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ABSTRACT Obijective: To discuss the expression of Rh family C glycoprotein (RHCG) in the esophageal
squamous cell carcinoma (ESCC) tissue and its effect on the malignant biological behavior of ESCC
cells, and to clarify the value of RHCG as a diagnostic and prognostic marker for the ESCC patients.
Methods: A total of 143 ESCC tissue samples and 105 adjacent normal tissue samples were collected.
Using immunohistochemical staining method , 141 ESCC samples were divided into two groups:
RHCG low expression group (immunohistochemistry score <<6) and RHCG high expression group
(immunohistochemistry score >6). Immunohistochemical method was used to detect the RHCG protein
expression in 143 ESCC tissues and 105 normal tissues, and the relationship between the clinicopathological
characteristics of the ESCC patients was analyzed. Receiver operating characteristic (ROC) curve and
Kaplan-Meier survival analysis were used to evaluate the value of RHCG in diagnosis and prognosis of the
ESCC patients; univariate and multivariate COX regression analysis were used to determine the
independent risk factors affecting the prognosis of the ESCC patients. Gene Expression Profiling Interactive
Analysis (GEPIA2) database was used to analyze the expression of RHCG mRNA in various tumor
tissues. The ESCC TE-1 cells were cultured and transfected in to 6-well cell culture plates with different
Lipofectamine2000: RHCG ratios; the cells in RHCG transfection group were transfected with weights of
2.0, 2.5, and 3.0 pg for 24 and 48 h, respectively, and the cells in NC group transfected with empty
vector as control. Western blotting method was used to detect the RHCG protein expression level in the
TE-1 cells in various groups after transfection at different concentrations and verify the optimal transfection
conditions; cell counting kit-8 (CCK-8) assay was used to detect the proliferation activities of the TE-1
cells; plate clone formation assay was used to detect the colony formation numbers of the TE-1 cells;
Transwell chamber assay was used to detect the numbers of migrating TE-1 cells. Results: Compared with
adjacent normal tissue, the RHCG gene expression level in various cancer tissues including ESCC,
glioblastoma multiforme, and head and neck squamous cell carcinoma was significantly decreased (P<C
0.05). RHCG protein was mainly located on the cell membrane of normal esophageal squamous epithelial
cells; the RHCG protein expression intensity in ESCC tissues was lower than that in adjacent normal
esophageal tissue (3*=109. 373, P<C0.001), and the patients in RHCG low expression group had poorer
differentiation than those in RHCG high expression group (P==0.041). The area under the curve (AUC)
value of RHCG for diagnosing ESCC was 0. 86, with sensitivity and specificity of 95.1% and 75.0%,
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respectively; the Kaplan-Meier survival analysis results showed that compared with high RHCG expression
group, the patients in low RHCG expression group had shorter survival time and poorer prognosis [ harard
ratio (HR) =0. 269, 95% confidence interval (CI) : 0.113—0.639, P=0.020] ; the COX regression
analysis results showed that low RHCG expression could serve as an independent risk factor affecting the
prognosis of ESCC [HR=4. 569, 95%CI=1.315—15.877, P=0.017) ]. The Western blotting results
verified that the optimal transfection condition was 3.0 pg RHCG plasmid for 48 h, at which time RHCG
overexpression was optimal and RHCG protein expression level was highest. The CCK-8 assay results
showed that compared with control group, the proliferation activity in RHCG overexpression group was
decreased on the 4th day after cell seeding (P<C0.001). In the TE-1 cells, the colony formation number of
the TE-1 cells in RHCG over-expression group was lower than that in control group (/=17. 70, P<C0. 001).
The Transwell chamber assay results showed that compared with control group, the number of migrating
Conclusion: RHCG

expression 1s decreased in ESCC tissues and associated with poor prognosis in ESCC patients;

cells in RHCG over-expression group was decreased (/=23.74, P<C0.001).

overexpression of RHCG can inhibit the proliferation and migration of the TE-1 cells, providing a
theoretical basis for RHCG as a novel diagnostic and prognostic marker and therapeutic target for ESCC.

