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Expression and function of cytokine genes in the early
development of fish

Yasutoshi YOSHIURA™, Mitsuru OTOTAKE™, and Kanako ITO™

Abstract Cytokines are a group of proteins that are involved in a variety of immunological and
inflammatory reactions. Recently, it has been reported that cytokine genes also play an important
role during development in mammals. In fish, however little is known about the role of immune-
related genes during embryogenesis. Here, we report the expression and function of some cytokines
during embryonic development in zebrafish. In RT-PCR analysis, the expression of three cytokines
(MIF, IL-1 8 and TNF- a 2) was detected before the development of the immune system in
zebrafish embryos. Moreover, to elucidate the function of MIF during embryonic development in fish,
we examined expression patterns and function of the zebrafish MIF gene using antisense morpholino—
mediated knockdown (morpholino oligonucleotide=MO). In whole~mount /» s/¢v hybridization analysis,
zebrafish MIF mRNA was detected in developing eyes, tectum, branchial arches, pectoral fin buds,
liver and gut. MIF-MO-injected embryos (morphants) displayed malformed eyes, abnormal swelling in
the tectum and fourth ventricle region, and undeveloped jaw cartilage and pectoral fins. An increased
number of apoptotic cells in the eye and neural tissues were observed in MIF morphants. These

results suggest that MIF is essential for normal embryonic development even at the level of teleost.

Key words : cytokine, Macrophage migration inhibitory factor (MIF), early development, zebrafish,

morpholino
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ET, BTIT T4 v aDF ) AT =R A%
WT, A b A CEBTEO BLAST —F %0k
T U—RER LUV T = — BT A EENICITV.
%L DV A "I A UBIEFE in silico TRIEL, *
nooFEH I, —EOY A MhA BB FREOP
Th, RESEYA bIAVBEEPLC, &4 D
A VBETEBRRENICEBET 5774 v — 2 L.
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BRI RE — O INEHA IS IR MR D S s,
FaIRHA s 30 S BB IR HIC IR EH L. ZOBREHR
BHE B LD (TNF- o 2) (Fig.2), BB AAF —
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W, E—IREE s S R ENC ., B E o
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Fig. 1. Temporal and spatial expression patterns of zebrafish MIF mRNA. (A) RT-PCR results from various stages of
embryos and larvae. (B) RT-PCR results from different adult tissues. Molecular weight markers and a control PCR
reaction lacking DNA template are shown in the first and last lanes, respectively. EF—1la is used as a control for
c¢DNA synthesis. Genomic DNA was also used as a control for genomic contamination during the RT-PCR procedure.
Amplified zebrafish MIF and EF-1a are 342 and 269 bp, respectively. (C) In situ hybridization reactions of embryos
and larvae: Whole-mount embryos or larvae at 5 hpf (i, ii), 14 hpf (iii, iv), 19 hpf (v, vi), 24 hpf (vii, viii), 48 hpf (ix—xii)
and 72 hpf (xiii, xiv). Lateral views with anterior to the left (i-x, xiii, xiv). Dorsal views with anterior to the left (xi, xii).
Frontal sections of 48 hpf embryos at the level of the eye (xv). Abbreviations: ba, branchial arches; ce, cerebellum;
CMZ, ciliary marginal zone; lv, liver; mb, midbrain; pf, pectoral fins; re, retina; rm, rhombomere; te, tectum; AS,
antisense probe; S, sense probe. (From Ito et a/., 2008a)
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Fig.2. Expression of IL-1 f and TNF- a 2 mRNAs during embryonic zebrafish development. RT-PCR results from
various stages of embryos and larvae. The developmental stages examined were as follows: 0.2 (hpf) (zygote period), 0.75
hpf to 2 hpf (cleavage period), 2.25 hpf to 4.6 hpf (blastula period), 5.25 hpf to 10 hpf (gastrula period), 11 hpf to 22
hpf (segmentation period), 24 hpf to 42 hpf (pharyngula period), 48 hpf to 72 hpf (hatching period) and 96 hpf to 144
hpf (early larval period). hpf represents hours post fertilization. (From Ito et a/., 2008b)

Fig.3. MIF-knockdown phenotypes in zebrafish. Morphology of wild—type embryos (WT) and MIF morphants (MO)
observed at the times indicated. Lateral views with anterior to the left (i, ii, v, vi). Dorsal views with anterior to
the left (vii, viii). Frontal views with dorsal to the top (ix, x). Ventral views with anterior to the top (xi, xii). At 48
hpf, morphants have a slightly smaller head than wild—type and curled tail (iv; arrow), small eyes (vi; arrow). At 3
dpf, morphants lack normal pectoral fins (viii; arrow) and jaws (x; arrow). Three dpf larvae stained with alcian blue
(xi, xii). Abbreviations: ch, ceratohyal; e, eye; hb, hindbrain; jw, jaw; mc, Meckel’ s cartilage; pf, pectoral fins; pq,
palatoquadrate; te, tectum; IV, the fourth ventricle. (Modified from Ito et a/., 2008a)
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Fig. 4. Comparison of apoptotic cells and proliferative cells between morphants and wild-type embryos. (A) Detection
of apoptosis in MIF morphants. Wild-type embryos (i) and MIF morphants (ii) at 36 hpf are stained with acridine
orange. Lateral views with anterior to the left. Excess cell death is detected in the eyes (arrow heads), tectum (arrow)
and hindbrain region (bracket) in MIF morphants. (B) Comparison of proliferative cells between morphant and wild-
type eyes. PCNA-positive cells are detected at the retinal margin of a wild—type eye at 5 dpf (i; arrow heads), while
few signals are detected in the morphants (ii; arrow heads). Frontal views with dorsal to the top. Abbreviations: CMZ,
ciliary marginal zone; OpN, optic nerve. The scale bars indicate 50 mm. (Modified from Ito et a/., 2008a)

Table 1  Effects of morpholino-mediated knockdown of zebrafish MIF (From Ito et.al., 2008a).

Total No. (%) of embryos with normal or abnormal phenotypes
Morpholino oligos .

embryos Normal abnormal lethal
MO1 331 182 (55) 72% (22) 77 (23)
MO2 881 380 (43) 308 (35) 193 (22)
MO3 915 76 (8) 602 (66) 237 (26)
Control morpholino*® 69 64 (93) 0 (0) 5 (7)

@ Number of embryos with abnormal phenotypes, i.e., abnormal swelling in the tectum region, small

malformed eye at 48 hpf (see Fig.3). * :control morpholino is relative to MO2.
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