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1 | INTRODUCTION

The ascidians, also known as tunicates because of the characteris-
tic tunic covering the whole organism, are marine invertebrates
classified among the urochordates. These animals may be pelagic

or sessile. Styela plicata (Lesueur, 1823) is a solitary benthic
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Abstract

The endostyle is the first component of the ascidian digestive tract, it is shaped like a
through and is located in the pharynx's ventral wall. This organ is divided longitudi-
nally into nine zones that are parallel to each other. Each zone's cells are physically
and functionally distinct. Support elements are found in zones 1, 3, and 5, while
mucoproteins secreting elements related to the filtering function are found in zones
2, 4, and 6. Zones 7, 8, and 9, which are located in the lateral dorsal section of the
endostyle, include cells with high iodine and peroxidase concentrations. Immunohis-
tochemical technique using the following antibodies, Toll-like receptor 2 (TLR-2) and
vasoactive intestinal peptide (VIP), and lectin histochemistry (WGA—wheat-
germagglutinin), were used in this investigation to define immune cells in the endo-
style of Styela plicata (Lesueur, 1823). Our results demonstrate the presence of
immune cells in the endostyle of S. plicata, highlighting that innate immune mecha-

nisms are highly conserved in the phylogeny of the chordates.

Research highlights

¢ Immune cells positive to TLR-2 and VIP in the endostyle of Styela plicata.

e Expression of WGA in several zones of endostyle.

e Use of comparative biology to improve the knowledge about immunology in

ascidians.
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ascidian that represents a valid model of evolutionary study
(Lauriano et al., 2021).

The endostyle, the initial part of the ascidian digestive tract, has a
trough shape and is placed in the ventral wall of the pharynx. This
organ plays an important immune function (Giacomelli et al., 2012)

and is subdivided into nine different zones longitudinally parallel to
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each other (Hiruta et al., 2006). The cells of each zone are morphologi-
cally and functionally specialized (Aros & Viragh, 1969; Fujita &
Nanba, 1971; Osugi et al., 2020) (Figure 1).

Zones 1, 3, and 5 contain support elements, zones 2, 4, and 6 pre-
sent mucoproteins secreting elements associated with the filtering
function. Zones 7, 8, and 9, located in the lateral dorsal portion of the
endostyle, show cells with high concentrations of iodine and peroxi-
dase (Fujita & Sawano, 1979; Thorpe et al., 1972) and are considered
to be homologous to thyroid follicles (Fujita & Sawano, 1979). The
expression of several thyroid-associated genes in these areas supports
this homology (Ogasawara et al., 1999; Ogasawara & Satou, 2003;
Ristoratore et al., 1999). The endostyle represents a key structure in
the chordates evolution (Bone et al., 2003; Petersen, 2007). The
mucus produced by zones 1 and 4 together with the galactins pro-
duced by zones 2 and 4 (Vizzini et al., 2015), creates a mesh that plays
the role of filtering food and furthermore acts as a first barrier against
microbes and pathogens, such as mammalian mucus produced by gob-
let cells in the gut (Flood & Fiala-Medioni, 1981; Petersen, 2007). In
addition, the endostyle shows a defense immune function against for-
eign agents using the oral and atrial (cloacal) siphon as preferential
entry routes of microorganisms. In zone 8 a population of phagocytes
is exposed to seawater. These sentinel cells can recognize and ingest
foreign cells, preventing them from entering the pharynx. (Sasaki
et al., 2009).

This study aimed to characterize immune cells in the endostyle
using Toll like receptor 2 (TLR-2) and vasoactive intestinal peptide
(VIP) antibodies, and lectin histochemistry (WGA).

TLR-2 is an evolutionarily conserved recognition receptor (PRR)
(Alesci et al., 2020; Alesci, Pergolizzi, et al., 2021), this receptor has
been characterized in vertebrate several immune cells (Alesci, Per-
golizzi, Capillo, et al., 2022; Alesci, Pergolizzi, Fumia, et al., 2022;
Lauriano et al., 2014; Lauriano et al., 2018; Lauriano et al., 2019;

Lauriano et al., 2020; Lauriano, Pergolizzi, et al., 2016; Marino

FIGURE 1

et al., 2015; Marino et al., 2019) and also in the tunic of S. plicata
(Lauriano et al., 2021).

VIP is a neuroimmune peptide present in different regions of the
vertebrate intestine (Lauriano et al., 2017) and is also expressed in
immune cells such as T and B cells, mast cells, and eosinophilic
granulocytes (Alessio et al., 2020; Iwasaki et al., 2019). Neuropeptides
are normally expressed in the mammalian digestive system, under physi-
ological and pathological conditions (Pergolizzi et al., 2021). Several stud-
ies have shown the presence of neuropeptides, such as Neuropeptide Y,
in S. plicata, produced by the hemocytes (Pestarino, 1992).

WGA is a haemagglutinating lectin present on phagocytic hemo-
cytes (Cima et al, 2001), and morula cells (MCs), the predominant
type of hemocytes (Ballarin & Cima, 2005). WGA lectin also stains
modestly mucous cells and a brush-like boundary (Lauriano
et al, 2017; Lauriano et al., 2019). Moreover, WGA is involved in
innate immune response (Hillyer & Christensen, 2002; Jeong
et al., 2002), collaborating with epithelial barriers in cellular defense,
and cooperates with pattern-recognition receptors to stimulate pro-
inflammatory signaling cascades in the innate immune system, playing
a key role in the interaction with Toll-like receptors (TLRs) (Unitt &
Hornigold, 2011).

2 | MATERIALS AND METHODS

21 | Animals

Samples of adult specimens of S. plicata used in this study were col-
lected from the natural oriented reserve of “Capo Peloro”
(Autorizzazione n.1138/A del March 15, 2021), precisely from Faro
coastal lagoon (Messina, ltaly) (D'lglio et al., 2021; Sanfilippo
et al., 2022; Savoca et al., 2020) and were subjected to usual proce-

dures for preparation of durable samples for optical microscopy.

