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(1. REWFERY  RAARMFI I B K E A% L7 K% 116023;
2. YT AERE KA SRR ET  TLor I 224051)

WE AT RET A T3 8 F 8 3k fE(Srongylocentrotus intermedius) kB 10% By 14K 5 i iE 5
RS S EH, AN E 6. 12, 18 #0124 h 5 ¥ fH B JE R 0 000K S5 40 L 5, AT B 4
ML E A R, BUE BT R A P R B VAT A R A, SRR R A Ki-67(40 i 7 41
YR B ERIN P BN AR EEE. FREF, ATWMBERERE 6h, KEHAREES
MEEFEEMLARRIE; 12 h RS FrE, FERKTWETE, KEE H(92.78+29.40)%; 18h
FULHRE TWHEE, KEE H(137.08432.40)%, %% T 6h 1 12 h Bk & £ (P<0.05), )5,
REa T R R, EEAREERE, THEXRA N NHALER., SENL, INE L
EHM. WE, DRz mtERN, 18h FNHRMALBE A, 24h FH BN HIAAR
WFA AR, FIA Ki-67 £ BEml LN, EFEETHENEr —ENaplEcEs, 4E
EREBLEEDE 18h FHRNME, £RKXW, REAKEDAME, F I REET B3 ik 20
H, MNP RE AR NA S AR TN, AL NN a B ES A B, ARERETY
W R S 2 LY 2 i 1 R 5 R A LA R AR AR

KR R IR R RENE; PR, 2hAL

FESES S917.4 XEMFRIRE A XEHS  2095-9869(2021)06-0109-08

M52, BEENEKRLSIYT] gER R, LRRIEIRA T 70%M93E N 5 AZEHEL, [
(Echinodermata), J&— 2% A AR 16 (1) 16 1 JC B ME 3 SR 2 R S HARARL U AR L, AR L R
W, WA ER R B — R A . BT Bh 5K LT, 15 HAE B 8 24T v B b o7 A
YIAb T TC A HE S 10 B AE B W 53 S AR R R B B 75 ' % (Materna et al, 2006; Rast et al, 2006). 7&EHH)
AL b PR A, AR e 2 oE vl o A TSN S R R, AR AR A R
F e A H I 2 90k (Smith et al, 2010), X% AU . S EBHEEANM . Jo @ BRIP40 55 2 R s 4a A
K ¥ JIH (Strongylocentrotus pur pur atus) (4 5 5 41 ] )5 55 20 AL 8 o 7 R ) 4R B A0 AR — R JC B A
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ShYh TR R AN, AR B IR L SRS
GHPTIRE, W TE SR B T 2K PH 2L A (de Faria
et al, 2008), VIH HAAFEAR R Sk fe e, A N 2%
2 PR AR B TG R s 00 R 22 ol A SR B 8 TR 3R [ A
T RS AR AR L AR BB R E R
VRS DI RE , i i & i 5 B EE 3R  ELER
VS ity A ity 5 Z2 A e g 1) 12 S S HLIR I R R S
(Deveci et al, 2015),

10 248 1L P9 A Y8 5 e A WL — B2 T B HE B ) e
935 AT 9 1) A A TR 22 — | 4 L 40 L 1%) 15 B R
5536 1l 3 A AT TR A GE LA ) e 5 F2 58 N e B L
Hl PR AR (Jia et al, 2016). HAT, *TFICHEHEShY)
AR R ARG T fif 248 v T R gh Wy, XA 12
5T LL 82 1B = (Noonin et al, 2012), Grigorian 4§
O13)WFFT R, B H ALY B ah ) B A7 B ) i
ML, o, A Y I 200 A A (AT il 20 A A B
SR I 248 16 5330 3 A T I A AN [ X
T AS T 15 i st 0 s #4810 5 P R 6 ) 22 S
Ko 5 HAbsh Yy 0 i 40 i — A, VAR A A s 20 A b 2L
AL STHILE, D4Rt E . BT, X
JUEL A s 40 ) Sh R A AT — BB, A UL K, TR
PRI A0 ELAT 4 S4B ARE 1, 1 D) — WA AR
T LR s 4 SFe Y8 L i A v A 4 i i 4 4
Hodr il 208 i 2 B IR R (da Silva, 2013),
H e it R )7 TV JIEL 10 MR8 5 s 1 T 7 A 3 £ 1) PR
DI, AR AROR, N 220 TR 25 5 R R
BRAARAE 2, W R E R | KA R 58 A
RS M H L (Millott et al, 1968), FLHABF ST X 5 10
AR DD REFI A — , ALHEHE . A L AR
PIRARE  Pe AR s A0 i A 2 M Tae, SRR A 3
JFSZ(Millott, 1966; Millott et al, 1968; Welsch et al,
1987; Ziegler et al, 2009),

