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R

HE: NDRGIZEKXEH MIERHZESNRESFIN, RESMHIEAFIRIARST, A SESPTNDRGL
EAETMAETMEANKGBARAFER. HiE: FARERTEENSHRAKER,; @
RT-qPCRZEMRNAKF L BINDRG1ZE WL AR R IR A KR4 il B 3R9E s 24-TranswellVER I T
ANAEIMBEAKRGREAREZRAEER T RAARARTNARREMREANKRGREARE RN, 4
JA%. DNAZEXNDRGIEASES; HREWE FTHAEANAMASHEERE. 41 1) Caco24ifil
A A T B EESNU-C14E iR, BERBRITEE (P < 0.05). 2) BB RN FFIBHE
NDRG1—%{, {HCaco2-5SNU-C1/)NDRG1HImRNAKF.{E50.4061, SNU-C1HINDRG1JmRNA/KF
NCaco2/12.46f%. 3) Caco2ZHfuiRZRE 17E24 h. 48 hA172 h& it Al B3 T SNU-C1, {H24 hitfja] &
P2 M EZR TG TTHEE (P> 0.05), 48 hfl172 hiFANI B S HA R B ERE SR IHER (P
=0.006, P = 0.000). 4) Caco24Rr24 hATHEE /I HLSNU-C1AMKZ ), 48 hAI72 hiE A0 (8] RIEH RE
H¥IETSNU-C14, HFEHGRZ MEREZH¥%E (P =0.038, P=0.045, P=0.012). 5) &FSC#%
Hr &I Caco2 P AR BH B KT SNU-C1, MSSCHHT73EISNU-CLA0 MR ST . 40 N W40 i 2%
TURL I H &K T-Caco2. 6) WaFH4H M i 4 fu B B R A 2 B 2 R B4 % E (P> 0.05). 7) Ptk
ZHMINDRG1%E 5 & B NCaco2 il F391E36.3, SNU-C141/fiF35{E86.5. 8) Fitk4iUNDRG1{IDNAS
B HCaco2 il FIH{E45, SNU-CIM-FIH{ES0.2. 9) #HRE M B NS Caco2 41 ¥ A R T
SNU-C14HE /), EERELHEEN(P > 0.05). &i: EEIMEAKRGEHAfCaco2 5N A KB
FEIPRSNU-C1 P NDRG1)mRNA/K P RAEE R, HEAIMEEETBFHIERBFEEER.
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Abstract

Objective: The role of NDRG1 in colorectal cancer is still controversial, and whether it is related to
ethnicity has not been reported. This study aims to analyze the role of NDRG1 gene in Asian and
Caucasian colorectal cancer cell lines. Methods: The cell growth rate was measured by cell count-
ing method. The expression of NDRG1 in Asian and Caucasian colorectal cancer cells was com-
pared by Real-time Quantitative PCR. The difference of invasion and migration ability between
Asian and Caucasian colorectal cancer cells was detected by 24-Transwell method. The differences
of cell size, cell cycle, DNA content and NDRG1 protein content in Asian and Caucasian colorectal
cancer cells were measured by flow cytometry. The cell proliferation rate was detected by dorsal
subcutaneous transplantation in nude mice. Results: 1) The proliferation rate of Caco2 cells was
faster than that of SNU-C1 cells (P < 0.05) in vitro. 2) The NDRG1 sequences detected by PCR were
consistent in Caco2 and SNU-C1 cells. The mRNA expressions of Caco2 and SNU-C1 were detected
by qPCR. The ratio of NDRG1 mRNA expression of Caco2 cells to that of SNU-C1 cells was 0.4061.
The NDRG1 mRNA expression of SNU-C1 cells was 2.46 times of that of Caco2 cells. 3) Transwell
method was used to detect the invasion and migration ability of the two cell lines. The invasion
ability of Caco2 cells was higher than that of SNU-C1 cells at 24 h, 48 h and 72 h, However, there
wasn't statistically significant at 24 h (P = 0.08). There were significant differences between the
two groups at48 hand 72 h (P = 0.006, P = 0.000). 4) The migration of Caco2 cells was lower than
SNU-C1 cells at 24 h (P = 0.038) but was significantly higher than that of SNU-C1 at48 hand 72 h (P
= 0.045, P = 0.012). 5) Two cell sizes were measured by flow cytometry, and FSC analysis found
that the average size of Caco2 was bigger than that of SNU-C1. SSC analysis found that SNU-C1 cell
surface wrinkles, intracellular subcellular organelles, the number of particles were greater than
Caco2. 6) The flow cytometry (FCM) showed no statistically significances in cell cycles (G1 interval
P = 0.546, S interval P = 0.119, G2 interval P = 0.071). 7) The MEAN value of NDRG1 protein in
Caco2 cells were 36.3 and 86.5 in SNU-C1 cells respectively. 8) The MEAN values of NDRG1 DNA
contents in Caco2 cells were 45 and 50.2 in SNU-C1 cells respectively. 9) After dorsal subcutaneous
transplantation in nude mice, the proliferation rate of Caco2 cells was faster than that of SNU-C1
cells, but the difference was not statistically significant (P > 0.05). Conclusions: There were
differences in the mRNA levels of NDRG1 in Caucasian colorectal cancer cell line Caco2 and Asian
colorectal cancer cell line SNU-C1, and there were also differences in the role of NDRG1 in vitro
invasion and migration.
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1. 518