1 Support Elements
® 2 Mucosal cells
3 Support Elements
4 Mucosal cells
5 Support Elements
% 6 Mucosal cells
® 7 Peroxidase production cells
® 8 Peroxidase production cells, Sentinel cells
%9 Peroxidase production cells

Scheme of longitudinal section of Styela plicata endostyle. Each number represents a different zone of the endostyle
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2.2 | Tissue preparation

Samples were fixed in 4% paraformaldehyde in phosphate-buffered
saline (PBS) 0.1 M (pH 7.4) for 12-18 h, dehydrated in graded ethanol,
cleared in xylene, embedded in Paraplast® (McCormick Scientific LLC,
St. Louis, MO). Finally, serial sections (3-5 um thick) were obtained by
a rotary microtome (LEICA 2065 Supercut) (Alesci et al., 2014; Icardo
et al., 2015; Lauriano, Zuwata, et al., 2016; Zaccone et al., 2015;

Zaccone, Lauriano, et al., 2017).

2.3 | Histology and histochemistry

For light microscopic examination, serial sections were stained with
May-Griinvald-Giemsa (04-081802 Bio-Optica Milano S.p.A.) and Alcian
Blue pH 2.5-PAS (04-163802 Bio-Optica Milano S.p.A) methods (Alesci
et al., 2015; Simona Pergolizzi et al., 2022). The Lectin used was WGA
HRP-conjugated (Sigma Chemicals Co. St. Louis, MO). Deparaffinized
and rehydrated tissue sections were immersed in 3% H,O, for 10 min to
suppress the endogenous peroxidase activity, rinsed in 0.05 mol/L Tris-
HCI buffered saline (TBS) pH 7.4, and incubated in lectin solution for 1 h
at room temperature (RT). After rinsing thrice in TBS, the peroxidase
activity was visualized by incubation in a solution containing 0.05%
3,30-diaminobenzidine (DAB) and 0.003% H,O, in 0.05 mol/L TBS
(pH 7.6) for 10 min at RT before dehydration and mounting.

24 | Immunoperoxidase method

Immunohistochemical techniques, testing TLR-2, VIP with a light
microscope for observation. Sections were incubated overnight in a
humid chamber with the following antibodies: TLR2 (Toll-like Recep-
tor 2 Antibody, product in rabbit by Active Motif, La Hulpe, Belgium,
Europe, 1:125) and VIP (Vasoactive intestinal polypeptide, product in
rabbit by Sigma-Aldrich, St. Louis, MO, 1:4000). Then, the sections
were washed in phosphate-buffered saline (PBS) and incubated for
60 min with a goat anti-rabbit 1gG-peroxidase conjugate. Peroxidase
activity was determined by incubating the sections in a solution of
0.02% diaminobenzidine (DAB) and 0.015% hydrogen peroxide for 1-
5 min at room temperature (Lauriano et al., 2015; Zaccone, Icardo,
et al., 2017). After rinsing in PBS, sections were dehydrated, mounted,
and examined under a Zeiss Axioskop 2 plus microscope equipped
with a Sony Digital Camera DSC-85. Control experiments excluding

primary antibody were performed (data not showed).

2.5 | Statistical analysis

For each sample, 5 sections and 10 fields were investigated to gener-
ate data for statistical analysis. Subjectively, the fields were chosen
based on the cell's positivity reaction. The ImageJ software was used
to examine each field (Schneider et al., 2012). After converting the

acquired image to 8 bits, a “Threshold” filter and a mask were used to
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pick cells and remove the background. The cells were then counted
using the “Analyze particles” plug-in. ANOVA was used to determine
the statistical significance of the positive cells number respectively for
TLR2, VIP, and WGA. SigmaPlot version 14.0 was used to perform
statistical analyses (Systat Software, San Jose, CA). The information
gathered was reported as median values with a SD (As). To compare
regularly distributed data, two-tailed t tests were utilized, and Mann-
Whitney rank-sum tests were used to analyze non-normally distrib-
uted data. Values of p below .05 were judged statistically significant in
this order: *p < .01, **p < .02, ***p < .03, ****p < .04, *****p < .05.

3 | RESULTS
The transverse histological sections by May-Griinwald-Giemsa
showed endostyle zone from 1 to 9 (Figure 2a). Alcian Blue/PAS
pH 2.5 stained Goblet cells in the 2,4 and 6 endostyle zone. These
cells showed a positive reaction to different types of neutral
(magenta) and acid (blue) mucopolysaccharides (Alesci et al., 2015).
The Alcian-blue reaction strongly labeled the apical membrane of the
goblet cells (Figure 2b). We have previously documented the presence
of TLR-2 in the tunica of S. plicata (Lauriano et al., 2021). The TLR2
immunohistochemistry demonstrated, labeled scattered immunocytes,
in the tissues surrounding the endostyle; furthermore, TLR-2 marked
numerous cells of some zones of endostyle with thyroidal and peroxi-
dase activities (zone 5 and 8); the immune cells are often organized in
strongly reactive clusters (Figure 3a). The antibody VIP showed many
marked immune cells in zones 3, 6, 7, 8, and 9 (Figure 3b). WGA Lectin
histochemistry stained intensely a lot of positive cells localized in
endostyle zone 8 and 9, and slightly marked mucous cells in zones
5 and 6 (Figure 3c). Our results showed that cells of 5, 7, and 8 endo-
style zone, together with the hemocytes, playing a role in the immune
response of ascidians (Table 1).

Statistical analysis confirms a significant number of positive cells
for TLR2, VIP, and WGA in the endostyle zones, especially in the
6 and 8 zones (Table 2, Figure 4).

4 | DISCUSSION

The immune response is mediated by circulating effector cells. Hemo-
cytes, or immunocytes, include professional phagocytes (Franchi
et al., 2011; Jimenez-Merino et al., 2019) and cytotoxic hemocytes,
able to induce oxidative stress (Ballarin & Cima, 2005). These cyto-
toxic cells contain phenoloxidase (PO) (POCCs) and have a berry-like
morphology, called morula cells (MCs), and account for more than
50% of circulating hemocytes (Cammarata et al., 2008; Parrinello
et al., 2003). Cytochemical analyses have shown high levels of poly-
phenols in the vacuoles of these cells. These phenolic compounds play
a key role in the cytotoxicity of these hemocytes and act as substrates
for POs. Polyphenols are compounds with antibacterial, anti-inflam-
matory, antioxidant, and immunostimulant activity (Alesci, Aragona,

et al, 2021; Alesci, Fumia, et al., 2021; Alesci, Lauriano, Fumia,
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FIGURE 2 (a) May-Grlinwald-Giemsa, magnification x40, scale bar 50 pm. Endostyle is bathed by cells flowing through its breasts, with
macrophages organized into islands next to it. The digestive system and heart are located near its rear end. Endostyle is outlined at the front end.
A longitudinal section of the endostyle, lymphocyte cells, and macrophages can be seen in the breast. (b) AB/pas 2.5, magnification x40, scale bar
50 pm. Histochemical stain shows positive mucosal cells in zone 2, 4, and 6 (arrows), confirming that these zones are responsible for mucous
secretion

