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£ BRETREE 12 IRBE (146 A ZIETR) F4 A A0 U 5
TRZEHE (02B2), B IEHEAL S 1 AR FURIIMLAD
R T AL . S P 2 v
T BT 20 IR A I ol L R RSB M 2T A Y i
B M LT e & A A FR4E, HH Hb-Fe" UL
Hb-Fe"Fl Hb-Fe", Jf 7= A4 K& 1Y # & A b 3
(-0y) A A= 7= ) Hy0,, IiLZLER (il 1 316
A R B IE PR (ROS), X SE 40 4 #1419 ROS 7J
DL R 25 M AR 09 IR i e e B s R
B, L8 A AT LAiE T TLR4 (Toll-like receptor 4)
NF-kB (nuclear factor kB ) 5% PI3K/Akt (phosphor-
inositide 3-kinase) %5 {5 53 B G T Ui 2 Fh R 0E
IR T A I A A ) A A, TR AL
AR 1) 56 R A g O N R AR I 418 1 3E i 2 R
filk % N 2, AT DAAE YL I (] 5] % Jay B B 0 1k
B 2 b e 4 00076 P a0 e T 3 M Yl 2T
F AT LS S S8 A N SR 2 8Lt 40511 e A Y
ML £ 26 (AT DA R 2h kool AR AL . 2R S
(acute kidney injury, AKI) 2% # 18 ¥ ¥ % (chronic
kidney disease, CKD). #it J1 IRk 41 Jifd % (sickle cell
disease, SCD). JEHLAYPS If 14 IR #AE 25 & 1iE (atyp-
ical hemolytic uremic syndrome, aHUS) DA & F4 & P
e HIR 111 21 25 1 IR (paroxysmal nocturnal hemoglobin
uria, PNH) 86U B, A QML PO LA
AR AE R AR DGR oY R e ZLsh P, FE
KB LR =

TR B BN AR A, B4 AT R A IR A
A, REMAEAEALL &R E P&
FX AR M ATERE . Hit, ARF5L
WAL (Ctenopharyngodon idella kidney, CIK) 21 iy
NRER, DR B W IILZL 8 X CIK 4 A 2 A
., ASBIF 5T 45 A S 0 28 10 fe i 2 4 AR BR A B
B, Rl S e SR T R IR 5 5

1 MRS T

1.1 LIEXR

RN (100£10) g I SER R AR A ARA
oMYy, B IR TR 1000 LS FRIE S K ET
o, RSB T R LR R TR K, AR
Rk RAF, WA 2, S e K L ik i
2 RGBS .

1.2 MIOEBMSEHEK
I 2T 8 5 B a2 5 SCRR™ A7 . ]
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A 2N T AN R AR KR I, R4
P 0L 908388 o A B percoll W (34%+51%) HY k41 88
SiALLIAIME, SE7E 10 mL B0 A 3 mL 51%
percoll &, #RJIGZEME M A 3 mL 34% percoll &, 1#
WEAZWEM, RIS 218 i AR I 3 mL, 76
4 °C %44 F 400xg 20> 30 min, WAL )2 40 0,
WEMREL 2% v A (PBS) Pk 3 W5 B ZRAS£T 40 i
Fraifb s e an el B dRml s, 4 °C %4 T,
10 000xg &5 .L> 30 min, W4 W . il 48 Brad-
ford J5 ¥ 7E 4l Ak J5 41 2 1 BRI, 15% SDS-
PAGE £  1fiL 21 8 [ 215 .

1.3 MZZEAX CIK A4 €S20

PR RAFI CIK gLtz 12 fLik, —
e 5 AN, 2 AN IMLLE FAREEA (5 F1 10 mg/mL)
A2 AL 2T ZALBREH (10 F1 25 pmol/L), JGFH PSB
NN AL, BN BEE 3 A ER L,
Jitd %% i 2] 3K 80%~90% f, 4% T E 5 12 F1
24 h 762 WA N AR ML A 1 AR fk . g%
SiRE, WOREAL R, RALAnE T A
1 mL TRIzol i, fifif£ T80 °C vKAH £ H o

