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Abstract

Background and Purpose: Identification of accurate targets is essential for a successful development of targeted therapy in
cancer. Studies have shown that matrine has antitumor activity against many types of cancers. However, the direct target
in cancer cells of its anticancer effect has not been identified. The purpose of this study was to find the molecular target of
matrine to inhibit the proliferation of cancer cells and explore its mechanism of action. Experimental Approach: The effect of
matrine on the proliferation of cancer cells were examined by MTT assay. Pull-down assay and liquid chromatography-mass
spectrometry/mass spectrometry (LC-MS/MS) were performed to explore the target of matrine. A series of in vitro and in
vivo experiments were conducted to reveal the mechanisms by which matrine targeted Src to regulate the downstream signaling
pathways of Src in cancer cells. Key Results: Herein we showed that matrine inhibited the proliferation of cancer in vitro and in
vivo. Pull-down assay with matrine-amino coupling resins (MA beads) and LC-MS/MS identified Src as the target of matrine.
Src kinase domain is required for its interaction with matrine and Ala392 in the kinase domain participated in matrine-Src
interaction. Intriguingly, matrine was proven to inhibit Src kinase activity in a non-ATP-competitive manner by blocking
the autophosphorylation of Tyr419. Matrine down-regulated the phosphorylation levels of MAPK/ERK, JAK2/STAT3 and
PI3K/Akt signaling pathways. Conclusions and Implications: Collectively, matrine targeted Src, inhibited kinase activity and
down-regulated its downstream MAPK/ERK, JAK2/STAT3 and PI3K/Akt phosphorylation signaling pathways to inhibit the

proliferation of cancer cells.

Hosted file

manuscript.pdf available at https://authorea.com/users/378276/articles/494815-src-acts—
as-the-target-of-matrine-to-inhibit-the-proliferation-of-cancer-cells-by-regulating-
phosphorylation-signaling-pathways


https://authorea.com/users/378276/articles/494815-src-acts-as-the-target-of-matrine-to-inhibit-the-proliferation-of-cancer-cells-by-regulating-phosphorylation-signaling-pathways
https://authorea.com/users/378276/articles/494815-src-acts-as-the-target-of-matrine-to-inhibit-the-proliferation-of-cancer-cells-by-regulating-phosphorylation-signaling-pathways
https://authorea.com/users/378276/articles/494815-src-acts-as-the-target-of-matrine-to-inhibit-the-proliferation-of-cancer-cells-by-regulating-phosphorylation-signaling-pathways

/ Fig.1

A549 BxPC-3 SKOV3
—— OmgimL - 20mgimL — OmgimL - 20mgimL - OmgimL -+ 20mgimL
127 -+ 0SmgimL —- 3.0mgimL 127 -+ 0SmgimL —- 3.0mgimL 12 -+ 0SmgmL —- 3.0mgimL

—— 1.0 mgimL —~ 1.0mgimL

— 1.0 mg/mL

§ g g 10 " :
= = x 08 3 .
Y
g & g os &
§ $ § o4
H H i
H H £ 02
00
0 2 8 72 0 2 8 72 0 2 48 72
g Time (h) Time (h) Time (h)

12004 : .
z —+ Normal saline
£ 1000 - Matine Nofmal saline . ‘ . ‘ G o4 o
2 8001 %M %
5 *
g 6001 . Matine T ® B = 5 02
5 400 (150 mg/kg) 3
g 200 01
H 1
o, [X
7 10 13 16 19 22 25 28 Normal saline Matrine
Days post inoculation
C - 05 z
12007 o Normal saline
£ 1000 4 Matrit : . G
£ == sk Normal saline . . . EB 04 %
o 800
§ 600 ? o
e Matrine g - . 8 = 02
5 (150 mg/kg) g o
F 0.
£ e sl ==
0 — T T T T T T | 0.
) 7 10 13 16 19 22 25 28 Normal saline Matrine
< Days post inoculation
= 0.6 >
: T 1207 o Normalsaine
Z E 1000 -= Matrine Normal saline “ “ 5 05
o 8 El
£ 0.4
5 800 - f!';
g e Matrine ‘ ‘ FE s 03
§ 400 (100 mg/kg) g 024 %
200 F 0
5 0 X T
7 10 13 16 19 22 25 28 Normal saline Matrine

Days post inoculation

HE Ki67 PCNA

Normal saline

ved. No

es




+ HOLA~ Na
2 60°C,30h
Matrine P1
NaCNBH;

+ MA beads
+ MA

Pull-down

+  + MAbeads Pronsse - '
& & -« wa MA -+ -

lysates lysates

Recombinant | =
sliver staining

IB Src

G Cell lysates H Tumor tissue lysates
20 _ e o 20— i
&1L TT TR .

