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Na+-K+-2Cl--cotransporter1 (NKCC1, encoded by slc12a2 gene) utilizes the cross-membrane Na+ potential generated by the Na+-
K+-ATPase to import Na+, K+, and Cl- into the cell. It is widely used by multiple cell types, including neurons, to regulate cell 
volume and [Cl-]i. In the central nervous system (CNS), NKCC1 is the main Cl- importer. Since the polarity and strength of γ-
aminobutyric acid (GABA)-induced neuronal activity is determined by [Cl-]i, NKCC1 is closely associated with the function of 
inhibitory interneurons.  
Traumatic brain injury (TBI) is a severe global health concern without an effective cure. One obstacle of developing effective TBI 
treatment is the use of anesthetics in animal models. Among many posttraumatic deficits, TBI is a major cause of acquired 
epilepsy, contributing to 10-20% of the patient population. To bypass the confusing effect of anesthesia on TBI and seizure, I 
designed an unanesthetized mouse TBI model that well characterized human posttraumatic seizure development. Using this 
model, I detected the up-regulation of NKCC1 in the cerebral cortex and hippocampus. Simultaneous down-regulation of K+-Cl-- 
cotransporter2 (KCC2) was also detected in the cerebral cortex. The post-injury alterations of expression profiles of the two 
cation chloride cotransporters together lead to an increase of [Cl-]i, which renders the brain hyperexcitable and more susceptible 
to seizure attacks. Genetic deletion of NKCC1 or pharmacological inhibition of NKCC1 with bumetanide potently suppressed TBI-
induced seizures. TBI also increased tumor growth factor-β (TGF-β), a competitive antagonism of which abolished TBI’s effect on 
NKKC1 upregulation and prevented epileptiform-like discharges. Thus, TGF-β might be an important pathway involved in NKCC1 
up-regulation after TBI. My findings identified neuronal up-regulation of NKCC1 and its mediation by TGF-β, as an important 
mechanism in early post-traumatic seizures and demonstrate the therapeutic potential of blocking this pathway. 
The glymphatic system plays an important role in maintaining homeostasis in the CNS where a conventional lymphatic system is 
missing. Although the brain and the eye share many anatomical and physiological similarities, it is obscure whether an analogues 
ocular glymphatic system exists. I demonstrated the existence of ocular glymphatic pathway by intravitreal injection of 
fluorescently conjugated human amyloid-β (FITC-hAβ) and subsequent confocal and stereofluorescent imaging examination of 
the retina as well as the optic nerve of the injected eye. To address the contributing factors to the ocular glymphatic system, we 
manipulated 2 physiological and pathological relevant factors to the visual system: the RGC activity and ocular-cranial pressure 
difference. Through these manipulations, I identified ocular-cranial pressure difference as the major driving force for the outflow 
of ocular FITC-hAβ to the optic nerve and RGC activity potentially facilitated both the ocular outflow and the movement along 
the optic nerve. Consistent with our finding with ocular-cranial pressure, in a chronic glaucoma mouse model (DBA/2J), 
aberrantly increased ocular outflow of FITC-hAβ into the optic nerve was observed only in a stage after IOP increase, not before 
IOP increase. Interestingly, NKCC1 is highly expressed in the trabecular meshwork (TM) cells and its genetic deletion lead to 
significant reduction in intraocular pressure (IOP). Together these data suggests an important role of NKCC1 in maintaining IOP 
and potentially also regulate ocular glymphatic flow. 



 
 


