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ABSTRACT: Matrix metalloproteinases (MMP) are key enzymes involved in cell and tissue remodeling during ovarian follicle
development and ovulation. The control of MMP9 transcription in ovarian follicles occurs through a core promoter region (2,400 to
—1,700 bp). The aim of this study was to screen genetic variations in the core promoter region and examine MMP9 transcription
regulation and reproduction performance. A single cytosine deletion/insertion polymorphism was found at —1954 C*/C". Genetic
association analysis indicated significant correlation between the deletion genotype (C) with total egg numbers at 28 weeks (p = 0.031).
Furthermore, luciferase-reporter assay showed the deletion genotype (C°) had significantly lower promoter activity than the insertion
genotype (C*) in primary granulosa cells (p<0.01). Therefore, the identified polymorphism could be used for marker-assisted selection to
improve chicken laying performance. (Key Words: Chicken, Matrix Metalloproteinases 9, Ovary, Polymorphism, Reproduction)

INTRODUCTION

In adult females, the reproductively active ovary goes
through dramatic tissue remodeling, along with structural
and functional alterations. These changes involve the
remodeling of extracellular matrix (ECM) in the ovarian
follicles throughout reproductive cycles (Rodgers et al.,
2003). Previous studies have established that matrix
metalloproteinases (MMPs) play key roles in the
degradation and re-synthesis of ECM (Page-McCaw et al.,
2007). These proteinases are also involved in regulating
basic cellular functions by processing other important
biofactors in the ovary (Curry and Osteen, 2003).

The MMP9 (gelatinase B) represents the largest and
most complex member of the MMP enzyme family and has
been extensively studied in different species (Van den Steen
et al., 2002). The MMP9 expression is highly regulated
during follicle development, ovulation, luteinization and
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regression in rat (Curry et al., 2001), pig (Ribeiro et al.,
2006), cattle (Imai et al., 2003), monkey (Peluffo et al.,
2011) and human (Oksjoki et al., 2004). It has also been
employed as a genetic marker for assessing follicular health
in cattle (McCaffery et al., 2000). The MMP9 levels in the
follicular fluid (Shalev et al., 2001; Baka et al., 2009; Baka
et al., 2010) and serum (Lewandowski et al., 2006; Liu et
al., 2008) were remarkably higher in polycystic ovary
syndrome (PCOS) women than healthy women, suggesting
that elevated levels of follicular proteinase activity could
cause the anovulation in PCOS ovaries (Henmi et al., 2001).
The MMP9 mRNA expression and protein activity were
also increased significantly in different types of human
ovarian cancer cells (Tamakoshi et al., 1994; Kikkawa et al.,
1997; Furuya et al., 2000; Sakata et al., 2000), which
suggested MMP9 could also serve as a diagnosis and
prognosis marker for ovarian cancer. The cause of the
abnormal MMP9 regulation remains unclear and thus
increasing investigation of MMP9 expression regulation in
the ovary may contribute to the better understanding of the
biology of PCOS and ovarian cancer.

Like humans, the domestic laying hen ovulates regularly,
makes it a suitable animal model for investigating the
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biology of follicle growth and ovulation. Hen is the only
non-human animal that spontaneously develops ovarian
cancer with a high prevalence (Johnson and Giles, 2013).
The irregular MMP3 expression associated with human
ovarian cancer was also found in chicken ovarian cancer
tissue (Choi et al., 2011) indicated that a tightly controlled
MMP system is important for the normal functioning of the
chicken ovary. We have recently analyzed the expression
patterns and the core promoter region of MMP9 gene in
chicken ovary (Zhu et al., 2014). Here in current study, in
order to determine whether the ovarian MMP9 expression
could affect the chicken follicle growth and ovulation, we
examined the genetic variations of MMP9 promoter in layer
populations and performed further transcriptional regulation
and genetic association analysis.

MATERIALS AND METHOD

Animals and DNA preparation

Xinyang Brown layers (Kang et al., 2012) is a hybrid
line of brown shell layer, which was bred from Rhode
Island Red and Rhode Island White with continuous
selection by Shanghai Poultry Breeding Co. Ltd. The
complete production population consists of the grandparent,
the parent and the commercial layer chickens. About 330
Xinyang Brown Layers were randomly selected from the
population of commercial generation layers in the same
farm and used in the association study. The laying pattern of
each hen was recorded daily. Egg production traits
including age at first egg (AFE) and total number of eggs at
28 weeks of age (E28) were used for polymorphism-trait
association analysis. A Chinese indigenous breed
(Wenchang) and a hybrid line (Hy-line Brown) were also
included in the genotyping analysis. Genomic DNA from
birds was extracted from blood samples using the TIANamp
Genomic DNA kit (Tiangen Biotech, Beijing, China). The
hens were handled and treated according to the Animal Care
and Use Committee of Shandong Agricultural University.

