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GATA3 is a transcription factor that plays an important role in T cell lineage
differentiation and T-helper 2 (Th2) type immune responses. In this study, we
developed two rat antibodies against Atlantic salmon GATA-3 (anti-rSsGATA-
3a and anti-rSsGATA-3b, respectively). The western blotting and
immunofluorescence results showed that anti-rSsGATA-3b antibodies
recognized endogenous SsSGATA-3 proteins, while the anti-rSsGATA-3a
antibodies did not bind SsGATA-3. Immunohistochemical analysis revealed
that SSGATA-3 positive cells were detected in all tissues tested, with relatively
high number of immune reactive cells in the qgills and spleen. Furthermore, the
immunohistochemical study revealed that SSGATA-3 was expressed in pillar
cells, epithelial cells, chondrocytes, perichondrium cells, and some
undifferentiated basal cells. In addition, we determined 577 bp of the
upstream promoter sequence of SsiL-4/13a and found four motifs that
matched SsGATA-3 binding sites. The promoter regions of SslL-4/13a were
assessed by transfecting four deletion reporter constructs and SsGATA-3
overexpression plasmids. The result showed that SsGATA-3 enhanced the
activity of SslL-4/13a promoters within the region ranging from -317 to -302
bp upstream of the transcriptional start site. Antibodies against Th2 markers
such as GATA-3 are valuable in addressing the diversity of T cell responses
in fish.
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Introduction

Naive T cells, which are functionally immature, can be
differentiated into different subsets of effector T cells upon
activation in mammals (Zhu and Paul, 2010). CD4" T helper
(Th) cells can be subdivided into distinct subsets characterized
by specific transcriptional regulatory networks and unique
cytokine repertoires, which orchestrate immune responses and
play key roles during infection, chronic inflammation,
autoimmune diseases, and carcinogenesis (Gagliani and
Huber, 2017). The main subsets of T helper cells are Th1/Th2/
Th17/Tregs, in which Th1 and Th2 are two well-studied subsets
(Zhu J. F. et al,, 2012). Thl cells express T-bet and produce IFN-
¥, IL-2, and TNF-a; Th2 cells express GATA-3 and secrete IL-4,
IL-5, IL-9, and IL-13. Response governed by Thl cells is
important to mount response against intracellular pathogens
such as viruses, bacteria, and microorganisms. Th2 cells are
emphasized to be involved in response to extracellular pathogens
enabling, e.g., humoral immunity (Kidd, 2003).

GATA-3 is a member of the GATA family of transcription
factors and possesses N-terminal transactivation domains and
two zinc fingers, namely the N-terminal zinc finger and the C-
terminal zinc finger (Fox et al., 1998; Tevosian et al., 1999). The
C-terminal region of GATA-3 is highly conserved among the
GATA family proteins. The amino acid motif (YxKxHxxxRP) is
adjacent to the C-terminal zinc finger domain of GATA-3. It
plays a vital role in GATA-3 DNA binding and function,
including transcriptional activity and the ability to induce
chromatin remodeling at the Th2 cytokine gene loci
(Shinnakasu et al., 2006). Several IL-4-like genes such as IL-4/
13a, IL-4/13b1, and IL-4/13b2 have been cloned from Atlantic
salmon (Salmo salar L.), pufferfish (Tetraodon nigroviridis), sea
bass (Dicentrarchus labrax L.), and zebrafish (Danio rerio) (Li
et al,, 2007; Ohtani et al., 2008; Wang et al., 2016; Stocchi et al.,
2017). The reports showed that fish IL-4/13a has perfect TATA
box and GATA-3 binding motifs in the proximal promoter
regions of the gene. However, IL-4/13b lacks such a box and
motif in its proximal promoter regions. Thus, IL-4/13a might be
the real IL-4 orthologous gene, but more evidence is still needed
(Zhu L. Y. et al., 2012).

Cartilaginous and bony fish are the most primitive
vertebrates with thymus and possess T-like cells comparable to
mammals (Nakanishi et al., 2015). Molecular and cellular
evidence for the existence of T-helper cell subsets in fish has
appeared during the last years. As examples, the transcription
factors (T-bet, GATA-3, Foxp3) and cytokines (IL-12, IFN-y, IL-
4, TGF-) have all been identified from teleost fish (Neave et al.,
1995; Read et al., 2004; Takizawa et al., 2008; Kumari et al., 2009;
Wang et al,, 2010; Chi et al., 2012), which shows that akin T
helper cells differentiation process is also present in fish.
Whether these cells will match precisely to the mammalian
paradigm and nomenclature remains to be shown, but the
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findings so far suggest that many similarities to known T cell
subsets exist (Wang and Secombes, 2013). This study aimed to
investigate the regulatory mechanism of Th2 responses in
Atlantic salmon. For this purpose, we prepared rat antibodies
of GATA-3 (SsGATA-3) and examined specifically the
expression of SSGATA-3 proteins in tissues and the regulation
of SSGATA-3 in IL-4/13a (SsIL-4/13a) transcripts.