1.4 RNA 1ZEUH0 cDNA &%

SRAEASA CIK AR RNA, $2EE%EHR RN Aiso
Plus 0 & Ut I AT, SRR /O T
(NanoDrop 2000, 3% [ ) 1 3¢ B #5458 B H Ik O 16 X6
PEIUA L RNA AT BE R4 BRI o SR 5 ft A
# gDNA wiper ) HIScript® Q Select RT SuperMix
for gPCR iXF| & (Vazyme, B ) & cDNA, &
JEAF I cDNA B T-20 °C {475

1.5 HXEFEMRKFAEEE PCR (QRT-PCR) 7317

i 7 qRT-PCR J7 46 45 20 CIK 40 Jiftd v 2k
PR B 2 AR DG HE A (1 Rk 15 L, qRT-PCR g
1KZ M 20 L, FFEK 6 uL. EFiE51414% 0.5 uL .
SYBR fiff 10 uL. ¢DNA Bt 3 pL, 5|97 5155
W# 1. gRT-PCR W T2 UltraSTBR Mixture
(Vazyme, pg0) iR & U5, W 7E qTOWER3
touch3 % g it PCRAX a7, Hirh G 3L )
B-actin WS LW BT 3IWER , RVET:
95 °C #2451 30's, 95°C 10's, 60°C 30 s Jf-R4E
POCAE T, WL RIE S | PR e, R
27 R R B AR R

1.6 MZIZEAX CIK A Fe 1 ROS AU
SRyt — A HR 5% 1L 2T 25 1 % CIK 40 jE B9 52 Wi
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Tab.1 List of primers used in the study

EL 51

primer name sequences
GcTfR1-RT-F GATGATGAAATGGAGGCTAACG
GcTfR1-RT-R GGCAATGACAAATCCGCAG
GcTfR2-RT-F GAGGAGACTTTGGGAATGTTGG
GcTfR2-RT-R CAGAGGACTGGAGTAGACGGAGA
Gcferrintin-RT-F TCCTGTGCTTCGTGCGTGT
Gcferrintin-RT-R ACCTTCAGTCCGTCCTCGTG

GcHepcidin-RT-F TGAAACACCACAGCAGAACGA

GcHepcidin-RT-R CAGCCTTTGTTACGACAGCAGTT

GcFPN1-RT-F ACTCTTCGCTGGCGTCATTG
GcFPN1-RT-R TGGATTTGGTGCGAGGATGA
GeDMT1-RT-F TTCTCATTGACGAACAGCCAG
GeDMT1-RT-R CAAAGGAAAAGAGCCACGGAT
GcTNFa-RT-F GCTGCTGTCTGCTTCACGC
GcTNFa-RT-R AGCCTGGTCCTGGTTCACTCT
GcCaspase3-RT-F GCATCATCATCAACAACAAA
GcCaspase3-RT-R GACTGAGCATCACACAAACA

GcCaspase6-F GTTTCTGTGCATGGACCTGATTC

GcCaspase6-R CAGCTCTCTTTCCACTTCCTCTT

Caspase9-F GTGGGATAGATGACCAGATGGAC
Caspase9-R AGACATAGCCTGGAAAGGTTGAG
GcIL-15-RT-F GTGTCTGGCCATTTCCAAGAGTA
GelL-15-RT-R GGTGTTGAGAGTTTCAGTGACCT
GcIL8-RT-F GAGTCTTAGAGGTCTGGGTG
GcIL8-RT-R CAGGTTAAAATATTGTGCAT
GcTLR4-RT-F GAATAATGGGCAGCCGTAAAGTC
GcTLRA-RT-R TCCTCTCTTCCACATCTTCCAGA
GcIL-4-RT-F AATAGGGATCAACGAGAA
GclL-4-RT-R TGAATGGTTATGTAGGGT
GcIL10-RT-F CCCTTTGAGTTTGCCACCA
GcIL10-RT-R CAGCCATCATCCAATCCAC
GcCAT-RT-F GCCATCTCCAACGGCAACTT
GcCAT-RT-R CCAGACCTTAGTCAAATCAAACGG