r [a] Bk 7% A (Srongyl ocentrotus intermedius), X
FRUFSE LI, F 1989 4E H HAGI A E, Hk
e, HRMER, EEAREWZHEME, K
] TV DX B ) 2 BE )PP (Chang, 2008; TRARZA
85, 2010), AEFHT I LABT r ) 3 v JIEL AR s 40 B e
Poik R T, i, IR i i & K ik
YA, B TPl g 2 0 g2 v ) ko A s 4 P i R
#%'E (Wang et al, 2018), 4 T i —2L0F5¢ th[a]ekifg IR
A H 200 L R VR, A 38 ek N T Ao SROAAR s 1) T i
LG A s 240 L ) D FE TR, T U A3 AT A 4
B S A, W2 vl 2 £ L5 4 K A s A {5 5
FIASAL,  LASYT R 6 7 v RELOA fs 40 0 2 A AL T 2 13
WA

1 RS
1.1 iR

HrE ERIEAE2 12, (50+10) gl H L T4 K%k
e T AR IR S, T A AT ERAL T i K 3 37
SR EIE R R E IR, LRATYIFE 14 d. R
RS 3 m?, KIFELH 1.2m, KiEH 20T, {14
FOE, B2 d W 1. R 1/3 K, IR
HBEHE )

12 EERHReHMEENHE

B 3 it JIE T fige ) 25 P R K, TR TR
FEJEFRE . T AR BT 0 RSN 55 T, i RS I
FE WG B A TR VR, FREE . AR s U i I AR R 1)
JtE b B9 MUREAR, 4k 3 41, I JCRE SR A
Rl 2], A3 S O AR i 5%, 10%A1 15%
PRSI, Z )5, IE# I UIEE 14 do fhEUA
W W, T AT BEAE4E IE 5 RS I Ak S A2 1 i 4 it
PR A 2 AU
1.3 KRR RE DE

B 28 MUEAE, e 1.2 B iR e A EUE,
i I CMFSW-EI 2% il (449 mmol/L NaCl,

33 mmol/L Na,SOy4, 9 mmol/L KCl, 2.5 mmol/L NaHCO;,
30 mmol/L EDTA, 50 mmol/L imidazole, pH 7.4)

(Brockton et al, 2008) ) {3 i 1 Bl 1 B 2E 1 | Fily g
PR G, AR S 2 s R A 101, IR R
AR A) . CMFSW-EI 22 il LA P46 | e Fr4m e
BTER o SR A ER T EOB 508~ T4, TR EA
Ve R R B A s A M 2 B, IR AT AR I o R G i
s VR P T JIEL T [ RS WE 8 SR8, 6. 12, 18 Fl 24 h )5
Ay 7 ACHERE, A5HE 0.5 mL AR, JFHEAA
s 210 M MR B A T L A A0 B A s 4 2 R 5 B
FE R A B AT R 2% R, T F A AL AR s A o B X (L,
FFASTAEAS R, DA 802 3B A 4 4k A2
VI S =BR[] A s 4 o 2/
TR A s 440 L 285 > 100%

Gt A AR G E, I R T 28T
(one-way ANOVA)H fY) Duncan J7 L T2 L .
25 2L 6 IR 00 A s 200 R 28 B i, Ak FHAE SR B2 Mt
(AR i o

1.4 WS AMNFINE

BOFEF R 3 #, 3T 1.3 %404 e E 3 44
VAR, )RR AN 1) 1 T 1) B O A K AN
B em WF IR B IE, KRR 2 55, B



% 6 9

COBRAR A v IV RV JEL A J 200 A0 2K J BRI A2 LR R 52 400 e et LK

.