4 Hi Wi (Colorectal cancer, CRC)AH WGV 2 —, tHFL FISREA SSHET il CRC A %13 =
[1]e T EZFIET-HENRE R ZVEESE, E AR Bt T AZfh 1M 2005 421 11.141 75 A3
JNE] 2020 £ 17.802 15 A [2].

W2 Y] NDRGL &5 K ik A fUR M 2 Dhee i 1, JLIREAEA R B g 28 B IR AN [ [3],
eI 4] ATA R (5] ERRE6] [7]. B B [8]5EH, NDRGL 22| 1 i s 2 1 1EH .
ST, Cheng J S [91i i 143 #il A% 16 J5 1) FH4H e £ 2% S A Qe 27, 5 NDRG1 BAPERIEAHLE,
NDRG1 PFHPERIAZE G ZE, T & T A7 ik 2 B A A AR (P < 0.001), £ R /0 HriEsg
NDRG1 ;& M7 il j5 M E (P < 0.001), [RIESfEAARSMSEEGH, HIXTHT NDRGL /T4t RNA 1E F T JH- 41 A
S RT A 6 T S A A . ARIETE . RZBANTRERE JT; Yin X SE[10]F] A SE R 4 . DNA H
Fetl 22 B AT AL EE P A B R A J R 4 AR 40 i 4545 NDRG1 M NDRG3 15 3238 5 A 47 T 5 ZEAH K (P
< 0.05); Villodre ES % [11]4412 281 LS 41 i3 25 21 SCID/Beige /I R &k LLB 7844 4 NDRG1 fE /it
o AR AN LA T O, R S B ARSI 216 AL PRAT ik D45 4% (1 7L i %% NDRG1 HH
MRIETFH : 7E/NERH, NDRGL iR 4 i = A5 B8 5 s 1) i 2 F% AR IR (1 2R A7 %6 5, AR Hh S8 R TE
ZRMEFAMEMBR T, VIR NDRGL SBULH . RZ2MMIE 5 340 MWk, 15 MRy 4,
FE/X NDRGL il J5 & g AE KA i, EFLIE B E rh, NDRGL w355 58U I S A AE I (AR L
[HR] 2.27, 95%H] {5 X [A][95% CI] 1.20 & 4.29, P = 0.009)F0 3Lk 4s S vk A A7 HI(HR 2.19, 95% CI 1.07
% 4.48, P=0.03)FHK, XRFMED LA Z 4%

NDRG1 7£ K o FIVE I E A FE 4+ . Shah Z5[12]F R E L E K B4, NDRG1 ()
FIEAE R MR g L 40 52 D T A AR A IE 5 4141 Wang 25 [13]7E 1 [ K i A b 1) S 2 45 SR 5
Z A Koshiji S [1414E HAS K e 8, AR ER 22T FIKIRZE . IR R 28R E IR A Duke 73 11
I NDRG1 S H R IA = ; # NDRGL 7£ K iz /R F 8VF 5 BE R T 500 0%, T IR Wik — Bk
. R, ARSIGHEFLEE T % NDRGL & 75 0] B RIFF T 5tk B3 A hnic ), e
AN T IR TT IR SR AL — 2 W SE IR AR B