= IB Src IB Src
MA 1 ! ! rﬂ r r r I + |ookoa 60KDa
I 140 -o- PBS J 140 -e- PBS
£ 120 =& Matrine £ 120 =+ Matrine
8 100 8 100
H g
3 2
g 80 g 80
H 5
S 60 S 60
g H \
2 4 2 40 \}_!\
€ 20 € 20 {
L e e N S S s S S S ST T T T 7
42 44 46 48 50 52 54 56 58 60 62 64 42 44 46 48 50 52 54 56 58 60 62 64
Temperature (°C) Temperature (°C)



Fig.3

A

c-Src
Myr ®)Try A
Construct Residues
SH4  Unique SH3 SH2 Linker Kinase USH3 1-150
SH4-UD 1-85
SH3 86-150
SH2 151-269
_ Kinase 270-536
Pull-down
o
@ &
& &+ + MAbeads
NI
@ - + MA

HA-Kinase { - A\ b |so0a | 1B HA
plasmid — .

HA-Kinase + - + - +

HA-A392G - + - + - +

D MA beads - - + + + +
MA - - - - + +

% Input

Leu
A389 02

1.0
E Asp. 0.8
) 06
. & G
0.4

g—
I
1

0.0 . .
ks HA-Kinase +
HA-A392G - + - +
MA beads + + 4 4
MA = - + +



0.030
0.025-
0.020

0.010

Kinase activtiy
(1M NADH/min/mg)
°
2
i

0.005
0.000+

Kinase activtiy
(1M NADH/min/mg)

HT-29
0.18-

e
il

0.124
0.094

0.064

Kinase activtiy
(1M NADH/min/mg)

0.034

0.004
0 25
Matrine (mg/mL)

BxPC-3
0.064

0.054

e o
s @
L

0.02

Kinase activtiy

(MM NADH/min/mg)

0.014

0.00+

0 30
Matrine (mg/mL)

1204

1004

Cell viability (%)

N
8

—e— 20 UM ATP
—e— 50 M ATP.
—— 100 M ATP

01

1 10 1(!)\'1
Matrine (mg/mL)

MCF7 A549

°
P
i

Kinase activtiy

(1M NADH/min/mg)
s o
s 8
L i

0.004+——
0 25 0 3.0
Matrine (mg/mL) Matrine (mg/mL)
SKOV3 HelLa
0.10
Z’E 0.08-
=
£E 0.06
L
* 2
£2 oo -
x
3 0.02
000+
0 20 0 25
Matrine (mg/mL) Matrine (mg/mL)

HT-29  MCF7 A549  BxPC-3 SKOV3 Hela

MA - + - + - + - + - + -

N
p-Src (Tyr419) I- —-— —- e - - |—60KD.;

Bactin | SR D S - - — - - - -] oo




o

HT-29  MCF7 A549 BxPC-3 SKOV3 Hela

MA -
p-MEK1/2

f-askpa

MEK1/2 -

B - 45KDa

Luakoa
[ o [oon
-0
.- -]

B e o
Eelee

Ratio of
p-MEK1/2/MEK1/2

p-ERK12

ERK1/2

GAPDH

c

HT-29

MCF7  A549 BxPC-3 SKOV3 Hela

Ratio of
P-JAK2IJAK2

HT-29  MCF7 A549 BxPC-3 SKOV3 HelLa

Ratio of
P-PI3KIPI3K

B-actin

3 Control
- iavine

Ratio of
P-ERK1/2/ERK1/2

2 Control
- Matine

Ratio of
p-STATIISTATS

=3 Control
- atine

Ratio of
p-AKUAKE

=3 Control
- atine

3 Control
- Matrine

=3 Control
- Matine




A B C
A549 MCF7 SKov3
Src activator - + - - + - + - - + - + - - +
K39 - 9« & s = o+ = 5 % s = 4 = o 4 = = F
MA - - v+ s - R S+ R - S+ s
PMEKT2 [W e o - -— e — — - e . - 1500
Al I L i T LR T
pERKTZ (S P = = = =E=TEsT -aa =2
ERK12 [W S S e S |--i—5 e e el e T v
v W e BN e | e i
pSTAT; [ e e = = | (W D B | (EwEE S [
STATS [ e s W S o | [0 e o S B0 S| [ o G e e ]
o RS | e
o [ ] [ W e | s e e
pa [ S e e | (R s e - e e

HA-Src
p-MEK1/2
MEK1/2
p-ERK1/2
ERK1/2
p-JAK2
JAK2
p-STAT3
STAT3
p-PI3K
PI3K
p-Akt

Act [ ——— -

GAPDH (Ml Sl W= W - -

i i e -]-eema

-n

e e= | e
- e - — - G |
X I T I LT JMLEL T L T T X 1o

EEamwmsalxs
CX XX Y 1 % o=
- - S
L ke )

Joon

86KDa
79KDa

fascn

-85KDa

Fee e e e

-— - Q----I-sm»



Fig.7

Without matrine
Promotion —

RTKs

e e =
o)

.
T

N\

!,

v v

NS

-

Proliferation

With matrine