Gcef-actin-RT-F ACCCACACCGTGCCCATCTA

Gcep-actin-RT-R CGGACAATTTCTCTTTCGGCTG

GcIL-6-RT-F AGAAATGGTATCTGATGGCA
GcIL-6-RT-R GAAGGTCTGAGGAGAGGCGT
GcSOD-RT-F TCCGCACTTCAACCCTTACAG
GcSOD-RT-R ACTTTCCTCATTGCCTCCCTT
GcGSH-Px-F AGGAGTTCCGAGATGTTGGATTC
GcGSH-Px-R GTCTCCATTCACATCCACCTTCT

GceNF-xB-p50-RT-F TCCCTGGAGAGGATGTACTCAAT

GceNF-kB-p50-RT-R TGTCAGTGTGATGTCTACCTTGG
TATTCCTGAAGCGAAGATCTGGG

TTGGAGCTCTGTTGTCGTAGATG

GceNF-xB-p60-RT-F
GceNF-kB-p60-RT-R

R E K7 2: 2 E /) sponsored by China Society of Fisheries

A 5T 43 R I T I 21 8 M CIK 40 i 6 Al
12 h J5 208N Fe F1 ROS 2 it 191 4L . BI7E Hb 4
M CIK 4 s, WORIESRIE, HI Hank [G-Ff 4R
7 W (Hank's balanced salt solution, HBSS) 1/ #%¢
2K, AR E R 5 umol/L #) FeRhNox-1
H,DCFDA ¥, 28 °C %5 60 min, HBSS ¥4
2WE, THOLRMEE T WS

1.7 BIRSHR

AU BT A B 3 DL 3 e oE 22
(meantSD) & /R (n=6), . # k2 F /4 % H
SPSS 26.0 %k 14y . K & J5 2% 43 7 (One-Way
ANOVA), P<0.05 AR FE, P<0.01 H25K
. LEEAREE A Graphpad prism 6 2K {43517 &
53 HT

2 4

21 MLOEAX CIK A% K=

AR I MLT R P CIK 20 A K A5
AHIFFE A T AS [ e 5 %) 0t 2T 8 1 R I 21 28 49 )
5 CIK M3 6 M 12 h, Z5H Box, X4
CIK i 2 5508, 4 SRRV M, AE ARV 2 1
£ (5 mg/mL) Hl 6 h 5, #B4> CIK 4028 [R
B 5 10021 2K 190 8 I (R ZE K, CIK 41 i i T 450 i
S E RGN, A0 AR R B B SR R, 2 e ) £
R CIK 405, CIK 4N e i o B 3%,
R 12 h 5, AR I, SR NG
PEZ 2 BH B A0 (B 1), 7EMLr ZAabFi
S 5L H AL PR AR S5 R, I H AN
R AR A | EAR: A S P E IR T

22 METEAHE CIK M SR AIREXERE
=&

ARWFFE i@ T qQRT-PCR Ty 32 1 — AR 1fi 21 8
FIX) CIK 40 2k A AH DG R 9 FRak G O o A i
SRR, TEMLL&E A AL R % CIK 41 6
h)5E, HIMLEAHKE R S mgmL B, HA TfRI
f) ek B B B OE ( 1-a), MM N
10 mg/mL B, A7 G 00 0 4 A A DG S5 R 457 B 35
LR (E 1-a~h), FEMELRAIEA T, il Lr
FWREEN 10 pmol/L B, FUESE H RN ) FRb =
2 LR (& 10, Il 20 Z vk B R 25 pmol/L B,
BRI 2 RVER B 1 0 Rk e RS (] 1-e, D)o
2 CIK 40wl 20 85 A £ 2 A3 12 h 5, 1
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Elhf 1

Tk RER ARSI
Plate [

The arrows represent the morphological changed cells.

LRI 5 mg/mL I, HEERAEFI 5240k 2 (14 1-
hy, BEFEE A (& 1) DLEREREA (& 1) Rk
HRE L, MAEAWE R 10 mg/mL B, AR
WA DG L R g R ik ST A LI B = R . 7
METRACERL 21l 20 R IR EE N 10 pmol/L i,
HAGIHER (& 1-k) Fgks m s m e &k e w2
U, AT E W IR E] 25 pmol/L I, HEE %
w2 @E 1-h)y, MW EEETFHEEA 1. B
BREEE 1, BORREAMSE A REES WE LR
(B 1-i~1) e PR R, BRI OC 3L
TEIMLLE AT 6 F 12 h Z a1 %AH BEES, 1
EMLARE T, MRS FiHaER 1. E
RN L BRRMEMBEAAELE 120 )5, £
KA TGN, SRR RS2k 2 R
B EAE (E 1-g, h).

