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Abstract

Background and Purpose: Minimal hepatic encephalopathy (MHE) is implicated in the impairment of memory function.
Fibroblast growth factor-2 (FGF2) is involved in modulating synaptic and neuronal formation. Experimental Approach: The
aim of this study is to examined the impacts of FGF2 on MHE pathology. Our study addressed whether FGF2 could trigger
neuregulin 1 (NRG1) release to ameliorate synaptic impairment in MHE rats and in primary cultured neurons. Key Results: The
results showed the decreased FGF2 expression in MHE brains. After treatment with FGF2, secreted neuregulin 1 (NRG1) and
ErbB4 were increased, and the interaction of the 2 proteins was enhanced. Additionally, treatment with FGF2 or NRG1 induced
synaptic formation, with increase in the activity of synapse and the density of dendritic spine, through Sirtl. NRG1 signaling
was prevented by administration of FGF2, which acts through the FGFR1 in MHE rats. Finally, intracerebroventricular
injection with FGF2 or NRG1 mitigated the impairment of synaptogenesis. Conclusions and Implications: The data suggest

that FGF2 may be a promising latent therapeutic reagent for MHE pathogenesis.

Hosted file

BJP\begin{CJK}{UTF8}{gbsn} \end{CJK}\selectlanguage{english}(1).doc available at https:
//authorea.com/users/298561/articles/427864-fibroblast-growth-factor-2-prevents-
synaptic-pathology-in-minimal-hepatic-encephalopathy-via-nrgl-erbb4-signaling


https://authorea.com/users/298561/articles/427864-fibroblast-growth-factor-2-prevents-synaptic-pathology-in-minimal-hepatic-encephalopathy-via-nrg1-erbb4-signaling
https://authorea.com/users/298561/articles/427864-fibroblast-growth-factor-2-prevents-synaptic-pathology-in-minimal-hepatic-encephalopathy-via-nrg1-erbb4-signaling
https://authorea.com/users/298561/articles/427864-fibroblast-growth-factor-2-prevents-synaptic-pathology-in-minimal-hepatic-encephalopathy-via-nrg1-erbb4-signaling

o

NRGL/p-actin

(ng/ml)
FGF2

veh 3 5 20

PHNs
B-actin
PCNs

——— e [3-3ctin

e
Veh
veh 6 12 24 48 72 FGF2
FGF2 (h)
o o OPHNs
§ a5
i 3
525
.:E 2
s
23 15
E 1
£ o5
2 0

Veh 30 60 120 180 360

FGF2 (min)

(ng/ml)
FGF2

veh 1 5 20
'-;' NRG2

v o o NRG3

NRG1/p-actin

w

8 | =
Snpinnnwin

o

Proteins/p-actin

h

C
OPHNs
WPCNs **
PHNs
veh 1 5 20

OPHNs
M PCNs

560 i
430
400
320
160
80
o

Veh 1 5 20

NRG1 [pg/ml)
B
5

FGF2 (ng/ml)

ONRG2
H NRG3

veh 1 5 20

FGF2 (ng/ml)

FGF2 (h)
veh 6 12 24 48 72

T

———— — - oy

PCNs

(ng/ml)

f OPHNs
3
2
F
-
a9
o =
<=
L
2%
£
<
-5
Veh 1 5 20
FGF2 (ng/ml)
i OPHNs
HPCNs %

NRG1 (pg/ml)

Veh 6 12 24 48 72

FGF2(h)



{ngfmi) c

FGF2 FGF2 (h
b (h)
veh 1 5 29 O PHNS Veh 6 12 24 48 72
£ 35 mPCNs == —
ErbB4 3 = T e g ErbB4
I o, .
PHNs a 3 PHNs
EEES e e
=]
5 05
ErbB4 0
Tl veh 1 5 20 ErbB4
PCNs PCNs
e
OPHNs B
c 3.5 HPCNs =
E 3 .
w25 I
(=% 2
<
g 15
2 1
w05
0
veh 6 12 24 48 72
FGF2 (h)
(ng/ml)
(ng/ml) g FGF2
FGF2
veh 1 5 20
Input

NS
h .

IP:
NRG1

IP: Veh 1 5 20

e e ErbB4

ErbB2 /p-actin
o090 mE
ok ok minb

FGF2 (ng/ml)



+Anti- +AG C
Veh FGF2 NpGy 1478

Proteins/B-actin

FM4-64 (% of Veh)

- - =% == Syntaxin Veh
— -
s e e [B-2tin
FGF2
O Syntaxin
m Homer
5
4 +Anti-
3 NRG1
2
1
o
o & +AG
F & & 1478
&
&
&
f
Scr NRG1
SiRNA  siRNA
S =S NRG1
e (-actin
Ser NRG1 ErbBa I
siRNA siRNA siRNA
Veh FGF2 veh FGF2Veh FGF2
—— e —— i
Syntaxin
—— e ——
W B-actin FGF2
15 O Syntaxin
mHomer

