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Integrin 34 Regulates Cerebral Vascular Development in Zebrafish
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Abstract: [ Objective] To explore the effect of integrin 4 (ITGB4) on cerebrovascular development. [ Methods] We
confirmed the knock down effect of morpholino (MO) targeting itgb4 mRNA sequence on zebrafish embryos by using RT—
PCR. Upon the knockdown effect of itgh4 in zebrafish embryos by MO, we observed the phenotypes of cerebrovascular de-
velopment via laser scanning confocal microscope and stereomicroscope. To examine the integrity of blood—brain barrier
(BBB), we injected the DAPI to the zebrafish embryos. To detect the functional changes of cerebrovascular endothelial
cells, we inhibited the expression of ITGB4 by siRNA and confirmed the knockdown effect by western blot (WB). To in-
spect the role of ITGB4 in brain microvascular endothelial cell (hCMEC/D3), we performed cell proliferation assay, tube
formation assay and cell migration assay on ITGB4 knock—down cells. We used qRT-PCR to detect the change of the down-

stream target genes in the Wnt/B—catenin pathway upon the knockdown effect of itgh4. [ Results] Itgb4 knocked down by
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MO resulted in dramatic defects in the zebrafish embryos, including brain edema, brain hemorrhage, blood-brain barrier

dysfunction and reduction of the number of the central arteries (CtAs) in hindbrain. Downregulation of ITGB4 protein ex-

pression in hCMEC/D3 disrupted the cell function, including the suppression of cellular proliferation, the reduction of the

tube formation and the inhibition of cellular migration. In addition, the downstream target genes in the Wnt/B—catenin sig-

nal pathway were suppressed since the downregulation of itgh4 expression in zebrafish embryos. Finally, the reduction of

the cells migration after knocking down the ITGB4 could be rescued when we add the activator (BML-284) of the Wnt/B-

catenin signal pathway to the hCMEC/D3 cells.[ Conclusions] ITGB4 promotes the development of cerebrovascular by regu-

lating cellular proliferation, migration and tube formation of cerebral vascular endothelial cells, and plays an important

role in regulating the formation of blood—brain barrier.
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A: RT-PCR of itgh4 transcripts from embryos at 72 hpf injected with control or itghb4-MO and the arrow demonstrated exon 2 skipping (red arrow).
The PCR product of normal itgh4 transcripts was 326 bp, and that of exon 2 skipped transcripts was 238 bp. Arrowhead indicates molecular weight. B:
Compared with Cirl-MO injected zebrafish embryos, itgh4 MO-injected zebrafish embryos showed the expanded brain ventricle (red dotted line) and
brain hemorrhage (red arrow). Scale bar: 1000 wm. C: Brain ventricle area of embryos injected with Ctrl-MO (n=9) or itgb4-MO (n=15) at 72 hpf. D, E:
The percentage of brain edema (D) or hemorrhage (E) in the zebrafish injected with control or concentration gradient itgh4 MO (n=2). n represent inde-
pendent experiments and are shown as mean + s.e.m. ' P < 0.05,? P < 0.01,* P < 0.001.
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Fig. 1 Inhibition of itgh4 expression resulted in brain edema and hemorrhage in zebrafish embryos
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A: The images from Ctrl-MO treated or itgb4-MO treated embryos injected with nucleus dye (DAPI, 0.85 mg/mL) at 60 hpf. Hindbrain vasculature
were shown from dorsal view. Scale bar: 50 wm. The arrows indicate the DAPI permeated into the brain parenchyma. B: Quantification of DAPI permeat-
ed into the brain parenchyma. Ctrl-MO (n=10), itgh4-MO (n=9). n represent independent experiments and are shown as mean + s.e.m. > P < 0.01.

B2 Ml itghbd BT ETHEINDE D £ iin i B B 7 A

Fig.2 Suppression of itgh4 expression restrained the formation of blood—brain barrier in zebrafish
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Fig. 3 Suppression of itgh4 expression induced the deficit in hindbrain vascular development in zebrafish
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A, B: Western blot and quantification detecting the protein levels of ITGB4 upon knockdown. C: Quantification of proliferation capacity of hCMEC/

D3 cells treated by control-siRNA (siCtrl) and ITGB4-siRNA (silTGB4~1 and -2) respectively. Two independent experiments and are shown as mean +

s.em. P <0.05, VP < 0.001.
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Fig. 4 Knockdown of ITGB4 inhibited the proliferation of brain endothelial cells
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A: Representative graphs of tube formation of hCMEC/D3 treated by control-siRNA and ITGB4-siRNA, respectively. Scale bar: 100 pm. B, C:
Quantification of total branching length (B) and meshes (C) from siCtrl, silTGB4-1 or silTGB4-2 in hCMEC/D3. n=4 for each group. D, E: Representa-

tive graphs (D) and quantification (E) of migrated hCMEC/D3 cells treated by siCtrl, silTGB4-1 or sil[TGB4-2, respectively. n=2 for each group. Scale

bar: 500 wm. n represent independent experiments and are shown as mean = s.e.m. ' P < 0.05,? P < 0.01.
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Fig. 5 Knockdown of itgh4 suppressed the tube formation and migration of brain endothelial cells
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A: qRT-PCR detecting the mRNA levels of the downstream targeted genes of Wnt/B—catenin pathway in zebrafish embryos. B, C: Representative
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Fig6 Knockdown of itgh4 hindered the Wnt/—catenin signaling pathway
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