Material and methods
Animals

Atlantic salmon, 40-50g, were kept at the Aquaculture
Research Station (Tromse, Norway) in flat-bottomed circular
200 L tanks at an ambient temperature of approximately 12°C
with 12/12 h illumination and fed commercial pelleted diets.
Prior to treatment, the fish were anesthetized in Metacaine (50
mg L™, Norsk Medisinaldepot) and sacrificed using 100 mg L™
Metacaine before collecting the different tissues. The production
of anti-rSsGATA-3 antibodies in rats were approved by the
Instructional Animal Care and Use Committee of the Ocean
University of China. All possible endeavors were made to
minimize suffering and maintain animal welfare.

Construction of plasmids

For the construction of the pSsGATA-3-RFP plasmid, the
open reading frames of SSGATA-3 (GenBank No: EU418015)
were retrieved from GenBank and cloned as previously
described (Kumari et al., 2009). From a spleen ¢cDNA library,
the gene was subcloned into a pTagRFP-N vector (Evrogen,
Moscow, Russia) by PCR using primer SSGATA3F/SsGATA3R
(Table 1) to generate pSsGATA-3-RFP plasmids.

For the construction of pETSsGATA-3a and pETSsGATA-
3b, which expresses His-tagged recombinant SsGATA-3a
(rSsGATA-3a, amino acid residues 1-260) and SsGATA-3b
(rSsGATA-3b, amino acid residues 261-441), the coding
sequences of SSGATA-3a and SsGATA-3b were amplified by
PCR with primers SSGATA3aF/SsGATA3aR and SsGATA3bF/
SsGATAS3DR (Table 1). The PCR products were ligated with the
TA cloning vector T-Simple (TransGen, Beijing, China). The
recombinant plasmids were digested with EcoRV to retrieve
fragments containing SSGATA-3a and SsGATA-3b, which were
inserted into pET259 at the EcoRV site to obtain pETSsGATA-
3a and pETSsGATA-3b.

For the construction of SsIL-4/13a reporter gene plasmids,
the 5’-flanking region sequence of the SsIL-4/13a (GenBank No:
NM_001204895.1) was obtained from Genome (GenBank NO:
NC_059454.1) according to the BLASTN programs. The
Genomic DNA was isolated from spleen with the TTANNamp
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TABLE 1 Primers that were used in this study.

Name

SsGATA3F
SsGATA3R
SsGATA3aF
SsGATA3aR
SsGATA3DbF
SsGATA3bR
SsIL-4/13aproF
SsIL-4/13aproR
SsIL-4/13aF1
SsIL-4/13aF2
SsIL-4/13aF3
SsIL-4/13aF4
SsIL-4/13aR

Sequence (5’-3’)

agctaagctt ATGGAAGTATCCGCCGA (HindIII)
agctaagctt GCCCATGGCAGAGACCA (HindIII)
gatatt ATGGAAGTATCCGCCGAC(EcoRV)
gatatc TCTACCTTCTGAACATGA(EcoRV)
gatatcGAGTGCGTTAACTGTGGAG(EcoRV)
gatatcGCCCATGGCAGAGACCA(EcoRV)
TCCTACCTGCACTGAGTGTCGGA
CATCTTTGGTTGGGTTTATTTG

agctaagctt TCCTACCTGCACTGAGT (HindIIT)
agctaagctt ATTGGCAGATAAGACCT (HindIII)
agctaagcttCTTGAGGCCCCGTCGTT(HindIlII)
agctaagctt ATTCGGCGAAACGCCTCT (HindIII)
cgggcccgcgCATCTTTGGTTGGGTTTA(Sacll)

10.3389/fcimb.2022.1063600

Use

Plasmid construction
Plasmid construction
Plasmid construction
Plasmid construction
Plasmid construction
Plasmid construction
5’-flanking regions cloning
5’-flanking regions cloning
Promoter cloning
Promoter cloning
Promoter cloning
Promoter cloning

Promoter cloning

The endonucleases are marked at the end of the sequence and restriction sites are shown in lower cases.

Marine Animals DNA kit (TransGen, Beijing, China). PCR
amplified approximately 600 bp of 5’-flanking regions by
primer SsIL-4/13aproF/SsIL-4/13aproR (Table 1). For
sequencing, the PCR products were cloned in TA cloning
vector T-Simple (TransGen, Beijing, China). The Identification
of transcription factor binding motifs was predicted with
TRANSFAC® (Biobase International) (Heinemeyer et al,
1998) and Matlnspector version 6.2 (Cartharius et al.,, 2005).
Sequences with successive removal of the 5-flanking regions
were amplified by PCR using forward primers SsIL-4/13aFI,
SsIL-4/13aF2, SsIL-4/13aF3, SsIL-4/13aF4 and reverse primer
SsIL-4/13aR (Table 1) to generate deletion constructs p(-577/
+20) Luc, p(-317/420) Luc, p(-302/+20) Luc and p(-264/+20)
Luc. The PCR products were inserted into reporter vector
pMetLuc-2 (Clontech, Mountain View, CA, USA). All
plasmids were transformed and grown in One Shot TOPO 10
Escherichia coli (Invitrogen, Carlsbad, CA, USA) and then
isolated using Endo-free Plasmid Mini Kit (QIAgen, Hilden,
Germany), verified by restriction map analysis and
DNA sequencing.

