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In mammals, membrane-bound matrix metalloproteinases (MT-MMPs) are thought to play an
important role in ovarian remodeling. However, the role and regulation of these proteases in the ovary
of birds remain largely unknown. One of MT-MMPs, i.e., MMP-16, has been found in the hen ovary;
therefore, this study was undertaken to examine whether the transcript level of MMP-16 changes
during follicle development and whether gonadotropins and estrogen are involved in the regulation of
this enzyme expression. The relative expression of MMP-16 mRNA in the ovarian follicles (white,
yellowish, small yellow, and the granulosa and theca layers of three of the largest yellow preovulatory
[F3-F1]) was examined 22 h and 3 h before F1 follicle ovulation as well as following equine chorionic
gonadotropin (eCG) or tamoxifen (estrogen receptor modulator, TMX) treatments by quantitative
real-time polymerase chain reaction (qRT-PCR). MMP-16 transcripts were detected in all examined
ovarian tissues of control and treated hens. The relative expression of MMP-16 depended on follicular
size/maturation and the layer of the follicular wall. A relatively higher expression of MMP-16 mRNA
in the granulosa layer at 3 h compared to 22 h before ovulation of F1 was found. The injections of eCG
decreased transcript abundance of MMP-16 in white and small yellow follicles, as well as in the theca
layer of F3-F2 and the granulosa layer of the F1 follicle. In turn, TMX caused an increase in mRNA
expression of MMP-16 in the theca layer of the largest preovulatory follicles and a decrease in the
granulosa layer of the F1 follicle. Our results provide the first mRNA expression analysis of MMP-16
in the hen ovary under different physiological states. In addition, results indicate a possible role of
gonadotropins and estrogen in regulating the transcription of MMP-16 in the chicken ovary.
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The ovary of the mature laying hen is composed of
follicles at different developmental stages. The most
numerous pool is represented by slow-growing pre-
hierarchical follicles: primordial embedded in the
ovarian stroma (<1 mm in diameter), white (1-4 mm;
WFs), and yellowish (4-8 mm, YFs). The next group
consists of the fast-growing follicles arranged into
a distinct preovulatory hierarchy: small yellow folli-
cles (8-12 mm; SYFs) and large yellow follicles
(12-35 mm; Fn-F1), where the most mature follicle
(F1) is the first in line to ovulate. The second largest
follicle (F2) ovulates next day and so forth (BAHR
& JOHNSON 1984). The structure remaining after oo-
cyte release is a postovulatory follicle (POF) contain-
ing the theca (interna and externa) and granulosa

layers. The POF gradually regresses and is com-
pletely resorbed within 7-10 days. Several pre-
hierarchical atretic follicles are also present in the hen
ovary (HRABIA 2022).

Growth, development, ovulation, and subsequent
regression of ovarian follicles require intensive and
extensive turnover of the extracellular matrix (ECM).
The ECM components influence the proliferation,
differentiation, apoptosis, and adhesion of cells;
therefore, the ECM plays a significant role in proper
follicle development, function, and atresia/regression
(NY et al. 2002; SMITH et al. 2002). The structural
changes in the ECM are regulated by various prote-
ases. A growing body of evidence indicates that
among them are matrix metalloproteinases (MMPs),
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which are endopeptidases that are capable of degrad-
ing ECM components in different tissues, including
reproductive tissues (HRABIA 2021).

