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Outline

• Introduce key challenges for gene therapy in SLC6A1 disorders

• Review current status of SLC6A1-targeted gene therapy

• Discuss ongoing work and preliminary findings
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Challenge #2: therapeutic window of effective 

SLC6A1-targeted gene therapy might be limited

Guo,… Gray, J Clin Invest., 2024
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Astrocytes

Neurons

Challenge #4: SLC6A1 variants might interfere 

intracellular trafficking of functional proteins

Mermer,… Kang, Brain, 2021 Liu et al, Brain Sciences, 2025



Key considerations for SLC6A1-targeted gene therapy

1. Mapping a therapeutic window

• Systematic age testing in a Cre-lox mouse system

2. Brain-wide delivery

• Use of brain-penetrating AAV capsid

3. Transgene expression restricted to relevant cell targets

• Incorporation of native promoter regulatory elements

4. Intracellular trafficking interfered by mutant proteins 

• Testing in animal model harboring patient mutations
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Molecular design and cloning of AAV-hNaP-hSLC6A1
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Unaffected body weight gain and behaviors

upon AAV-hNaP-hSLC6A1 treatment

Nate Hodgson, BCH Behavior Core

A

W
T

H
ET

H
O
M

H
E
T+G

FP

H
E
T+S

LC

0

50

100

150

B
o

d
y

 w
e

ig
h

t 
(%

 W
T

)

✱✱✱✱ ns

W
T

H
ET

H
E
T+G

FP 

H
E
T+S

LC

0

2000

4000

6000

8000

10000

T
o

ta
l 

d
is

ta
n

c
e

 t
ra

v
e

le
d

 (
c
m

) nsns ns

Open field

W
T

H
ET

H
E
T+G

FP 

H
E
T+S

LC

0

20

40

60

80

100

%
 m

o
u

s
e

 i
n

te
ra

c
ti

o
n

nsns ns

3-chamber social assay

W
T

H
ET

H
E
T+G

FP 

H
E
T+S

LC

0

10

20

30

40

%
 o

p
e

n
 a

rm

nsns ns

Elevated plus mazeB C DBody weight

AAV injected @P55 or P25

1e14 vg/kg



HW W H H W H W HW

2

-actin

HW W H H W H W HW

Gad67

-actin

Gad67, but not GABAAR 2, is up-regulated in 

Slc6a1STOP/STOP cortex 

WT HOM

80

90

100

110

γ
2

 E
x

p
re

s
s

io
n

 (
%

 W
T

)

ns

WT HOM

80

100

120

140

160

G
a

d
6

7
 E

x
p

re
s

s
io

n
 (

%
W

T
)

✱✱✱✱

SLC6A1 disorders

↑GABA

Reversible by gene therapy?

GABAA receptors?

↑Gad67

GAT1



Slc
6a

1
+/

S
29

5L  c
ontr

ol

Slc
6a

1
+/

S
29

5L +A
A
V
-S

LC
6A

1

0

50

100

150

200

AAV injection @P21

#
 s

e
iz

u
re

 e
v

e
n

ts
 5

-7
H

z

Control mouse

AAV-SLC6A1-treated mouse

Spike suppression in SLC6A1+/295L

A B

Karishma Randhave, Katty Kang lab

0.1 mV

1 s



Summary and future directions

• A novel AAV construct encompassing a native SLC6A1 promoter 
(hNaP) might be effective beyond the previously described 
treatment window (up to P55, early adulthood)

• AAV-mediated SLC6A1 gene therapy development requires further 
fine-tuning of time and dose of administration, as well as testing in 
disease-relevant animal and human cell models
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