FIGURE 3 (a) TLR2, magnification x40, scale bar 50 pm. Immunohistochemistry showed TLR2 positive hemocytes (he) and endostyle cells in
zone 5 and 8 (arrows). (b) VIP, magnification x40, scale bar 50 pm. Immunohistochemistry showed VIP positive cells in zone 3, 6, 7, 8, and

9 (arrows). (c) WGA, magnification x40, scale bar 50 pm. Lectin histochemistry showed WGA strongly positive cells in zone 8 and 9, and slightly
positive cells in zones 5 and 6 (arrows)

et al, 2022; Alesci, Miller, et al., 2021; Alesci, Nicosia, Fumia, In the present study, we have marked endostyle zones cells of
et al., 2022; Capillo et al., 2018; Fumia et al., 2021). Several studies S. plicata with anti-TLR2 and anti-VIP polyclonal antibodies; furthermore,
have shown that an ethanol or methanol extract of ascidian has we have stained the Goblet cells with WGA lectin histochemistry.

antibacterial, antimicrobial, anti-inflammatory, and antioxidant activity, The endostyle of the tunicates is a long glandular grooving exten-
assuming that these phenolic compounds are involved in the immune ding medially to the ventral surface of the gill sac along its anterior
response of tunicates (Asayesh et al., 2021; Carletti et al., 2020; and posterior axis formed by nine distinct anatomical zones, immersed

Elya & Edawati, 2018). in the blood flow through the subendostylar and endostylar sinuses
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TABLE 1 Summary scheme of the Endostyle zone Mucosal cells  TLR2-positive cells  VIP-positive cells ~ WGA-positive cells
obtained results 1

2 v

3 v

4 v/

5 v v

6 v v v

7 v

8 v v v

9 v v

Note: Zone 8, showing positivity for all the antibodies and lectin, confirms endostyle role in immunity

defense of ascidians.

TABLE 2  Statistical analysis results

Number of positive cells (+As)

TLR2-positive cells
133 + 40,06*

VIP-positive cells
287 + 34,68**

WGA-positive cells
230 + 33,00*

Note: As = SD. *p < .01, **p < .02.

FIGURE 4  Graphic of statistical data 350
300
250
200
150
100

50

W TLR2-positive cells

(Rosental et al., 2020). Zones 2, 4, and 6 within it produce mucus, as
shown by our data with AB/PAS staining.

The ascidian hemocytes involved in immune responses
(immunocytes) represent the largest fraction of circulating hemocytes
(Franchi & Ballarin, 2017). They include phagocytes and cytotoxic cells.
At the molecular level TLR1 is expressed in both phagocytes and MCs as
a member of the TLR receptor family, actively involved in self/nonself
recognition (Goldstein et al., 2021; Peronato et al., 2020). The oral and
atrial (cloacal) siphon are preferential entry routes for microorganisms. In
zone 8 a population of phagocytes is exposed to seawater. These senti-
nel cells can recognize and ingest foreign cells, preventing them from
entering the pharynx (Sasaki et al., 2009). In the endostyle, as well as in
the immunocytes, genes for the Toll-like and mannose-binding lectin
receptors (MBLs) are transcribed, following the important role of
immunosurveillance of the food tract (Franchi & Ballarin, 2017).

Our results show a marked positivity to TLR-2 in zones 5 and

8 and in circulating immune cells. Ascidia immunocytes can synthesize

No. of positive cells

| VIP-positive cells WGA-positive cells

and secrete humoral lectins involved in the recognition of foreign mol-
ecules and modulation of immune responses (Vasta et al., 2001). They
improve the phagocytosis of microorganisms and modulate the behav-
ior of other immune cells. WGA interacts with immune cells by acti-
vating their cytotoxic properties and inducing humoral response
(Bal¢itnaité-Murziené & Dzikaras, 2021). In addition, WGA induces an
inflammatory response in vertebrates by stimulating the secretion of
pro-inflammatory cytokines, TNF-a, IL-1f, IL-12, and IFN-y
(de Punder & Pruimboom, 2013). Our results show WGA-positive cells
in 5, 6, 8, and 9 zone and cells of the endostyle lining epithelium, con-
firming its involvement in immunity. VIP, in addition to being a neuro-
transmitter/neuromodulator of the central and peripheral nervous
system, is also found to play a role in the immune system in lymphoid
tissues associated with the mucosa of the gastrointestinal tract (Bains
et al,, 2019). This neuropeptide regulates gastric acid secretion, intes-
tinal peristalsis, and mucus secretion by mucous cells (Lelievre

et al., 2007). VIP was found in several portions of the digestive tract
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of S. plicata (esophagus, stomach, and intestine) (Pestarino, 1982) but
not in the pharynx. We have characterized VIP in ascidian endostyle
for the first time, showing labeled immune cells in zones 3, 6, 7, 8, and
9. Zone 8 of the endostyle contains TLR-positive, VIP-positive, and
WGA-positive cells, confirming that cell populations of this zone do
play a role in the innate immunity of these animals.

5 | CONCLUSIONS

In conclusion, our results demonstrating the presence of immune cells
in the endostyle of S. plicata, highlighting that innate immune mecha-
nisms are highly conserved in the phylogeny of the chordates. TLR2
and VIP play in ascidians a key role in adaptive immune response, as
in mammals. Therefore, this animal model allows the study of the cel-
lular and molecular processes that orchestrate innate immune
responses. This information can be translated into human immunity,
with a particular impact on improving therapeutic strategies for stem
cells, tissues, and organ transplantation. In addition, the immune
defenses of tunicates have made them a potential source of natural

drug resources with great potential for pharmacological applications.

ACKNOWLEDGMENTS
The authors are grateful to all the researchers whom we cited in this
article for their significant and valuable research.

