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NADH-F 5'-GTCCTACGACCCAATCTGGA-3’
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Fig. 2 Expression of A. japonicus HMG protein at different regeneration stages

A: XIRZL; B: BAES 2/8EF; C: FEESS 6 /N
D: FAES 1R E: FAES3IR; F: BAE 7R HikE&RIOUES
A: Control; B: 2 hours post-evisceration (hpe); C: 6 hpe; D: 1 day post-evisceration (dpe); E: 3 dpe, F: 7 dpe;
Arrows indicated fluorescence signals; ser: X 8)Z Serosa; mus: JLINJZ Muscle;
sub: ZHfE T )Z Submucosa; muc: ZifX/Z Mucosa; lum: Wi Intestinal lumen

454 HMG 1 H Al Y Fh 41 U8 52 A4 T 9/ -5 HAE PN . .
R o . 2 X X W
RIS piE A R P R RBEORE , HED HMG 7]
Befdi s RGN MG E S, R E HAThEe, H Achituv Y, Sher E. Sexual reproduction and fission in the sea star
Asterina burtoni from the Mediterranean coast of Israel.

729 AN E V1 3 A4
£ ECM BT R 5 420, 85 AT or e, Bulletin of Marine Science, 1991, 48(3): 670-678
FEAE I8 B S S 5 A0 g Agata K, Watanabe K. Molecular and cellular aspects of



% 6 9

2 4 HMG(High-mobility group box protein) 7 3l 2 (Apostichopus japonicus) 7 i -4 Wi 6] i 5 0 dr - 153

planarian regeneration. Seminars in Cell and Developmental
Biology, 1999, 10(4): 377-383

Alvarado AS. The Schmidtea mediterranea database as a
molecular resource for studying platyhelminthes, stem cells
and regeneration. Development, 2002, 129(24): 5659-5665

Alves L, Pereira A, Ventura C. Sexual and asexual reproduction
of Coscinasterias tenuispina (Echinodermata: Asteroidea)
from Rio de Janeiro, Brazil. Marine Biology, 2002, 140(1):
95-101

Brown BN, Badylak SF. Extracellular matrix as an inductive
scaffold for functional tissue reconstruction. Translational
Research, 2014, 163(4): 268-285

De Mori R, Straino S, Di Carlo A, et al. Multiple effects of high
mobility group box protein 1 in skeletal muscle regeneration.
Arteriosclerosis, Thrombosis, and Vascular Biology, 2007,
27(11): 2377-2383

Degryse B, Bonaldi T, Scaffidi P, et al. The high mobility group
(HMG) boxes of the nuclear protein HMGI1 induce
chemotaxis and cytoskeleton reorganization in rat smooth
muscle cells. Journal of Cell Biology, 2001, 152(6):
1197-1206

Garcia-Arraras JE, Estrada-Rodgers L, Santiago R, et al. Cellular
mechanisms of intestine regeneration in the sea cucumber,
Holothuria glaberrima Selenka (Holothuroidea: Echinodermata).
Journal of Experimental Zoology, 1998, 281(4): 288-304

Kim JB, Choi JS, Yu YM, et al. HMGBI, a novel cytokine-like
mediator linking acute neuronal death and delayed
neuroinflammation in the postischemic brain. Journal of
Neuroscience, 2006, 26(24): 6413—-6421

Kuehl L. Synthesis of high mobility group proteins in
regenerating rat liver. Journal of Biological Chemistry, 1979,
254(15): 7276-7281

Limana F, Germani A, Zacheo A, et al. Exogenous high-mobility
group box 1 protein induces myocardial regeneration after
infarction via enhanced cardiac C-kit+ cell proliferation and
differentiation. Circulation Research, 2005, 97(8): ¢73—83

Mashanov VS, Dolmatov IY. Regeneration of digestive tract in
the pentactulae of the far-eastern holothurian Eupentacta
fraudatrix (Holothuroidea, Dendrochirota). Invertebrate
Reproduction & Development, 2001, 39(2): 143151

Norman MD, Finn J. Revision of the Octopus horridus
species-group, including erection of a new subgenus and
description of two member species from the Great Barrier
Reef, Australia. Invertebrate Systematics, 2001, 15(1): 13-35

Ortiz-Pineda PA, Ramirez-Gémez F, Pérez-Ortiz J, et al. Gene
expression profiling of intestinal regeneration in the sea
cucumber. BMC Genomics, 2009(10): 262

Palumbo R, Bianchi ME. High mobility group box 1 protein, a
cue for stem cell recruitment. Biochemical Pharmacology,
2004, 68(6): 1165-1170

Rojascartagena C, Ortizpineda PA, Ramirezgomez F, et al.
Distinct profiles of expressed sequence tags during intestinal

regeneration in the sea cucumber Holothuria glaberrima.
Physiological Genomics, 2007, 31(2): 203-215

Rubilar T, de Ward CTP, de Vivar MED. Sexual and asexual
reproduction of Allostichaster capensis (Echinodermata:
Asteroidea) in Golfo Nuevo. Marine Biology, 2005, 146(6):
1083-1090

Rychel AL, Swalla BJ. Regeneration in hemichordates and
echinoderms. Stem Cells in Marine Organisms, 2009,
245-265