Preparation of recombinant proteins
and antibodies

The rSsGATA-3a and rSsGATA-3b were expressed and
purified as described previously (Wang and Sun, 2016). Briefly,
Escherichia coli BL21 (DE3) cells (TransGen, Beijing, China)
were transformed separately with pETSsGATA-3a and
pETSsGATA-3b. Then, the transformants were grown to the
mid-logarithmic phase in LB medium at 37 °C, and isopropyl-
B-dithiogalactopyranoside was added to the cultures to a final
concentration of 1 mM. After growing at 30°C for an additional
6 hours, the cells were harvested by centrifugation (3000 g).
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His-tagged proteins were purified using Ni-NTA Agarose
(QIAgen, Hilden, Germany) as recommended by the
manufacturer. The proteins were concentrated with
PEG20000 (Solarbio, Beijing, China), and endotoxins were
removed as reported previously (Zhang and Sun, 2019). The
concentrated proteins were analyzed by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and
their concentrations were determined using the Bradford
method with bovine serum albumin as a standard
(Bradford, 1976).

The rat anti-rSSGATA-3a and rat anti-rSsSGATA-3b serum
were prepared following a protocol described previously (Liu
etal., 2010). The antibodies were purified using Protein G-based
Chromatography Media (Sigma, St. Louis, MO, USA) in line
with the introduction of manufacture. The concentrations of
purified antibodies were determined using the Bradford method
with bovine serum albumin as a standard and adjusted to 1 mg
ml! (Bradford, 1976). The specificity of antibodies was detected
by Western blotting and immunofluorescence.

Western blotting

Tissue and recombinant proteins were electro-transformed
(30 V for 1.5 h) from a 12.5% SDS-PAGE onto a polyvinylidene
fluoride (PVDF) membrane. Then the membrane was blocked
with 5% skimmed milk for 1 hour at 37°C and incubated with rat
anti-rSsGATA-3a (1:1000) or rat anti-rSsGATA-3b (1:1000)
overnight at 4°C, respectively. After being washed thrice with
PBST, the membrane was incubated with goat-anti-rat Ig-HRP
(1:5000) (Santa Cruz Biotechnology, Santa Cruz, CA, USA) for 1
hour at 37°C. After washing three times with PBST, the
immunocomplex was detected using Pierce' " ECL Western
Blotting Substrate (Pierce, Rockford, IL, USA).
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Cell line culture, transfection,
immunofluorescence, and reporter
activity assay

Chinook salmon embryonic (CHSE-214) cells were seeded
in the standard flask (NuncTM) with L-15 medium (Invitrogen,
Carlsbad, CA, USA) containing penicillin (60 ug mlfl),
streptomycin (100 g ml™"), 1% non-essential amino acids and
8% fetal bovine serum (FBS). The CHSE-214 cells were
incubated at 20°C for one week. Cells were washed twice with
10 ml PBS before adding 1.5 ml trypsin (Sigma, St. Louis, MO,
USA). Loosened cells were re-suspended in L-15 medium (8%
FBS, 1% NEAA, without antibiotics), counted in Nucleocounter
YC-100 (Invitrogen, Carlsbad, CA, USA), and seeded in separate
wells (1 x 10° cells well ). The pSsGATA-3-RFP and pTagRFP-
N were transfected to cells with Lipofectamine LTX (Invitrogen,
Carlsbad, CA, USA) according to supplier protocol. Mock-
transfected cells were considered as control. After 48 h, the
cells were fixed with 4% formaldehyde (w/v) (Invitrogen,
Carlsbad, CA, USA) for 30 minutes. After washing thrice, the
cells were incubated with 200 pl 5% skimmed milk for 2 h at
room temperature. The cells were subsequently incubated with
200 pl rat anti-rSsGATA-3a (1:200), rat anti-rSSGATA-3b
(1:200) or rat anti-Trx (1:200) as control for 1 h at 37°C with
occasional shaking, then washed thrice with PBS and incubated
for another 1 h at 37°C with goat-anti-rat Ig-FITC (1:500)
(Abcam, Boston, MA, USA). After washing thrice, DAPI
(Sigma, St. Louis, MO, USA) was used for nucleic acid
staining. Micrographs were obtained by an inverted
fluorescence microscope equipped with DAPI-365 and Texas
Red 530-585 filters (Carl Zeiss Imager A2, Jena, Germany).

For reporter activity assay, the CHSE-214 cells were re-
suspended in L-15 medium and seeded in 24 well culture plate (2
x 10° cells well"). The reporter vectors, pSSGATA-3 and
pTagRFP-N were transfected to the cells with Lipofectamine
LTX according to the manufacturer’s instructions. 48 hours after
transfection, the culture mediums of transfected cells were
analyzed for luciferase activity and SEAP activity using the
luciferase assay kit and great scape "™ SEAP chemiluminescent
detection kit (Clontech, Mountain View, CA, USA), respectively.