2. MREFH*
2.1. M8

2.1.1. 4HRAHK

N NG 2k Caco2, 19 H 1 E R} 2B BB Zh P ot ERPH A, A poRIE T 72 8 531k
BN N R s . 9NN 45 i 40 B bk SNU-CL, 11§ ATCC (American Tissue Culture Colection, %[
HAREFREE), SRR RIE T 71 % 5PN A K B -
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2.1.2. FERF

FBS.DMEM #1640 4 [ GBICO; Matrigel J 1 BD; SYBR Green 1 CDNA J #% 567 &5 % [ Takara;
TRIzol 4 H Invitrogen; P& H Alexa Fluor (Thermo Fisher); Triton i H SIGMA; 5145 GADPH It H
inbis%y Siiasty/E N
2.2. &

2.2.1. MpaESE RAER
Caco2 MEEEZH A & SNU-C1 BiF4i IR 75 B3R AL AR i EEA T, v 1:2~1:3 AR,

2.2.2. NDRG1 Hy#&m

RNA FIFRE I R4l 52 « cDNA LA RT-gPCR #7446l NDRG1 7™ 4% 12 I8 $E HLFE
AT IR Primer #1111 NDRG1 #5147

3 51%): ATGTCTCGGGAGATGCAGGATGTAG

5% 5|4): CTAGCAGGAGACCTCCATGGACTTG

2.2.3. RERTIBLH

53 mLEE Caco2 Al SNU-C1 4. Caco2 WiEEAM M f3 56 45 7 5, PBS ¥e—iki; SNU-C1 2iF41
VAT 08, 1000 rpm/min, &0 5 min, 3 biE, PBS Hi—Ik, 3 bifi. 25, 2AIMAAE FBS
RS IR, TN 3T CIEIRIEFR A4k 12~24 h. HIARE FBS k95 3E 7B Matrigel, #iBefs %y
35 1%, FMBELT 1) Matrigel 3514875 Transwell /N (1) F R, 24 L Transwell /N Z= & LA 100 pL,
iR ERUE, ¥ Transwell /N E T 37°CHEIRE IR E 1h, BURIIHIE KA AT FBS s3I
£ 10 x 10°ATH9%5), BN 100 ul 4, FE=Ine 20%FBS fse 4kt 33, B R8BI
T, JER/ANERON 3TCERE AT, S RIFERESE 24 hy 48 hy 72 h IRFECHI I 28 H O 4 i . T8
LI ARER Matrigel, RFRZESLK . ML EL 3K, 45—

Caco2 4 it o HEEAH A ) v S E AR /N E RN R A 5 ANMIEF T, AN R T T
BN 0.33 cm?, BT R EE BB 50 10x, M3%h 25 mm, PIBEfEHCh 20x, R AR5 HEE 2
25/20/2 = 0.625 mm, f] 200 {5 ALEF R AN 2E, AR T AN N 1.227 mm?, U/ 5 Je i Thi ARR AL
HPTIAR, B A Transwell /N3 R THIAR 29 0 —/MLEF AR Y 26.89 fiF, W —AN/ 3= gl s o &
F1) 5 AT (40 a1 S H e LA L

SNU-C1 41 it 7 FE 40 i 5 i - $05 1 /I D I B Transwell R = A 29 EP & H, RN 41
G WENTEH I, THEFE.

2.2.4. RRAEAN MRS

PR FARAE AR AT o
2.2.5. BRENE THRE LBk PIEERE

32 HARR, BENL A 2 4H(Caco2 ZHAT SNU-C1 A1), T30 FReHE, HMguia%h 5 x 10%100uL,
B 5 H bR 1= RO K/

2.2.6. Giit AR

IiF SPSS 13.0 Guit AR5 B EE AT Be it o0 b o 5 4L IA] B AER FH S0 IR 35 07 22 43 W (B R A 36
AR IE); 2 E 2 )5 25 B S5 K LSD 5. Duncan i, 2477 2 R HAG 7 PER % A Tamhane
1% Games-Howell 55 Bz N R AR A Ak Py 309 0 B A LU BCR D T A48 P < 0.05 N ZE R Gt 2% Lo
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3 &R
3.1. Caco2 AP} SNU-C1 4apafs7s

Caco2 A # KT 72 LR B VEEE, WM EZUBRARNGEE A, M RKHE R, %
R, M-Sz mAE KRS, mafMB2, LMAUF 72 h il AR CGEE, HA KL 1(A). 40
MEZEKE 144 h, W] AR AR KON LB, DR IRIBEAR ), R A K A EL A B 90% 22 44 (K 1(B)).