Sanchez Alvarado A, Tsonis PA. Bridging the regeneration gap:
Genetic insights from diverse animal models. Nature
Reviews Genetics, 2006, 7(11): 873—884

Santiago P, Roig-Lopez JL, Santiago C, et al. Serum amyloid A
protein in an echinoderm: Its primary structure and
expression during intestinal regeneration in the sea
cucumber Holothuria glaberrima. Journal of Experimental
Zoology, 2000, 288(4): 335-344

San Miguel-Ruiz JE, Garcia-Arraras JE. Common cellular events
occur during wound healing and organ regeneration in the
sea cucumber Holothuria glaberrima. BMC Developmental
Biology, 2007(7): 115

Schmidt T, David CN. Gland cells in Hydra: Cell cycle kinetics
and development. Journal of Cell Science, 1986, 85(1):
197215

Shibata TF, Oji T, Akasaka K, et al. Staging of regeneration
process of an arm of the feather star Oxycomanthus
japonicus focusing on the oral-aboral boundary.
Developmental Dynamics, 2010, 239(11): 2947-2961

Straino S, Di Carlo A, Mangoni A, et al. High-mobility group
box 1 protein in human and murine skin: Involvement in
wound healing. Journal of Investigative Dermatology, 2008,
128(6): 1545-1553

Suérez-Castillo EC, Medina-Ortiz WE, Roig-Lopez JL, et al.
Ependymin, a gene involved in regeneration and
neuroplasticity in vertebrates, is overexpressed during
regeneration in the echinoderm Holothuria glaberrima.
Gene, 2004, 334: 133-143

Sun L, Chen M, Yang H, et al. Large scale gene expression
profiling during intestine and body wall regeneration in the

Apostichopus  japonicus. Comparative
Biochemistry and Physiology Part D: Genomics and
Proteomics, 2011, 6(2): 195-205

Sun L, Yang H, Chen M, et al. RNA-Seq reveals dynamic
changes of gene expression in key stages of intestine
regeneration in the sea cucumber Apostichopus japonicas.
PLoS One, 2013a, 8(8): €69441

Sun LN, Yang HS, Chen MY, et al. Cloning and expression
analysis of Wnt6 and Hox6 during intestinal regeneration in
the sea cucumber Apostichopus japonicus. Genetics
Molecular Research, 2013b, 12(4): 5321-34

Ulloa L, Messmer D. High-mobility group box 1 (HMGBI1)
protein: Friend and foe. Cytokine & Growth Factor Reviews,

sea cucumber



154 woooor B % 3 R %38 &

2006, 17(3): 189-201 Zhang Q, O’Hearn S, Kavalukas SL, et al. Role of high mobility
Yang H, Hamel JF, Mercier A. The sea cucumber Apostichopus group box 1 (HMGBI1) in wound healing. Journal of

japonicus: History, biology and aquaculture. Amsterdam: Surgical Research, 2012, 176(1): 343-347

Academic Press, 2015 Zheng FX, Sun XQ, Fang BH, et al. Comparative analysis of
Yoshida-Noro C, Tochinai S. Stem cell system in asexual and genes expressed in regenerating intestine and non-

sexual reproduction of Enchytraeus japonensis (Oligochaeta, eviscerated intestine of Apostichopus japonicus Selenka

Annelida). Development, Growth and Differentiation, 2010, (Aspidochirotida: Stichopodidae) and cloning of ependymin

52(1): 43-55 gene. Hydrobiologia, 2006, 571(1): 109-122

(i DR

Expression Analysis of HM G (High-Mobility Group Box Protein) During
the Intestine Regeneration of Sea Cucumber Apostichopus japonicus

MIAO Ting', SUN Lina*, YANG Hongsheng®, WANG Fang'?

(1. Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003;
2. Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology,
Chinese Academy of Sciences, Qingdao  266071)

Abstract High-mobility group box protein (HMG) is a novel cytokine that takes part in inflammation,
cell migration, and tissue damage and regeneration. Regeneration usually involves the regrowth of cells,
tissues and organs, and plays an essential role in the survival and adaptation of a species. Sea cucumbers
Apostichopus japonicus (Echinodermata, Holothuroidea), which are phylogenetically related to
invertebrates, are capable of regenerating damaged organs and body parts, such as the intestine, the
respiratory tree, the gonads and the body wall. Sea cucumbers can eviscerate intestines and other organs
through the cloaca in response to external stimulations. Within a few weeks after losing an organ or an
appendage, the sea cucumber is able to regenerate the missing parts. These animals are thus excellent
candidate models for research on organ regeneration. In this study, we analyzed the expression of mRNA
and proteins of HMG during the intestine regeneration in sea cucumber using qRT-PCR and
immunofluorescence techniques, respectively. The results showed that compared to the control group,
there was no significant rise in the expression of either mRNA or proteins of HMG from 30-minute to
6-hour post-evisceration. HMG mRNA expression was significantly upregulated from 1-day to 7-day
post-evisceration. The protein expression was higher as well compared to the control group. These results
suggested that HMG was involved in the intestine regeneration of A. japonicus and could participate in
the activation of the innate immune system in response to tissue damages, and hence was required in the
processes such as repair, remolding of extracellular matrix (ECM), and the induction of stem cell
migration and differentiation.
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