Polymerase chain reaction and sequencing

Primer pair was designed to amplify a fragment of the
promoter region according to chicken MMP9 gene sequence
(GenBank accession NC_006107.3). The primer sequences
were as follows: forward 5- TTGGCGGCCAGTGGGCCC
-3" and reverse 5- ACACAGCTGGCTCCAGGGTG -3'.
Polymerase chain reaction (PCR) was performed by mixing
1 pL (50 to 100 ng) of genomic DNA, 2 pL of dNTPs (2.5
mM each), 2 uL of MgCl, (25 mM), 1 uL of each primer
(25 uM), 0.2 uL of Taq polymerase (5 U/uL, TaKaRa Bio,
Dalian, China), and 2.5 pL of 10xTaq buffer in a 25 uL
volume, and running according to the following program:
95°C for 4 min, 35 cycles of 95°C for 40 s, 58°C for 40 s,
and 72°C for 40 s and final extension at 72°C for 5 min.
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The PCR products were electrophoresed on 1% agarose gel,
purified with AxyPrep DNA Gel Extraction Kit (Axygen
Biotechnology, Hangzhou, China) and sequenced using the
reverse primer. Sequences were edited and aligned using
DNAMAN program.

Plasmid construction

Based on the sequencing analysis, three genotypes
(C'C*, C*'C, CC) at the —1,954 of MMP9 promoter region
were discovered. Using the following primers: forward 5'-
TTTCTCGTGCCGCATTGTTCCT-3" and reverse 5'-
CAGAGGAGGGTGAAGCTGTGCC-3, the 5'-regulatory
region from —3,842 to —14 bp of the chicken MMP9 gene,
where +1 is the transcription initiation site, was cloned. The
PCR fragments contain each of the alleles were cloned into
the pGL-3 basic luciferase reporter vector (Promega,
Madison, WI, USA).

Granulosa cell culture and plasmid transfection

The granulosa cell isolation and transfection procedures
were according to previous protocol (Zhu et al., 2012). The
hen ovaries were isolated and placed in phosphate buffered
saline (HyClone, Logan, UT, USA). The granulosa layer
from F2 to F4 follicles were separated from the follicle and
the granulosa cells were dispersed by treatment with 0.3%
collagenase at 37°C for 10 min with gentle agitation in a
flask. After centrifugation, the cells were suspended in
culture medium (M199 with 2.5% fetal bovine serum and
1% penicillin/streptomycin) and subsequently seeded in 24-
well culture plates at a density of 2x10%well. The number
of viable cells (>90%) was estimated using Trypan blue.
Cells were cultured at 39°C in a water-saturated atmosphere
of 95% air and 5% CO,. The cells were transfected with the
luciferase  reporter plasmids (800 ng/well) using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA).
Transfection efficiency was normalized by co-transfection
of 30 ng of the Renilla luciferase reporter plasmid (pRL-
CMV vector, Promega, Madison, WI, USA). At 48 h after
transfection, the cells were lysed and assayed for luciferase
activity using the dual-luciferase reporter assay system
(Promega, USA). The enzymatic activity of luciferase was
measured with a Modulus Luminometer (Turner
Biosystems, Sunnyvale, CA, USA).

Statistical analysis

Hardy-Weinberg equilibrium was tested employing the
exact probability test in POPGENE version 1.32. The
associations of MMP9 promoter genotypes with egg
production traits including AFE and E28 were analyzed in
Xinyang Brown chicken populations using the general
linear model of SAS (SAS Institute Inc). The estimated
genotype values were compared by Duncan’s Multiple
Range Test of SAS. The statistical model was shown as
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Figure 1. Sequencing analysis of the —1954 (C*/C") polymorphism of chicken matrix metalloproteinases 9 promoter. Partial sequencing
results, arrows indicate the polymorphism sites. We designated the cytosine deletion as —1954 (C*/C") polymorphism but the deletion

could be one of the three consecutive cytosines.