Immunohistochemistry

Four-um-thick formalin-fixed, paraffin-embedded (FFPE)
tissue sections were mounted on StarFrost Advanced Adhesive
slides (Engelbrecht, Kassel, Germany), followed by drying at
60°C for 2 h. After deparaffinization, slides were pretreated at
120°C in Citric acid buffer (pH=6.0) for 10 min to retrieve
antigens. Sections were incubated for 20 min at room
temperature in a humid chamber with 1% H,0, and 100%
methanol to quench endogenous peroxidase. After washing
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thrice, the sections were incubated with 5% skimmed milk for
2 h at room temperature. Then the sections were incubated
with rat anti-rSsSGATA-3b (1:200) or rat anti-Trx (1:200)
overnight at 4°C, then washed thrice with PBS, and
incubated for another 1 h at 37°C with goat-anti-rat Ig-HRP
(1:500) (Abcam, Eugene, USA). After washing thrice, the tissue
sections were immersed in a freshly prepared 3, 3’-
diaminobenzidine (DAB) substrate reagent solution
(Invitrogen, Carlsbad, CA, USA) for 10 minutes.
Micrographs were obtained by microscope (Carl Zeiss Imager
A2, Jena, Germany).

Statistical analysis

Statistical analysis was performed using one-way ANOVA
and LSD multiple comparisons in SPSS 20.0 software (SPSS Inc.,
Chicago, IL, USA). Data are expressed as mean + SD, and
statistical significance was defined as P < 0.01.

Results

Expression of rSsSGATA-3a and rSsGATA-
3b protein and detection of the
specificity of the antibodies

The rSsGATA-3a and rSsGATA-3b proteins were expressed in
and purified from transfected E. coli as His-tagged proteins,
respectively (Figure 1A), and the anti-rSSGATA-3a and anti-
rSsGATA-3b antibodies were prepared from rat. Western
blotting showed that the rat anti-rSSGATA-3b antibodies could
specifically recognize rSsGATA-3b (Figure 1B). To further
examine the specificity of the rat anti-rSsSGATA-3b antibodies,
CHSE-214 cells were transfected with pSsGATA-3-RFP or
pTagRFP-N. Fluorescence microscopy results revealed that
SsGATA-3-RFP (red) in cells with pSsSGATA-3-RFP transfection
were identified in or close to the nuclei (blue) and could be
specifically detected by rat anti-rSsGATA-3b antibodies (green)
(Figure 1C). In contrast, red fluorescence protein in the pTagRFP-
N transfection group was uniformly expressed in cells, but no
green color was observed (Figure 1C). However, the anti-SsGATA-
3a antibodies did not seem to bind GATA-3 (result not shown).

Localization of SSGATA-3 proteins in
Atlantic salmon tissues

Immunohistochemistry and Western blotting were
conducted to detect tissue distribution of SSGATA-3 in healthy
Atlantic salmon tissues. The gray color corresponding to the
immunocomplex was observed in the gills, gill associated
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FIGURE 1

lymphoid tissue (GIALT), intestine, spleen, liver, and head
kidney (Figures 2A-F). In gills and GIALT, the SsGATA-3
proteins were expressed in pillar cells, lymphocyte-like cells,
epithelial cells, chondrocytes, perichondrial cells, and some
undifferentiated basal cells. In the spleen, intestine, liver, and
head kidney, the SSGATA-3 positive cells were mainly found in
lymphocyte-like cells. The results of Western blot as shown in
Figure 2G, the SSGATA-3 protein was found in most of the
analyzed tissues. The highest contents of SSGATA-3 proteins
were revealed in the gills, followed by spleen, intestine, liver,
head kidney, and liver in healthy salmon. The level of SSGATA-3
protein in muscle was low.

Effect of SSGATA-3 proteins on the
promoter activity of SslL-4/13a cytokine

In 577 bp 5’-flanking regions (5’-FRs) of SsIL-4/13a, which
exhibit four GATA-3 binding sites located in -445/-339, -310/-
303, -268/-261, and -2/+7 (Figure 3A). In this study, we
examined the potential effect of SSGATA-3 on the activity of
the SsIL-4/13a promoter. For this purpose, four promoter
reporter plasmids contain 577bp, 317bp, 302 bp or 264 bp 5’-
FRs of SsIL-4/13a were created, in which the promoter
activities were reflected by the activities of the luciferase
reporter. CHSE-214 cells were transfected with pSsGATA-3
plus four pLucSsIL-4/13a reporter vectors respectively, and the
luciferase activities were determined. The results showed that
luciferase activities were significantly increased in the presence
of pSsGATA-3 compared to the cells with pTagRFP-N p (-577/
+20) luc and p (-317/+20) luc transfectants (Figure 3B).
However, in p (-302/+20) luc and p (-264/+20) luc
transfectants, luciferase activities were not significantly
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FITC DAPI Merge

RFP

PGATA-3-RFP

Production and validation of anti-rSsGATA-3 antibodies. (A) The purified rSsGATA-3 proteins were shown by SDS-Page. Lane M: marker; Lane
GATA-3a: purified rSsGATA-3a proteins; Lane GATA-3b: purified rSsGATA-3b proteins. (B) Western blotting shows the specificity of the rat anti-
rSsGATA-3b antibodies. Lane M: marker; Lane GATA-3b: rSsGATA-3b proteins incubated with purified anti-rSsGATA-3b antibodies. (C)
Overexpression of SSGATA-3-RFP in CHSE-214 cells for detection of the specificity of anti-rSsGATA-3b antibodies. The nuclei were stained with
DAPI. Bar = 10 um.

different between the groups in the presence of pSsGATA-3
and pTagRFP-N (Figure 3B).

