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Abstract

Tight junctions are mainly formed by two types of proteins; claudins and oc-
cludin, both of which are fundamental to maintain the integrity and barrier
function of the intestinal epithelium. This barrier function allows for the ab-
domesticus). Open Journal of Veterinary ~ SOTption of nutrients, mainly by transcytosis; however, in birds, 90% of the
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substances are absorbed by paracellular mechanisms. Despite this, claudins
present in the different parts of the intestinal tract of adult chickens are not
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presence of mRNA of claudins 1, 2, 3, 5, 10, 12, 16 and occludin, in the dif-
ferent regions of the intestine (duodenum, jejunum, ileum, cecum, and rec-
tum) in chickens (Gallus gallus domesticus) through RT-PCR. To meet this
goal, 7 weeks old roosters destined for slaughter and chicken embryos of 16
days of incubation (positive control) were used. For all the processed samples,
amplicons of the expected size were obtained; claudin 1 (662 pb), claudin 2
(162 pb), claudin 3 (185 pb), claudin 5 (224 pb), claudin 10 (687 pb), claudin
12 (738 pb), claudin 16 (191 pb) and occludin (430 pb). To corroborate these
findings, obtained amplicons were sequenced and, subsequently, a basic
alignment was performed on the NCBI, obtaining a correlation of 100% with
the original sequences in all analyzed samples. To our knowledge, the present
work represents the first written report regarding the presence of mRNA of
the main proteins involved in tight junction formation throughout the intes-
tinal tract of domestic chickens of 7 weeks of age. These findings will allow
elucidating the specific function of each of the reported proteins in the
process of paracellular absorption in chickens.
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1. Introduction

Tight junctions are an element of the junction complex found in epithelial and
endothelial cells, they form a belt between the plasmatic membrane lateral do-
main near the apical pole, which serves as a primary barrier to the diffusion of
solutes, regulates paracellular transit, and enables cell polarization. Tight junc-
tions are fundamental to maintain the integrity and paracellular barrier function
of epithelium and endothelium cells [1] [2]. They restrict the movement of pro-
teins between the basolateral and apical compartments, regulating the passage of
ions and solutes through the paracellular space [1] [3].

Structurally, tight junctions are composed of proteinaceous filament nets,
called strands which traverse the extracellular space to interact with the tight
junctions of adjacent cells. The physiological property to act as a seal depends on
several factors such as the number of strands, the amount of physical tension
exerted on the seal, and the primary component of strands’ proteins [4]. Tight
junctions have been studied mainly in humans and mice, in these species, it was
determined that the differentiation of claudins is evident along the length of the
small intestine, where these proteins are vital for the appropriate absorption of
nutrients [5].

The proteins that integrate tight junctions in mammals are occludin, claudins,
tricellulin, junction adhesion molecule (JAM) and Marvel D3 [6]-[11].

Claudins are transmembrane proteins with a molecular weight ranging from
20 to 27 kDa, they polymerize linearly to form strands, establishing transcellular
interactions in cis (between claudins of the same cell) and in trans (between
claudins of adjacent cells), which determines paracellular permeability, epithelial
polarization, and conservation of transepithelial resistance, as well as the selec-
tive passage of molecules and ions [1] [2].

This multigenic protein family consists of approximately 27 members in hu-
mans and mice [2] [4] [12] [13] [14], species in which most of these proteins
have been studied, although their presence has also been observed in different
organs in chicken embryos and adult birds [3] [15] [16] [17].

Claudins are grouped into two categories; sealing claudins (1, 3, 4, 5, 11, 14, 18
y 19) and channel-forming claudins (2, 10, 12, 15, 16, 17, 19 y 21); some, like
claudin 7, can act as a barrier or a channel in a context-dependent way; claudins
2,10 and 15 (passage of cations); claudins 10 and 17 (passage of anions); claudin
2 (passage of water). The differences in the density and/or tortuousness of the
strands and/or proportion of the combination of members of this protein family
determine the channel and barrier properties of the tight junctions [1] [3]

[13]-[23] and, they also play a critical role in generating epithelial tubes, lumens,
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and tubular networks during organ formation [24].

Occludin is a highly conserved protein in mammals and birds [25]. It is
present in cells that form tight junctions. The size of the occludin varies with the
species; for example, in chickens, it is 55.9 - 62 kDa, while in human is 82 kDa
[12] [26] [27] [28]. This protein is not essential for the assembly of a tight junc-
tion, but it is important when limiting functional permeability [6].