following:
Yij = ptGitTitey;,

where Y was phenotypic value of traits, p was the
population mean, G; was the fixed effect of genotypes
(include additive effect and dominance effect), T; was the
fixed effect of tier floor of the farm house, and e;; was the
random residual error. The difference between genotypic
effects were considered as significant when p<0.05. The
additive effects and dominance effects of the MMP9 gene
promoter polymorphism were estimated using the REG
procedure of the SAS version 8.0 (Liu, 1998). In short,
Additive = (AA-BB)/2, Dominance = AB — (AA+BB)/2,
where AA, AB, and BB are the least squares means of
genotype C*C*, C*C", and C"'C™ groups, respectively. One-
way analysis of variance was used to examine the
difference of the luciferase activity of different genotypes
C'C* and C'C™ of MMP9 promoter-reporters and when
p<0.05 the difference was considered as significant.

RESULTS AND DISCUSSION

The MMP9 is the least conserved member of the MMP
family during evolution (Hahn-Dantona et al., 2000).
Comparing the MMP9 protein sequences of different
species revealed that MMP9s of fish, amphibian and
chicken are markedly different from mammalian MMP9s
(Takeuchi et al., 2002; Yeh and Klesius, 2008). However,
the cis-regulatory elements of the MMP9 promoter in
chicken and other species suggested a certain level of

conservation (Zhu et al., 2014). We have previously
identified the —2,400 to —1,700 bp region of the chicken
MMP9 promoter that is necessary for the basal transcription
of MMP9 gene in the ovary. To further investigate the
MMP9 transcription regulation, we screened for genetic
variations located in the core promoter region by
sequencing different individuals and identified a cytosine
insertion/deletion polymorphism at —1,954 bp (Figure 1).

More than four hundred hens from three populations
representing Chinese indigenous breed and hybrid lines
were genotyped in regards to the cytosine insertion/deletion
polymorphism at —1,954 bp using PCR based assay. The
allele and genotype frequencies of the (-1,954 C*/C)
polymorphism in different populations are shown in Table 1.
In Xinyang Brown hens, the genotypes of the (1,954 C*/C")
polymorphism were evenly distributed between the C* and
C alleles. In each of the other populations, the (-1,954
C*/C") polymorphism locus was dominated by the insertion
allele (C").

The relationship between the (1,954 C*/C)
polymorphism and the reproduction traits were analyzed in
Xinyang Brown chicken population (Table 2). Hens with
C'C and CC™ genotypes had higher total number of E28
and shorter age AFE than the individuals with the C*C*
genotype, although the AFE did not reach a statistical
significance with the present sample size. Our results
showed that C™ allele has positive effects on egg production
and the (1,954 C*/C") polymorphism could be used as a
selection marker in chicken breeding to improve laying
performance. Comparatively, MMP9 gene polymorphisms
were also associated with the litter size traits in pig

Table.1. Allele and genotype frequencies of the —1,954 (C*/C") polymorphism in the promoter region of chicken MMP9 gene and the

Hardy-Weinberg equilibrium test

Breed Sample size _ Genotype+frf>quency _ A+Ilele frequencyﬁ o value
cc c'C ccC C C

Xinyang brown 330 0.34 0.43 0.23 0.56 0.44 0.4

Hy-line brown 50 0.68 0.32 0 0.84 0.16 0.19

Wenchang 88 0.56 0.44 0 0.78 0.22 0.009

MMP9, matrix metalloproteinases 9.
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Table 2. Least square meanssstandard errors of AFE and E28 according to genotypes at the —1954 (C*/C") polymorphism of MMP9

promoter region in Xinyang Brown chicken

Genotype
Traits — - Yp — Additive effect Dominance effect
c'C c'C ccC
E28 26.08%+0.92 29.2°+0.78 31.22°+0.81 2.57+1.87* 0.55+0.31
AFE 160.8+1.8 158+0.8 159.1+2.9 -0.9+0.7 -2.0%15

AFE, age at first egg; E28, total number of eggs at 28 weeks of age; MMP9, matrix metalloproteinases 9.

Means within a row lacking a common superscript differ (p<0.05).
* Indicates significant effect (p<0.05).

populations (Niu et al., 2013). Many of the biological
aspects of MMP9, including catalytic and non-catalytic
activities, as well as specific MMP9 substrates have been
implicated in reproduction biology (Vandooren et al., 2013).
These results together indicated that genetic variations of
MMP9 could lead to abnormal follicle development and
ovulation in different species.

