 as a
marker for the assessment of severe acute pancreatitis. Tohoku J Exp
Med 2006;208:261–6.

[19] Bae MJ, Karadeniz F, Lee SG, et al. Inhibition of MMP-2 and MMP-9
activities by limonium tetragonum extract. PrevNutr Food Sci
2016;21:38–43.

[20] Liutkeviciene R, Lesauskaite V, Sinkunaite-Marsalkiene G, et al. MMP-2
Rs24386 (C–>T) gene polymorphism and the phenotype of age-related
macular degeneration. Int J Ophthalmol 2017;10:1349–53.

[21] Sun R, Huang Y, Zhang H, et al. MMP-2, TNF-alpha and NLRP1
polymorphisms in Chinese patients with ankylosing spondylitis and
rheumatoid arthritis. Mol Biol Rep 2013;40:6303–8.

[22] HoWM, Chen CM, Lee YS, et al. Association ofMMP-9 haplotypes and
TIMP-1 polymorphismwith spontaneous deep intracerebral hemorrhage
in the Taiwan population. PLoS One 2015;10:e0125397.

[23] Yang LX, Du LC, Liu X, et al. The role of four criteria in assessment of
the severity and prognosis of hyperlipidemic acute pancreatitis.
ZhonghuaNeiKe Za Zhi 2016;55:695–9.

[24] Hall TC, Stephenson JS, Jones MJ, et al. Is abdominal fat distribution
measured by axial CT imaging an indicator of complications and
mortality in acute pancreatitis. J Gastrointest Surg 2015;19:2126–31.

[25] Wu S, Hsu LA, Teng MS, et al. Interactive effects of C-reactive protein
levels on the association between APOE variants and triglyceride levels in
a Taiwanese population. Lipids Health Dis 2016;15:94.

[26] Zhang J, JiangMX,ZhengY, et al. Comparison of laparoscopy and open
surgery in treating severe acute pancreatitis and its relative aftercare. J
Biol RegulHomeost Agents 2016;30:189–95.
8

[27] Wang X, Zhuang X, Wei R, et al. Protective effects of Acanthopanax vs.
Ulinastatin against severe acute pancreatitis-induced brain injury in rats.
Int Immunopharmacol 2015;24:285–98.

[28] Pan Y, Fang H, Lu F, et al. Ulinastatin ameliorates tissue damage of
severe acute pancreatitis through modulating regulatory T cells. J
Inflamm (Lond) 2017;14:7.

[29] Park YS, Jeon YJ, Kim HS, et al. The GC + CC genotype at position -418
in TIMP-2 promoter and the -1575GA/-1306CC genotype in MMP-2 is
genetic predisposing factors for prevalence of moyamoya disease. BMC
Neurol 2014;14:180.

[30] Abraham P, Rodriques J, Moulick N, et al. Efficacy and safety of
intravenous ulinastatin versus placebo along with standard supportive
care in subjects with mild or severe acute pancreatitis. J Assoc Physicians
India 2013;61:535–8.

[31] Glebauskiene B, Liutkeviciene R, Vilkeviciute A, et al. Role of MMP-2
(-1306C/T) polymorphism in pituitary adenoma. Scientifica (Cairo)
2016;2016:2839697.

[32] Xu X, Jackson PL, Tanner S, et al. A self-propagating matrix
metalloprotease-9 (MMP-9) dependent cycle of chronic neutrophilic
inflammation. PLoS One 2011;6:e15781.

[33] Halade GV, Jin YF, Lindsey ML. Matrix metalloproteinase (MMP)-9: a
proximal biomarker for cardiac remodeling and a distal biomarker for
inflammation. PharmacolTher 2013;139:32–40.

[34] Kurzepa J, Madro A, Czechowska G, et al. Role of MMP-2 and MMP-9
and their natural inhibitors in liver fibrosis, chronic pancreatitis and non-
specific inflammatory bowel diseases. Hepatobiliary Pancreat Dis Int
2014;13:570–9.

[35] Guo H, Chen J, Suo D. Clinical efficacy and safety of ulinastatin plus
octreotide for patients with severe acute pancreatitis. Zhonghua Yi Xue
Za Zhi 2015;95:1471–4.

[36] Xu B, Li KP, Shen F, et al. Ulinastatin reduces cancer recurrence after
resection of hepatic metastases from colon cancer by inhibiting MMP-9
activation via the antifibrinolytic pathway. Biomed Res Int 2013;
2013:437950.

[37] Ritter AMV, de Faria AP, Barbaro NR, et al. The rs243866/243865
polymorphisms in MMP-2 gene and the relationship with BP control in
obese resistant hypertensive subjects. Gene 2018;646:129–35.

[38] Rodriguez-Perez JM, Vargas-Alarcon G, Posadas-Sanchez R, et al.
rs3918242 MMP9 gene polymorphism is associated with myocardial
infarction in Mexican patients. Genet Mol Res 2016;15:15017776.

[39] Peng B, Cao L, Ma X, et al. Meta-analysis of association between matrix
metalloproteinases 2, 7 and 9 promoter polymorphisms and cancer risk.
Mutagenesis 2010;25:371–9.

[40] Chaudhary AK, Chaudhary S, Ghosh K, et al. Secretion and expression
of matrix metalloproteinase-2 and 9 from bone marrow mononuclear
cells inmyelodysplastic syndrome and acutemyeloid leukemia. Asian Pac
J Cancer Prev 2016;17:1519–29.

[41] Zhou P, Du LF, Lv GQ, et al. Current evidence on the relationship
between four polymorphisms in the matrix metalloproteinases (MMP)
gene and breast cancer risk: a meta-analysis. Breast Cancer Res Treat
2011;127:813–8.


	MMP-2 and MMP-9 gene polymorphisms act as biological indicators for ulinastatin efficacy in patients with severe acute pancreatitis
	1 Introduction
	2 Methods
	2.1 Ethics statement
	2.2 Study subjects
	2.3 Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
	2.4 Treatment regimen and efficacy evaluation
	2.5 Statistical analysis

	3 Results
	3.1 Clinical outcomes of patients with SAP in the effective group and the ineffective group
	3.2 Identification for the genotyping of MMP-2 (rs243865, rs2285053) and MMP-9 (rs3918242, rs17576) gene polymorphisms by PCR-RFLP
	3.3 The loci of MMP-2 and MMP-9 gene polymorphisms in SAP patients treated with ulinastatin
	3.4 CC genotype rs243865 C&x003E;T site at MMP-2 supports ulinastatin in treating patients with SAP
	3.5 MMP-2&x0200A;(rs243865/rs2285053) and MMP-9&x0200A;(rs3918242/rs17576) polymorphisms in the efficacy of ulinastatin in treating patients with SAP
	3.6 MMP-2 gene rs243865 C&x003E;T site C allele improves the efficacy of ulinastatin in treating patients with SAP

	4 Discussion
	Acknowledgment
	Author contributions
	References


