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Epilepsy is the fourth most common neurological disorder, and is responsible for a greater total global 
burden of disease than any neurological condition except stroke or migraine. Hippocampal sclerosis 
is often correlated with seizures. The degree of sclerosis is characterised by Wyler Grade (WG), where 
WG1 is less severe and WG4 is more severe.

Electrophysiology: we found statistically significant differences in firing properties of human granule 
cells from dentate gyrus with different degree of hippocampal sclerosis (WG1 vs. WG4).

Morphology: the detailed morphological analysis did not reveal any statistically significant diffe-
rences in granule cell morphological features for WG1 vs. WG4. We found that WG4 granule cells have 
approximately double the spine density as compared to WG1 cells.

Modeling: we developed the novel computational model of granule cells with active dendrites 
capable of reproducing the electrophysiological behavior of hippocampal granule cells. Using the 
granule cell model we found that addition of WG4 cells to dentate gyrus circuit leads to the develop-
ment of synchronous activity.
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WG1 and WG4 ephys features are well separated

WG4 neurons have twice more spines than WG1
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Model comparison with the data

61 parameter

sp
ine

 de
ns

ity
 / u

m

All apical p=0.01
*

0.0

0.2

0.4

0.6

0.8

1.0

WG1 (N=5) WG4 (N=3)

All basal p=0.03
*

WG1 (N=5) WG4 (N=2)

sp
ine

 de
ns

ity
 / u

m

0.0

0.2

0.4

0.6

0.8

1.0

WG1 network unconnected

WG4 network

WG4 network x2 syn

R
el

at
iv

e 
er

ro
r 

(s
td

)

AP amplitu
de

AP width

ISI lo
g slope

Volta
ge at stim

 end

Tim
e to

 1st spike

Adaptatio
n index

Volta
ge afte

r stim

Sag amplitu
de

AHP depth

Mean fre
quency

Volta
ge base

20

40

0

Model captures relevant ephys features
 N=12
 N=12

PC 1

PC
2

 N=12
 N=12

tSNE 1

tS
N

E 
2

1 1 1 1 1 3,4 51,2 1 1,6

This research used resources of the National Energy Research Scientific Computing Center, a DOE Office of Science User Facility supported by
 the Office of Science of the U.S. Department of Energy under Contract No. DE-AC02- 05CH11231. We also would like to thank Blue Brain Project for computational resources and BluePyOpt package.

1

WG1 (N=5) WG4 (N=5)

WG1 (N=8) WG4 (N=4)

Initial apical p=0.15

Initial basal p=0.20

sp
ine

 de
ns

ity
 / u

m
sp

ine
 de

ns
ity

 / u
m

0.0

0.2

0.4

0.6

0.8

1.0

0.0

0.2

0.4

0.6

0.8

1.0

20 mV
2 ms

0
10
20
30
40
50
60
70

Fr
eq

u
en

cy
 (H

z)

0 200 300 500100 400

20 mV
2 ms

0
10
20
30
40
50
60

Fr
eq

u
en

cy
 (H

z)

0 200 300 500100 400
Input current (pA)

apical dendrite surface
basal dendrite 
bifurcation angle
axon radius

30 features

Feature-based errors

20 mV
2 ms

20 mV
2 ms

70

PC 1

PC
2

Random forest performance = 95%

Network structure Events statistics

GABA

AMPA

GABAAMPA

500 
Granule cells

6 
Basket cells

AMPA AMPA

WG1 WG4

1,2

Addition of WG4 cells to dentate gyrus circuit model promotes synchrony

First ISI
AP

threshold

AP
width

Mean ISI

WG1 (N=33) WG4 (N=27) WG1 (N=33) WG4 (N=27) WG1 (N=33) WG4 (N=27)