Next, we tried to determine the functional significance
of the polymorphism in the MMP9 promoter. The MMP9
was expressed predominantly in follicular granulosa cells of
chicken ovary (Zhu et al., 2014). To test whether the two
alleles of the (1,954 C*/C") polymorphism in the core
promoter region have different transcriptional activities in
ovarian tissues, we transfected chicken granulosa cells with
pGL3-MMP9-(C*)-promoter-reporter  vectors,  pGL3-
MMP9-(C")-promoter-reporter vectors or the control pGL3-
basic reporter vectors, respectively. In chicken granulosa
cells, both constructs containing either one of the MMP9
promoter variants showed much higher luciferase activity
than the promoterless vector, and the promoter with the
insertion allele (C*) displayed significant greater luciferase
activity than the promoter with deletion allele (C7) (Figure
2). This indicates that the polymorphism (C*) could cause
an increase in MMP9 expression by changing the affinity of
the core promoter region to different transcriptional
activators or repressors.
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Figure 2. Analysis of the promoter activity of the two constructs
in the chicken granulosa cells. The pGL3-basic vector was used as
a control. A renilla luciferase reporter plasmid was used as an
internal control to correct the transfection efficiency. Bars with
different superscript letters are significantly different (p<0.01).
Data are presented as meantSEM from at least 4 independent
experiments. SEM, standard error of the mean.

Using the TFSEARCH online tool (Heinemeyer et al.,
1998), we sought to establish those transcription factors that
can bind to the cis-elements containing either allele of the
polymorphism. In the presence of C* allele, a binding site
for the nuclear factor-1 (NF-1) was abolished, and therefore,
the two alleles of the (-1,954 C*/C") polymorphism may
have different binding affinity for NF-1 at this locus. The
NF-1 family members can either activate or repress gene
transcription in different cells (Liu et al., 1997; Pjanic et al.,
2011). These data indicate that the higher transcriptional
activity of the MMP9 promoter containing the C* allele at
the polymorphic locus may be caused by the loss of NF-1
binding, which represses MMP9 transcription in chicken
granulosa cells, but further investigation is required to
confirm the role of NF-1 in MMP9 transcriptional
regulation.

Reproductive traits are complex quantitative traits
involving multiple genes, loci and interactions. Hence, it
cannot be ruled out that the identified genetic-traits
associations could be caused by SNPs in linkage with the
MMP9 promoter and not by the MMP9 gene expression
itself. Whether the decreased MMP9 expression in follicle
cells can contribute to the improved egg production still
requires further physiological and biochemical evidence.
Nevertheless, MMP9 deficiency in mice significantly
reduced the litter size indicated that MMP9 expression is
necessary for normal mammalian reproduction (Dubois et
al., 2000). We propose that the fine-tuning of MMP9
expression in the chicken ovary could contribute to efficient
follicle maturation and ovulation. In summary, our results
not only demonstrated that the chicken MMP9 gene
promoter (—1954 C*/C") polymorphism is associated with
the egg production traits, but also provided first evidence of
the transcriptional regulation on this polymorphic locus.
Further investigations will be performed to determine
whether (-1,954 C*/C") in MMP9 promoter is causative for
the variation in reproductive performance.

ACKNOWLEDGMENTS
This work was supported by the National Natural

Science Foundation of China (No. 31272435, 31301974),
the Agricultural Elite Breeds Project of Shandong Province



1530

and the Innovation and Application Research of Poultry
Grant of Shandong province. We appreciate the help from
Huaxiang Yan and Changsuo Yang for collecting Xinyang
Brown chicken samples.

REFERENCES

Baka, S., K. Zourla, E. Kouskouni, E. Makrakis, S. Demeridou, D.
Tzanakaki, D. Hassiakos, and G. Creatsas. 2010. Matrix
metalloproteinases 2 and 9 and their tissue inhibitors in the
follicular fluid of patients with polycystic ovaries undergoing
in vitro fertilisation. In Vivo 24:293-296.

Baka, S., K. Zourla, A. Malamitsi-Puchner, E. Makrakis, G.
Kaparos, S. Demeridou, T. Moustakarias, D. Tzanakaki, D.
Hassiakos, and E. Kouskouni. 2009. Intrafollicular levels of
matrix metalloproteinases-2 and -9 in patients with polycystic
ovaries are not associated with pregnancy rate during IVF
cycle. In Vivo 23:89-92.