23 M4TEAME CIK 4 A0 A fE M < & F /Y
ik

Ry ik — RS ML RN £1 FR 4 CIK 20 i
S P HH DG HE R ) 2 TR (W RE R, S 36 X 9 AH
KIEH AT T qRT-PCR Kz, 25 IR, ilZr
B FHORIIMLZT 2 0% CIK 400 6 h 5, TLR4 Fl NF-
kB i 72 Bk W 3 WS (] 2-a~c), 10 mg/mL
ML F M 10 pmol/L IMZL AT ., R
IRl Fh JORE R FAI LR B ik, (HUEXT 12-6
(22K TC 5 (18] 2), Y4 il 217 P R 4T 2 Ak
P CIK 418 12 h J5, TLR4 Fl NF-xB i&# #% b %
s (B 2-5~1), 455302 25 pmol/L I 41 AL B4
TUFSAEA S IR R LA (B 2-mer),
SR R B R R R
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ML H
Hb (10 mg/mL)

30 pm .-

MAFE[MMARMNES CIK LKA

ez
heme (10 pmol/L)

AN
heme (25 pmol/L)

Effects of hemoglobin and heme on the growth of CIK cells

A 4T 5% & 8E CIK e BAL R A 69 &k ik

B R A Ry (U 1| AR g = 11 I B o | 4 N
AR, X 240 M i AR, TR
ik 2 2R 200 i ok B2 = B B B A KT R dE AR IR
BV, BRI, ARWFFEAAS I T T AR R 2T
F N CIK 4000 6 F1 12 h )5, 4 B S4B A o6
SR FEEN . RIZE R BN, i 2T & H
ML RAAHANME 6 h J5, MZ&EH 10 mg/mL 41+
) SOD Fl GSH-Px F AP 0 2305 (8] 3-a, e),
CAT W FRIRTCIAE ML LT AR [ 2 Il 21 R AL A
B0 Ak (8] 3-0), UM £1 8 1A 21 28 Ab 2R
CIK 4l 12 hJ5, SOD il CAT i) 33k /K F-1E 25
pmol/L % Ifil £ & 4b PR v & 2 197 (1 3-b, d),
GSH-Px W23 7E 5 mg/mL F1 25 pmol/L Ifil £ % &b
PRAH P 3 R (& 3-0)

24 [MAFEHRZHE CIK A E FF1 ROS
=M
R i — RS ML 6 CIK 20 R P k%
LR A I N O RS U ) o i T (OB W B | EA R
I E 5 CIK 4 MR 2k 89 & sk AT 7RI, A5
MR B, HMAEARET CIK M 6 h 5,
CIK 21 ffd rp 9 2k 5 i 5 0 FR A A BL S 38 m, 24
R RER 2 12 h B, CIK 4 N A4k & i 2
IR, I H A2 B ARk (BT -a),
[ BT ERTE T CIK 20 Py K 25 2 () 388 Jin % Jid 9 ROS
TR, R ER, MAEAMNE 12h)5,
CIK L P9 1Y ROS & s B0 A v i 238, Jf:
H58Ere i (& -b),

HFEKFA 222 0 sponsored by China Society of Fisheries
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(a)y~(f) M4 8 (A A I £ R 3 CIK 413 6 h J5 HARMHAH S HE R I RIA B DL, () Bie | AZIA 1 BEEH, (b) B Eazhk2 ER, (o) =

MEBETHIZED 1R, ) BEEESEA 1 ERFE, (o) SiHZmER, () BEAZER; (g)~() ML HANL 23 R CIK 41/ 12 h 58k
R LR RIATE WL, (o) R A2k | B, () #EeEAZE2ERN, () &R FHEEN 1 RN, () HgkEzEN 1
HE, K)BFERER, O)BEARRE. 1R, 2. 485 A-5 mg/mL, 3. 405 H-10 mg/mL, 4. M40 %K -10 umol/L, 5. Ifil 43 -25 umol/L;
* P<0.05, ** P<0.01, F[,