KEYWORDS Rh family C glycoprotein; Esophageal squamous cell carcinoma; Diagnosis; Prognosis;

Receiver operating characteristic curve
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JpAsy), RPEEH L F IS T iR 25005 Y
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K 5L 3835 8 5 43 Bt (Gene Expression
Profiling Interactive Analysis, GEPIA) 2 %¢ ¥ J#
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Cancer Genome Atlas, TCGA) F13& K #l -2 41
i5 (Genotype-Tissue Expression, GTEx) Hi H 1)
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3.0 pug pcDNA3. 1 RHCG ks, 4334 )5 i 5~
10 min, 6 FL 4 i 55 57 A 40 5 4 % g TR & WA
G ST AN AL, kSR IR 24~48 h UL )G
SE gl o Fi B B B AN W] Lipofectamine
2000 : RHCG o], 7 6 L 4t i 35 5= Ak 5% 4+ TE-
L4, RHCGFHLl Bobiasm 524 2. 0 2. 571
3.0pg, ArBIFEYL 24 A48 h, Y s # A f 1E 5 X4F
FEAE N X 4], 2 Western blotting 325 5 iF fi ££ %
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1.5.3 Western blotting A& TE-1 414 H RHCG
B RIKEEM B YL 48 h 5 09 40 I R FH W 1R £h 2%
M (phosphated buffer saline, PBS) ¥t % 3 X,
UK b 2 fi 20 M HE AT AR P 4R G, in A 5X Loading
Buffer J5 100 ‘C4x J& ¥ 10 min. #2515 B 45 ) 55
WM BE R B ORIk
electrophoresis, PAGE) Bt , HLyK 5 i FH 5% Bk
(MBH67%) 400 mA | 30 min #EA7 5% 15, AR 4= 15 &t
Ml 1h, —H4CHFLHK (RHCG 1: 1 000;
GAPDH 1 : 50 000), 1X & ntik-20 % PBS (PBS
with Tween-20, PBST) ¥E# 33K, %K 10 min,
TP ERBEE 2h (FEHR P01 10 000),
PR 1XPBST W Wl DR 3k, UK G i
T,

1.5.4  CCK-8 F°F-Hr 5e B 52 5 46 I 2 2H TE-1 44 g
14 B8 3% 1 B v BT LR IO B A K Y B e s
TE-1400, £ 96 FL 40 i 15 3% Al rp 4 FL 3 Fh 25 5
10°A- 4, A 3L, JIF HCE Jo gl e L
PE R e 2240, 96 FL 40 M Kx 5% A 8 Bl — Bl A T
PBS 2% Mg By 1k 78 K %00 5% W 52 g 45 5L, 43 i AE
1. 2. 3f4dmnA CCK-8iX#, 2 hJ5 R Hbx
KT 450 nm 2 & FLIIOGRE (A) i AR ok
JETE 6 LA M 55 3% A b g AL Rl 500 A5 YL 1 241
Rigr 7~8 d mon AR AT WL 467K Je 20k 5 9%, RA
PBS 2% i Y i 35 4% 2 B W EE [ 22 30 min,
B 2WEBRZRABEEWR, 0.1% 45 %4 CY
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W EE I 1154 2 20 i e A T A
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FEAMMI AL K5 Yk A8 h s 40 IR FH G I T 85 3R L B
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B BR300 pL, FEMA 800 ul & 20% i
£ Mg (fetal bovine serum, FBS) M58 R4,
W B /N 1Y 24 FL A M BE TR AR B TR R AR P R AR 24
hjgifr e, FhEEEFEL, R~ Z
B R 30 min B E 400, SRJE R A 0. 1% 45 &
U0 30 min, e WUZE K G Uk 2= S M
fd F Image J ¥ PF #EAT A MR THEL, H B AT 07
R, R H Ry B BRI, R
1530 1 45
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HLSD-1#:8 . LI P<<0.05 NZERASG %8 X,

& R

2.1 2#FEAL P RHCG mRNA kL K-F  GEPIA2
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B 1 GEPIAZEREHEFIEHALRH RHCG mRNA FEKFP
Fig. 1 Expression levels of RHCG mRNA in different kinds of tumor tissues in GEPIA 2 database

2.2 ESCC E#EARFREFEFHL T RICG
Eakir RHCGHEH ETEILFIER TEHRR L
e AR B (| 2), 143 ESCC i, 1204
H RHCG & At #£ ik (120/143, 83.9%), 234
B RHCG % MW #£ik (23/143, 16.1%); 105

