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W OE ES5HM: MESEBEEmE Ep (CRC) BETGMCHFNER, BEMTHEMEE (Nav) EZ
PR b ik, HS MR MRS DIMOC, Wik, ARUFEEETT CRC AU RTE A Nav 8 (14 3515
LUK Nav [4235 5 CRC WRELS5 B 2 28 MM E & .
FiEk: WO 100 B & CRC AR 2 MG 55 2T R br A, A7 HE Kl %8510 )5 , R H] qRT-PCR
K0 5 b 20 2 R[] Nav RSG5k . A RIRIEAS Nav 355 CRC BE RSN . DK 1R 1 L
Rz BALR K F o R AR ARG Nav ZEIEFE RS MRk L4 FFE B ek e 2 rh i ik 22 5
L8R ZFh Nav WHITE CRC I Rik, JoHJE Navl.l, Navl.5, Navl.6. Navl.8, JHr Navl.1,
Nav 1.6 75k EL 25 BE M £ s A0 20 B B = 2238, 1T Nav 1.6 7645 BRGS0 0 J 5 1 s 4 23 b B B i
% (4 P<0.05) o HIEPESMTZE R W%, Navl.l, Navl.6 (95 5k B S5 5L B IEAG (r=0.272,
P=0.006; r=0.234, P=0.019) ; Navl.6 3Rk 5IKERIEMIC (r=0.341, P=0.001) , T Navl.l 3
k5 BALEEA I (r=0.330, P=0.001) . bR IEE R Won, Navl.6 A FHEWR ELES s Rk,
1M Nav 1.1 76 FH P 45 5 B bk 45 h 24 SRR GA .
5. CRC A ZFh Nav WAL 539 Kk, Hrb Navl.1 fil Navl.6 A GBJ2 CRC kL4556 78 1V 7E
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Relationship between the expression of voltage-gated sodium
channels and lymph node metastasis in colorectal cancer

LU Yangbo, QIU Dan, GONG Jiang, XU Tiansheng, LIN Shuiquan

(Department of Anorectal Surgery, the Affiliated Quzhou Hospital of Wenzhou Medical University/Quzhou People’s Hospital, Quzhou, Zhejiang
324000, China)

Abstract Background and Aims: Lymph node metastasis is a key factor affecting the prognosis of patients with colorectal
cancer (CRC). Voltage gated sodium ion channels (Nav) are highly expressed in a variety of tumors and closely
related to tumor metastasis. Therefore, this study was conducted to investigate the expressions of different Nav
subtypes in CRC tissue, and relationship between the Nav expressions and lymph node metastasis as well as
invasiveness of CRC.

Methods: The surgical specimens of tumor tissue and adjacent tissues from 100 patients with first-onset of CRC
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were collected. After identification by HE staining, the expressions of different Nav subtypes in the two types
of tissues were detected by qRT-PCR. The associations of different Nav subtypes with lymph node metastasis,
vascular infiltration as well as neural invasion in CRC patients were analyzed. The difference in the expressions of
relevant Navs in non-metastatic lymph nodes and metastatic lymph nodes was detected by immunohistochemical
staining.

Results: A number of Nav subtypes were highly expressed in CRC tissue, especially the Nav1.1, Nav1.5, Nav1.6
and Nav1.8. Among these Nav subtypes, the expressions of Nav1.1 and Navl.6 were significantly increased in
tumor tissues from patients with positive lymph nodes, and the expression of Nav1.6 was significantly increased
in tumor tissues from patients with vascular infiltration (all P<0.05). The results of correlation analysis showed
that the expressions of Navl.l and Navl.6 were positively correlated with lymph node metastasis (r=0.272,
P=0.006; r=0.234, P=0.019), the expression of Nav1.6 was positively correlated with vascular infiltration (r=0.341,
P=0.001) and the expression of Nav1.6 was positively correlated with neural invasion (¥=0.330, P=0.001). The
results of immunohistochemical staining showed that Nav1.6 was highly expressed in positive lymph nodes, while
low expression of Nav1.1 was found in both positive and negative lymph nodes.