MMPs are large group of zinc- and calcium-
dependent enzymes also engaged in the activation and
release of signaling proteins. Regarding their struc-
tural organization and substrate preference, five groups
of MMPs are indicated: collagenases (MMP-1,
MMP-8, and MMP-13), gelatinases (MMP-2 and
MMP-9), stromelysins (MMP-3, MMP-10, and
MMP-11), matrilysins (MMP-7 and MMP-26),
membrane-bound MMPs (MT-MMPs: MMP-14,
MMP-16, MMP-17, MMP-24, MMP-26), and other
non-classified MMPs. MT-MMPs are unique because
in contrast to other subgroups of MMPs, they are an-
chored onto the extracellular cell surface by a single-
pass transmembrane domain (MMP-14, MMP-15,
MMP-16, and MMP-24) or by a glycophosphatidyli-
nositol (GPI) linkage (MMP-17 and MMP-25). Regu-
lation of MMP transcription is under the influence of
growth factors, cytokines, and hormones. Active
forms of these endopeptidases are inhibited by non-
specific inhibitors such as á2-macroglobulin, and
specific tissue inhibitors of MMPs (TIMPs). For local
activation of these enzymes, MT-MMPs are also re-
sponsible (KESSENBROCK et al. 2010; YAMAMOTO
et al. 2015; HRABIA 2021).

The avian ovary is reported to be a site of synthesis
and action of MMPs (HRABIA 2021). For the first
time, NAKAJO et al. (1973) have suggested that prote-
olytic enzymes, such as collagenases, are engaged in
a mechanism of follicle rupture during ovulation. In
turn, ASEM et al. (2000) found the presence of six dif-
ferent MMPs in the basal lamina of chicken preovula-
tory follicles. Further experiments demonstrated
changes in the expression of MMP-1, MMP-2,
MMP-3, MMP-9, and MMP-13 at the transcript
and/or protein levels, which were dependent on the
tissue and stage of follicle development, suggesting
participation of these enzymes in folliculogenesis and
ovulation (LEŒNIAK & HRABIA 2012; ZHU et al.
2014; YUAN et al. 2016; HRABIA et al. 2019; WOLAK
& HRABIA 2021). The expression of MMP-3 mRNA
was noted in cancerous chicken ovarian tissues (CHOI
et al. 2011). Moreover, the involvement of gelati-
nases in the atresia of pre-hierarchical follicles and re-
gression of POFs were also strongly suggested
(HRABIA et al. 2018; 2019). We have recently found
that gonadotropins (WOLAK et al. 2021), prolactin
(HRABIA et al. 2021), and estrogen (WOLAK &
HRABIA 2020) may play a significant role in the regu-
lation of the expression and/or activity of chosen
MMPs in the hen ovary. So far, there is no information
concerning the synthesis and role of MT-MMPs in the
ovary of birds. The mechanisms responsible for the
regulation of the expression of these enzymes are also
largely unknown. Follicle development and function
are mostly under the control of pituitary gonadotropins
(follicle stimulating hormone [FSH] and luteinizing

hormone [LH]) and ovarian steroids. Estrogen is primar-
ily responsible for the stimulation of cell proliferation
and differentiation, as well as regulation of steroid
synthesis, whereas progesterone induces a surge of
LH just before ovulation. Since MMP-16 was re-
cently predicted as a target gene for regulation by sev-
eral microRNAs in hen ovarian compartments
(OC£OÑ & HRABIA 2021), the present studies were
designed to examine whether transcript abundance of
MMP-16 changes during follicle development and
around the time of ovulation of the largest F1 follicle.
We also tested the hypothesis that MMP-16 gene ex-
pression is affected by gonadotropins and estrogen.
Accordingly, the relative abundances of MMP-16
mRNA in the wall of follicles were examined in the
hen ovary following equine chorionic gonadotropin
(eCG; originally known as pregnant mare serum
gonadotropin [PMSG]) and tamoxifen (TMX; estro-
gen receptor blocker in birds) treatments.