The intestinal absorption occurs by the passage of molecules through the cell
and by paracellular transit [6] [11] [29]. The paracellular transit works by one of
the following mechanisms: the “pore” pathway, which is of low capacity and al-
lows the passage of ions and small solutes. The “leakage” pathway allows the
flow of small and large molecules (unloaded ions and solutes) in a non-selective
manner. This pathway involves the breaking of strands or the transient forma-
tion of paracellular spaces [1] [30] [31].

Transcellular interactions are determined by the amino acid sequence of
extracellular loops [32] [33] [34] [35]. The claudins form homotypic and hete-
rotypic interactions, so there is considerable potential for various interactions
and pore characteristics [36].

The digestive tract of the bird is shorter and simpler than that of mammals;
however, it is highly efficient for digestion and nutrient absorption processes
[37]. In the intestinal epithelium of birds, 90% of the substances (ions, nutrients,
etc.) are absorbed through pores 4 to 8 nm in diameter, which is present in the
tight junctions, this could explain why birds have a greater absorption capacity
of water-soluble metabolites compared to mammals [8] [38]. Additionally, it has
been reported that alterations in the expression of tight junctions’ proteins cause
alterations in the function of claudin-based paracellular barrier and are related
to water imbalance, inflammation, cancer, and brain disease [1] [18].

Tight junctions play a preponderant role during intestinal absorption in birds.
For this reason, it is essential to identify the claudins by the determination of the
presence of claudin mRNA in the mucous tunic of the different regions of the
intestine in chickens 7 weeks of age, which we consider a fundamental step on

the way to elucidate their specific role.

2. Materials and Methods

Primers Design

For claudins 1 and 5 of chicken, the sequence was obtained from the Genbank
and their primers were designed with Primer-blast and Primer3. The Oligo Calc
program was used to determine the possible formation of dimers and secondary
structures. For claudin 2 and 3, primers reported by Ozden et al (2010) [39]
were used; whereas for claudin 10 and 12 those reported by Collins et al (2013)
[3] were used. Chicken SB-actin was used as a positive internal control, as were
primers previously reported by Zhang et al. (2013) [19]. Finally, each primer was
analyzed with Sequencher 5.2.4. program, this identified an error in the primers

reported for claudin 10 and 12, so the sequence was corrected.
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Animals

Three broilers with an average weight of 2.5 kg and 7 weeks of age were used.
Chicken embryos with 16 days of incubation donated by the company Avimex
were the positive control.

Collection and preparation of samples

We obtained samples of the duodenum, jejunum, ileum, cecum, and rectum.
For this, the chickens were humanely slaughtered using carbon monoxide and
following the guidelines stipulated in the Official Mexican Standard
NOM-033-ZO0-1995 for the humanitarian slaughter of domestic and wild ani-
mals. All experimental procedures were approved by Institutional Animal Care
and Use Committee (CICUAE-FESC). All the time, the samples were handled
and kept at 4°C. We obtained a sample of each of the intestinal segments by two
transversal cuts. To expose the mucosal tunic, we made a longitudinal cut and
removed all its content including the mucus. The mucosal tunic was recovered
by scraping with a scalpel blade and placed in an Eppendorf tube with the lysis
buffer from RNA Mini Kit PureLink TM (Invitrogen, cat. 12183018A). After we
made the disgregation of tissue by sonication (Ultrasonic processor, model Gex
130). To verify that the obtained samples only contained intestinal mucosa, rou-
tine histological processing and staining with Hematoxylin and Eosin (H-E) of a
representative sample was performed. It is important to note that due to the size
of the embryos, the intestinal samples obtained were composed of the four
structural tunics.

RNA Extraction

The extraction of the RNA of the various segments of the intestinal tract of the
domestic chickens and the embryos was made with the RNA Mini Kit PureLink
(Invitrogen, cat. 12183018A) following the manufacturer’s instructions. The
concentration and purity of RNA were determined by spectrophotometry (Table
1 and Table 2) and to evaluate its integrity, samples were subjected to electro-
phoresis in 1.5% agarose gels stained with ethidium bromide and observed on
the transilluminator [40] (data not shown).

RT-PCR

For each of the genes, the synthesis of cDNA with reverse transcriptase of
M-MLV was performed (Invitrogen, Cat. 28025013) and the quantity and purity
of the cDNA were estimated. The presence of the different claudins was determined

Table 1. Amount of RNA obtained from the samples under study.