Conclusion: Various Nav subtypes are abnormally expressed in CRC tissue, among them, Navl.1 and Navl.6

are possibly the potential markers for lymph node metastasis in CRC, and Nav1.6 may be closely related to the

invasiveness of CRC cells.
Key words
CLC number: R735.3
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% (colorectal cancer, CRC ) 24 Bk
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BT #8181 (voltage-gated sodium
channels, VGSC, Nav ) 28 #x T 40 M E oK
SrFEEAEAY . Nav il 5O BIE S 7E 2 Fom 4 i

SRR RIS, JHE SR TR AR, W
Navl.7 o V368 I MACCIA S NHE T i 42 3
B bR Navl.s o WHER RE SRR Ak
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GBI KRR M AT . AT X Nav 5 CRC A
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1.1 ARAREWE

Il R 3 Ak JC 32 b 5% 7 1) 1 & CR C A 242 8 I
Bl MG AR, bR A B IR — i O, DT
B g k- 250.5 em x 0.5 emfE PR H L, R
1255 emb)h B RELH AL (FIRE R R T )2 )
YIHR0.5 em x 0.5 emfF i 55 L GUHEAT X IR, A8
2 min L E A -80 CIUKFIR VR, MRARIBIRAZ
T2 R CRCJE, o 6 DTS A Bdie 14 . P
AN R B REAR A S A R 43
TR A E R T G e, RS
2019 (001)
1.2 qRT-PCR #&ill & Nav I & RiAKF

PR B qRT-PCREGIN 7 5% £ &% T
PEEAT ot . = BB a5, A TRIzolik
| (Invitrogen ) XF 100 CRC & 1) b 57 4 21 R
TS HAR BRNAE TR % . AR5, R/HMaxima
First Strand ¢DNA Synthesis Kit ( Fermentas,
FH) KBRNA (1 pg) REZIcDNAL
2 x Maxima SYBR Green/ROX qPCR Master Mix
kit ( Fermentas, £ ) 7EABI 750072 ¢ E HPCR
X EHEATqRT-PCR o JIF A B0 I 27 A0
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LT, UBREESHS PRI R NS H,
M Navili B KK, 5l 2Rk . FAINCBI

primer blastiXit, =K E . 100~200 bp, Bk
MEEST~60 Co 51955 FAH R By LR L2 1,

&1 SlHF5
Table1 Primer sequences
R Genebank no. JE41]
hNavl.1 NM_001165963.1 ACATTACGTGCTGCTGGGAACCAAGGTGGCCTGATTCTGT
hNav1.2 NM_001040142.1 TGACAGAGTTTGTGGACCTGGGCGCAAACACGCTTAGACAG
hNav1.3 NM_001081676.1 TTCAGTTTCAGAGGTCGGGCTTTCTGTGGTGGTGCCGTTA
hNavl.4 NM_000334.4 CGGCTGGTGTGTCATACTGTTAGGCCAACAGAATGCCCTG
hNav1.5 NM_000335.4 TTTGTGGACCTGGGCAATGTGGCAGAAGACTGTGAGGACC
hNav1.6 NM_001177984.2 GGAAGCCTGTCTTGGTGTGTTTTGCGAGAGCCCCTTTGAT
hNav1.7 NM_002977.3 GACGCAGCAGTAACATCAGCTTGATTGGTCGTGCCCTCTG
hNav1.8 NM_001293306.2 TCTCTGTGCCCATTGCTGAGCAGCTGCTCCTGTCCTTTGG
hNav1.9 NM_001287223.1 GTCTGGGAAAGACCAGCCTCCAGTGCTCTCTGCCTTTGGA
hGAPDH NM_001256799.2 ACATCAAGAAGGTGGTGAAGCAGTCAAAGGTGGAGGAGTGGGT