Open Access Funding provided by Universita degli Studi di Mes-
sina within the CRUI-CARE Agreement.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

Conceptualization, Eugenia Rita Lauriano; methodology, Alessio Alesci,
Simona Pergolizzi, Patrizia Lo Cascio, Gioele Capillo, and Eugenia Rita
Lauriano; formal analysis, Alessio Alesci; investigation, Alessio Alesci and
Eugenia Rita Lauriano; resources, Alessio Alesci, Simona Pergolizzi,
Patrizia Lo Cascio, Gioele Capillo, and Eugenia Rita Lauriano; data
curation, Simona Pergolizzi, Patrizia Lo Cascio, and Gioele Capillo;
writing—original draft preparation, Alessio Alesci; writing—review and
editing, Alessio Alesci and Eugenia Rita Lauriano; visualization, Alessio
Alesci and Gioele Capillo; supervision, Eugenia Rita Lauriano All authors
have read and agreed to the published version of the manuscript.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request

ORCID
Gioele Capillo "= https://orcid.org/0000-0002-2002-1138
REFERENCES

Alesci, A., Aragona, M., Cicero, N., & Lauriano, E. R. (2021). Can
nutraceuticals assist treatment and improve covid-19 symptoms?

Natural Product Research, 1-20, 1-20. https://doi.org/10.1080/
14786419.2021.1914032

Alesci, A., Cicero, N., Salvo, A., Palombieri, D., Zaccone, D., Dugo, G.,
Bruno, M., Vadala, R., Lauriano, E. R., & Pergolizzi, S. (2014). Extracts
deriving from olive mill waste water and their effects on the liver of
the goldfish Carassius auratus fed with hypercholesterolemic diet. Nat-
ural Product Research, 28(17), 1343-1349. https://doi.org/10.1080/
14786419.2014.903479

Alesci, A., Fumia, A., Lo Cascio, P., Miller, A., & Cicero, N. (2021). Immuno-
stimulant and antidepressant effect of natural compounds in the Manage-
ment of Covid-19 symptoms. Journal of the American College of Nutrition,
1-15, 1-15. https://doi.org/10.1080/07315724.2021.1965503

Alesci, A., Lauriano, E. R., Aragona, M., Capillo, G., & Pergolizzi, S. (2020).
Marking vertebrates langerhans cells, from fish to mammals. Acta
Histochemica, 122(7), 151622. https://doi.org/10.1016/j.acthis.2020.
151622

Alesci, A., Lauriano, E. R, Fumia, A., Irrera, N., Mastrantonio, E.,
Vaccaro, M., Gangemi, S., Santini, A., Cicero, N., & Pergolizzi, S. (2022).
Relationship between immune cells, depression, stress, and psoriasis:
Could the use of natural products be helpful? Molecules, 27(6), 1953.
https://doi.org/10.3390/molecules27061953

Alesci, A, Miller, A., Tardugno, R., & Pergolizzi, S. (2021). Chemical analysis,
biological and therapeutic activities of Olea europaea L. extracts. Natural
Product  Research, 1-14. https://doi.org/10.1080/14786419.2021.
1922404

Alesci, A., Nicosia, N., Fumia, A., Giorgianni, F., Santini, A., & Cicero, N.
(2022). Resveratrol and immune cells: A link to improve human health.
Molecules, 27(2), 1-12. https://doi.org/10.3390/molecules27020424

Alesci, A., Pergolizzi, S., Capillo, G., Lo Cascio, P., & Lauriano, E. R. (2022).
Rodlet cells in kidney of goldfish (Carassius auratus, Linnaeus 1758): A
light and confocal microscopy study. Acta Histochemica, 124(3), 1-12.
https://doi.org/10.1016/j.acthis.2022.151876

Alesci, A., Pergolizzi, S., Fumia, A. Calabro, C., Lo Cascio, P., &
Lauriano, E. R. (2022). Mast cells in goldfish (Carassius auratus) gut:
Immunohistochemical characterization. Acta Zoologica, 1-14. https://
doi.org/10.1111/az0.12417

Alesci, A., Pergolizzi, S., Lo Cascio, P., Fumia, A., & Lauriano, E. R. (2021).
Neuronal regeneration: Vertebrates comparative overview and new
perspectives for neurodegenerative diseases. Acta Zoologica, 103,
129-140. https://doi.org/10.1111/az0.12397

Alesci, A., Salvo, A., Lauriano, E. R, Gervasi, T., Palombieri, D., Bruno, M.,
Pergolizzi, S., & Cicero, N. (2015). Production and extraction of
astaxanthin from Phaffia rhodozyma and its biological effect on alcohol-
induced renal hypoxia in Carassius auratus. Natural Product Research,
29(12), 1122-1126. https://doi.org/10.1080/14786419.2014.979417

Alessio, A., Pergolizzi, S., Gervasi, T., Aragona, M., Lo Cascio, P.,
Cicero, N., & Lauriano, E. R. (2020). Biological effect of astaxanthin on
alcohol-induced gut damage in Carassius auratus used as experimental
model. Natural Product Research, 1-7, 5737-5743. https://doi.org/10.
1080/14786419.2020.18303%96

Aros, B., & Viragh, S. (1969). Fine structure of the pharynx and endostyle
of an ascidian (Ciona intestinalis). Acta Biologica Academiae Scientiarum
Hungaricae, 20(3), 281-297.

Asayesh, G., Mohebbi, G. H., Nabipour, I, Rezaei, A., & Vazirizadeh, A.
(2021). Secondary metabolites from the marine tunicate “Phallusia
nigra” and some biological activities. Biology Bulletin, 48(3), 263-273.
https://doi.org/10.1134/s1062359021030031

Bains, M., Laney, C., Wolfe, A. E., Orr, M., Waschek, J. A,, Ericsson, A. C., &
Dorsam, G. P. (2019). Vasoactive intestinal peptide deficiency is asso-
ciated with altered gut microbiota communities in male and female
C57BL/6 mice. Frontiers in Microbiology, 10, 2689. https://doi.org/10.
3389/fmicb.2019.02689

Bal¢iunaité-Murziené, G., & Dzikaras, M. (2021). Wheat germ agglutinin—
From toxicity to biomedical applications. Applied Sciences, 11(2), 1-10.
https://doi.org/10.3390/app11020884


https://orcid.org/0000-0002-2002-1138
https://orcid.org/0000-0002-2002-1138
https://doi.org/10.1080/14786419.2021.1914032
https://doi.org/10.1080/14786419.2021.1914032
https://doi.org/10.1080/14786419.2014.903479
https://doi.org/10.1080/14786419.2014.903479
https://doi.org/10.1080/07315724.2021.1965503
https://doi.org/10.1016/j.acthis.2020.151622
https://doi.org/10.1016/j.acthis.2020.151622
https://doi.org/10.3390/molecules27061953
https://doi.org/10.1080/14786419.2021.1922404
https://doi.org/10.1080/14786419.2021.1922404
https://doi.org/10.3390/molecules27020424
https://doi.org/10.1016/j.acthis.2022.151876
https://doi.org/10.1111/azo.12417
https://doi.org/10.1111/azo.12417
https://doi.org/10.1111/azo.12397
https://doi.org/10.1080/14786419.2014.979417
https://doi.org/10.1080/14786419.2020.1830396
https://doi.org/10.1080/14786419.2020.1830396
https://doi.org/10.1134/s1062359021030031
https://doi.org/10.3389/fmicb.2019.02689
https://doi.org/10.3389/fmicb.2019.02689
https://doi.org/10.3390/app11020884

ALESCI ET AL.

