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Tab.1 List of primers used in the study

314 4Ry 51
primers name sequences
GcTNFa-RT-F GCTGCTGTCTGCTTCACGC
GcTNFa-RT-R AGCCTGGTCCTGGTTCACTCT
GcCD68-RT-F CCAGGGTGACTCTTACTC
GcCD68-RT-R ATTGGTTGTTTTTGATGT
GcCD86-RT-F GCTAAATCACCCCAGGAAGT
GcCDB6-RT-R GCGATAAGTGGCAATCAAAG

GcMHC-11-RT-F TATTTGTGGGGTTTACAGAGTT

Ge MHC-11-RT-R TGATTGGTTGAGGGTAGAAG

GclIL-15-RT-F GTGTCTGGCCATTTCCAAGAGTA
GcIL-1-RT-R GGTGTTGAGAGTTTCAGTGACCT
Gc/L10-RT-F CCCTTTGAGTTTGCCACCA
Gc/L10-RT-R CAGCCATCATCCAATCCAC
GcCSF-RT-F CTGAGGAGAAACGAGCAT
GcCSF-RT-R TGACCCGTACAGGTGATG
Gcp-actin-RT-F ACCCACACCGTGCCCATCTA

Gcp-actin-RT-R CGGACAATTTCTCTTTCGGCTG

GcIL-4-RT-F AATAGGGATCAACGAGAA
GcIL-4-RT-R TGAATGGTTATGTAGGGT
GcCCLA-RT-F TGACAGCATTTGCCATAC
GcCCL4-RT-R GTCCAATACGCATTCCTT
GcCCL20-RT-F CCAGACGCTGTTCAGTTC
GcCCL20-RT-R TTCACCCTCAAAGCCAAT

GcTLR4-RT-F ATTTTCAGGGTGATGTAGTAAG
GcTLR4-RT-R GTTTCAGGTTTGAGTGGGTA
GclFNa-RT-F ACTGGTCAACCTGTTCTCTA
GclFNa-RT-R GCTGTGTTTCTTCTCTCTCA

2 4

21 MAOERAELBSMPEHARTIA

TEESMLTE A 24 F1 48 h 5, RELE M
o AT R, DO I 2T 8 1A
HAPPIRIE O . s RER, kL FAHLS
FXTRELL R DT R /D, e T S L
2448 h 5, Sk'EAHLUH IR ] LIE 2K
UL . MRIR S5 R & e g, 4531
WoR, TEFESTMLIEM 24 h )5, TLAE R
GULEY), MiESIMaOEA 48 h 5, #WEaliH
2 (B ).

22 MAERRHEMEIMLE~E
it — ARG ML R X A AR i A 52
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Plate I Prussian blue staining for detection of Hb deposition in head-kidney and middle-kidney tissues
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Fig.1 Hb activates antioxidant enzyme system in serum

1. control group, 2. Hb treated group; **. significant difference between groups ( P <0.01), the same below.
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(100 ng/mL) E 4 BHYEXT L AN 25 5 BRI
AEAN 1205, EFE4IHE T CD68 F1 CD86
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T B MHC- T A% K, H i
KFEZEET LPS Zb¥E4H (1K 3-d).
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Fig.2 Expression of inflammation-related genes in

head-kidney tissue after Hb injection
(a) IL-1p; (b) IFN-a; (¢) IL-10.
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Plate Il Phagocytic activity of head-kidney macrophages to Hb

1-2. Prussian blue staining was used to detect the deposition of Hb in macrophages, 3-10. indirect immunofluorescence was used to detect the phagocyt-

osis of macrophages on Hb.
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Fig. 3 Expression of maturation marker related genes in head-kidney macrophages after stimulated by Hb

1. control cells, 2. Hb stimulated cells; 3. LPS stimulated cells, the same as Fig. 4. (a) CD68, (b) CD86, (¢) CSF, (d) MHC-1I.
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Fig.4 Expression of cytokine-related genes in head-kidney macrophages after stimulated by Hb for 12 h

(a) TNF-a, (b) IL-1B, (c) IFN-a, (d) IL-4, (6) CCL20, (f) CCL4, (g) TLR-4.
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Hemoglobin stimulate inflammatory cytokine expression in grass carp
(Ctenopharyngodon idella) head-kidney macrophages

QIN Zhendong , ZHAN Fanbin, LI Yanan, SHIFei, YANG Minxuan,
LU Zhijie, 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: In general, disease caused by the hemorrhagic pathogen infections, results in hemolysis, in series the
hemoglobin (Hb) is discharged into the tissues. Consecutively, oxidation of Hb while exposed to air provokes seri-
ous high oxidative damage levels in the body and inducing a large amount of inflammation to release additional
proinflammatory mediators. Promptly, it is critical to clear the highly cytotoxic Hb. Macrophages play a key role
not only under stress conditions, but also in sustaining homeostasis by promoting erythropoiesis and hemoglobin
(Hb) clearance. However, the complete mechanism of the oxidized Hb in teleost fish and the effects of macro-
phages on it not yet clear. In this study, head-kidney macrophages and Hb of the C. idella were taken as the
research model to examine the interaction between Hb and macrophages. Stimulation of the Hb during in vivo
studies led to the visible deposition of Hb in the head and middle of the kidney and elevated the levels of antioxid-
ant-related enzymes in serum, and further promoted the expression levels of inflammatory cytokine, such as TNF-
a, IL-1p, and IL-10 in head kidney. Thereafter, the indirect immunofluorescence and Prussian blue staining ana-
lyses indicated that the macrophages of the head kidney exhibited intense phagocytic activity to Hb. Analysis of
gene expression level by quantitative real-time PCR, macrophage markers, including CD68, CD86, CSF, and MHC-
II genes were significantly elevated through the stimulation of Hb. Likewise, the expression levels of inflammat-
ory cytokines (TNF-a, IL-1 f3, and IL-4), chemokines (CCL20 and CCL4), IFN-o. and TLR4 genes were signific-
antly up-regulated in the head kidney macrophages after 12 h of Hb stimulation. In summary, these results indicate
that C. idella head kidney macrophages possess the phagocytic ability towards Hb, and in turn, Hb also activates
the expression levels of macrophage-related markers and associated cytokines. Taken together, our findings expli-
citly improve the understanding of Hb macrophage interactions of C. idella and provided a new reference for
healthy fish farming.
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