111

Trphgs, Pl PBS 1HUE 3 G A S EK
W EE , 24 h JGHiAK ek 12 h, FJS, 70%F0RS ik .
BEBMEFQOINK T, 4 70%~100% 1 ks
Bk . “HZGEN . AMAEE LY A, SR A HE 4t
3850 & (Solarbio) 4t it H i i35 (Leica DM2500,
7 ) W AT R

1.5 RN HEEIEEE SN

HOEH R 3 80, I 1.3 &40 43 e B 3 4%
AR, He L4 PR TR AR o i, A UKTR
FHER] OCT (Sakura)f ¥ /5 B F-20CUKFE R, fiff
FH Leica CM1900 vKTR VI R HILH Fr, 28 0K PR A R 361
JEE RPN Ki-67 HL PR (Sigma), 37CHFE
45 min,PBS ¥ 3 IJF I FITC drid i E41 R 1gG
—¥i(Sigma), 37°CH¥HE 45 min, PBS ¥E¥& 3 K, T
il actin e A5 Alexa Fluor® 555 phalloidin (Sigma)%
JYe (8 20 min, PBS PRk 3 Wk, Hbd R, A B
Bi(Leica DM2500, 7E[E)L%E . $ARE . BT BE A
PBS Bt Ki-67 FrckEhiik, HAEHERN L.,

2 FR

21 BEEERERENREMENE

WG &, 1 H R BRI R i R VA AELR
PR 14(26.24+1.29)% o HlEL S% 45 1 1 IR I S
14d W, IREEIER, §R%EaM . ME TR
b, AT T 10% AR5 AR SRS 14d N,
TR B I, vl A R B T OB RE I, A
FHHL 15% AR B R E , HEATEE, E1E
RS B AS 22T R KWWMY . izghfg )y, 5 dJfa4
BBFET o DRIUL, T E A s Y0 4 4 i BB 2 S 1R T 2 1)
10% AN, 2928 SRS 36%~40%

2.2 {kBEZmRaRY IR E MR

IEHCRASTR, o (B BRI AE A s 20 it 2 4 (10.13+
3.08)x10° cells/mL (N=28), M2 Ri Kk, B
JININ 2 B8 BE R 15.68x10° F11 5.18%10° cells/mL, A
PRUEECHE SE 1T A WA 1 B nT S, ARSI R 90 46
A s 200 i 2850 85 55 U B 42 s 200 i 285 15 Sk JEE itk L A3 B
A R A 1, B 2) A THBUARE I 6 h
Jei, R R i 40 i 9 3 A (5.70+1.43)x10° cells/mL,
KT ) 46 %5 22 [(8.30£3.00)x 10° cells/mL], {H 2 F AR i
F(P>0.05), 6 h J5IKE A (74.94+29.42)%, {HHH
i 28.6% MK I FEN 55 T 100%,

N T B R 12 h 5, A 40 i 2 5 Ry (11.41+
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Fig.1 Variety of coelomocyte density in each group

5 2L FIEL A I 00 5 R A T 5 il BT A L) 28 S
PR 2 (P>0.05)
The differences of the coelomocytes density in each groups
(before extraction VS post extraction)
were not significant (P>0.05)
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Fig.2 Recovering of coelomocytes in S. intermedius

AR FRER R BA 1 2 22 5+ (P<0.05)
Different letters showing significant differences (P<0.05)

(=)

o

2.18)x10° cells/mL, &K T4 4 % B [(12.75+2.64)x
10° cells/mL], {H25 %A 3 (P>0.05), 12 h J5 A 21
JHO R B DM (92.78+29.40)%, Hirp, 42.9% AR IT
PR AWK, ST A%E MR TR 86K

N T AMBUA TR 18 s, AR s 20 B 2% oM (14.00+
2.15)x10° cells/mL , & T 4] 4 % & [(11.04+3.59)x
10° cells/mL], {H2E5A 53 (P>0.05). 18 h )&, &M
LR B BE R (137.08+32.40)%, R FEE T 150%K1)
A 42.9%, SHIGAKERRERANME SR 28.6%,

N THIBUAR W 24 h J5 ., 1R 6 40 i 255 1 oy
(10.78+2.08)x10° cells/mL, & T HILAHEEE[(8.91£2.44)x
10° cells/mL], {H2ZE5A 53 (P>0.05). 24 h J5, AR
0 R A BE R (125.41429.24)%, Hh, IEEE T
150% IR 28.6%, HARAAKZ HEPIHKTE.

Wk 2P Bt Fsf 1) F) S R T, 18 ho ik B i
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RIS FEAG, o, 18 h ARk E B B & T
6 h 112 h 41 (P<0.05); 24 hHAMKEERFE =T 6 h
2 (P<0.05), fH5 12 h Ml 18 h HAMHL LR EES
(P>0.05).