Ballarin, L., & Cima, F. (2005). Cytochemical properties of Botryllus
schlosseri haemocytes: Indications for morpho-functional characterisa-
tion. European Journal of Histochemistry, 49(3), 255-264.

Bone, Q. Carre, C., & Chang, P. (2003). Tunicate feeding filters. Journal of the
Marine Biological Association of the United Kingdom, 83(5), 907-919.

Cammarata, M., Arizza, V., Cianciolo, C., Parrinello, D., Vazzana, M,
Vizzini, A., Salerno, G., & Parrinello, N. (2008). The prophenoloxidase
system is activated during the tunic inflammatory reaction of Ciona
intestinalis. Cell and Tissue Research, 333(3), 481-492. https://doi.org/
10.1007/s00441-008-0649-x

Capillo, G., Savoca, S., Costa, R., Sanfilippo, M., Rizzo, C., Lo Giudice, A,
Albergamo, A., Rando, R., Bartolomeo, G., Spano, N., & Faggio, C.
(2018). New insights into the culture method and antibacterial poten-
tial of Gracilaria gracilis. Marine Drugs, 16(12), 1-21. https://doi.org/
10.3390/md16120492

Carletti, A., Cardoso, C., Juliao, D., Arteaga, J. L., Chainho, P,
Dionisio, M. A., Sabrina Sales, Maria J. Gaudéncio, Inés Ferreira,
Claudia Afonso, Helena Lourenco, M. Leonor Cancela, Narcisa M.
Bandarra, Paulo J. Gavaia (2020). Biopotential of sea cucumbers
(Echinodermata) and tunicates (Chordata) from the western coast of
Portugal for the prevention and treatment of chronic ilinesses. 492.

Cima, F., Perin, A, Burighel, P., & Ballarin, L. (2001). Morpho-functional
characterization of haemocytes of the compound ascidian Botrylloides
leachi (Tunicata, Ascidiacea). Acta Zoologica, 82(4), 261-274.

D'lglio, C., Natale, S., Albano, M., Savoca, S., Famulari, S., Gervasi, C.,
Lanteri, G., Panarello, G., Spano, N., & Capillo, G. (2022). Otolith ana-
lyses highlight Morpho-functional differences of three species of mul-
let (Mugilidae) from transitional water. Sustainability, 14(1), 398.
https://doi.org/10.3390/5u14010398

de Punder, K., & Pruimboom, L. (2013). The dietary intake of wheat and
other cereal grains and their role in inflammation. Nutrients, 5(3), 771-
787. https://doi.org/10.3390/nu5030771

Elya, B., Yasman, & Edawati, Z. (2018). Antioxidant activity of the ascidian
marine invertebrates, Didemnum Sp. International Journal of Applied
Pharmaceutics, 10(1), 81. https://doi.org/10.22159/jap.2018.v10s1.17

Flood, P. R., & Fiala-Medioni, A. (1981). Ultrastructure and histochemistry
of the food trapping mucous film in benthic filter-feeders (ascidians).
Acta Zoologica, 62(1), 53-65.

Franchi, N., & Ballarin, L. (2017). Immunity in Protochordates: The tunicate
perspective. Frontiers in Immunology, 8, 674. https://doi.org/10.3389/
fimmu.2017.00674

Franchi, N., Schiavon, F. Carletto, M., Gasparini, F. Bertoloni, G,
Tosatto, S. C., & Ballarin, L. (2011). Immune roles of a rhamnose-binding
lectin in the colonial ascidian Botryllus schlosseri. Immunobiology, 216(6),
725-736. https://doi.org/10.1016/j.imbio.2010.10.011

Fujita, H., & Nanba, H. (1971). Fine structure and its functional properties of
the endostyle of ascidians, Ciona intestinalis. A part of phylogenetic stud-
ies of the thyroid gland. Zeitschrift fiir Zellforschung und Mikroskopische
Anatomie, 121(4), 455-469. https://doi.org/10.1007/BF00560154

Fujita, H., & Sawano, F. (1979). Fine structural localization of endogeneous
peroxidase in the endostyle of ascidians, Ciona intestinalis. A part of phy-
logenetic studies of the thyroid gland. Archivum Histologicum Japonicum,
42(3), 319-326. https://doi.org/10.1679/aohc1950.42.319

Fumia, A., Cicero, N., Gitto, M., Nicosia, N., & Alesci, A. (2021). Role of
nutraceuticals on neurodegenerative diseases: Neuroprotective and
immunomodulant activity. Natural Product Research, 1-18. https://doi.
org/10.1080/14786419.2021.2020265

Giacomelli, S., Melillo, D., Lambris, J. D., & Pinto, M. R. (2012). Immune
competence of the Ciona intestinalis pharynx: Complement system-
mediated activity. Fish & Shellfish Inmunology, 33(4), 946-952. https://
doi.org/10.1016/j.fsi.2012.08.003

Goldstein, O., Mandujano-Tinoco, E. A., Levy, T., Talice, S., Raveh, T,
Gershoni-Yahalom, O., Voskoboynik, A., & Rosental, B. (2021).
Botryllus schlosseri as a unique colonial chordate model for the study

MICROSCOPY 2657
RESEARCH - TECHNIQUE WILEYJ—

and modulation of innate immune activity. Marine Drugs, 19(8), 1-12.
https://doi.org/10.3390/md19080454

Hillyer, J. F., & Christensen, B. M. (2002). Characterization of hemocytes from
the yellow fever mosquito, Aedes aegypti. Histochemistry and Cell Biology,
117(5), 431-440. https://doi.org/10.1007/s00418-002-0408-0