Discussion

GATA-3 is a crucial regulator of both innate and adaptive
immunity, and has an important role in the development and
function of T cells, B cells, and nonhematopoietic cells (central
nervous system, inner ear, and skin tissues) in embryonic and
adult tissues (Wan, 2014). In this report, we prepared two
fragments of SsGATA-3 recombinant proteins (rSsGATA-3a
and rSsGATA-3b) and obtained their specific rat antibodies
(rat anti-rSsGATA-3a and anti-rSsGATA-3b). The rat anti-
rSsGATA-3b antibodies bound specifically to SSGATA-3.

The tissue distribution of SsGATA-3 proteins was
comparable with the expression pattern of SSGATA-3 mRNA
in various tissues, where SSGATA-3 previously has been shown
to be highly expressed in head kidney, spleen, and gill (Kumari
et al,, 2009). Head kidney and spleen are major immune organs
that produce various immune-related cytokines in teleost fish
(Zapata et al., 2006; Ohtani et al., 2008; Zhu L. Y. et al., 2012).
Gills and GIALT are essential components of mucosal immunity
in fish, with different types of immune cells present (Liang et al.,
2022). Such lymphoid aggregations are important sites for
immune cell development, settlement, proliferation, and the
generation of immune responses. Gill and GIALT with high
expression of GATA-3 mRNA (Kumari et al., 2009) and large
number of GATA-3 positive cells shown in the current study
may be an indication that GATA-3 is likely associated with the
mucosal immune response of teleost fish.

In mammals, Th2 immune response is characterized by Th2
cells, eosinophils, mast cells, and basophils. IL-4, IL-5, IL-9, and
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FIGURE 2

for loading control.

- - ‘ 48.1kDa

Immunohistochemistry study of the distribution of SSGATA-3 proteins in gills (A), gill-associated lymphoid tissue (GIALT) (B), spleen (C), intestine
(D), liver (E), and head kidney (F). PI: pillar cell; LY: Lymphocyte-like cell; EP: Epithelial cell; UN: undifferentiated basal cell; CH: chondrocyte; LC:
Lymphocyte-like cell in the capillary vessel; PE: perichondrial cell; LG: Lymphocyte-like cell in GIALT. Micrographs displayed in the box show
negative controls. Bar=50um. (G) Western blot showing the distribution of endogenous SsGATA-3 in different tissues. Anti-histone 3 was used

IL-13 activate B cells and macrophages, which can either be
protective or have adverse effects in immune response (Wynn,
2015). Our previous study showed that overexpression of
GATA-3 in vivo upregulated IL-4/13a expression in salmon
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(Slettjord et al, 2020). In this study, we found that GATA-3
increased the promoter activity of IL-4/13a in vitro and the
binding site was between -317 and -302 bp upstream of the
transcriptional start site. This finding suggests that Th2 immune
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FIGURE 3

tcetacctgeactgagtgteggacaccateccaaagacttgattgatactagtetatcaag =517
geccatgattgttataataggecacatggecactacaaatgtaattttaaaaaatgtataaaa —457
tgecttagttgagagaaaaaaactgecactacagtactgtattccagttggggttgggate —397

0.85126 (+)
tgcetaaagaagaccatagtagtttetgttcacttectttgatttaagagggatttetgt —337
tctttgacaggatgaagttaattggecagataagaccttgaggecccgtegttgattacca =277

1.0000 (+)
cttttatccggtattecggegaaacgectetggtettggtgacgettgetaatcaaccaca —217
0.85126 (-)
tctcaatcaagatattcataatgtgtctcaaactgtatatttgagtctgeatcagetgac —157
actgcaataaaatgtgtgggggaaaaatatcetgggtectgtgtataaataatetgttca —97
ctgagtagtcctcacatttggetttaaattattacctgetageacctcaactteteegaa —37
gtacaaggacttctttagtactacttagcgttggcﬂgggaaacccaaccaaagAYU +20
0.82059 (+)
B
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205
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The sequence and activity of salmon IL-4/13a promoter. (A) The nucleotide sequence of promoter regions (557 bp) was obtained. The
transcription start site is designated as +1 and boxed. Transcription factor binding sites were predicted by MatInspector and TRANSFAC®
Consensus elements of transcription factor binding sites are underlined. The number under horizontal lines indicates matrix similarity. The
symbol (+) indicates the binding sites identified on the positive strand, whereas the symbol (-) indicates the opposite. (B) CHSE-214 cells were
transfected by pLucSslL-4/13a reporter vectors with pSsGATA-3 or pTagRFP-N. pSeap-Control performed as a normalized control. Luciferase
activity is expressed relative to SEAP (mean + SD from six wells). Double asterisks (**) above bars indicate significant differences (P < 0.01). Data
are from six wells of cells per treatment in one experiment and represent three independent experiments.

response may exist in fish where GATA-3 plays an important
role. Of course, the expression of GATA-3 and its related Th2
regulatory molecular pathways in fish still need to be further
studied, such as whether it is regulated by non-coding RNAs,
such as miRNA and IncRNA (Zhou et al,, 2018; Zhang et al,,
2020), and whether it is related to cellular processes such as cell
proliferation, apoptosis, and autophagy (Li et al., 2021; Zhou
et al., 2022).