Materials and Methods

Animals and experimental design

Three experiments were carried out and conducted
in accordance with the research protocol approved by
the Local Animal Ethics Committee in Kraków, Po-
land (approval no. 218/2015). Laying Hy-Line Brown
hens (n = 42) between 25-32 weeks of age were pur-
chased from a commercial farm. They were housed in
individual cages of batteries under a photoperiod of
14 h light:10 h dark cycle. Animals had free access to
water and commercial feed formulated for egg laying
hens. Accurate timing of ovulation was determined by
checking oviposition every 15 min between 7:00 a.m.
and 3:00 p.m. Based on the recording of oviposition
time, cloacal palpation, and autopsy (position of the
ovum in the oviduct after sacrification), it was found
that ovulation occurred within 5 min of oviposition of
the previous egg in the series. Hens that weighed
1.68-1.82 kg were randomly assigned to control and
experimental groups. In the first experiment, birds
were euthanized by stunning, followed by bleeding at
two physiologically different stages of the ovulatory
cycle: 22 h (n = 6) and 3 h (n = 6) before the predicted
ovulation of the largest preovulatory F1 follicle. In the
second experiment, performed as described by
WOLAK et al. (2021), the control birds (n = 6) re-
ceived a subcutaneous injection in the abdominal area
(just below the breastbone) of 0.9% NaCl with 0.05%
bovine serum albumin (BSA), and experimental
chickens (n = 6) were treated with eCG at a dose of
75 IU/0.2 ml 0.9% NaCl with 0.05% BSA/kg of body
weight. The hens were treated daily (every morning
between 9:00 and 11:00 a.m.). The eCG dose was
chosen according to earlier in vivo studies (JOHNSON
& LEONE 1985; NAKANISHI et al. 1991; GHANEM &
JOHNSON 2019). eCG-treated chickens were eutha-
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nized (by stunning, followed by bleeding) on the third
or fourth day of cessation of egg laying by all eCG-
treated hens, i.e., on day 7 of the experiment, within
2-5 h after eCG injection. In the last experiment, control
birds (n = 8) were injected (as in the second experi-
ment) with a vehicle (ethanol), and the experimental
hens (n = 8) were treated with TMX at a dose of
6 mg/0.3 ml ethanol/kg of body weight, as recently
described by WOLAK and HRABIA (2020). Hens
were treated daily until a pause in egg laying occurred
in all TMX-treated birds and euthanized on day 8 of
the experiment. Laying hens (control) in the second
and third experiment were euthanized on day 7 or 8 of
the experiment, respectively, about 2 h after ovula-
tion. The ovaries were rapidly harvested, weighed,
placed on ice, and the ovarian follicles at different de-
velopmental stages were collected according to our
previous studies (HRABIA et al. 2019; WOLAK &
HRABIA 2020; WOLAK et al. 2021). Based on both
diameter and color, follicles were categorized as white
(WFs; 1-4 mm in diameter), yellowish (YFs; 4-8 mm,
pre-recruitment follicles), small yellow (SYFs;
8-12 mm, the most recently recruited follicles), and
three of the largest yellow preovulatory F3-F1
(F3<F2<F1; 26-35 mm). In eCG-treated hens, fol-
licular hierarchy was disrupted, and thus the largest
yellow follicles were divided into groups correspond-
ing to the diameter of F3-F1 follicles of the control
hens, and thereafter set as F3-F1 (WOLAK et al.

2021). From the preovulatory follicles, the theca and
granulosa layers were separated as described by
GILBERT et al. (1977). The follicle was cut with a ra-
zor blade and the granulosa layer was peeled, first
from the yolk then from the theca layer. Subse-
quently, the layers were washed with phosphate-
buffered saline (PBS). Tissues were immediately
placed in RNAlater and stored until total RNA extrac-
tion.