Fig. 1 Expression of iron metabolism-related genes after hemoglobin and heme stimulation

(a)-(f) the expression of genes related to iron metabolism after hemoglobin and heme stimulation of CIK for 6 h, (a) TfR1, (b) TfR2, (c) DMT1, (d) FPN1,
(e) hepcidin gene, (f) ferritin gene; (g)-(1) the expression of genes related to iron metabolism after hemoglobin and heme stimulation of CIK for_12 h, (g)
T/R1, (h) TfR2, (i) DMT1, (j) FPN1, (k) hepcidin gene, (1) ferritin gene. 1.control, 2. Hb-5 mg/mL, 3. Hb-10 mg/mL, 4. heme-10 pmol/L, 5. heme-25
pmol/L; *. P<0.05, **. P<0.01, the same below.

25 MAFARH CIK BACATHXERNR  #i05, mib—58m i 2r & o L 25t CIK 41
KIER

iR B A I N O N I (AR SRS TEARE N
R CIK 205, MR TR S HE D B SRR L

https://www.china-fishery.cn

1 5 1Y ROS F9HE 25 5 X 4 23 40 it = A S Ak

[ K 722 2: 32 /5 sponsored by China Society of Fisheries



IKPA 2R, 2023, 47(7): 079412

BHR, %
g4
Mz 3t i
K g
®E 27 o
=
S Huinilliiin
<
N NInININID
1 2 3 4 5
(a)
g 24 w5
2 1.8
X g
RE 12}
Z o
= >
s ElilniAin
B o WAL
1 2 3 4 5
(d)
g .
g 2 L
gg
wE o6r
<
§0r—.1m /.
1 2 3 4 5
(8
.52.4- o #%
I 2 18 | £
X g
®RE 12}
= o
= >
E.g0'6m ’*‘
B o LA
1 2 3 4 5
0)
R ¥
X 5
RE 8|t
B2 4l rj
®E
T o leml. ™M
1 2 3 4 5
(m)
.528- .
2 21t
X &
®y 14r o
T o
= >
LA
'0:) 0 =1 .m.
1 2

3 4 5
(p)

AR R IL

IS MRk R HIR ek HIR ikt
relative expression relative expression relative expression relative expression

relative expression

EROESSYS S

relative expression

S O =
[ > S o)

10.0
75

5.0
2.5

2.0

1.5
1.0
0.5

6.0
45
3.0

1.5

28 -
21 |
14 |

25 ¢

2.0
1.5
1.0
0.5

L2 3 4 s
(b)
mrﬁﬁﬁﬂ
1 2 3 4 5
(e)

I 2 3 4 s
(h)
wininiNi}
1 2 3 4 5
(k)

1 2 3 4 5
(n)

il

(@

2.0
1.5
1.0
0.5

0

FEX Fb &

relative expression

1.2
0.8
0.4

FRR ik &

relative expression

HAX R IL &

relative expression
S = N W N

g8
IH 2 6
g
Ky 4
g,
= g

20

1.2
0.6

FX Fib &

relative expression

i)

X%

relative expression

1.6

24
1.8

(= S e e

il

(©)

il

)

sefler

sk

inininil

1 2 3 4 5
0

1 2 3 4 5
(0)

wiNININIE

1 2 3 4 5

()

El2 MIEAFMMLIERE CIK ML ERXEERRIE
(a)~(i) ML ZL 5 (A AL 20 3 003 CIK 40 6 h J5 RAE AR SCEE DR I R aA B L, ()~(r) MILZLER (A R 21 32 003 CIK 40 12 h J5 20 AR DAL R (1 3%
KM (a) () TLR-4, (b) (k) NF-kB-p65, (c) (1) NF-xB-p50, (d) (m) IL-18, (¢) (n) TNF-a, (f) (0) IL-6, (g) (p) IL-8, (h) (q) IL-4, (i) (r) IL-10.