Proteins/p-actin

Veh FGF2 Veh FGF2 Veh FGF2

Ser NRG1 ErbB4
SiRNA SiRNA SiRNA

MAP2 MRGD d
veh
FGF2
+Anti-
NRG1
+AG
1478
12
A h i oz
s o8 g 1
@ 06 il ° 0.8 2
= o4 Scr ErbBa 2 06
2 o2 SIRNA SiRNA T o4
=z 0 2 02
W == ErbB4 a0
& &
F & é\v &
s‘-‘qéf -—— & &
-actin
& &e"
MAP2B vGIuT1 MRGD

scr
siRNA
+NRG1
siRNA
+ErbB4
siRNA

+5¢cr
siRNA

25
m
e
g‘ 15
s 1
£ o5
4
v o
Scr Sar NRG1ErbB4
siRNAsIRNA siRNA siRNA
FGF2



FGF2 (ng/ml)

£
i)

;
@
:
H

PHNs :

PCNs

e
Sirtl MAP2

FGF2

NRG1 (h)
Veh 6 12 24 48 72

e e e e e Sirtl

|

k

O Syntaxin
W Homer

Proteins/p-actin
o RN W A

o - -

C
OPHNs d
5 - EPCNs
a - FGF2 (h) s .
3 g a
H
2 Veh 6 12 24 48 72 4 3
1 —— T g,
° T e W aee WS W9 Sirtl T
i s o 0o H
veh 1 5 20 0
_— - e - ctin Veh 6 12 24 48 72
FGF2 —_
(ng/ml) FGF2 (h)
f NRG1 (ng/ml) g
MRGD OPHNs
veh 1 5 20 =PCNS
g 4
PHNS ! F o3
sl e S
- 2
£
. 0
Sirtl veh 1 5 20
PCNs .
B-actin NRG1 (ng/ml)
5 T i
35
3 Veh FGF2 +sirtinol

25 .
H _ Syntaxin
0.5

0 - )
Veh 6 12 24 48 72 .‘”- B-actin

Sirt1/p-actin
=
n

NRG1 (h)
1 O Syntaxin
m é 4 N Homer
Veh NRG1 +sirtinol ]
a
. =
g1
— - == Homer £ o0
-
— W &
== pactin & ‘h@



Con MHE b OHippo

B Cortex
Hi &
|ppo| —— s [-actin °
[== N
w
0]
-
——— ror a
Cortex | _ : Con MHE
——  [-actin
c FGF2 MAP2
Control
MHE
e
d f
Con  MHE c OHippo OHippo
— 2 m Cortex
2]
— 150
Hippo o g 120
ERSEIE eeon S 0 E
s &
CEDE o : 2§ @
Cortex - = 30
IR oo 3 L

Con MHE Con MHE



a FGF2 (pg) b ONRG1L

treatment uErbBa €
e 12
Con MHE g6 1.2 € 1
T 08 C
on
- e @ \pGy S os
5 o4
Hippo | [ s #s ErbBa 8 02
£ o F
— —— — ﬂ.;:gin
MHE
c £
B .
7
&
Cortex =
£
0
B-actin 5 +FGF2 !
&
Con MHE 0.6 1.2
FGF2 (g)
treatment Flag Flag-FGF2
f i
g Con MHE Con MHE .
Con MHE
| Flag- Flag- - 32 _ - — NRG1
Flag FGF2 Flag rgra E Hippo | [ o wmm == ErbB4
B 24 - o=
PR fGF2 A 16 X
wows S -
e T | 1] T e e
S0
- g o £
- w= oo S _ k £
) i = e = we| NRG1 ¢
Cortex < Q — S
=== — = c B
con MHE 2
s
EE———pactin E
Con MHE Con MHE
Flag Flag-FGF2
1
n _ 12 #
& 1
ErbB4 MAP2 MRGD m FGF2 (ug) g 0.8 e
o g treatment g 06
= 0.4
Con+ 2 o2
Flag Con MHE 0.6 1.2 5

PFGFRL ConMHE 0.6 1.2

treatment

MHE+

Flag P 3 5

] Flag  Flag-FGF2 2

G

£

Con MHE Con MHE )

g

Flag-FGF2 a

Flag Flag-FGF2



a FGF2 (ug) NRGL (uM) e Homer MAP2 MRGD
treatment  treatment b O syntaxin T
Con MHE 06 1.2 10 HHomer
on 612 8 12 Con
A 1 i
Syntaxin 08
= 06 -
Hippo _ Homer ; o
S MHE
=0
== = = == .. == Syntaxin v
08
& o MHE
> 0 +FGF2
— -
cortex | [*= - i % Homer 04
5 02
x
ConMHE 0.6 12 5 10 MHE
+NRG1L
FGF2 (4g) NRGI (uM)
f treatment treatment
. OHomer
g . 3 = h Flag  FlagFGF2 Flag-NRGL 1 msyntaxin
Con MHE F 25 £
2,2 Con MHE Con MHE Con MHE ]
Flag- Flag- S 1'i g &
Fl =] i S
ag NRG1 Flag NRG1 2 o5 — e —— — Syntaxin z
Z o ki
NRG1 N 3
fo & o 2
o SE & —— - o £
-actin
_ P & Con MHE Con MHE Con MHE
con MHE _ Practin Flag Flag. Flag-
FGF2  NRG1
MRGD k Homer MRGD

Syntaxin MAP2

Con+
Flag

MHE+
Flag

MHE+
Flag-FGF2

MHE+
Flag-NRG1

OEL

mCL
170 150
— — 120

[ a0 7]

£ 3w
: 2 £ ¥
= 30 = 30
0 0

.... g
B
L]
N

3558388