2.3 HEHESALAFENE

r ) B IR PR AR O Al A AR 2, K
4 3~6 mm, S E TP AT (B 89 (B 3A)EL

Fig 3.

P13 al ek I v &%

Axial organ of S. intermedius

AL BT (E 3B, [ 3C). ARSYI A WEE kP, 1EH
H )R VA A A 2 A 2 A AR B B S AR A 21, ok
S AR R TR B 25 Jes B o e s, v e R AN AL 2 A
Bibs, FEUE 24 I B (18] AN 5 S A 4 430 |
Torp e (B 4N2); —SEFRA Y S BE - 7 200 if 22 -3
JUE (L ANT . K] 4AN3), A7 SEERAL Y AMEE I B 20 2
1) LU s R A T e, T P EL A 8 4 2 ) A A
REEF (K 4ANT ., K] 4N4).

A TPRRERE T IRERAT (H %) b5 B C: RARhES BT I TR
Al WRELT/O8%; M: RIE; R: HE; 1. BiE; G: MR,
S GNP B i R S RGN =7 I A
The axial organ attached to Aristotle's lantern (A) or anus (B, C)
Al: Aristotle's lantern; M: Mesentery; R: Rectum; I: Intestine; G: Gonad;
The black arrows indicating axial organ; the white arrows indicating the position of anus

AR ANAE 6 h 5, Vi AE A il 2 0 S 2s s Ak
PR B 20 23 T U R, A3 XA R A
EREUCE AL S R HY KA (B 4R1); SMEE LR
S B L B AR AR IR (8] AR1), [l AAR JEs At s 14 255 g 42
B ufl, INERAMIIEAR TS (K 4R6). 12 h )5,
AR B B 0 28 AL AR, SMEE I R 20 f 2
PRARAR . B, (RS AS Hfk(B 4R2), 18 h )5,
R R B R A A, HAR IR AL K R s
JiE, AMEE LR AR R A A R A B, (HH
TR AN L 2 A 3G (& 4R3). 24 h e, Hihassh
BE T Rz g2 R ARG, 28 B s R AR, (1
PR R 22 A A 4, v e s s BRI S Jd 2 (& 4R 4,
T EO JE AR A R P A BEET A 4 2 (] 4R8).
A, FE 6 h e Hhal A L B F o s 22 AN ER B
X i) ZI 0 4iE A 0388 18 (18] 4RS), TiAMEE b Bz 42 5

N2 S5 4 LU N B 53 HR LA 2RI A R A g 1 Ak
iEBE(E 4RT)o

24 SRR EMEIEEE SR

3 3 [B) 2 G BE 9 ARG A B, 450 A Y Hh A 28
BT Ki-67 Hre ST 5 FH M s g, H [R]—F (]
SRR R PR S 2Z A — 2 25 5% o 1 1 I v
PR Ki-67 155855 (B 5A1); HhBUAB® 6h. 12h
Jei KRB ity 1 BHAE A5 55 %0 BE TG B I8 25 5 5 e q
W 18 h (1 SB1)FI 24 h J, FEfh P Ki-67 155 B &
Wk, POBMESREAAR. WS, B2 A2 RITEH
WS, Wb EhE S PBS KW S BHME(E 5C1),

3 it

IEHARET, WK A0 B3R i 2
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Fig.4 Tissue observation of axial organ in coelomocyte recovering stage

NI1~N4: JE5 ] sk Rl 3L 200 R, o, N1 P BeRR AL, N2 7R3 AR AL, N3 N4 75 a8 oh 2 1S5t 41y
FCAPEE b R )2 IR ZE AL RI~R4 S0 B HIBUAE WS 6. 12, 18 1 24 h AN P RS54, 5 Sk n o1 BE |
RAMLZEZ WAL AR BETE, R4 TN AR T RIEN BB A4S0 R5~R6: 6 h J5 IR SIS AN, RS k4R
7N T S JE ) SN SE AR B GE , R6 TSk R R AMBE b R AR MR A0k s RT7: 12 b JE b, w5 Sk v A rn) B i R
AN ; R8: 24 h 5 Ay, AT AREBUPAHTAE ALl s pe: BRI
N1~N4: Histology of axial organ from normal S. intermedius, in which N1 showing middle area, and N2 showing the top end,
N3~N4 showing exterior zone details in axial organ with different types of outer wall epidermal layer; R1~R4 indicating the
whole structure of axial organs from uchins at 6, 12, 18 and 24 h post exctraction, arrows here indicating vacuolation,
disintegration and detachment of outer wall epidermal layer, the triangle indicating new tissue in central lumen; R5~R6: Structure
detail of axial organs at 6 h, the arrow in R5 indicating the channel extended from central lumen to outer space, the arrow in R6
indicating vacuolation in bulge of epidermal layer; R7 from axial organ at 12 h post extraction, the arrow here indicating
coelomocytes released from axail organ to perivisceral coelom; R8 from axial organ at 12 h post extraction, the triangle
indicating new tissue in cavity of axial organ. cl: Central lumen; pc: Perivisceral coelom