Intestinal ~ Embryo with 16 days of Chicken1 Chicken2 Chicken3 Average adult

portion incubation (ng/ul) (ng/ul) (ng/ul) (ng/ul)  birds (ng/pl)
Duodenum 1853.1 297.6 225.1 421 314.5
Jejunum 1519.2 274.2 120.2 77.9 157.4
Ileum 1137.9 118.5 1283.4 633.1 678.3
Cecum 2002.4 264.6 1398.7 1340 1001.1
Rectum 1996.6 70.9 269.2 844 394.7
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Table 2. Determination of purity of the obtained RNA (Ratio 260/280).

Intestinal portion Embryf) with %6 Chicken1 Chicken2 Chicken 3 Avera.g €
days of incubation adult birds
Duodenum 2.09 2.12 2.16 2.06 2.11
Jejunum 2.11 2.09 2.26 2.50 2.28
Ileum 2.12 2.18 2.10 2.08 2.12
Cecum 2.10 2.12 2.10 2.12 2.11
Rectum 2.11 2.24 2.00 2.12 2.12

Table 3. Primers used for the identification of claudins, occludin and S-actin genes.

Gen and access

Protein Primer sequence (5” - 3°) Size (pb) Reference
number
Cldn 1 Cloudin1  TOCCACTCCCTGATGTTTCC 62 This work
NM_001013611.2 b AGGTCTCATAAGGCCCCACT W
Cldn 2 Cloudin 2 CTCAGCCCTCCATCAAAC o o
XM_420271 audin TGCGTCTTCTCCTCTTAC
Cldn 3 Claudin 3 AGCCCTCCATCTCAGCAG 18 ]
NM_204202 b TTCTCCGCCAGACTCTCC
Cldn 5 ‘ ATCTACATCCTCTGCGGGGT ‘
Claudin 5 224 This work
NM_204201.1 TACTTGACGGGGAAGGAGGT
cClaudin-10 Cloudin 1o CATGGCGAGCACGTCGGCGGAG -
GI:118084678 . TTAAACGTAAGCGTTCTTGTC
cClaudin-12 Cloudin 15 ATGGGCTGCAGGGATGTTCAT 5
GI:118085731 A I TTAAGATGTGTGTGTCACAACA
Cldn 16 Cloudin 16 CTOGCTTAACTCAGGGTGCA o1 This work
XM_426702.2 audin GGGCTGCTGTGACCTTTACT s wor
Occludin Occludi GAGCTACAGCTACGGCTACG 430 Thiswork
D21837.1 Cud CTTCTGGGCGAAGAAGCAGA 1S wor
NM 205515 ; TCTTGGGTATGGAGTCCTG . -
- Practin TAGAAGCATTTGCGGTGG

through the PCR endpoint. The oligonucleotides used for cDNA synthesis and
amplification reaction are shown (Table 3). In all cases the reaction mixture was
formed by: sterile bidistilled water, buffer 10x (Tris-HCl 200 mM pH 8.4, KCl
500 mM), magnesium chloride (MgCl,), dNTP’s, Taq polymerase, and specific
primers. The reaction mixtures were incubated under previously standardized
conditions and programmed in a thermocycler. For all PCR reactions, the dena-
turation period was 30 sec at 94°C and polymerisation was 1 min at 72°C. For
claudins 1, 2 and 3 the alignment period was 30 sec at 55°C, 56°C for claudin 12,
58°C for p-actin, 59°C for claudin 10, 60°C for claudins 5 and 16, and of 61°C
for occludin. The PCR ended with an extension period of 10 min at 72°C. In all
cases, f-actin was employed as an internal control. The amplification products
were analyzed by electrophoresis in 1.5% agarose gels stained with ethidium

bromide and visualized by transillumination [40].
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Sequencing and alignment

The different amplicons were amplified again to obtain the concentration ne-
cessary to carry out the sequencing; PCR products were purified with the reagent
Exo SAP-IT PCR product cleanup (Thermo Fisher, cat. 78200) and sequenced in
the laboratory of Molecular Biochemistry, UBIPRO, FES Iztacala, UNAM. The
reported sequences were used to perform a basic alignment in the NCBI Blast

program.

3. Results

Mucosa

In adult chickens, the mucous tunic of the different intestinal segments was
harvested using the technique of scraping with scalpel blade, and verification by
routine histological processing and stained with H-E was performed. As can be
seen, only the components of the mucous tunic and no other structural compo-
nent are appreciated (Figure 1).