In summary, SSGATA-3 protein may likely regulate Th2
immune response by modulating the promoter activity of SsIL-
4/13a cytokine in salmon. The SsSGATA-3 positive cells were
mainly present in lymphocyte-like cells in spleen, intestine,
liver, and head kidney. However, the SSGATA-3 proteins were
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also expressed in pillar cells, lymphocytes, epithelial cells,
chondrocytes, perichondrium cells and some undifferentiated
basal cells. This result indicated that not only does GATA-3
participate in common lymphoid progenitor to Th2, the
activity of GATA-3 may also extend beyond a CD4"
T response.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding authors.

frontiersin.org


https://doi.org/10.3389/fcimb.2022.1063600
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Chi et al.

Ethics statement

The animal study was reviewed and approved by the
Instructional Animal Care and Use Committee of the Ocean
University of China. The experimental protocols used in this
study for Atlantic salmon were beforehand approved by the
Norwegian Food Safety Authority.

Author contributions

HC and RD participated in the conception and design of this
study; HC and XM performed the experiments, analyzed the
experimental data, and wrote the original draft; RD reviewed and
edited the manuscript; All authors read and approved this
version of the final manuscript.

Funding

This research was jointly supported by the grants from the
National Key Research and Development Program of China

References

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye binding.
Anal. Biochem. 72 (1-2), 248-254. doi: 10.1016/0003-2697(76)90527-3

Cartharius, K., Frech, K., Grote, K., Klocke, B., Haltmeier, M., Klingenhoff, A.,
et al. (2005). Matinspector and beyond: Promoter analysis based on transcription
factor binding sites. Bioinformatics 21 (13), 2933-2942. doi: 10.1093/
bioinformatics/bti473

Chi, H., Zhang, Z. B., Inami, M., Bagwald, J., Zhan, W. B., and Dalmo, R. A.
(2012). Molecular characterizations and functional assessments of GATA-3 and its
splice variant in Atlantic cod (Gadus morhual.). Dev. Comp. Immunol. 36 (3), 491-
501. doi: 10.1016/j.dci.2011.09.004

Fox, A. H., Kowalski, K., King, G. F., Mackay, J. P., and Crossley, M. (1998). Key
residues characteristic of GATA n-fingers are recognized by fog. J. Biol. Chem. 273
(50), 33595-33603. doi: 10.1074/jbc.273.50.33595

Gagliani, N., and Huber, S. (2017). Basic aspects of T helper cell differentiation.
T-Cell. Differ. 1514, 19-30. doi: 10.1007/978-1-4939-6548-9_2

Heinemeyer, T., Wingender, E., Reuter, 1., Hermjakob, H., Kel, A. E., Kel, O.,
et al. (1998). Databases on transcriptional regulation: TRANSFAC, TRRD and
COMPEL. Nucleic. Acids Res. 26 (1), 362-367. doi: 10.1093/nar/26.1.362

Kidd, P. (2003). Th1/Th2 balance: The hypothesis, its limitations, and
implications for health and disease. Altern. Med. Rev. 8 (3), 223-246.

Kumari, J., Bogwald, J., and Dalmo, R. A. (2009). Transcription factor GATA-3
in Atlantic salmon (Salmo salar): Molecular characterization, promoter activity and
expression analysis. Mol. Immunol. 46 (15), 3099-3107. doi: 10.1016/
j.molimm.2009.06.008

Liang, C. C, Sheng, X. Z,, Tang, X. Q., Xing, J., Chi, H., and Zhan, W. B. (2022).
Structural characteristics and mucosal immune response of the interbranchial
lymphoid tissue in the gills of flounder (Paralichthys olivaceus). Fish Shellfish
Immunol. 123, 388-398. doi: 10.1016/.£s1.2022.03.022

Li, J. H,, Shao, J. Z., Xiang, L. X., and Wen, Y. (2007). Cloning, characterization and
expression analysis of pufferfish interleukin-4 cDNA: The first evidence of Th2-type
cytokine in fish. Mol. Immunol. 44 (8), 2078-2086. doi: 10.1016/j.molimm.2006.09.010

Liu, C. S, Sun, Y., Zhang, M., and Sun, L. (2010). Identification and analysis of a
Sciaenops ocellatus 1SG15 homologue that is involved in host immune defense
against bacterial infection. Fish Shellfish Immunol. 29 (1), 167-174. doi: 10.1016/
j.£51.2010.03.012

Frontiers in Cellular and Infection Microbiology

08

10.3389/fcimb.2022.1063600

(2019YFD0900101) and the National Natural Science
Foundation of China (31872594, 41906108, and 31730101).
The Research Council of Norway provided financial support to
the study through project no. 239140.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of
the authors and do not necessarily represent those of
their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may
be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Li, Y., Zhong, W., Huang, Q., Lang, B., and Tang, X. (2021). GATA3 improves
the protective effects of bone marrow-derived mesenchymal stem cells against
ischemic stroke induced injury by regulating autophagy through creg. Brain. Res.
Bull. 176, 151-160. doi: 10.1016/j.brainresbull.2021.09.001