Choi, J. W, S. E. Ahn, D. Rengaraj, H. W. Seo, W. Lim, G. Song,
and J. Y. Han. 2011. Matrix metalloproteinase 3 is a stromal
marker for chicken ovarian cancer. Oncol. Lett. 2:1047-1051.

Curry, T. E, Jr. and K. G Osteen. 2003. The matrix
metalloproteinase system: Changes, regulation, and impact
throughout the ovarian and uterine reproductive cycle. Endocr.
Rev. 24:428-465.

Curry, T. E,, Jr, L. Song, and S. E. Wheeler. 2001. Cellular
localization of gelatinases and tissue inhibitors of
metalloproteinases during follicular growth, owvulation, and
early luteal formation in the rat. Biol. Reprod. 65:855-865.

Dubois, B., B. Arnold, and G. Opdenakker. 2000. Gelatinase B
deficiency impairs reproduction. J. Clin. Invest. 106:627-628.

Furuya, M., H. Ishikura, Y. Ogawa, Y. Kawarada, M. Shibata, S.
Fujimoto, and T. Yoshiki. 2000. Analyses of matrix
metalloproteinases and their inhibitors in cyst fluid of serous
ovarian tumors. Pathobiology 68:239-244.

Hahn-Dantona, E. A., R. T. Aimes, and J. P. Quigley. 2000. The
isolation, characterization, and molecular cloning of a 75-kDa
gelatinase B-like enzyme, a member of the matrix
metalloproteinase (MMP) family. An avian enzyme that is
MMP-9-like in its cell expression pattern but diverges from
mammalian gelatinase B in sequence and biochemical
properties. J. Biol. Chem. 275:40827-40838.

Heinemeyer, T., E. Wingender, I. Reuter, H. Hermjakob, A. E. Kel,
O. V. Kel, E. V. Ignatieva, E. A. Ananko, O. A. Podkolodnaya,
F. A. Kolpakov, N. L. Podkolodny, and N. A. Kolchanov. 1998.
Databases on transcriptional regulation: TRANSFAC, TRRD
and COMPEL. Nucl. Acids Res. 26:362-367.

Henmi, H., T. Endo, K. Nagasawa, T. Hayashi, M. Chida, N.

Akutagawa, M. Iwasaki, Y. Kitajima, T. Kiya, A. Nishikawa, K.

Manase, and R. Kudo. 2001. Lysyl oxidase and MMP-2
expression in dehydroepiandrosterone-induced polycystic
ovary in rats. Biol. Reprod. 64:157-162.

Imai, K., M. A. Khandoker, M. Yonai, T. Takahashi, T. Sato, A. Ito,
Y. Hasegawa, and K. Hashizume. 2003. Matrix
metalloproteinases-2 and -9 activities in bovine follicular fluid
of different-sized follicles: Relationship to intra-follicular
inhibin and steroid concentrations. Domest. Anim. Endocrinol.
24:171-183.

Zhu and Jiang (2014) Asian Australas. J. Anim. Sci. 27:1526-1531

Johnson, P. A. and J. R. Giles. 2013. The hen as a model of ovarian
cancer. Nat. Rev. Cancer 13:432-436.

Kang, L., N. B. Zhang, Y. J. Zhang, H. X. Yan, H. Tang, C. S.
Yang, H. Wang, and Y. L. lJiang. 2012. Molecular
characterization and identification of a novel polymorphism of
200 bp indel associated with age at first egg of the promoter
region in chicken follicle-stimulating hormone receptor
(FSHR) gene. Mol. Biol. Rep. 39:2967-2973.

Kikkawa, F., K. Tamakoshi, A. Nawa, K. Shibata, S. Yamagata, T.
Yamagata, and N. Suganuma. 1997. Positive correlation
between inhibitors of matrix metalloproteinase 1 and matrix
metalloproteinases in malignant ovarian tumor tissues. Cancer
Lett. 120:109-115.

Lewandowski, K. C., J. Komorowski, C. J. O'Callaghan, B. K. Tan,
J. Chen, G. M. Prelevic, and H. S. Randeva. 2006. Increased
circulating levels of matrix metalloproteinase-2 and -9 in
women with the polycystic ovary syndrome. J. Clin.
Endocrinol. Metab. 91:1173-1177.