T8, R F 5 T AR A B 400 B A L SO0 TR B K A LT, AR
A5 308 e i AR s YR ) 3 SR S5 s 40 i i) e
FEHH o LRI, 2 W HE AR i Vo i R B 2 1
(26.24+1.29)% , 5 [6] Sy Bk K¢ 2l ) 109 3 2 [(25.24+
2.91)%~(30.981.86)% | 4H 3L (T EN BE %5, 2010) . AR AR
I YRR 110 2 4 At B R AR T 1Y) 10%, 200 iR I T
36%~40% , 7% 155 T S 1A B R 1Y) 2 4 BRI (1R o o
1.5% LA N)(EENPESE, 2010), 3X AT AE 5 P Fhia] i 4121
P 1 25 KA

ARWFFE RN, IR THIBUA RIS 6 h, 1k
i 4 it 28 5 B AR w0 A A, LD PR AT g2l TR
VRS R W O 0 B A s 240 L 0k 5 T X
Il S ik U S s Y B PR B (IS 2 h) B SR —

FH(Lietal,2018), fE N THHHUAR S 12 h, AR
i 240 M B LR & 2 A /KO, 18 h Bk 3] =i, 24 h
A SRR ZE R A KA o P AT O T A A 2 A 4
ML), ALARS R sh e e s AL, A o s 3 4
K 5 A A A, B S S A R A S
TR R A J 2 i 2 B AR B T KO X S5 R S
B BEAE(2010)X6] 0 S 4% ok Y8 2 S b B A s 4 L
B BHREAR, MSEMBUSEAETTER 1.5%)
RIS AR FE PR ISR A 4 d; {H Li %5(2018)
FRTIE 5 v ) 2 ke I 5 AR s 4 0 5 AR L A — 3
AR 7EE RS 6 h ISR E o B 2
5o AWRFE, WK R R R R, 2 R
WA 40%, A7 RORITE T 7R s 20 B i D08 2
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Fig.5 Detection of cell production signal in axial

Al: IERERRRIES S Ki-67 TR AR Bl SRS 18 h AR Bl 8% 5 Ki-67 ST SN 45 R ;
Cl ABAMEXTR, A2, B2 fl C2 43514 A1, Bl F1 C1 [RIFLEF Actin Y2 €a %) if
Al showing the reaction between normal urchin axial organ and antibody of Ki-67; B1 showing the reaction
between axial organ post 18h and antibody of Ki-67; C1 showing the negtive control.
A2, B2 and C2 were the same field of A1, Bl and C1, where actin was stained

ABFFE LI, 1EH o) BRE AE o h 2% 40 2 A
P B B L AR L 2L, rp g S 3R RN TR Y o e
o BRSNS U RS, IR AR, S
Diadema antillarum Xz Paracentrotus lividus Z5 ¥ iH A9
il 2 2H 2145 F AR L (MEllott et al, 1968; Welsch et al,
1987), X LEHRIRLE AT GRS A2 119 5 1 ) 5 2 D)
FHOC . SULARARL, 72 3l i 2 1l 21 21 p 25 46 41 20
R, HL A AE K R s B ) 2% 25 45 44 (Hose et al,
1968; Mats et al, 2000), AT A, H[E] BRI IR
R, Pl o s, HERHrs 44
KT IR EL R, AMEE bR AN H B R R S, 1)
PR A 8 235 )t S B s Ak 44T mT RE R PR T
i DA T A 4 i G R ) R s o, b g o
SNP4I A R A0 A2
fife . Y5 24 h e, hER PO ER H B A B B AR 4 1
Ul B L R C R R BRI A B ik S
MG, BeAh, ARG KRB, o a R IH 5 2 A
P AL, r 2 LA b ke s ) A0S A Y 3
MANBE | Jz 42 5 F )2 45 45 41 2O 1 [ 5 3B 0L