Total RNA isolation and qRT-PCR analysis

Total RNA extraction, reverse transcription, and
quantitative real-time polymerase chain reaction
(qRT-PCR) were performed as previously described
(LEŒNIAK-WALENTYN & HRABIA 2016; HRABIA
et al. 2019; WOLAK & HRABIA 2021). In brief, RNA
was extracted from collected tissues using TRI-
reagent according to the manufacturer’s protocol
(Sigma-Aldrich, St Louis, MO, USA). Two ìg of
RNA from each sample were reverse-transcribed with
a High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, Foster City, CA, USA via

Thermo Fisher Scientific, Waltham, MA, USA), in-
cluding random primers as per the manufacturer’s
instruction. The complementary DNA (cDNA) was
diluted 1:10 and used in qRT-PCR with the chicken-
specific TaqMan Gene Expression Assay for the
MMP-16 (assay ID: Gg03367051_m1; amplicon

length 75 bp; RefSeq: NM_205197.2; Assay location
592; Applied Biosystems via Thermo Fisher Scien-
tific) gene in a 96-well thermocycler (StepOne Plus;
Applied Biosystems) according to the recommended
cycling program: 2 min at 50 °C, 10 min at 95 °C, and
40 cycles of 15 s at 95°C and 60 s at 60°C. The duplex
PCR for the MMP-16 gene, and 18S rRNA as a refer-
ence gene, was performed in a 10 µl volume which
contained 5 µl TaqMan Gene Expression Master Mix,
0.5 µl TaqMan Gene Expression Assay with specific
TaqMan MGB-probe and one pair of primers, 0.5 µl
of Eukaryotic 18S rRNA Endogenous Control (pair of
primers and TaqMan probe-labeled VIC/TAMRA),
3 µl water, and 1 µl cDNA. Each sample was run in
duplicate. The negative control (nuclease-free water)
was included in all reactions. Relative quantification
of the investigated gene was calculated after normali-
zation with the 18S rRNA transcript, while the ex-
pression levels in the WFs, YFs, SYFs, theca of F1
22 h before ovulation or granulosa of F1 22 h before
ovulation, or theca of F3-F1 or granulosa of F3-F1
follicles of control groups were considered as the cali-
brator using the 2-��Ct method (SCHMITTGEN &
LIVAK 2008).

Statistical analysis

The variables were examined for normality and ho-
mogeneity of variance using the Shapiro-Wilk test
and Brown-Forsythe test, respectively. Log transfor-
mations were performed as needed to meet homoge-
neity of variance and normality. Data were analyzed
by one-way ANOVA (effect of ovarian tissue) fol-
lowed by Duncan’s multiple range test. The signifi-
cance of differences between two means was
analyzed using the Student’s t-test or the nonparamet-
ric Mann-Whitney U test. Differences in values were
considered to be significant at p<0.05. Calculations
were performed with SigmaPlot (Systat Software
Inc., San Jose, CA, USA). Results are presented as
mean ± standard error of the mean (SEM).

Results

Expression of MMP-16 mRNA in the ovary of con-
trol, TMX-treated, and eCG-treated hens

RT-PCR analysis showed the presence of MMP-16
mRNA in all examined ovarian compartments
(Fig. 1). The relative abundances (RQ) of MMP-16
transcript in the ovary of hens 22 h before ovulation
differed among tissues. It was the highest in the WFs
and the lowest in the granulosa layer of preovulatory
follicles (p = 0.025 – p<0.001; Fig. 1). In the SYFs,
the transcript level was lower by 63% than in the WFs
and by 53% than in the YFs. The granulosa layer of
F3, F2, and F1 follicles was characterized by lower
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MMP-16 mRNA expression than the theca layer of
the same follicles by 89%, 67%, and 61%, respectively.
There were no significant differences in MMP-16 mRNA
abundances in the granulosa layer between F3-F1 fol-
licles, but there was a tendency to an increase along
with follicle maturation to ovulation (Fig. 1).