Liu, B, L. Y. Cai, H. M. Ly, L. Xia, Y. J. Zhang, H. X. Zhang, and
Y. M. Guan. 2008. Raised serum levels of matrix
metalloproteinase-9 in women with polycystic ovary syndrome
and its association with insulin-like growth factor binding
protein-1. Gynecol. Endocrinol. 24:285-288.

Liu, B. H. 1998. Statistical Genomics: Linkage, Mapping, and
QTL Analysis. CRC Press, Boca Raton, FL, USA.

Liu, Y., H. U. Bernard, and D. Apt. 1997. NFI-B3, a novel
transcriptional repressor of the nuclear factor | family, is
generated by alternative RNA processing. J. Biol. Chem.
272:10739-10745.

McCaffery, F. H., R. Leask, S. C. Riley, and E. E. Telfer. 2000.
Culture of bovine preantral follicles in a serum-free system:
markers for assessment of growth and development. Biol.
Reprod. 63:267-273.

Niu, B., F. Li, Y. Xiong, and X. Wang. 2013. Characterization and
association analysis with litter size traits of porcine matrix
metalloproteinase-9 gene (pMMP-9). Appl. Biochem.
Biotechnol. 171:786-794.

Oksjoki, S., O. Rahkonen, M. Haarala, E. Vuorio, and L. Anttila.
2004. Differences in connective tissue gene expression
between normally functioning, polycystic and post-
menopausal ovaries. Mol. Hum. Reprod. 10:7-14.

Page-McCaw, A., A. J. Ewald, and Z. Werb. 2007. Matrix
metalloproteinases and the regulation of tissue remodelling.
Nat. Rev. Mol. Cell Biol. 8:221-233.

Peluffo, M. C., M. J. Murphy, S. T. Baughman, R. L. Stouffer, and
J. D. Hennebold. 2011. Systematic analysis of protease gene
expression in the rhesus macaque ovulatory follicle:
metalloproteinase  involvement in  follicle  rupture.
Endocrinology 152:3963-3974.

Pjanic, M., P. Pjanic, C. Schmid, G. Ambrosini, A. Gaussin, G.
Plasari, C. Mazza, P. Bucher, and N. Mermod. 2011. Nuclear
factor | revealed as family of promoter binding transcription
activators. BMC Genomics 12:181.

Ribeiro, L. A., M. E. Turba, A. Zannoni, M. L. Bacci, and M.
Forni. 2006. Gelatinases, endonuclease and Vascular
Endothelial Growth Factor during development and regression
of swine luteal tissue. BMC Dev. Biol. 6:58.

Rodgers, R. J., H. F. Irving-Rodgers, and D. L. Russell. 2003.
Extracellular matrix of the developing ovarian follicle.