Voltage std
*

First ISI slope
*

Time to 1st spike slope
*

AP width rheo
*

f-I curve slope
*

mean ISI slope
*

50
100
150
200
250

m
s/

p
A

50
100
150
200
250

m
s/

p
A

300
350

1.00

1.50m
s 2.00

2.50

2.5

7.5

12.5

17.5

m
V

0

0.1

0.2

-0.1

H
z/

p
A

0
100
400
600
800

m
s/

p
A

1000

99 features

granule cell layer

granule cell layer

Beining et al. 2017

Santakumar et al. 2005

0 200 300 500100 400
0

10
20
30
40
50
60
70

Fr
eq

u
en

cy
 (H

z)

0
10
20
30
40
50
60

Fr
eq

u
en

cy
 (H

z)

70

0 200 300 500100 400
Input current (pA)

-ln
(p

-v
al

ue
)

0

4

8
10

2

6

0 5 10 15 20 25 30

* *
*

*
*

*
Pairwise comparison

-ln
(p

-v
al

ue
)

0

4

8
10

2

6

* * * * * * *

Fi
rs

t I
SI

  r
he

o

Ti
m

e 
to

 sp
ik

e 
slo

pe

M
ea

n 
IS

I s
lo

pe

Fir
st

 IS
I s

lo
pe

AP
 th

ro
ug

h 
slo

pe

AP
 u

p/
do

w
n 

slo
pe

Vo
lta

ge
 b

as
e

AP
 th

r s
lo

pe

Rh
eo

ba
se

 fr
eq

f-I
 sl

op
e

0 5 10 15 20 25 30Fe
at

ur
e 

w
ei

gh
t

0
2
4
6
8

10
12
14

Random forest

Fe
at

ur
e 

w
ei

gh
t

0
2
4
6
8

10
12
14

Fi
rs

t I
SI

 sl
op

e

M
ea

n 
IS

I s
lo

pe

Ti
m

e 
to

 sp
ik

e 
slo

pe

AP
 u

p/
do

w
n 

slo
pe

Vo
lta

ge
 b

as
e

AP
 h

ei
gh

t s
lo

pe

AP
 th

r s
lo

pe

AP
 th

ro
ug

ht
 sl

op
e

Fi
rs

t I
SI

 rh
eo

AP
 w

id
th

 sl
op

e

m
ea

n 
IS

I s
lo

pe

Fir
st

 IS
I s

lo
pe

AP
 w

id
th

 rh
eo

Tim
e t

o 
sp

ike
 sl

op
e

f-I
 sl

op
e

AP
 u

p/
do

w
n 

rh
eo

Vo
lta

ge
 st

d

Rh
eo

ba
se

 fr
eq

m
ea

n 
IS

I r
he

o

ta
um

 m
ea

n

m
ea

n 
IS

I s
lo

pe

Fir
st

 IS
I s

lo
pe

Tim
e t

o 
sp

ike
 sl

op
e

AP
 w

id
th

 rh
eo

Vo
lta

ge
 st

d

f-I
 sl

op
e

Fir
st

 IS
I r

he
o

m
ea

n 
IS

I r
he

o

AP
up

/d
ow

n 
rh

eo

AP
 h

ei
gh

t r
he

o

WG1 network

x x x x x x

Ce
ll 

ID
Ce

ll 
ID

Ce
ll 

ID
Ce

ll 
ID

4000 4500 5000 5500 6000
time / ms

4000 4500 5000 5500 6000

4000 4500 5000 5500 6000

4000 4500 5000 5500 6000

x x x

x x x x x xx x x

0
5

10
15
20
25
30
35

data
fitted curve

Event duration

Event amplitude

0 50 100 150 200 250 300
time / ms

G
ra

nu
le

 c
el

ls
 / 

H
z

1.5

2

2.5

3

3.5

4

4.5

Ev
en

t f
re

q
ue

nc
y 

/ H
z

WG1 WG4 WG4 x2syn
40

45

50

55

60

65

70

Ev
en

t d
ur

at
io

n 
/ m

s
Ev

en
t a

m
p

lit
ud

e 
/ H

z

20 mV
50 ms

Basket cell

Extracellular potential

20 uV

50 ms

Granule cell
20 mV

50 ms

Population event

WG4 x2syn

x

* *

* *

* *

20

30

40

50

60

70

80

WG1 WG4 WG4 x2syn