The expression of MMP-16 mRNA was also evalu-
ated in the wall of the F1 follicle at two stages of the
ovulation cycle, i.e., at 22 h and 3 h before expected

ovulation of F1. As shown in Figure 2, there was no
difference in MMP-16 mRNA abundances in the
theca layer between stages, but an increase (215%;
p<0.001) in MMP-16 mRNA level was noted in the
granulosa layer at the stage of 3 h before ovulation
compared to 22 h before ovulation.
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Fig. 1. Relative expression of MMP-16 mRNA in the chicken
ovary. Data represents the mean relative quantity (RQ) ± SEM
from five or six chickens normalized to the expression of 18S
rRNA and standardized to the expression in the white follicles
(WFs). Values marked with different letters differ significantly
(p<0.05) among tissues (follicle types; one-way ANOVA
followed by Duncan’s multiple range test). WF – white follicles
(1-4 mm in diameter); YF – yellowish follicles (4-8 mm);
SYF – small yellow follicles (8-12 mm); F3-F1 – three of the
largest yellow preovulatory F3-F1 follicles (26-35 m, F3<F2<F1);
T – theca layer; G – granulosa layer.

Fig. 2. Relative level of MMP-16 mRNA in the theca and
granulosa layers of the largest yellow preovulatory follicle (F1) 
of hens, 22 h and 3 h before ovulation determined by RT-PCR. 
Each value represents the mean relative quantity (RQ) ± SEM 
from five or six chickens (biological replicates) normalized to 
the expression of 18S rRNA and standardized to the expression 
in the theca or granulosa layer of the F1 follicle 22 h before 
ovulation. ***p<0.001, compared with 22 h before ovulation 
(Mann-Witney U test). T – theca layer; G – granulosa layer.

Fig. 3. Relative expression of MMP-16 mRNA in chicken
ovarian follicles following equine chorionic gonadotropin
(eCG) treatment (A-C). Each value represents the mean relative
quantity (RQ) SEM from five or six chickens (biological
replicates) normalized to the expression of 18S rRNA and
standardized to the expression in the (A) white follicles (WF),
yellowish follicles (YF), and small yellow follicles (SYF), (B)
the theca layer of F3-F1, or (C) the granulosa layer of F3-F1
follicles of the control group. *p<0.05, **p<0.01, ***p<0.001,
vs the control group (Student’s t-test). T – theca layer; G – granulosa
layer.



Compared with the control group, treating hens
with eCG resulted in a lesser relative abundance of
MMP-16 mRNA transcript in the WFs by 62%
(p<0.001) and SYFs by 34% (p = 0.033). Moreover,
within the hierarchical F3-F1 follicles, eCG caused
a decrease in MMP-16 mRNA levels in the theca layer

of F3 and F2 by 47% (p = 0.01) and by 51% (p = 0.005),
respectively, and in the granulosa layer of F3 and F1
by 33% (p = 0.043) and 60% (p = 0.005), respectively.
There was no influence of eCG treatment on tran-
script levels in other ovarian tissues (Fig. 3 A-C).

As depicted in Figure 4A, treatment of hens with
TMX did not cause significant changes in MMP-16
mRNA levels in pre-hierarchical follicles, WFs (p = 0.557),
or YFs (p = 0.051). Simultaneously, TMX increased
MMP-16 mRNA expression in the theca layer of
F3/F2 follicles by 176% (p = 0.004, p<0.001) and in
the F1 follicle by 120% (p<0.003), while this tran-
script decreased in the granulosa layer of F1 by 66%
(p =0.002) (Fig. 4B, C).