1.3 HE £ B RERARULESHT

Sk TR AR A 5 T D) B i 98 4 2 R 55 A
ZUNTHRIERG T 1R, 8 R BAR A T2 G L T,
TR B AL Bk T 35 A Y M e A LRI N Y
FHASIHITHER M, FRSHEEHRE T
YEBEAT, PP KRARAR AR 23, 7% b v FRE [ 2, W
FLBK, A, 4 pmEEY]FITHER G, &
PEAAA TR T . Ayl R B . KAL/FEPBSH
U, EDTAG MM TH MBS, HRPRH K &
P YR o A AR B E E . — 3137 CEFE 1 h, JIHRP
FRICHY 3037 CHEF 30 minJ5, HEPE3#E . DABY
RS min, HFAREY, WK, Hhi, 5
K, R,
1.4 HAE5HH

Gt A B HEMIGIRBHEEE . ¥CRCH
e A9 55 L 2N 45 Nav I Ik AT 6 He L DA
oA U R A R S S5 A AU b Rk B Y e AT
ik, W2 EohmFRil, ik H & Rk B T
o7 Lo R T A AR IR AR A AR A A Ok £
B e N (7 R S o N L L 2 R e a|
PRI LSS TAPELE , SEiT P4 1] 45 Nav 35 1 22
S, TR AEE 2 S Nav, JEFT KT, 0BT Nav
() 2 1K 5 KA P g e B 28 B0 A R G
1.5 GitFE4abiE

N HISPSS 19051 A4 v iy e 45 95 Ko AH G M 43 By
oS 2 AH O B Spearman A 56 6 85 5 E 1T 40 BT
P<0.05 WS H G =2
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21 BEIRKRKRERZSIT

PN 100 8 3 Y I PR 385 B 1T T 48
i, BE VIR (593+11.6) % Z5mRmeTH,
E 3300 eGSR HECh (21.1£6.4) L,
W25 BHVE# 5 37.0%, A Y PHAPE IR 0045 S 80F
By (1.0 1.7) Mo BE TR L ER2.

%2 CRC BEMIGAKMERR (n (%) ]
Table2 The clinicopathologic data of the CRC patients [n (%)]

Il AR A 2% s

()

34~50 20 (20.0)

>50~70 66 (66.0)

>70~81 14 (14.0)
4531

E: 62 (62.0)

& 38 (38.0)
TNM 45

II 63 (63.0)

11 37 (37.0)
JokAE P g

FH M 43 (43.0)

B4 57 (57.0)
Pz BB

AP 40 (40.0)

FH M 60 (60.0)
kLS5 H (F)

0~11 2(20)

12~24 75 (75.0)

25~36 19 (19.0)

>36 4(4.0)
FEPEMR LB (B

0 63 (63.0)

1~3 27 (27.0)

>3 10 (10.0)
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2.2 CRC #ra&H) HE o
o 3051 6 5 ) T M 9 £H 4R R X N7 ) 9 5 2H 4 5
ATHE YL A Ji5 a] UL g 26 23 P DL R B fifr e 40 e % 1

1000 pm

1 HEZ&454 ( x100)
Figure 1 HE staining analysis (x100)

2.3 A Nav IEE 7 CRC IgRkrA 1 Rik o5 H

Navl.l. Navl.2, Navl.4., Navl.5.
Navl.6, Navl.8. Navl.9OfECRCZ 4 rp iy ik
(EI2A) . % Z&Navl.1, Navl.5, Navl.6,

A

2 Nav &F& mRNA Rix
e

Figure 2 The mRNA expressions of Nav subtypes

TERFC L, 88 55 41 40 RT DL A1 ) A R0 D) i e 1 24
M KB (1) .

A-C: AL D-F: A S
A-C: Tumor tissue; D-F: Adjacent tissue

Nav .81 KK AR T H & 55 404 5 Tk
8f% (KI2A) o JF H X NavE £k B & T4 T
KI, Navl.4, Navl.6, Navl 8@ ELIEE A
HEEN30% L, 1 (E2B) .