Hiruta, J., Mazet, F., & Ogasawara, M. (2006). Restricted expression of
NADPH oxidase/peroxidase gene (Duox) in zone VIl of the ascidian
endostyle. Cell and Tissue Research, 326(3), 835-841. https://doi.org/
10.1007/s00441-006-0220-6

Icardo, J. M., Colvee, E., Lauriano, E. R., Capillo, G., Guerrera, M. C., &
Zaccone, G. (2015). The structure of the gas bladder of the spotted
gar, Lepisosteus oculatus. Journal of Morphology, 276(1), 90-101.
https://doi.org/10.1002/jmor.20323

lwasaki, M., Akiba, Y., & Kaunitz, J. D. (2019). Recent advances in vasoac-
tive intestinal peptide physiology and pathophysiology: Focus on the
gastrointestinal system. F1000Res, 8, 8. https://doi.org/10.12688/
f1000research.18039.1

Jeong, K. 1., Sohn, Y. S., Ahn, K., Choi, C., Han, D. U., & Chae, C. (2002).
Lectin histochemistry of Peyer's patches in the porcine ileum. The Jour-
nal of Veterinary Medical Science, 64(6), 535-538. https://doi.org/10.
1292/jvms.64.535

Jimenez-Merino, J., Santos de Abreu, I., Hiebert, L. S., Allodi, S., Tiozzo, S., De
Barros, C. M., & Brown, F. D. (2019). Putative stem cells in the hemo-
lymph and in the intestinal submucosa of the solitary ascidian Styela
plicata. EvoDevo, 10, 31. https://doi.org/10.1186/s13227-019-0144-3

Lauriano, E. R., Aragona, M., Alesci, A., Lo Cascio, P., & Pergolizzi, S.
(2021). Toll-like receptor 2 and alpha-smooth muscle Actin expressed
in the tunica of a urochordate, Styela plicata. Tissue & Cell, 71, 101584.
https://doi.org/10.1016/j.tice.2021.101584

Lauriano, E. R., Faggio, C., Capillo, G., Spano, N., Kuciel, M., Aragona, M., &
Pergolizzi, S. (2018). Immunohistochemical characterization of epider-
mal dendritic-like cells in giant mudskipper, Periophthalmodon
schlosseri. Fish & Shellfish Immunology, 74, 380-385. https://doi.org/
10.1016/j.fsi.2018.01.014

Lauriano, E. R., Guerrera, M. C,, Laura, R., Capillo, G., Pergolizzi, S.,
Aragona, M., Abbate, F., & Germana, A. (2020). Effect of light on the
calretinin and calbindin expression in skin club cells of adult zebrafish.
Histochemistry and Cell Biology, 154(5), 495-505. https://doi.org/10.
1007/s00418-020-01883-9

Lauriano, E. R., Icardo, J. M., Zaccone, D., Kuciel, M., Satora, L., Alesci, A.,
Alfa, M., & Zaccone, G. (2015). Expression patterns and quantitative
assessment of neurochemical markers in the lung of the gray bichir,
Polypterus senegalus (Cuvier, 1829). Acta Histochemica, 117(8), 738-
746. https://doi.org/10.1016/j.acthis.2015.08.007

Lauriano, E. R., Pergolizzi, S., Aragona, M., Montalbano, G., Guerrera, M. C,,
Crupi, R., Faggio, C., & Capillo, G. (2019). Intestinal immunity of dog-
fish Scyliorhinus canicula spiral valve: A histochemical, immunohisto-
chemical and confocal study. Fish & Shellfish Inmunology, 87, 490-498.
https://doi.org/10.1016/j.fsi.2019.01.049

Lauriano, E. R., Pergolizzi, S., Capillo, G., Kuciel, M., Alesci, A., & Faggio, C.
(2016). Immunohistochemical characterization of toll-like receptor 2 in
gut epithelial cells and macrophages of goldfish Carassius auratus fed
with a high-cholesterol diet. Fish & Shellfish Inmunology, 59, 250-255.
https://doi.org/10.1016/j.fsi.2016.11.003

Lauriano, E. R., Pergolizzi, S., Gangemi, J., Kuciel, M., Capillo, G,
Aragona, M., & Faggio, C. (2017). Immunohistochemical colocalization
of G protein alpha subunits and 5-HT in the rectal gland of the carti-
laginous fish Scyliorhinus canicula. Microscopy Research and Technique,
80(9), 1018-1027. https://doi.org/10.1002/jemt.22896

Lauriano, E. R., Silvestri, G., Kuciel, M., Zuwata, K. Zaccone, D.
Palombieri, D., Alesci, A., & Pergolizzi, S. (2014). Immunohistochemical
localization of toll-like receptor 2 in skin Langerhans' cells of striped
dolphin (Stenella coeruleoalba). Tissue & Cell, 46(2), 113-121. https://
doi.org/10.1016/j.tice.2013.12.002


https://doi.org/10.1007/s00441-008-0649-x
https://doi.org/10.1007/s00441-008-0649-x
https://doi.org/10.3390/md16120492
https://doi.org/10.3390/md16120492
https://doi.org/10.3390/su14010398
https://doi.org/10.3390/nu5030771
https://doi.org/10.22159/jap.2018.v10s1.17
https://doi.org/10.3389/fimmu.2017.00674
https://doi.org/10.3389/fimmu.2017.00674
https://doi.org/10.1016/j.imbio.2010.10.011
https://doi.org/10.1007/BF00560154
https://doi.org/10.1679/aohc1950.42.319
https://doi.org/10.1080/14786419.2021.2020265
https://doi.org/10.1080/14786419.2021.2020265
https://doi.org/10.1016/j.fsi.2012.08.003
https://doi.org/10.1016/j.fsi.2012.08.003
https://doi.org/10.3390/md19080454
https://doi.org/10.1007/s00418-002-0408-0
https://doi.org/10.1007/s00441-006-0220-6
https://doi.org/10.1007/s00441-006-0220-6
https://doi.org/10.1002/jmor.20323
https://doi.org/10.12688/f1000research.18039.1
https://doi.org/10.12688/f1000research.18039.1
https://doi.org/10.1292/jvms.64.535
https://doi.org/10.1292/jvms.64.535
https://doi.org/10.1186/s13227-019-0144-3
https://doi.org/10.1016/j.tice.2021.101584
https://doi.org/10.1016/j.fsi.2018.01.014
https://doi.org/10.1016/j.fsi.2018.01.014
https://doi.org/10.1007/s00418-020-01883-9
https://doi.org/10.1007/s00418-020-01883-9
https://doi.org/10.1016/j.acthis.2015.08.007
https://doi.org/10.1016/j.fsi.2019.01.049
https://doi.org/10.1016/j.fsi.2016.11.003
https://doi.org/10.1002/jemt.22896
https://doi.org/10.1016/j.tice.2013.12.002
https://doi.org/10.1016/j.tice.2013.12.002

ALESCI ET AL.