http://iv.iiarjournals.org/content/24/3/293.short
http://iv.iiarjournals.org/content/24/3/293.short
http://iv.iiarjournals.org/content/24/3/293.short
http://iv.iiarjournals.org/content/24/3/293.short
http://iv.iiarjournals.org/content/23/1/89.short
http://iv.iiarjournals.org/content/23/1/89.short
http://iv.iiarjournals.org/content/23/1/89.short
http://iv.iiarjournals.org/content/23/1/89.short
http://www.spandidos-publications.com/ol/2/6/1047
http://www.spandidos-publications.com/ol/2/6/1047
http://press.endocrine.org/doi/abs/10.1210/er.2002-0005
http://press.endocrine.org/doi/abs/10.1210/er.2002-0005
http://press.endocrine.org/doi/abs/10.1210/er.2002-0005
http://www.biolreprod.org/content/65/3/855.short
http://www.biolreprod.org/content/65/3/855.short
http://www.biolreprod.org/content/65/3/855.short
http://www.biolreprod.org/content/65/3/855.short
http://www.jci.org/articles/view/10910
http://www.jci.org/articles/view/10910
http://www.karger.com/Article/Abstract/55932
http://www.karger.com/Article/Abstract/55932
http://www.karger.com/Article/Abstract/55932
http://www.jbc.org/content/275/52/40827.short
http://www.jbc.org/content/275/52/40827.short
http://www.jbc.org/content/275/52/40827.short
http://www.jbc.org/content/275/52/40827.short
http://www.jbc.org/content/275/52/40827.short
http://www.jbc.org/content/275/52/40827.short
http://www.jbc.org/content/275/52/40827.short
http://nar.oxfordjournals.org/content/26/1/362.short
http://nar.oxfordjournals.org/content/26/1/362.short
http://www.biolreprod.org/content/64/1/157.short
http://www.biolreprod.org/content/64/1/157.short
http://www.biolreprod.org/content/64/1/157.short
http://www.domesticanimalendo.com/article/S0739-7240(02)00235-7/abstract
http://www.domesticanimalendo.com/article/S0739-7240(02)00235-7/abstract
http://www.domesticanimalendo.com/article/S0739-7240(02)00235-7/abstract
http://www.domesticanimalendo.com/article/S0739-7240(02)00235-7/abstract
http://www.nature.com/nrc/journal/v13/n6/abs/nrc3535.html
http://www.nature.com/nrc/journal/v13/n6/abs/nrc3535.html
http://link.springer.com/article/10.1007/s11033-011-1058-x
http://link.springer.com/article/10.1007/s11033-011-1058-x
http://link.springer.com/article/10.1007/s11033-011-1058-x
http://link.springer.com/article/10.1007/s11033-011-1058-x
http://link.springer.com/article/10.1007/s11033-011-1058-x
http://www.cancerletters.info/article/S0304-3835(97)00295-4/abstract
http://www.cancerletters.info/article/S0304-3835(97)00295-4/abstract
http://www.cancerletters.info/article/S0304-3835(97)00295-4/abstract
http://press.endocrine.org/doi/abs/10.1210/jc.2005-0648
http://press.endocrine.org/doi/abs/10.1210/jc.2005-0648
http://press.endocrine.org/doi/abs/10.1210/jc.2005-0648
http://informahealthcare.com/doi/abs/10.1080/09513590802056995
http://informahealthcare.com/doi/abs/10.1080/09513590802056995
http://informahealthcare.com/doi/abs/10.1080/09513590802056995
http://informahealthcare.com/doi/abs/10.1080/09513590802056995
http://www.jbc.org/content/272/16/10739.short
http://www.jbc.org/content/272/16/10739.short
http://www.jbc.org/content/272/16/10739.short
http://www.biolreprod.org/content/63/1/267.short
http://www.biolreprod.org/content/63/1/267.short
http://link.springer.com/article/10.1007/s12010-013-0396-7
http://link.springer.com/article/10.1007/s12010-013-0396-7
http://link.springer.com/article/10.1007/s12010-013-0396-7
http://molehr.oxfordjournals.org/content/10/1/7.short
http://molehr.oxfordjournals.org/content/10/1/7.short
http://molehr.oxfordjournals.org/content/10/1/7.short
http://www.nature.com/nrm/journal/v8/n3/abs/nrm2125.html
http://www.nature.com/nrm/journal/v8/n3/abs/nrm2125.html
http://press.endocrine.org/action/showCitFormats?doi=10.1210%2Fen.2011-1172
http://press.endocrine.org/action/showCitFormats?doi=10.1210%2Fen.2011-1172
http://press.endocrine.org/action/showCitFormats?doi=10.1210%2Fen.2011-1172
http://www.biomedcentral.com/1471-2164/12/181
http://www.biomedcentral.com/1471-2164/12/181
http://www.biomedcentral.com/1471-2164/12/181
http://www.biomedcentral.com/1471-213X/6/58
http://www.biomedcentral.com/1471-213X/6/58
http://www.biomedcentral.com/1471-213X/6/58
http://www.reproduction-online.org/content/126/4/415.short

Zhu and Jiang (2014) Asian Australas. J. Anim. Sci. 27:1526-1531

Reproduction 126:415-424.

Sakata, K., K. Shigemasa, N. Nagai, and K. Ohama. 2000.
Expression of matrix metalloproteinases (MMP-2, MMP-9,
MT1-MMP) and their inhibitors (TIMP-1, TIMP-2) in
common epithelial tumors of the ovary. Int. J. Oncol. 17:673-
681.

Shalev, E., S. Goldman, and I. Ben-Shlomo. 2001. The balance
between MMP-9 and MMP-2 and their tissue inhibitor
(TIMP)-1 in luteinized granulosa cells: comparison between
women with PCOS and normal ovulatory women. Mol. Hum.
Reprod. 7:325-331.

Takeuchi, K., S. Kubota, M. Kinoshita, H. Toyohara, and M.
Sakaguchi. 2002. Cloning and characterization of cDNA for
carp matrix metalloproteinase 9. Fish. Sci. 68:610-617.