Figure 1. Morphology of Caco2 cell. A: cultured at 72 h; B: cultured at 144 h
1. Caco2 #HRERILAS . A: $BFF T2hB; B: $55F 144 h B

SNU-CL it &k H T 71 % Wil BYEEE, 851 0] WAERS 72 h W4 27l A&, M n24
%, HRKIEE, BEZAERA(E 2A). 4K E 144 h, LKA 85%, 45 N nl ULgm i sk A K
HAKRERE, 2342, A RYRBEZE 2(B)).

Figure 2. Morphology of SNU-C1 cell. A: cultured at 72 h; B: cultured at 144 h
2. SNU-C1 I AS. A: 3858 72h BY; B: 3%5% 144 h B

3.2. Caco2 & SNU-C1 {&4hHasa ik B Eb 4

M Caco2 5 SNU-C1 40 &I 7] s 4H Mo %ok &, Caco2 20 ff (16 453 FF Lb SNU-C1 ik, HZER
B E (P <0.05), W 1.
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Table 1. Number of Caco2 cells and SNU-C1 cells at each time point (X +s)
%z 1. SNU-C1 4if15 Caco2 £RA6& B8 s ZHAEER(X )

Caco2 (10%) SNU-C1 (10%) P1H
24 h 2.4050 +0.17916 2.1400 + 0.03916 0.028
48 h 3.6900 + 0.10677 2.9225 + 0.13720 0.000
72h 7.5625 + 0.30923 5.5550 + 0.20025 0.000
96 h 12.0250 + 0.79320 10.1300 + 0.35534 0.005
120 h 22.2500 + 0.86987 17.9500 + 0.47958 0.000
144 h 25.4250 + 1.05948 21.7500 + 0.49329 0.001

K56 /K e o = 0.05.

3.3. RT-gPCR UFFLE R

FIF PCR W77 75 Al R4 p 4386 tH B fER, 2 5B B, 26 B HmEE A=Y w45
4 % T http://www.ncbi.nlm.nih.gov/nuccore/NM_001135242.1 A i (/] NDRG1 3 %147 b4, 15 A
DNAMAN #AExFEE, 15 PIbRAIBLprT 38 Bk 117 51135 NDRG1 —£L.

3.4. Caco2 ZHpaFn SNU-C1 ZaBfich NDRG1 B mRNA 7K 45|45 R

FIH gPCR #%:%f Caco2 5 SNU-C1 Wi k41 s NDRG1 ] mRNA /K-F#E4743, 75 Caco2 5 SNU-C1
#J NDRG1 HJ mRNA 7K~FLb{E 4 0.4061, SNU-C1 ) NDRG1 HJ mRNA /KP4y Caco2 #J 2.46 fi5, W3 2.

Table 2. Detection of NDRG1 mRNA in Caco2 and SNU-C1 cells
Fz 2. Caco2 5 SNU-C1 #fiffs NDRG1 mRNA #£5 R

CtH(H R H) Ct H(NZE)
1 2 1 2
Caco2 26.0625 25.9496 18.6435 19.000
SNU-C1 25.2789 25.5223 19.4050 19.627

3.5. Transwell 35430 Caco2 5 SNU-C1 ZApagi R EFTHEEH

12 Z8 5200 45 R FH R I & BORI 7 22 40 W S5-I 5502 18] 22 53 LA G i 24 L P < 0.0005; B[R] A ZH
[HA 2 HAEH P < 0.0005; H Bonferroni A/ERS 0] s (8] LA Hi: 24 h IR Z A ZE R TEGITFE P =
0.083, 48 h Ml 72 h izl [A] 2 745 it 2% X (P = 0.006, P = 0.000) (# 3 A& 3(A)).

Table 3. Comparison of Caco2 and SNU-C1 cell invasion assay (X =S )
%z 3. Caco2 5 SNU-C1 AfRE TG ELE (X £5)

24h 48h 72h
Caco2 147.00 £ 34.99 403.35 +62.03 1452.06 £ 72.75
SNU-C1 96.00 +£15.72 198.67 + 22.05 297.33 £ 78.55
P1H 0.083 0.006 0.000

K56 /K e o = 0.05.