Nakanishi, T., Shibasaki, Y., and Matsuura, Y. (2015). T Cells in fish. Biology 4
(4), 640-663. doi: 10.3390/biology4040640

Neave, B., Rodaway, A., Wilson, S. W., Patient, R,, and Holder, N. (1995).
Expression of zebrafish GATA 3 (gta3) during gastrulation and neurulation
suggests a role in the specification of cell fate. Mech. Dev. 51 (2-3), 169-182.
doi: 10.1016/0925-4773(95)00351-7

Ohtani, M., Hayashi, N., Hashimoto, K., Nakanishi, T., and Dijkstra, J. M.
(2008). Comprehensive clarification of two paralogous interleukin 4/13 loci in
teleost fish. Immunogenetics 60 (7), 383-397. doi: 10.1007/s00251-008-0299-x

Read, E. M., Rodaway, A., Neave, B., Brandon, N., Holder, N., Patient, R,, et al.
(2004). Evidence for non-axial A/P patterning in the nonneural ectoderm of
xenopus and zebrafish pregastrula embryos. Int. J. Dev. Biol. 42 (6), 763-774.

Shinnakasu, R., Yamashita, M., Shinoda, K., Endo, Y., Hosokawa, H., Hasegawa,
A, etal. (2006). Critical YxKxHxxxRP motif in the c-terminal region of GATA3 for
its DNA binding and function. J. Immunol. 177 (9), 5801-5810. doi: 10.4049/
jimmunol.177.9.5801

Slettjord, T. H., Sekkenes, H. J., Chi, H., Bogwald, J., Swain, T., Dalmo, R. A,,
et al. (2020). Overexpression of T-bet, GATA-3 and TGF-B induces IFN-y, IL-4/
13A, and IL-17A expression in Atlantic salmon. Biology 9 (4), 82. doi: 10.3390/
biology9040082

Stocchi, V., Wang, T. H., Randelli, E., Mazzini, M., Gerdol, M., Pallavicini, A.,
et al. (2017). Evolution of Th2 responses: Characterization of IL-4/13 in Sea bass
(Dicentrarchus labrax 1) and studies of expression and biological activity. Sci. Rep.
7 (1), 1-15. doi: 10.1038/s41598-017-02472-y

Takizawa, F., Mizunaga, Y., Araki, K., Moritomo, T., Ototake, M., and
Nakanishi, T. (2008). GATA3 mRNA in ginbuna crucian carp (Carassius
auratus langsdorfii): cDNA cloning, splice variants and expression analysis. Dev.
Comp. Immunol. 32 (8), 898-907. doi: 10.1016/j.dci.2008.01.004

Tevosian, S. G., Deconinck, A. E., Cantor, A. B., Rieff, H. L, Fujiwara, Y., Corfas,
G,, et al. (1999). Fog-2: A novel GATA-family cofactor related to multitype zinc-
finger proteins friend of GATA-1 and U-shaped. Proc. Natl. Acad. Sci. 96 (3), 950~
955. doi: 10.1073/pnas.96.3.950

frontiersin.org


https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1093/bioinformatics/bti473
https://doi.org/10.1093/bioinformatics/bti473
https://doi.org/10.1016/j.dci.2011.09.004
https://doi.org/10.1074/jbc.273.50.33595
https://doi.org/10.1007/978-1-4939-6548-9_2
https://doi.org/10.1093/nar/26.1.362
https://doi.org/10.1016/j.molimm.2009.06.008
https://doi.org/10.1016/j.molimm.2009.06.008
https://doi.org/10.1016/j.fsi.2022.03.022
https://doi.org/10.1016/j.molimm.2006.09.010
https://doi.org/10.1016/j.fsi.2010.03.012
https://doi.org/10.1016/j.fsi.2010.03.012
https://doi.org/10.1016/j.brainresbull.2021.09.001
https://doi.org/10.3390/biology4040640
https://doi.org/10.1016/0925-4773(95)00351-7
https://doi.org/10.1007/s00251-008-0299-x
https://doi.org/10.4049/jimmunol.177.9.5801
https://doi.org/10.4049/jimmunol.177.9.5801
https://doi.org/10.3390/biology9040082
https://doi.org/10.3390/biology9040082
https://doi.org/10.1038/s41598-017-02472-y
https://doi.org/10.1016/j.dci.2008.01.004
https://doi.org/10.1073/pnas.96.3.950
https://doi.org/10.3389/fcimb.2022.1063600
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Chi et al.