A A A s SN TR, SIS R RS R R
AR 40 AT 5% . Millott Z5(1968)AF 53NN, T H
A HA AR P AN LTI RE , vKE 43 6 R B
B U B B AR B B AN SR R IR .
PRI, b P 776 (%) A s 4 e v R A ot — 263 5
R 2 20 3 1T ) ELEE Y BIORE B AR s PN, s Ao s PR
I ZE R PN, PR R R R A A T AR . T
s 240 60 %) o S 3 A FNRE SCIL A A IR AT
Ki-67 & &40 5 A i) — Rz R e, B
FEIR T YN IG5 53 40 45 A IHE (G .S G2 AT M ),
{HAERE B 20 L(GO B AR 3E , 5 TRl fih 92 41
ML A K H5 80, IRAh, Ki-67 & (AT T H b 41 i
FIHEFE AT, Della Noce 2£(2019)%% ) Ki-67 4 j
B 5E B A PR X JC A HE 3h 9 Jm B\ (Rhipicephalus
microplus) & 14 4 it 25 114 20 Jifd 385 55 55 0 3 47 4H OC iF
G o AHIF 5 38 28 [B] 2 G 8 DA & B, BRPT A Ki-67
AT REHUAR O] 5 IE R R PR R N, EAE SR
PER IE U A b 25 o A AEAROK T I 20 B 5, DAX
A IS 200 BRI I 8 T A AT AN TE , AEREHLIARST- o FiHX
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KA AU R TR 1Y 10%, e g gn s , HL
PR 2 JE B RGER S HL 5 r g 0 A s 4 R e 4 2
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Recovery Pattern of Coelomocytes after L oss in Strongylocentrotus intermedius
and Observation of Axial Organ during Recovery Phase

JI Jinlin'?%, MENG Shaodong'?, WANG Yinan'?", DING Jun', LI Qiang®

(1. Key Laboratory of Mariculture and Sock Enhancement in North China’s Sea, Ministry of Agriculture and Rural Affairs,
Dalian Ocean University, Dalian, Liaoning 116023, China; 2. Research Center of Aquatic Animal Immunity and Disease,
Yancheng I nstitute of Technology, Yancheng, Jiangsu 224051, China)

Abstract Similar to hemocytes in other species, coelomocytes of sea urchins play an important role in
the immune system. A verification of the recovery pattern and origin of coelomocytes would be vital in
understanding its immune mechanism. Axial organ is a glandular organ that has been thought to be the
hemopoietic tissue of sea urchin. Using monoclonal antibodies against coelomocytes, we demonstrated in
a previous study that axial organ could serve as a storage tissue of coelomocytes. We further investigated
the recovery pattern of coelomocytes in the sea urchin Strongylocentrotus intermedius and the changes in
the axial organ during the recovery phase. Coelomocyte density was examined at 6 h, 12 h, 18 h, and 24 h
after manual extraction of 10% body weight of celomic fluid. Histology of the axial organ was observed,
and cell proliferation activity was detected with a monoclonal antibody against Ki-67 (cell proliferation
antigen). Results showed that the average coelomocyte density at 6 h was significantly lower than that
before extraction; it gradually decreased at 12 h, with a density slightly lower than the initial level, with a
recovery value of (92.78+29.40)%. Average coelomocyte was significantly higher than the initial level at
18 h, with a recovery value of (137.08+32.40)%, and was significantly higher than that at 6 h and 12 h
(P<0.05). Subsequently, the coelomocyte density gradually decreased. The inter-tissue of the axial organ
declined and cavitation occurred after coelomocytes were lost. The outer epithelial layer became loose
and broke off, and vacuolation was observed in the bulges of the epithelial layer. The inter-tissue
increased at 18 h, and newborn tissue appeared clearly at 24 h. Using the Ki-67 antibody, we found a cell
production signal in the axial organ from the normal sea urchin and the signal was significantly enhanced
after 18 h. Our results indicated that the restoring mechanism of coelomocytes could initiate rapidly after
coelomocyte loss, while histological changes and cell production activity enhancement may occur in the
axial organ. The present study provides valuable references for further research on the origin and
ontogenesis of coelomocytes.

Key words Srongylocentrotus intermedius; Coelomocyte; Recovering pattern; Axial organ;
Hemopoietic tissue
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