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Influence of matrix stiffness on PKN3 expression

and invasion/metastasis in hepatocellular carcinoma
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Abstract

Objective: To investigate the relationship between expression of PKC-related kinase N3 (PKN3) and the
invasion and metastasis of hepatocellular carcinoma (HCC) cells and the mechanism.

Methods: The collagen fiber content and PKN3 expression in the specimens of 72 HCC tissues with
hemorrhagic/necrotic phenotype (HN-HCC) and 32 HCC tissues without hemorrhagic/necrotic phenotype
(NHN-HCC) were determined. HCC HCCLM3 cells were cultured in polyacrylamide hydrophilic gels of

different stiffness, and then, the migration and invasion abilities and the PKIN3 gene and protein expressions as
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well as RhoC activity were measured. After PKIN3 interference or PKN3 interference with concomitant RhoC

overexpression, the changes in migration and invasion abilities and protein expressions of ROCK2, E-cadherin,

Results: Compared with NHN-HCC tissue, collagen fiber content and PKN3 protein expression were
significantly increased in HN-HCC (both P<0.05); in HCCLM3 cells cultured in firm matrix compared with
HCCLMS3 cells cultured in soft matrix, both gene and protein expressions of PKN3, and the migration and
invasion abilities as well as the RhoC activity were significantly increased (all P<0.05), while the RhoC activity
was suppressed with inhibition of PKN3 expression. Compared with control HCCLM3 cells, the migration and
invasion abilities and the protein expressions of FAK, ROCK2 and Fibronectin were significantly decreased, and
E-cadherin protein expression was significantly increased in HCCLM3 cells after PKIN3 interference (all P<0.05),
while the above changes were not obvious in HCCLM3 cells after PKN3 interference with concomitant RhoC

Conclusion: Increased matrix stiffness can up-regulate the activity of PKIN3-ROCK2 signaling pathway, and

thereby promote the invasion and metastasis of HCC, which may be an important mechanism for the high

1456
Fibronectin in HCCLM3 cells were analyzed.
overexpression (all P>0.05).
invasion and metastasis ability of HN-HCC.
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PR BLURRAE 2 B 2E B PR T vk
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BeEE MRz A aS B B8 A 37 CHNME IR,
3 hy TR EG TAEG D, BB o F K
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HN-HCC
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& LLfE 7 e PKN3 B ST BE BRI A 55 [
Sigma 2% #l; FAK, ROCK2 ¥ /& iy H 3¢ [ Cell
Signaling Technology /v #l; RhoC. E-cadherin Fl
Fibronectin FUAME [ F E Abcam 2 H, T VEWE
M 1:500~1:1 000, Image J #3544 10 K B (H
eSS B -actin BT RETIA (EE Sigma-Aldrich
AW KRRV A E F Rk
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P A THECFE R AR B LB £ ArifE2E (X xs)
77 N ER 7, T2 ] 44 %80 L 5k F BUR B0 X 46
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Figure1 Determination of the collagen fiber contents in HN-HCC and NHN-HCC tissues

2.2 PKN3 7£ HN-HCC H5Rix K F5F NHN-HCC

B B8 AL 19 7 ¥k 40 M & BRPKIN 3 25 11 PH % e ik
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PKN3 G b iF4r (1S) P8k = FNHN-HCC
40 (3.23vs.2. 14, P<0.05) (K2B) .
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Western blot ( FI3B) & &, HCCLM34HiE+
fYPKN3 mRNAFIH H B RIKK I &, #or 2= 5

NHN-HCC

B2 PKN3&ZALEN ( x200)

Figure 2 Immunochemical staining for PKN3 (x200)

A: UIRROLER; B: PKN3EEIT4/\TI—JE%E’J%JW¥§J\ R1:
R2: I HMIIRSEX IR G PIE] X s R3: BRIAZRIX; R

AGE X (P<0.05)
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Pt

0.
Rl R2 R3 R4 R1I R2 R3 R4
NHN-HCC HN-HCC B

G
Ry
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L

AR LIRS 5
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A: Immunochemical staining of the sections; B: Inmunochemical staining scores

at four different regions of tumor specimen R1: Surrounding region of the hemorrhagic/necrotic area; R2: Intermediate zone between

the hemorrhagic/necrotic and peritumoral region; R3: Peritumoral region; R4: Adjacent non-tumorous liver tissue

31 P<0.05

PKN3 mRNA ikt

5 kPa 12 kPa 16 kPa Glass A

E 3 EREEAEN HCCLM3 4kl PKN3 FRiEAI 820

Figure 3 Influence of matrix stiffness on PKN3 expression using real time PCR

analysis
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B B0, 5HCCLM3Y M 20 41 i B 42 1 20 LA A

—3 (EI5A) , A& RhoCHEILEH THCCLM34
MLiE#2i2 B RE J1 o TranswellSZ 56K I 25 2 R
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5 kPa 12 kPa 16 kPa popiist

A: PIEE = PCR AMZER ; B: Western blot A&:lj%
A: Results of RT-PCR; B: Results of Western blot

FHPKN3F 71 Z RhoCEK A fEHE THCCLM3 41 {%
Zre 1 (K5B) .

5 kPa 16 kPa

HCCLM3™ ™
HCCLM3Y™Y

1 0.13 2.61 0.15

E 4 GTPase Pull-Down SE3a# il & 53640 HCCLMS3 4BHE
# RhoC &%
Figure 4 GTPase Pull-Down analysis of RhoC activity in matrix
stiffness treated HCCLM3 cells
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Figure S Determination of cell cytoskeleton and cell invasion ability

2.6 PKN3 % i BT % 40 A B9 FAK, ROCK2,
E-cadherin #1 Fibronectin & B &%
Western blotﬁ?ﬁﬁ‘]ﬁ]ﬂHCCLM3SFXME‘ZE\
HCCLM3™ "] - HCCLM3* "™ HCCLM3 4
b i PRI K. 45 R R, FAK. ROCK2AH
Fibronectinfg FH 2 iATEHCCLM3 PXN3 2 v i B g
T, E-cadherin®f 13815 B, Z5HA G
S (¥P<0.05) o THPKN3H I RhoCHE ik
e TFAK ., ROCK2FIFibronectinfk 12 ik ki
(KEl6) .
16 kPa
HCCLM3™™™  HCCLM3 e

Jiti]

HCCLM3Y

E-cadherin

B -actin

B 6 FAK, ROCK2, E-cadherin #1 Fibronectin & 5 &%
il
Figure 6 Determination of protein expressions of FAK, ROCK2,

E-cadherin and Fibronectin

£ 8% F TG I B FE i T 2% A 2 HCC P
55 0 S T Y — b R B B R AR R DL H

O MR i E H B FAEPH

A: F-actin 5GYL 0 B: 2282/ NS

A: F-actin fluorescence staining; B:Transwell migration assay
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