IR e 45 R E R M RGOy 22 70 M B8] fl 2 8] 22 7 Gi v 52 5 3 P < 0.0005; i [a] FZH 7]
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HRZHAEH P =0.006; H Bonferroni EEAENFA] 258 ELAi S HY: 24 hy 48 h A1 72 h %I 8] 0 5 2H 40 i 22 T)
ZRE G (P =0.038, P =0.045, P = 0.012) (3 4 115 3(B)).

Table 4. Comparison of Caco2 and SNU-C1 cell migration assay (X £5)
# 4. Caco2 5 SNU-C1 4T LWL (X £5)

24h 48h 72h
Caco2 84.26 +3.11 21512 +£9.32 596.96 + 88.86
SNU-C1 125.33 £23.18 173.00 £ 23.52 346.33 £43.00
P1E 0.038 0.045 0.012

K46 KHE @ = 0.05.

M ERE W, EBEEILE 24 h BFLL SNU-CL (145, {B1E 48 h A1 72 h #4LL Caco2 N E, HIUA
Gritm (P < 0.05).

Figure 3. Caco2 cell invasion and migration experiment at 48 h. A: invasion experiment; B: migration experiment
[ 3. Caco2 {HMIRZTRLINEE 48 h Bf. A: REXW; B: IHH

3.6. 4HRAXK/NERIR

5 795 ZEL 4 e [ 5 i 20 ) PR O 4 PRASCRG  , £2 FSC 23 #r 2 B Caco2 2 i F T ) A AR B & K+ SNU-C1
MMAT; M SSC 415 H SNU-C1 B R IM A G 9T . AU P LA 8% . Sk A% B &35 K F Caco2 41
R o
3.7. RPN

P Rh 20 B 2% AV A 22 1) 22 S E G ik 2 (G [AJ3 P = 0.546, S [a)MI P =0.119, G2 &l P = 0.071),
W% 5.

Table 5. Comparison of Caco2 and SNU-C1 cell cycle
% 5. Caco2 5 SNU-C1 ZHAf E HARD EL 3

G1 [ ¥ S 1A% G2 [A]34
Caco2 63.77% 24.81% 7.32%
SNU-C1 60.43% 35.17% 0.96%
PfE 0.546 0.119 0.065

56 K HE o = 0.05.
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3.8. DNA 7K A48 )

Caco2 4fiffl MEAN {& 45, SNU-C1 4iiffi MEAN {4 50.2.
3.9. {HRZE BRI

Caco2 i ffi~F#4{E )y 36.3, SNU-CL 43418 )y 86.5.
3.10. #RERL R T T3 48 Ak I8 4 B 78 158 FE UG 45 3R

PRI S F R G, AR R Caco2 41 11 H, SNU-C1 41 10 H. M Caco2 5 SNU-C1 4iiffi 7 N
KRG S BT B] SR KNSR, Caco2 20 i 14 A 3 G 0 FE B T R ARLIG 26 40 RIS 45 JRIX /N [ A0
ShHIEE SNU-CL 40 BR, B3 T M S 25 15 K (P = 0.027) 1% 20 K(P = 0.037) 2 34 Giit2¢ 75 ok, H
AN R) A5 22 I TG 27 (P > 0.05) (K 4(A). [ 4(B), El5(A). E 5(B)FIE 6).

Figure 4. Tumor area was measured with vernier caliper. A: The long axis of tumor; B: The short axis of tumor

B 4. R RNAEERR. A: EKRE; B: MERERZ

Figure 5. The implant tumor was dissected from the tumor bearing experiment. A: The 15" of the transplant; B: The
20" of the transplant