B
A: Nav 3K mRNA 7EH 8P AT T o5 A 2L ik w5 B: Nav 45080 ek

A: The expression level of each Nav subtype in tumor tissue relative to that in adjacent

tissue; B: Proportion of patients with high expression of each Nav subtype
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24 NavRiZ5ECRCHHBELEEBRHEMEZE
HERX &R
A3 BT IR B2 P 5 BA PR AL R Nav i 3k & B,
WM ZE A M CRCAH LI Navl. 1, Navl.6Kik
BT E S B (¥P<0.05) i A Y S 7Y
RIEERTGIFE L (HP>0.05) (F3) . fik

BRI A2 B0 5 CRCWZZB MM C, S r
T CRCHRA K 21 5 45 Nav W2 B3R GK 2 W] 1Y
KA, GUHERER, BB 20 EH A E 4
Navl.6f %35 (P=0.001) , TiNavl.15HAb R \p %Y
RIBZRYEGI AL (BP>0.05) (%£4) .

®3 HEFEMRESHEEENMBEARE Nav BIRIE (Fs)

Table 3 Expressions of Nav subtypes in tumors tissues of patients with positive and negative lymph nodes (x+s)

Nav A 7Y THR L 4 P kLSS B t P
Navl.1 2.79 +2.69 1.71 £ 1.61 2.517 0.013
Navl.2 2.03£2.35 1.9+1.93 0.148 0.883
Navl.3 0.33 +0.45 0.41 +0.51 -0.754 0.453
Navl.4 3.00 +2.90 2.16 +2.21 1.629 0.107
Navl.5 1.62 +1.33 1.17+1.17 1.790 0.077
Navl.6 3.54+321 2.09+1.95 2.491 0.006
Navl.7 1.77 + 1.75 2.12+245 -0.758 0.450
Navl.8 3.03+2.73 2.57+1.93 0.100 8 0.331
Navl.9 1.63 +1.47 1.87 +1.68 -0.736 0.464

x4 RERASLTEABZENMBEATE Nav IRIE (Fs)

Table4 Expressions of Nav subtypes in tumors tissues of patients with and without vascular infiltration (¥+s)

Nav il %) JKAE 1 ToBKAE R t P
Navl.1 2.70 +2.90 231+1.98 0.791 0.431
Nav1.2 1.58 +1.38 232+2.48 -1.874 0.064
Navl.3 0.40 £0.51 0.37 +£0.49 0.232 0.817
Nav1.4 279 +2.84 236 +2.25 0.831 0.408
Navl.5 1.41 +1.38 1.30+1.18 0.399 0.691
Nav1.6 3.83+3.15 1.86 + 1.68 3.639 0.001
Nav1.7 2.60 +2.58 1.57+1.85 2.287 0.024
Nav1.8 3.15+2.68 2.50+1.88 1.405 0.163
Nav1.9 1.41 +1.30 2.06+1.78 -1.959 0.053

Spearman*ﬁ%‘@ﬁ*ﬁéﬁ%%ﬁ?, Navl.1.
Navl.6M %55 E 4B IE MK
(r=0.272, P=0.006; r=0.234, P=0.019) ;
Navl.6 KRB HKE RLMHML (r=0.341,
P=0.001) , MMiNavl.10y3Rk 54 SRA0 2 IEH X
(r=0.330, P=0.001) (F5) .

I fe e 28 Ak 53 0 A T ok 1S ) B 3 Y FE
P b L 25 B PR R B 25 Navl. 1 & Nav 1.6/ £ ik
KB, AEBHMER ELSE T Nav 1.6 /0 35 & T B 2% ik
B4 (E3A-B) , MiNavl.1Ay 3%k N 48 fb R BH
W (E3C-D) . gt HEMRE S T Navl. 1
FINav1.6FHPEE (4 X B (FE A X)) /-F 300
WKL, BHYEME S P Navl. 689 Rk B & F
Navl.l (P<0.05) (K3E) .
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*x5 MYEALAD Navi.1 B Navl.6 BIRIESHE &R
RBEMEMHEREMNE
Table S Correlations of Navl.1 and Nav1.6 in tumor tissue with