Discussion

Our experimental results revealed the mRNA ex-
pression of MMP-16 in different compartments of the
hen ovary, i.e. WFs, YFs, SYFs, and three of the larg-
est yellow preovulatory follicles (F3-F1), in relation
to follicle maturation and after eCG or TMX treat-
ments. Unfortunately, due to the lack of a commer-
cially available antibody, there was no possibility to
examine MMP-16 protein abundance or activity. The
presented findings extend our previous results, dem-
onstrating changes in transcript abundance of several
MMPs and their TIMPs in chicken ovarian follicles at
different physiological stages (HRABIA et al. 2018;
HRABIA et al. 2019; HRABIA et al. 2021; WOLAK &
HRABIA 2020; WOLAK & HRABIA 2021; WOLAK
et al. 2021). The presence of the MMP-16 transcript
was previously demonstrated in the rat, macaque, and
human ovaries (PUTTABYATAPPAP et al. 2014). Our
results provide additional information for a poten-
tially possible role of MMP-16 in chicken ovarian fol-
licles. The observed alterations in MMP-16 mRNA
expression in follicular tissues along with follicle
maturation and just before ovulation may indicate the
involvement of this protease in follicle selection,
maturation, and/or ovulation. MMP-16 is responsible
for the processing of various components of the ECM,
such as collagen type III, gelatins, or fibronectin, as
well as for activation of the latent form of MMP-2,
which in turn can activate pro-MMP-9. Both gelati-
nases are highly expressed in chicken ovarian folli-
cles, and their participation in follicle development
and ovulation was strongly proposed (LEŒNIAK &
HRABIA 2012; HRABIA et al. 2019; HRABIA 2021).
Thus, one of the roles of MMP-16 in the hen ovary
may be the activation of MMP-2. Previous studies on
mammals suggest an involvement of MMP-16 in pro-
moting ovulation and remodeling of the ovulated fol-
licle into the corpus luteum (PUTTABYATAPPAP et al.

2014), which may occur either directly or indirectly
through activating other enzymes, modulating growth
factor availability, and/or stimulating intracellular
pathways (PAGE-MCCAW et al. 2007). It should be
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Fig. 4. Relative expression of MMP-16 mRNA in chicken
ovarian follicles following tamoxifen (TMX) treatment (A-C).
Each value represents the mean relative quantity (RQ)�SEM
from five chickens (biological replicates) normalized to the
expression of 18S rRNA and standardized to the expression in
the (A) white follicles (WF) and yellowish follicles (YF), (B)
the theca layer of F3-F1, or (C) the granulosa layer of F3-F1
follicles of the control group. **p<0.01, ***p<0.001, vs the control
group (Student’s t-test). T – theca layer; G – granulosa layer.



noted that a negative correlation between MMP-16
and its related microRNAs was recently found in the
theca and granulosa layers of the largest preovulatory
follicles, which might also indicate an important role
of MMP-16 in facilitation of follicle ovulation in the
hen ovary (OC£OÑ & HRABIA 2021). The relatively
higher expression of MMP-16 mRNA noted herein in
the WFs and YFs, and lower in SYFs, may be attrib-
uted to the participation of MMP-16 in the follicle
destination, i.e., its atresia or selection into preovula-
tory hierarchy to complete development. It has been
proven that WFs and YFs are highly susceptible for
the process of atresia, and MMP-2 and MMP-9 were
proposed as significant players in the atresia of pre-
hierarchical follicles in the hen ovary (HRABIA et al.

2019). Within preovulatory follicles, the expression
of MMP-16 mRNA was significantly higher in the
theca layer than in the granulosa layer. This finding
corresponds with previous results where mRNA lev-
els of several MMPs were lowest in the granulosa
layer and highest in the theca layers of the largest
preovulatory follicles (HRABIA et al. 2019; WOLAK
& HRABIA 2020; HRABIA et al. 2021; WOLAK &
HRABIA 2021; WOLAK et al. 2021). The theca layer
contains fibroblasts, macrophages, and mast cells
(BARUA et al. 1998; PACZOSKA-ELIASIEWICZ 1999),
and these cells are thought to be a source of MMPs
(HRABIA 2021).