Wan, Y. Y. (2014). GATA3: A master of many trades in immune regulation.
Trends. Immunol. 35 (6), 233-242. doi: 10.1016/}.it.2014.04.002

Wang, T. H,, Holland, J. W., Martin, S. A., and Secombes, C. J. (2010). Sequence and
expression analysis of two T helper master transcription factors, T-bet and GATA3, in
rainbow trout Oncorhynchus mykiss and analysis of their expression during bacterial and
parasitic infection. Fish. Shellfish Immunol. 29 (5), 705-715. doi: 10.1016/j.fs1.2010.06.016

Wang, T. H., Johansson, P., Abos, B., Holt, A., Tafalla, C,, Jiang, Y., et al. (2016).
First in-depth analysis of the novel Th2-type cytokines in salmonid fish reveals
distinct patterns of expression and modulation but overlapping bioactivities.
Oncotarget 7 (10), 10917. doi: 10.18632/oncotarget.7295

Wang, T. H., and Secombes, C. J. (2013). The cytokine networks of adaptive
immunity in fish. Fish. Shellfish Immunol. 35 (6), 1703-1718. doi: 10.1016/
j.£51.2013.08.030

Wang, T., and Sun, L. (2016). CsSAP, a teleost serum amyloid p component, interacts
with bacteria, promotes phagocytosis, and enhances host resistance against bacterial
and viral infection. Dev. Comp. Immunol. 55, 12-20. doi: 10.1016/j.dci.2015.10.002

Wynn, T. A. (2015). Type 2 cytokines: Mechanisms and therapeutic strategies.
Nat. Rev. Immunol. 15 (5), 271-282. doi: 10.1038/nri3831

Zapata, A., Diez, B., Cejalvo, T., Gutierrez-de Frias, C., and Cortés, A. (2006).
Ontogeny of the immune system of fish. Fish. Shellfish Immunol. 20 (2), 126-136.
doi: 10.1016/j.fs1.2004.09.005

Zhang, J., and Sun, L. (2019). Global profiling of megalocytivirus-induced
proteins in tongue sole (Cynoglossus semilaevis) spleen identifies cellular

Frontiers in Cellular and Infection Microbiology

09

10.3389/fcimb.2022.1063600

processes essential to viral infection. Dev. Comp. Immunol. 92, 150-159.
doi: 10.1016/j.dci.2018.11.006

Zhang, M., Wang, N, Song, P, Fu, Y., Ren, Y, Li, Z,, et al. (2020). LncRNA
GATA3-AS] facilitates tumour progression and immune escape in triple-negative
breast cancer through destabilization of GATA3 but stabilization of PD-L1. Cell.
Prolif. 53 (9), €12855. doi: 10.1111/cpr.12855

Zhou, Z., He, Y., Wang, S., Wang, Y., Shan, P., and Li, P. (2022). Autophagy
regulation in teleost fish: A double-edged sword. Aquaculture 558, 738369.
doi: 10.1016/j.aquaculture.2022.738369

Zhou, Z., Lin, Z., Pang, X., Shan, P., and Wang, J. (2018). MicroRNA regulation
of toll-like receptor signaling pathways in teleost fish. Fish Shellfish Immunol. 75,
32-40. doi: 10.1016/j.£51.2018.01.036

Zhu, J. F., Jankovic, D., Oler, A. J., Wei, G., Sharma, S., Hu, G. Q., et al. (2012).
TheTranscription factor T-bet is induced by multiple pathways and prevents an
endogenous Th2 cell program during Thl cell responses. Immunity 37 (4), 660—
673. doi: 10.1016/j.immuni.2012.09.007

Zhu, L. Y., Pan, P. P, Fang, W,, Shao, J. Z., and Xiang, L. X. (2012). Essential role
of IL-4 and IL-4Rat interaction in adaptive immunity of zebrafish: Insight into the
origin of Th2-like regulatory mechanism in ancient vertebrates. J. Immunol. 188
(11), 5571-5584. doi: 10.4049/jimmunol.1102259

Zhu, J. F., and Paul, W. E. (2010). Peripheral CD4"T-cell differentiation

regulated by networks of cytokines and transcription factors. Immunol. Rev. 238
(1), 247-262. doi: 10.1111/j.1600-065X.2010.00951.x

frontiersin.org


https://doi.org/10.1016/j.it.2014.04.002
https://doi.org/10.1016/j.fsi.2010.06.016
https://doi.org/10.18632/oncotarget.7295
https://doi.org/10.1016/j.fsi.2013.08.030
https://doi.org/10.1016/j.fsi.2013.08.030
https://doi.org/10.1016/j.dci.2015.10.002
https://doi.org/10.1038/nri3831
https://doi.org/10.1016/j.fsi.2004.09.005
https://doi.org/10.1016/j.dci.2018.11.006
https://doi.org/10.1111/cpr.12855
https://doi.org/10.1016/j.aquaculture.2022.738369
https://doi.org/10.1016/j.fsi.2018.01.036
https://doi.org/10.1016/j.immuni.2012.09.007
https://doi.org/10.4049/jimmunol.1102259
https://doi.org/10.1111/j.1600-065X.2010.00951.x
https://doi.org/10.3389/fcimb.2022.1063600
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	GATA-3 in Atlantic salmon (Salmo salar): Tissue distribution and its regulation of IL-4/13a promoter
	Introduction
	Material and methods
	Animals
	Construction of plasmids
	Preparation of recombinant proteins and antibodies
	Western blotting
	Cell line culture, transfection, immunofluorescence, and reporter activity assay
	Immunohistochemistry
	Statistical analysis

	Results
	Expression of rSsGATA-3a and rSsGATA-3b protein and detection of the specificity of the antibodies
	Localization of SsGATA-3 proteins in Atlantic salmon tissues
	Effect of SsGATA-3 proteins on the promoter activity of SsIL-4/13a cytokine

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