Fig. 2 Hemoglobin and heme activated the expression of inflammation-related genes in CIK cells

(a)-(i) the expression of inflammation-related genes after 6 h of hemoglobin and heme stimulation of CIK cell, (j)-(r) the expression of inflammation-
related genes after 12 h of hemoglobin and heme stimulation of CIK cell. (a) (j) 7LR-4, (b) (k) NF-xB-p65, (¢) (1) NF-xB-p50, (d) (m) IL-18, () (n) TNF-

a, (f) (o) IL-6, (g) (p) IL-8, (h) (q) IL-4, (i) (r) IL-10.
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KIER P FRILTEN: (a) (b) SOD, (c) (d) CAT, (e) (f) GSH-Px.

Fig. 3 Hemoglobin and heme activated the expression of inflammation-related genes in CIK cells

(a) (c) (e) the expression of antioxidation-related genes after 6 h of hemoglobin and heme stimulation of CIK cell, (b) (d) (f) the expression of antioxida-
tion-related genes after 12 h of hemoglobin and heme stimulation of CIK cell; (a) (b) SOD, (c) (d) CAT, (e) (f) GSH-Px.
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Plate I

Hemoglobin increased the iron and ROS content in CIK cells

(a) hemoglobin increased the iron content in cells after being incubated for 6 h and 12 h; (b) hemoglobin increased the ROS content in CIK cells after

being incubated for 12 h.
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Fig. 4 Hemoglobin and heme activated the expression of apoptosis-related genes in CIK cells

(a) (c) (e) the expression of apoptosis-related genes after 6 h of hemoglobin and heme stimulation of CIK cell, (b) (d) (f) the expression of apoptosis-

related genes after 12 h of hemoglobin and heme stimulation of CIK cell, (a) (b) caspase 6, (¢) (d) caspase 9, (e) (f) caspase 3.
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Mechanism of hemoglobin - mediated apoptosis in
Ctenopharyngodon idella kidney cell line (CIK)

QIN Zhendong, YANG Minxuan, LU Zhijie, SHIFei, LI Yanan,
ZHAN Fanbin, WAN Quanyuan, LIJun’, LINLi’

(Guangdong Provincial Water Environment and Aquatic Products Security Engineering Technology Research Center,
Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Breeding, College of Animal Sciences and Technology,
Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China)

Abstract: This study aims to explore the damage mechanism of hemoglobin on Ctenopharyngodon idella kidney
(CIK) cells. Firstly, the growth of CIK cells stimulated by hemoglobin and heme was observed, and the results
showed that hemoglobin and heme significantly inhibited the growth of CIK cells. Secondly, the expression of iron
metabolism-related genes in CIK cells was detected after stimulated by hemoglobin and hem. The results showed
that the stimulation of hemoglobin and heme up-regulated the expression of iron metabolism-related genes to dif-
ferent degrees. The expression of inflammation and antioxidant-related enzymes in CIK cells after stimulated by
hemoglobin and heme was also examined. The results suggested that hemoglobin and heme could activate the
expression of inflammatory factors through NF-kB pathway, such as pro-inflammatory cytokines TNF-a, IL-1
and IL-6, the anti-inflammatory factor IL-10 and chemokines IL-4 and IL-8, and also activate the expression levels
of three antioxidant enzymes, including Superoxide dismutase (SOD), Catalase (CAT) and Glutathione peroxidase
(GSH-Px). In order to further detect the toxic effect of hemoglobin on CIK cells, this study also detected the intra-
cellular iron and ROS in CIK cells after hemoglobin stimulation. The results showed that hemoglobin stimulation
significantly increased intracellular iron and ROS. Finally, we also examined the expression of apoptosis-related
genes in CIK cells after stimulated by hemoglobin and heme, and the results showed that both hemoglobin and
heme significantly activated the expression levels of apoptosis-related genes in CIK cells. In conclusion, the res-
ults of this study suggest that the high oxidative activity of hemoglobin can activate the expression of iron metabol-
ism- and inflammation-related genes, as well as increasing intracellular iron and ROS levels, leading to up-regu-

lated expression of apoptosis genes in CIK cells.
Key words: Ctenopharyngodon idella; hemoglobin; oxidative damage; apoptosis
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