lymph node metastasis and invasiveness

I H r P

NRET 74

Navl.l1 0.272 0.006

Navl.6 0.234 0.019
JikéE 250

Navl.1 0.090 0.374

Navl.6 0.341 0.001
s B0

Navl.1 0.330 0.001

Nav1.6 0.196 0.058
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B3 wEALs i Navl.l & Navl.e ZE#BE L hiFR%E ( x400)
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Slga sy

A: Navl.6 7EFIPEMR 25 {32355 B: Navl.6 7EFH

PEMR g ERIk ;s C=D: Navl.1 78 FHPERR S5 MBIk L g5 s IAGERIE s By FEMEIRELS5 Navl.1 Fl Navl.6 FHES

X (B X ) WD g (n=5)

Figure 3 Immunohistochemical staining for Nav1.1 and Nav1.6 expressions in the lymph nodes

A: Low Navl.6 expression in negative

lymph node; B: High Nav1.6 expression in positive lymph node; C-D: Low Navl.1 expressions in both positive and negative lymph

nodes; E:Comparison of the average optical densities of positive staining regions (brown-staining areas) of Nav1.1 and Nav1.6 in the

positive lymph nodes (7=5)
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B AL IE 1Y o KL 5 — A B2 A AH DI B/ 1Y)
B FEA Y., HiAFIT R, LR Nav o W I
S RBEMWIENREMEREVMEC, HNavid
FIk 5 iR ik EL A5 R R Z A o6 R AR TE AT
ABFFE % MNavl. 1, Navl.2, Navl.4, Navl.5,
Navl.6. Navl1.8. Navl.OfECRCH A ¥y &%
ik, I HAERMAIRGE""Navl.5 o WIEEHFICRC
20 2 2% 1k TR B S R 5 0 4% 1 S A T TR
S, Navl SEZEELZRTONMM, Z24
OIS ) TR ZE FE AR, S CRCHEJE I b i 4 ik
TR AT R BB A i 2 B .

F 58 "I B Nav 1.6 76 X #ilt 28 Fn 40 J8 4 28
Tz A, WL T3 B R S A 4 R i R i G A
B Navl.6y A8 5 2 Bl 28 R 405 i AH G,
WG P2 B o 250 AR I AR T )
KIMNav1. 6 EZL IR B S0 . AE /N 4 b g
bP SR . BTSN R SE 2 R S T A Rk
Nav 1.6/ i ik o] fg 5 S M MR &, R
F Nav 1.6 51 45 5 Pk B W75 25098 40 g " Nav1.6
HL 0S5 AT B A L Al i 42 2B v P X s 2 R e
Nav1.6/) K5 M e 5 % iefe #F Mg i s . A
WF 83 32 43 B 85 2235 B Nav 5 CR O U 45 55 B A0 6
PERI, WA Navl.1, Navl.6fi ik 58 HF W
WESEBERIEMX, AR TXMHEIRSST
CRCHMR L 4556 %5 .

k4 B0 2 I = B A — 2L, TR
I L 2 T A% w4 B B 1) XU B . AR 2 SR 4R
/N, Navl.67ECRCA LU (1 m K3k 5 g i ok &
S EMIEM K, M Navl. 1] HFnppsg 2508 85
IEAHX . Navl. 1 EZRIKTHEA L, SR E
KA 5E & BN av 1. 1t 1k T 40 Jgnt pf 1220
XS R RNavl 1 fES 5CRCIM I & B0,
FEARBLE] ¥ 75 R AR . s b s R B,
TEBHPEMR LS5 P Navl 6 R Bl ik . X450 42
7 I B 5 R A R R 32 2 Nav 1.6 BH M
() b 98 40 M, Nav 1.6 BH Pk B¢ B /R340 i o] BE B A
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