Characteristics of purified RNA

All RNAs obtained were evaluated by spectrophotometry. In adult chickens,
the concentrations obtained were between 70.9 and 1398.7 ng/ml, while in em-
bryos they were between 1137.9 and 2002.4 ng/ml. Consistently, a greater con-
centration of RNA was obtained from the embryos than in adult chickens be-
cause in the embryos we take the four structural tunics of the intestinal portions,
while in adult chickens only the mucous tunic. To know the degree of purity, the
ratio of the readings 260/280 nm was determined, the values obtained were in
the range of 2.0 - 2.5, which shows high purity of isolated RNA (Table 1 and
Table 2). The values obtained allow us to consider that the purification method
was adequate. Finally, all samples were subjected to electrophoresis in agarose
gels and in all of them, the bands corresponding to ribosomal RNA were ob-
served (data not shown).

Amplification of the fragments by RT-PCR

The products expected for each of the genes under study were obtained by
end-point RT-PCR, both for the positive control (chicken embryos) and the

Figure 1. Ileum portion of the domestic chicken. 1. Tunics that form the small intestine:
mucous tunic (A), submucosa (B), muscular tunic (C) and serous tunic (D). Harris” hae-
matoxylin-Eosin (HE), 40x. 2. Mucosal tunic recovered by scraping with a scalpel blade
you can see its villi and crypts. (A), none of the other tunics can be detected. HE, 200x.
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problem samples (intestinal mucosa of adult chicken). The amplicon of internal
control (f-actin) is also shown. Obtained fragments were evidenced by electro-
phoresis in 1.5% agarose gels (Figure 2). Amplicons of the expected size were
obtained for every analyzed sample for each protein of interest; claudin 1 (662
pb), claudin 2 (162 pb), claudin 3 (185 pb), claudin 5 (224 pb), claudin 10 (687
pb), claudin 12 (738 pb), claudin 16 (191 pb), occludin (430 pb) and S-actin (331
pb) (Figure 2).

Blast alignment

The reported sequences had the necessary characteristics to perform the basic
alignment in the Blast program, 100% of identity, concerning the expected gene
for all samples was found, so we can say that the obtained amplicons correspond

to the indicated genes.

4. Discussion

Karcher et al (2008) [8] report that 90% of the nutrients are absorbed by para-
cellular transit in the epithelium of the small intestine in birds. In a previous job,
we determined that the avian intestinal tract has villi throughout its length [37],
suggesting that the cecum and rectum also participate in the absorption process.
For this reason, we considered necessary to include these organs in the present
study. In this work, we determined the presence of the mRNAs of the proteins

studied in all portions of the intestine, both in chicken embryos and 7-week-old
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Figure 2. Presence of the mRNA of proteins of tight junctions in an embryo of 16 days
(A) and chickens of 7 weeks of age (B). 1. DNA ladder (pb), 2. Duodenum, 3. Jejunum, 4.
Ileum, 5. Cecum, 6. Rectum, 7. Positive control (embryo of 16 days). 8. Negative control.
Agarose gel 1.5% stained with ethidium bromide. *The DNA ladder in group B is: 600,
700 and 800 pb.
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broiler. This evidence supports the hypothesis that the cecum and rectum, not
only have a histological resemblance to the small intestine but they also seem to
be involved in nutrient absorption. Additionally, the intestinal epithelium forms
a protective barrier that depends on the presence of tight junctions. The barrier
function regulates the passage of molecules at the intercellular level and main-
tains a boundary between the apical and basolateral domains of the plasma
membrane of the epithelial cells [6].

Intestinal absorption is a complex process in birds and to understand it is es-
sential a deep knowledge of the tight junctions, so the objective of this work was
to determine the presence of the mRNA of the proteins involved in these junc-
tions; occludin and claudins -1, -2, =3, -5, =10, —12 and —16 in the mucous
tunic of the different segments of the intestinal tract of an adult chicken. This is
the first paper in which the expression of these proteins in all portions of the in-
testinal tract in adult chickens is reported. It should be noted that its expression
was equal to that determined in a 16-day-old chicken embryo which supports
the hypothesis that the expression of these proteins in the mucosa of the intes-
tinal tract is maintained in adult animals [3] [39] [41]. Although recently,
age-related changes have been reported in the expression level of claudins 1, 3, 5,
7,10, and 19 in the jejunum and cecum in chickens [15].

The proteins studied here can be grouped in barrier formers and those in-
volved in channel function. Within the first group we have, claudins 1, 2, 3, and
5, and occludin [41] [42].