2658 MICROSCOPY
_LWI LEY RESEARCH & TECHNIQUE

Lauriano, E. R., Zuwafa, K., Kuciel, M., Budzik, K. A., Capillo, G., Alesci, A.,
Pergolizzi, S., Dugo, G., & Zaccone, G. (2016). Confocal immunohisto-
chemistry of the dermal glands and evolutionary considerations in the
caecilian,Typhlonectes  natans(Amphibia: ~ Gymnophiona).  Acta
Zoologica, 97(2), 154-164. https://doi.org/10.1111/az0.12112

Lelievre, V. Favrais, G. Abad, C. Adle-Biassette, H., Lu, Y,
Germano, P. M. Cheung-Lau, G., Pisegna, J. R, Gressens, P.,
Lawson, G., & Waschek, J. A. (2007). Gastrointestinal dysfunction in
mice with a targeted mutation in the gene encoding vasoactive intesti-
nal polypeptide: A model for the study of intestinal ileus and
Hirschsprung's disease. Peptides, 28(9), 1688-1699. https://doi.org/
10.1016/j.peptides.2007.05.006

Marino, A., Pergolizzi, S., Cimino, F., Lauriano, E. R., Speciale, A,
D'Angelo, V., Sicurella, M., Argnani, R., Manservigi, R., & Marconi, P.
(2019). Role of herpes simplex envelope glycoprotein B and toll-like
receptor 2 in ocular inflammation: An ex vivo Organotypic rabbit cor-
neal model. Viruses, 11(9), 819. https://doi.org/10.3390/v11090819

Marino, A., Pergolizzi, S., Lauriano, E. R., Santoro, G., Spataro, F.
Cimino, F., Speciale, A., Nostro, A., & Bisignano, G. (2015). TLR2 acti-
vation in corneal stromal cells by Staphylococcus aureus-induced kera-
titis. APMIS, 123(2), 163-168. https://doi.org/10.1111/apm.12333

Ogasawara, M., Di Lauro, R., & Satoh, N. (1999). Ascidian homologs of mam-
malian thyroid peroxidase genes are expressed in the thyroid-equivalent
region of the endostyle. The Journal of Experimental Zoology, 285(2), 158-
169. https://doi.org/10.1002/(sici)1097-010x(19990815)285:2<158::aid-
jez8>3.0.c0;2-0

Ogasawara, M., & Satou, Y. (2003). Expression of FoxE and FoxQ genes in
the endostyle of Ciona intestinalis. Development Genes and Evolution,
213(8), 416-419. https://doi.org/10.1007/s00427-003-0342-8

Osugi, T., Sasakura, Y., & Satake, H. (2020). The ventral peptidergic system
of the adult ascidian Ciona robusta (Ciona intestinalis type a) insights
from a transgenic animal model. Scientific Reports, 10(1), 1892. https://
doi.org/10.1038/s41598-020-58884-w

Parrinello, N., Arizza, V., Chinnici, C., Parrinello, D., & Cammarata, M.
(2003). Phenoloxidases in ascidian hemocytes: characterization of the
pro-phenoloxidase activating system. Comparative Biochemistry and
Physiology Part B: Biochemistry and Molecular Biology, 135(4), 583-591.
https://doi.org/10.1016/s1096-4959(03)00120-9

Pergolizzi, S., Alesci, A., Centofanti, A., Aragona, M., Pallio, S,
Magaudda, L., Cutroneo, G., & Lauriano, E. R. (2022). Role of serotonin
in the maintenance of inflammatory state in Crohn's disease. Biomedi-
cine, 10(4), 765. https://doi.org/10.3390/biomedicines10040765

Pergolizzi, S., Rizzo, G., Favaloro, A., Alesci, A. Pallio, S., Melita, G.,
Cutroneo, G., & Lauriano, E. R. (2021). Expression of VAChT and 5-HT
in ulcerative colitis dendritic cells. Acta Histochemica, 123(4), 151715.
https://doi.org/10.1016/j.acthis.2021.151715

Peronato, A., Franchi, N., & Loriano, B. (2020). BsTLR1: A new member of
the TLR family of recognition proteins from the colonial ascidian
Botryllus schlosseri. Fish & Shellfish Immunology, 106, 967-974.
https://doi.org/10.1016/j.fsi.2020.09.006

Pestarino, M. (1982). Occurrence of different secretin-like cells in the diges-
tive tract of the ascidian Styela plicata (Urochordata, Ascidiacea). Cell and
Tissue Research, 226(1), 231-235. https://doi.org/10.1007/BF00217097

Pestarino, M. (1992). Immunocytochemical evidence of a neuroimmune
axis in a protochordate ascidian*. Bolletino di Zoologia, 59(2), 191-194.
https://doi.org/10.1080/11250009209386668

Petersen, J. K. (2007). Ascidian suspension feeding. Journal of Experimental
Marine Biology and Ecology, 342(1), 127-137.

Ristoratore, F., Spagnuolo, A., Aniello, F., Branno, M., Fabbrini, F., & Di
Lauro, R. (1999). Expression and functional analysis of Cititf1, an ascid-
ian NK-2 class gene, suggest its role in endoderm development. Devel-
opment, 126(22), 5149-5159.