The hormonal regulation of MMP-16 gene expres-
sion has not been investigated in the ovarian follicles
of birds. Follicle development and function are, in
large part, regulated by FSH and LH. These gonado-
tropin receptor abundances, as well as sensitivity to
both gonadotropins, change with follicle develop-
ment (HRABIA 2022). Namely, the greatest FSH re-
ceptor abundance is noted in the follicle around the
time of recruitment (6-12 mm), and there is a progres-
sive decrease in abundance with follicle maturation to
ovulation (YOU et al. 1996; ZHANG et al. 1997). In
turn, LH receptor abundance decreases in the theca
layer and increases in the granulosa layer along with
follicle maturation, reaching the highest level in the
F1 follicle before ovulation (ZHANG et al. 1997). Tak-
ing into consideration that gonadotropins may poten-
tially control MMP-16 gene expression in the chicken
ovarian follicles, this hypothesis was evaluated in the
study. For this purpose, the laying hens were treated
with eCG for several days. It is well established that
eCG has FSH-like properties (lesser LH-like activity)
and a long half-life (JOHNSON & LEONE 1985;
NAKANISHI et al. 1991; GHANEM & JOHNSON 2019).
It was found that the relative transcript levels of
MMP-16 were lower in most examined ovarian tis-
sues of eCG-treated hens than in control hens. These
findings suggest that the MMP-16 gene is a candidate
target for direct and/or indirect eCG regulation at the
transcriptional level. Our findings and hypothesis
correspond with earlier results showing the effect of
eCG treatment on MMP-2 and MMP-9 mRNA ex-

pression (WOLAK et al. 2021). It seems that the
MMP-16 gene, in addition to genes of gelatinases, is
negatively regulated by eCG, which primarily has
FSH-like activities.

Gonadotropins, among others, regulate synthesis
and secretion of steroids, and it is well known that es-
trogen plays a significant role in ovarian function.
Moreover, it has been shown that alternations in the
synthesis and secretion of steroid hormones and their
receptor abundance in the follicular wall during ovar-
ian follicle development, maturation, and ovulation in
birds (YOSHIMURA & BAHR 1991; YOSHIMURA et al.

1993; HRABIA et al. 2008; HRABIA 2022; HANLON
et al. 2022) are accompanied by changes in the ex-
pression and activity of several MMPs and their tissue
inhibitors (OGAWA & GOTO 1984; ZHU et al. 2014;
WOLAK & HRABIA 2020). Therefore, the question
addressed in the next experiment presented in this
study was whether estrogen’s participation in the
chicken ovarian function is associated with the regu-
lation of mRNA expression of MMP-16. Accord-
ingly, the hens were treated with TMX for several
days. In avian species, TMX, a synthetic estrogen an-
tagonist, binds to estrogen receptors with high affinity
and blocks the transcription of estrogen-dependent
genes in target tissues (SUTHERLAND 1981; ARAO
et al. 1996). Transcript abundance of MMP-16 fol-
lowing TMX treatment was dependent on the ovarian
tissue and stage of follicle development. TMX did not
affect MMP-16 mRNA expression in pre-hierarchical
follicles, WFs, and YFs, whereas it up-regulated
MMP-16 gene expression in the theca layer of F3-F1
follicles and down-regulated this gene transcript
abundance in the granulosa layer of the F1 follicle.
These observations suggest that estrogen may be in-
volved in the control of MMP-16 transcript levels
mainly in preovulatory follicles, similarly as it was
previously demonstrated in the case with several
other MMPs and TIMPs in the hen ovary upon treat-
ment with TMX (WOLAK & HRABIA 2020).

In conclusion, our results provide evidence that
MMP-16 mRNA expression in the hen ovary depends
on the tissue type and stage of follicle maturation, in-
dicating the possibility that MMP-16 take part in
ECM remodeling throughout follicle development.
Changes in the transcript level of MMP-16 just before
ovulation of the largest, yellow preovulatory follicle
suggests that this enzyme may be potentially engaged
in a complex signal system required to rapture the fol-
licle during ovulation. Alternations in abundance of
the MMP-16 transcript following eCG and TMX
treatments indicate a possible role of gonadotropins,
mainly FSH, and estrogen in regulating the transcrip-
tion of MMP-16 in the chicken ovarian follicles. To
better understand the role of MMP-16 in the hen
ovary, further investigations evaluating MMP-16
protein levels and activity at different physiological
states of this organ are warranted.
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