Claudin 1 has been encountered in most of the epithelial tissues studied [41]
[42]. In mammals, specifically in mice, the expression profiles of claudin 1 are
known in the different segments of the intestinal tract [19] [20] [43], this makes
it possible to highlight this coincidence with the results obtained in this work
and to relate them to the function of this protein because it is fundamental for
the formation of tight junctions in different species. Claudin 3 is expressed in a
wide variety of epithelium, it is present along the gastrointestinal tract, mainly in
duodenum, jejunum, and ileum of mouse, rat, fish, and embryos in different
stages of development [3] [19] [39] [44] and ileum and cecum of chickens [16].
The latter is consistent with our results, although we also found it to be present
in duodenum, jejunum, and rectum.

Claudin 5 is expressed predominantly in the endothelium and has been re-
ported in the intestinal epithelium of adult rats and mice [19] [20] [43]; as well
as in different periods of embryonic development, in the small intestine epithe-
lium in chickens [39], and the blood-brain barrier [45]. In this study, the pres-
ence of mRNA of claudin 5 was determined in all intestinal segments studied,
both in the embryo and in adult birds.

Occludin is a fundamental component of tight junctions in many vertebrate
cells and tissues since it participates in the barrier function and contributes to
their stabilization. In this work, it was possible to determine for the first time the

expression of occludin mRNA in the entire intestinal tract of the domestic
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chicken from 7 weeks of age.

Claudins 2, 10, 12, and 16 are proteins that form channels. Claudin 2 is
present in epithelial tissues and intestinal crypts in chicken and mammalian
embryos [3] [43] [44]. Zhang et al (2013) [19], reported that in mice it is ex-
pressed throughout the gastrointestinal tract, where it was found at the bottom
of the crypts. Its presence has also been reported in the duodenum and jejunum
of laying hens, where it participates in the absorption of calcium by paracellular
route [17]. We found it in all intestinal segments of the birds under study. Clau-
din 10 is expressed in renal tubules, kidney medulla, and intestines [42]. In the
present study, the presence of mRNA for claudin 10, in the duodenum, jejunum,
and ileum of embryos was observed, which coincides with that reported by Collins
et al. (2013) [3]. Additionally, was also observed in the cecum and rectum, where
had not been reported yet. Claudin 12 is expressed mainly in the intestinal epithe-
lium, it intervenes during the paracellular absorption of calcium-dependent on vi-
tamin D. In this work, it was found in all the intestinal segments in embryos of
16 days of age and animals of 7 weeks of age. Claudin 16 has been reported in
the renal epithelium, where it participates in the paracellular transport of diva-
lent cations [42]. Ozden et al, (2010) [39] report its presence in the intestinal
epithelium of chicken embryos with 20 days of incubation, mainly in the calici-
form cells found near the apex of the villi, and relate it to the maturation of this
tissue. Coinciding with our results, other authors have reported the expression of
this protein in the duodenum, jejunum and, ileum. In addition, our study also
reports it in the cecum and rectum. The presence of claudin 16 in these intestinal
segments seems to justify their function as they participate in the absorption of
water and minerals.

It is important to note that all the claudins studied in this work were present
in all the segments analyzed in the small and large intestines of chickens while in
mammals a differential expression of these claudins is reported between the
small intestine (claudins 1, 2, 3, 4, 7, 8, 12, 13 and 15) and the large intestine
(claudins 1, 3,4, 7, 8,12, 13 and 15) [18].

It has been reported that tight junctions are not permanent, but are selectively
regulated with their permeability capacity, so their components are exchanged
according to the required function. The remodeling of these junctions is per-
formed by endocytosis and degradation of claudins [1] [46] [47] [48].

The study of the proteins that form the tight junctions will allow us to better
understand the mechanism that regulate their modification in the different phy-
siological and pathological states of the intestine, particularly in the absorption
processes where birds preferentially use the paracellular pathway. It will also al-
low us to understand the effect of vitamins and/or probiotics on tight junctions
and their impact on the health of the intestinal tract of birds. For example, it is
reported that the administration of probiotics induces the expression of claudin
1, 2, and 5, favoring intestinal absorption in chickens, although the mechanisms
involved are not known [49] [50] [51] [52].
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On the other hand, we will understand how the close junctions are affected by
specific pathogens of the intestinal tract, either by direct interaction with intes-
tinal cells or by their toxins. It would also allow the generation of new therapeu-

tic strategies against this type of disease [53]-[59].

5. Conclusion

This work is the first report about the mRNA expression of proteins involved in
the formation of tight junctions (occludin and claudins 1, 2, 3, 5, 10, 12, 16) in
the mucous tunic of all portions of the small and large intestine (duodenum, je-
junum, ileum, cecum, and rectus) in the chicken (Gallus gallus domesticus).
These findings will allow us to further elucidate the specific function of each of

the studied proteins in the process of paracellular absorption in adult chickens.
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