Rosental, B., Raveh, T., Voskoboynik, A., & Weissman, I. L. (2020). Evolu-
tionary perspective on the hematopoietic system through a colonial

chordate: Allogeneic immunity and hematopoiesis. Current Opinion in
Immunology, 62, 91-98. https://doi.org/10.1016/.c0i.2019.12.006

Sanfilippo, M., Albano, M., Manganaro, A., Capillo, G., Spano, N., &
Savoca, S. (2022). Spatiotemporal organic carbon distribution in the
capo Peloro lagoon (Sicily, Italy) in relation to environmentally sustain-
able approaches. Water, 14(1), 1-14. https://doi.org/10.3390/
w14010108

Sasaki, N., Ogasawara, M., Sekiguchi, T., Kusumoto, S., & Satake, H. (2009).
Toll-like receptors of the ascidian Ciona intestinalis: Prototypes with
hybrid functionalities of vertebrate toll-like receptors. The Journal of
Biological Chemistry, 284(40), 27336-27343. https://doi.org/10.1074/
jbc.M109.032433

Savoca, S., Grifd, G., Panarello, G., Albano, M., Giacobbe, S., Capillo, G.,
Spand, N., & Consolo, G. (2020). Modelling prey-predator interactions
in Messina beachrock pools. Ecological Modelling, 434, 109206.
https://doi.org/10.1016/j.ecolmodel.2020.109206

Schneider, C. A., Rasband, W. S., & Eliceiri, K. W. (2012). NIH image to
ImageJ: 25 years of image analysis. Nature Methods, 9(7), 671-675.
https://doi.org/10.1038/nmeth.2089

Thorpe, A., Thorndyke, M. C., & Barrington, E. J. (1972). Ultrastructural
and histochemical features of the endostyle of the ascidian Ciona
intestinalis with special reference to the distribution of bound iodine.
General and Comparative Endocrinology, 19(3), 559-571. https://doi.
org/10.1016/0016-6480(72)90256-0

Unitt, J., & Hornigold, D. (2011). Plant lectins are novel toll-like receptor
agonists. Biochemical Pharmacology, 81(11), 1324-1328. https://doi.
org/10.1016/j.bcp.2011.03.010

Vasta, G. R,, Quesenberry, M. S., Ahmed, H., & O'Leary, N. (2001). Lectins
from tunicates: Structure-function relationships in innate immunity.
Advances in Experimental Medicine and Biology, 484, 275-287. https://
doi.org/10.1007/978-1-4615-1291-2_26

Vizzini, A., Parrinello, D., Sanfratello, M. A., Trapani, M. R., Mangano, V.,
Parrinello, N., & Cammarata, M. (2015). Upregulated transcription of
phenoloxidase genes in the pharynx and endostyle of Ciona
intestinalis in response to LPS. Journal of Invertebrate Pathology, 126,
6-11. https://doi.org/10.1016/].jip.2015.01.009

Zaccone, D., Icardo, J. M., Kuciel, M., Alesci, A., Pergolizzi, S., Satora, L.,
Lauriano, E. R., & Zaccone, G. (2017). Polymorphous granular cells in
the lung of the primitive fish, the bichirPolypterus senegalus. Acta
Zoologica, 98(1), 13-19. https://doi.org/10.1111/az0.12145

Zaccone, G., Lauriano, E. R., Kuciel, M., Capillo, G., Pergolizzi, S., Alesci, A.,
Ishimatsu, A., Ip, Y. K., & Icardo, J. M. (2017). Identification and distri-
bution of neuronal nitric oxide synthase and neurochemical markers in
the neuroepithelial cells of the gill and the skin in the giant mudskip-
per, Periophthalmodon schlosseri. Zoology (Jena, Germany), 125, 41-
52. https://doi.org/10.1016/j.z001.2017.08.002

Zaccone, G., Lauriano, E. R., Silvestri, G., Kenaley, C., Icardo, J. M.,
Pergolizzi, S., Alesci, A., Sengar, M., Kuciel, M., & Gopesh, A. (2015).
Comparative neurochemical features of the innervation patterns of
the gut of the basal actinopterygian,Lepisosteus oculatus, and the
euteleost, Clarias batrachus. Acta Zoologica, 96(2), 127-139. https://
doi.org/10.1111/az0.12059

How to cite this article: Alesci, A., Pergolizzi, S., Lo Cascio, P.,
Capillo, G., & Lauriano, E. R. (2022). Localization of vasoactive
intestinal peptide and toll-like receptor 2 immunoreactive cells
in endostyle of urochordate Styela plicata (Lesueur, 1823).
Microscopy Research and Technique, 85(7), 2651-2658.
https://doi.org/10.1002/jemt.24119



https://doi.org/10.1111/azo.12112
https://doi.org/10.1016/j.peptides.2007.05.006
https://doi.org/10.1016/j.peptides.2007.05.006
https://doi.org/10.3390/v11090819
https://doi.org/10.1111/apm.12333
https://doi.org/10.1002/(sici)1097-010x(19990815)285:2%3C158::aid-jez8%3E3.0.co;2-0
https://doi.org/10.1002/(sici)1097-010x(19990815)285:2%3C158::aid-jez8%3E3.0.co;2-0
https://doi.org/10.1007/s00427-003-0342-8
https://doi.org/10.1038/s41598-020-58884-w
https://doi.org/10.1038/s41598-020-58884-w
https://doi.org/10.1016/s1096-4959(03)00120-9
https://doi.org/10.3390/biomedicines10040765
https://doi.org/10.1016/j.acthis.2021.151715
https://doi.org/10.1016/j.fsi.2020.09.006
https://doi.org/10.1007/BF00217097
https://doi.org/10.1080/11250009209386668
https://doi.org/10.1016/j.coi.2019.12.006
https://doi.org/10.3390/w14010108
https://doi.org/10.3390/w14010108
https://doi.org/10.1074/jbc.M109.032433
https://doi.org/10.1074/jbc.M109.032433
https://doi.org/10.1016/j.ecolmodel.2020.109206
https://doi.org/10.1038/nmeth.2089
https://doi.org/10.1016/0016-6480(72)90256-0
https://doi.org/10.1016/0016-6480(72)90256-0
https://doi.org/10.1016/j.bcp.2011.03.010
https://doi.org/10.1016/j.bcp.2011.03.010
https://doi.org/10.1007/978-1-4615-1291-2_26
https://doi.org/10.1007/978-1-4615-1291-2_26
https://doi.org/10.1016/j.jip.2015.01.009
https://doi.org/10.1111/azo.12145
https://doi.org/10.1016/j.zool.2017.08.002
https://doi.org/10.1111/azo.12059
https://doi.org/10.1111/azo.12059
https://doi.org/10.1002/jemt.24119

	Localization of vasoactive intestinal peptide and toll-like receptor 2 immunoreactive cells in endostyle of urochordate Sty...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Animals
	2.2  Tissue preparation
	2.3  Histology and histochemistry
	2.4  Immunoperoxidase method
	2.5  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	5  CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	REFERENCES


