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Abstract: Congenital heart disease (CHD) is one of the most major birth defects in neonates. The causing fac—
tors are both genetic and environmental. Clinical survey indicated that maternal influenza viral infection is
one of the most important environmental factors, but the specific pathogenesis remains to be elucidated. To
explore the relationship between CHD and influenza virus infection, F344 rats were used to establish an an—
imal model. Then, rat embryo and heart samples were obtained to observe morphological and structural ab—
normalities in HIN1—infected pregnant rats. Real-time quantitative PCR was performed to analyze the mR-
NA levels of cardiac development-related candidate genes in embryonic heart of rats. The results showed
that intrauterine influenza virus infection delayed embryonic development and led to cardiac diseaes in rats.
Bone morphogenetic protein 4 (BMPA), fibroblast growth factor 12 (FGF12), WW domain—coniaining oxidore—
ductase (WWOX), discoidin domain—containing receptor 2 (DDR2) and Ephrin type—B receptor 3 (EPHB3)

were significantly down —regulated in influenza virus infection group compared with those in the control
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group. In conclusion, influenza virus infection might influence the development of embryonic heart through

down-regulating heart development related genes, thereby inducing CHD.

Key words: congenital heart disease; influenza virus; rats; gene expression
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Table 1 The component volumes in qRT-PCR

Components Volumes/pL
SYBR 5.0
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Forward primer 0.5
Reverse primer 0.5
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Total system 10.0
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Table 2 Primers for specific qRT-PCR detection

Gene Primer name Sequence (5'-3")

BCL2 BCL2-F AAGCTGTGCTATGTTGCCCTA
BCL2-R ATTGCCGATAGTGATGACCTG

B-ACTIN B-ACTIN-F GGCAAGTTCAACGGCACAGT
B-ACTIN-R TGGTGAAGACGCCAGTAGACTC

BMP4 BMPA-F GCTGGGCCAAGGAAAATGGA
BMPA-R TGCCTAGGGTCTGCCCATCA

WWOX WWOX-F AGAGATACGACGGGAGCA
WWOX-R TAACCAGGACCACCTTGC

DDR2 DDR2-F TGTATCATGCCTCGTGTTCGTGCT
DDR2-R AGGCTGGCGATCAAGATATTGGGA

FGF12 FGF12-F AGAACCCACCAATGCAACAG
FGF12-R CAGAACAGGTAGACGGCGAG

EPHB3 EPHB3-F TCTTCAATCTAATTCCTGTG
EPHB3-R ATAGCCTTCTCCATTCAT

NRG1 NRG1-F GAGTCATCCGACGCCGATCTG
NRG1-R CGCCGCTGTTTCTTCTTCTTGG

SHOX?2 SHOX2-F GCTGATGTCTTCTATGCATCCG
SHOX2-R TTTTTCAAGCTCCCTGCAGTTTA

i%: BCL2 BMP4 WWOX .DDR2 . FGF12 EPHB3 NRG1 #= SHOX2 % B 69X B, B-ACTIN ZE XA A, ¥R AR LAY

P EANBEFAL T RBIFEATRABGER,

Notes: BCL2, BMP4, WWOX, DDR2, FGF12, EPHB3, NRG1 and SHOX2 are target genes. B—A CTIN is a housekeeping gene,

which can be expressed stably in various organs and tissues in an organism.
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Fig.1 The embryonic phenotype analysis of rats infected with influenza virus in utero

A and B: E11.5 d embryo morphology image of normal rats and influenza virus infected rats (white arrows refer to the outer curve
of the neck); C~F: E13.5 d embryo morphology of normal and influenza virus infected rats (white pentagram refers to the upper
maxilla). E and F are magnified views of white pentagram positions in C and D, respectively; G: The number of embryos taken

under normal and influenza virus infected conditions in rats, and 0 indicates the total death of pregnant rat embryos. “Control”

means the normal control group, and
(xxsY). ™: P<0.01; scale bar=2 mm.
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Fig.2 E13.5 d embryonic cardiac phenotype

“Control” means the heart of normal rats, and “ HIN1” means the heart of HIN1 infections. RA: Right atrial; RV: Right ventricle;
LA: Left atrial; LV: Left ventricle.
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Fig.3 Relative expression of genes involved in the fetal heart development of rats infected with influenza virus
Data are analysed by Student’s i—test and shown as meanzstandard error (vs¥) . ™, P<0.001; ", P<0.05; NS, P>0.05.
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