Tamakoshi, K., F. Kikkawa, A. Nawa, O. Maeda, M. Kawai, N.
Sugamuma, S. Yamagata, and Y. Tomoda. 1994. Different
pattern of zymography between human gynecologic normal
and malignant tissues. Am. J. Obstet. Gynecol. 171:478-484.

1531

Van den Steen, P. E., B. Dubois, |. Nelissen, P. M. Rudd, R. A.
Dwek, and G. Opdenakker. 2002. Biochemistry and molecular
biology of gelatinase B or matrix metalloproteinase-9 (MMP-
9). Crit. Rev. Biochem. Mol. Biol. 37:375-536.

Vandooren, J.,, P. E. Van den Steen, and G. Opdenakker. 2013.
Biochemistry and molecular biology of gelatinase B or matrix
metalloproteinase-9 (MMP-9): The next decade. Crit. Rev.
Biochem. Mol. Biol. 48:222-272.

Yeh, H. Y. and P. H. Klesius. 2008. Complete structure, genomic
organization, and expression of channel catfish (lIctalurus
punctatus, Rafinesque 1818) matrix metalloproteinase-9 gene.
Biosci. Biotechnol. Biochem. 72:702-714.

Zhu, G, L. Kang, Q. Wei, X. Cui, S. Wang, Y. Chen, and Y. Jiang.
2014. Expression and regulation of MMP1, MMP3, and
MMP9 in the chicken ovary in response to gonadotropins, sex
hormones, and TGFB1. Biol. Reprod. 90:57, 1-11.

Zhu, G, L. Kang, C. Yang, X. Zhang, M. Wang, and Y. Jiang. 2012.
Differential expression of CTGF in pre- and post-ovulatory
granulosa cells in the hen ovary is regulated by TGFbetal and
gonadotrophins. Gen. Comp. Endocrinol. 178:314-322.


http://www.ingentaconnect.com/content/sp/ijo/2000/00000017/00000004/art00006
http://www.ingentaconnect.com/content/sp/ijo/2000/00000017/00000004/art00006
http://www.ingentaconnect.com/content/sp/ijo/2000/00000017/00000004/art00006
http://molehr.oxfordjournals.org/content/7/4/325.short
http://molehr.oxfordjournals.org/content/7/4/325.short
http://molehr.oxfordjournals.org/content/7/4/325.short
http://molehr.oxfordjournals.org/content/7/4/325.short
http://onlinelibrary.wiley.com/doi/10.1046/j.1444-2906.2002.00468.x/abstract;jsessionid=7DAD66FD7B613D6FB5F47C32CBACB9FB.f02t03?deniedAccessCustomisedMessage=&userIsAuthenticated=false
http://onlinelibrary.wiley.com/doi/10.1046/j.1444-2906.2002.00468.x/abstract;jsessionid=7DAD66FD7B613D6FB5F47C32CBACB9FB.f02t03?deniedAccessCustomisedMessage=&userIsAuthenticated=false
http://www.ajog.org/article/0002-9378(94)90286-0/abstract
http://www.ajog.org/article/0002-9378(94)90286-0/abstract
http://www.ajog.org/article/0002-9378(94)90286-0/abstract
http://informahealthcare.com/doi/abs/10.1080/10409230290771546
http://informahealthcare.com/doi/abs/10.1080/10409230290771546
http://informahealthcare.com/doi/abs/10.1080/10409230290771546
http://informahealthcare.com/doi/abs/10.3109/10409238.2013.770819
http://informahealthcare.com/doi/abs/10.3109/10409238.2013.770819
http://www.tandfonline.com/doi/abs/10.1271/bbb.70579#.U_xCN_l_uqE
http://www.tandfonline.com/doi/abs/10.1271/bbb.70579#.U_xCN_l_uqE
http://www.tandfonline.com/doi/abs/10.1271/bbb.70579#.U_xCN_l_uqE
http://www.biolreprod.org/content/early/2014/01/16/biolreprod.113.114249.short
http://www.biolreprod.org/content/early/2014/01/16/biolreprod.113.114249.short
http://www.biolreprod.org/content/early/2014/01/16/biolreprod.113.114249.short
http://www.ncbi.nlm.nih.gov/pubmed/22732080
http://www.ncbi.nlm.nih.gov/pubmed/22732080
http://www.ncbi.nlm.nih.gov/pubmed/22732080

