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embolism (Chen et al., 2013; Maegele, 2013). However, it
remains to be controversial whether anticoagulation treatment
should be started during the early phase of TBI due to the
increasing potential risk for progressive hemorrhagic injures.
Although the evidence to determine when to anticoagulate is still
limited, initiating preventive measures should be necessary to
reduce occurrences of thrombotic events. After TBI, increasing
procoagulant activity can shift the balance of procoagulant and
anticoagulant reactions on the vascular endothelium, which is
ultimately a hypercoagulable state. Our study demonstrated that
CHIP-OE may suppress coagulation cascade through inhibiting
expression of procoagulant molecules involved in the early phase
of TBI (TF, vWF, PECAM-1, and PAI-1), which is possibly
associated with the activation of the PTEN/AKT signaling.
Furthermore, we also found that the density of capillaries
was increased significantly in the brain tissue surrounding the
contusion area after CHIP-OE, whereas hemorrhagic tendency
was decreased more obviously, which suggested that CHIP-
induced PTEN inhibition may attenuate progression of the
secondary hemorrhagic injuries and stimulate microvascular
regeneration. Interestingly, our recent research proposed that
PTEN inhibition promoted post-ischemic angiogenesis in vitro,
and this enhancing effect might also be achieved through
activation of the AKT signal cascade (Xue et al., 2018),
which is consistent with a recent report. An ovarian cancer
study by He et al. (2019) showed that miR-205 could induce
angiogenesis by silencing PTEN and subsequently activates
AKT pathway, whereas restoring of PTEN expression can
rescue the suppression of angiogenesis induced by the miR-205
inhibitor. Thus, the PTEN/AKT pathway may play a crucial
role in the vascular repair and remodeling after TBI and
cerebral ischemia.

In general, CHIP is a ubiquitously expressed cochaperone
and has a Ubox-dependent E3 ligase activity; PTEN is its
downstream target, which could be ubiquitinated by CHIP.
Our study demonstrated that CHIP-OE or silencing regulates
procoagulation activity and microvascular and BBB repair after
TBI, and this may be achieved through PTEN/AKT pathway.
Nevertheless, it is premature to conclude that CHIP upregulation
attenuates TBI-induced coagulopathy because the effects of CHIP
on blood coagulation in mice were not investigated in this study.
Notably, the existence of a real feedback loop between PTEN
and the AKT signaling pathway remains undetermined and thus
needs to be clarified in the future studies. Additionally, whether
other cascades downstream to PTEN contributes to attenuating
coagulation disorder and neuroprotective effect against TBI
needs further investigated. Finally, other potential targets of
CHIP-mediated ubiquitination may also be involved in the

apoptosis, procoagulation, and microvascular and BBB repair,
which also need further research.

CONCLUSION

In this study, CHIP is shown to attenuate apoptosis and
procoagulant activity and facilitate microvascular and BBB
repair during the early phase of TBI. The upregulation of
CHIP may improve the recovery of BMVEC function and
promote brain repair after TBI, which provides a novel treatment
strategy for TBI.
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