EHES P Esh, 1861 % RHCG & ML #E ik
(18/105, 17.1%), 87 #i & RHCG #H 1 & £ ik

(87/105, 82.9%), ESCC & mA L RHCGHE
HEXIMETIER % 1A 2 (F=109.373, P<

0.001),

23 ARABABERKRMLEESCCEEREAL T
RHCG & 9 & RHCG & AL LU 8 FH 01k
FEREE 22 T RHCGEH M mRIKAH (=4.194, P=
0.041) . RHCG HE H R L 5 B HE B EN (P=
0.083)., 4t (P=0.777), Mgz (P=0.859) .
i W E (P=0.603) . A Lg% ¥ (P=
0.372) . ALMELHF (P=0.760) F TNM 5
W (P=0.392) JToRBE, W1,
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A': High expression of RHCG in normal tissue; B: Low expression of RHCG in ESCC tissue.
B2 fpEdfesRamill ESCCHAARS ER ALMRE P RHCGCEANRXRENR

Fig.2 Expression of RHCG protein in ESCC tissue and normal tissue samples detected by immunohistochemistry staining

#1 AFKERKBERREESCC BEFEALNF RHCGCER

£ 32
Tab. 1 Expression of RHCG protein in cancer tissue of
ESCC patients with different clinicopathologic characteristics
[n (n/%)]
RHCG
Clinicopathological ,
characteristic ! LOW_ High. 4 r
expression  expression
Gender 0.063 0.803
Male 93 79(84.9) 14(15.1)
Female 48 40(83.3)  8(16.7)
Agelyear) 0.080 0.777
<60 73 61(83.6) 12(16.4)
=60 68 58(85.3) 10(14.7)
Tumor location 0.031 0.859
Upper/middle 112 93(83.0) 19(17.0)
Lower 16 13(81.2) 3(18.8)
Differentiation 4.194 0.041
Well/moderate 107 86 (80.4) 21(19.6)
Poor 28 27(96.4) 1(3.6)
T stage 0.271 0.603
T1+T2 49 40(81.6) 9(18.4)
T3+T4 87 74(85.1) 13(14.9)
M stage 0.795 0.372
No 132 110(83.3) 22(16.7)
Yes 4 4(100.0)  0(0)
Lymphnode metastasis 0.093 0.760
No 108 90(83.3) 18(16.7)
Yes 28 24 (85.7) 4(14.3)
TNM stage 0.733  0.392
I+ 67 58(86.6)  9(13.4)
-+ 69 56(81.2) 13(18.8)

2.4 RHCG & & %k £ K F 2 ESCC #9 # ¥ #r 14
RHCG MR 1 357K XF ESCC B A4 8 - 112 Wr

M E, AUC=0.86, REE N5 1%, FFFEHN
75.0%, P<<0.001. WL 3.

1.0

0.8

Sensitivity
o
(o2}

<
=

<
o
T

AUC:0.868(0.816—0.919)
0 O.é 0j4 Ot6 01.8 1.0

1— Specificity
B3 RHCGZEHKFZK ESCC BHH ROC HiZ&
Fig. 3 ROC curves of RHCG protein level for
diagnosis of ESCC patients

2.5 RHCGEH B £#ZXL5ESCCREFREHN XA
TE 143 B ESCC 35 b, 38 ) B 15 B 15 A0 & Be il
SEARAR T 600 R R M BE Ui {5 S . i i Kaplan-
Meier 4 77 B 28 20 BT RHCG 4K ik K F 5 B # k
AP R AEfE B &, 45 R B8 5 RHCG
FHmERIAA R, RHCG MR T AH B H 417
Bsf 1] 5 S, 70 A 4% 22 [ KUBS: b (hazard ratio, HR) .
0.269, 95% # {5 X 8] (confidence interval, CI):
0.113~0.639, P=0.020], WK 4,