[ 5. FESEBFIHAMERE. A: BESE15X; B: BEFE 20X

Table 6. Areas of transplantation tumor after Caco2 and SNU-CL1 cells subcutaneous transplantation in nude mice at respec-
tive point (X +s)
% 6. Caco2 5 SNU-C1 AR K T 1EE & A m BERHEFR(X £s)
Caco2 (mm?) SNU-C1 (mm?) PE
12PN 27.7598 + 11.7866 8.4399 + 2.6034 0.144
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R 28 10 R 35.6866 + 11.6024 11.0946 + 2.3369 0.062
R 28 15 R 43.9661 + 11.0660 15.1757 + 3.2368 0.027
R 28 20 R 475728 + 11.7588 18.4746 + 4.3243 0.037
R 58 25 K 51.1785 + 12.0945 23.8264 + 5.5580 0.061
MR 55 30 K 54.4623 + 12.3201 33.2312 + 7.3873 0.167
M5 35 K 59.0631 + 12.9109 405810 + 8.3151 0.252
FeHEJG 58 40 R 64.7005 + 13.1572 75.1743 + 27.0225 0.727
TR 5 45 R 79.0237 + 15.3009 85.9564 + 26.7503 0.821

50K @ = 0.05.

4. g

5 H i T AE SRR 2 —, R RIS K 2 R ORI R R A AR . it S A
2 B e B S0 ML (LARC) (International Agency for Research on Cancer) & i [f) % B 27, & 2020 4F, 7
H S Bl A DR e 5 R 0 A ORI 0 T 9 911 8035 J 5 Tl Jn 8 100 28 sy 55 I RO BRI AL T 850 & 28 = AL,
LM RIREUE S AL FETCBUE B = A0 [1]. A E SO E 0 2022 4 2 HRATI B RHE R, K # K
I3 51 50 45 R 1R 5 (), AR TR B 58 AL BRI EUE S = A TR Al LR
BUEE =L, FETBUE S A[15].

van Belzen Z5[16]H) /] 2 B (12 5 BB HT-29 D4 45w 4i i 2 1 sa i) cDNA, A SFE R 44
IR iy 44 22 b 20 H 1E Ay 44 9 N-myc down-stream regulated gene 1(NDRG1), HAivi T A e fiufk 8g24.2,
K460 kb, L7 16 NMMETHA 15 ANH T

NDRG1 S4HMa35E « /- 0[17] N BESE A0/ S o 40 B ) T A [ 18]« I AR e [19] R %URR A [20]
YRR E[21]s TS BRIk BRI S AT RIEDRAAG 55[22] [23], FE A8 SRALTT 254 (0 6 %
)RS B4 R BURYE[24]: FERTSIBRIE[25] [26]. FLARE[27] [28]. K [12]F1 B3R
JE[291Wi A, NDRG1 K ERIA S g hi 7 BAFMK AR AE B L IEAH DGR R o ZREF[30] B 78 25 AN ERK
TP S A% AT B2 B I I NDRGL [ 2E [H 1A KL BIME#HZ 2875 . WARIH T #0055 — R 51
WHERA; Chen ZE[31] MM 7L 45 o4 i NDRGL n] i@ i ¥ 17) Wnt/B-catenin i i 111 1] 45 i Jess 20 i 184 5 A1
EMT i #2; Wei Z[32[IA A& -2 (Claudin-2) )ik 2k & 3 i 33k NDRG1 %45, ‘53 CRC KR
R AEAR AN 1k TN e % NDRGL FRiA 5 A F AT 5 2 A5 [33], Wang [13]55 1) e s 41k
509 NDRG1 ik 1 mi {2 it K # . wott NDRGL £ g (4 FH i AN 7

T Shah 2%[12], Wang %[13]F1 Koshiji Z[14](\HF 745 4271 T NDRG1 £ K i v i F vl fig =
BEMEE SCE G, BTLA, ARSEIG T JehE T ANk Caco2 CRE 72 % BEmiinZg A K ik ) fi
SNU-C1 Gk H 71 B A KigliE); 453 Bor SNU-CL 414 NDRG1 2 H £ LGk, DNA & & FE
5, SNU-CL 412 7868 JI7E 24 hy 48 h F1 72 h i ] S35 T Caco2, {H 24 h i [a] £ P4 41 40 i 2 1] 22
SIS, T 48 h F1 72 h PR [R] 2P0 240 i 2 [R) 22 S e ik 5 5 3 SNU-CL 21k 24 h 41T
&I Caco2 4H 2 41, 48 h Fl 72 h W AN [A] s 3L RS 8 715K T Caco2 41, H WA AN [ 2 54 Gt
FRE, WORFESEKMET SNU-CL 4Hfi {2 22 AT R RE /13595 T Caco2 40, #RET M T4 R E
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