B COX I 43 Hr 45 R WoR - =R E
(P=0.004) . #HEZ5F (P=0.008). TNM 4
(P<<0.001) MIRHCG #is (P=0.031) 5 ESCC
BEWG BEMKE ., ZHECOXBIHMTZE R ER
RHCG J& ESCC & 4= 1 7l 37 fs b I 2 (HR: 4. 569,
95%CI:1.315~15.877,P=0.017), W% 2,
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Fig. 4 Kaplan-Meier curves of correlation between
RHCG protein expression and survival of ESCC

patients

2.6 RRAKEHFEE TE-188F RICGEE £
X ¥ £ Western blotting % WE fiw ££ #% 4 & 14 A
RHCG Jfi ki 3.0 pg 5 % 48 h, i RHCG & M it
TR, RHCGEAR SRR (F5).
2.7 B4 fit kL RHCG 4 TE-1 48 Ja 38 7 7%
Mo SRR R, R A M 4 REF, iRk
RHCG 20 (1) TE-1 2 M 3 55 36 PE R K (P<<0.001) .
L& 66

2.8 Bumfeid Ak ik RHCG 4 TE-1 %8 % %W
& i # i RHCG 41 TE-1 40 g 5 B 2 A% %K
(302.301£19.044) ik x4 (513.70 1 £
8.081) (1=17.70, P<<0.001)., WK 7.

2.9 stE4feid &k RHCG 4 TE-1 % M8 it 8
mpd SXMEA (1234.000+43.2149) ek,
1t 38 RHCG 20 48 Ml i # % (326. 701> £50. 16 4>)

Wb (1=23.74, P<<0.001). WS,
3 it i

ESCC & —Fi {2 28 M 5o 1 Tk b, 4008
TAEAR , Wiz Z b, BrERRE R WS
25 o U IRAR SR I 4y AR I A YT O U B ORGH
J UL H i e = 2 R BUS DA 9 4 T b
BY), ESCCHBESFEAFREAL 10%, 1M H M2
Wi A6 97 5 ESCC B A ff R it 95% '
IR B ESCC 12 Wi ks 28 W) G 97 38 A0 T 48
ESCCRERELGFRRREE,

A5 3 1 GEPIA 2 B85 1 61732 968 43 Hr 45
W% RHCG 3£ 78 ESCC. £ I M i ot £ 40 jifg
Jei . Sk FUE 5 DR A M g AN S A B AN R 9 A £ R i
RS, SearaE Y — 8, B Y BOR .
RHCGHEHEIEHHAL hE Rk, RBERT72.5%,
ESCCHLIH A EILRHCGHEH . AWF5EH fd
AU e o g B g R . RHCG & £ ESCC 44
flREx, HPEFHEE LEAL P RHCG £ikF
H82.9%, ESCCH LI RHCG RIEFH 16. 1%
FE 1 R . RHCG BT AE by ik i 0k 41 At 53 14 12
PR, 5 hsa_circ 0036722842 Wi AUC 1] ik
#]0.859, 1H HHi>% T RHCG 72 W ESCC W 1E
J7 T i A B AG . ABE ST ROC #H 4 43 Hr RHCG
XPESCCHizlrig /1, 4R WR: RHCG EA R
B2 Wi sk e (AUC{H R 0.868) K 5w iy R L
(95.1%) MIHESE (75.0%). H1 RHCG &1y
TR T A R R 6% o o T B e AR AR AR, 4R
SRR Y ABRG R B RHCGEH
KR B E WA R AL, H RHCG #HE AR

K2 BRES5ZHEE COXEHIH

Tab. 2 Univariate and multivariate COX regression analysis

Univariate analysis

Clinicopathological characteristic

Multivariate analysis

HR 95%CI P HR 95%CI P
Gender(female vs male) 0.923 0.562—1.514 0.750
Age(>>60) 0.849 0.524—1.375 0.505
Tumor location(lower) 0.767 0.379—1.553 0.461
Differentiation(poor) 1.407 0.791—2.501 0.245
T stage(T3+T4) 2.121 1.274—3.531 0.004 2.293 0.733—7.169 0.154
M stage(M1) 0.977 0.238—4.004 0.974
Lymphnode metastasis (Yes) 2.144 1.221—3.764 0.008 1.099 0.333—3.628 0.877
TNM stage(lll +1V) 2.453 1.501—4.008 <0.001 1.809 0.582—5.619 0.305
RHCG expression(low) 3.863 1.129—13.219 0.031 4.569 1.315—15.877 0.017
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Lane 1—4: 24 h; Lane 5—8: 48 h; Lane 1, 5: Control
group; Lane 2,6: 2.0 pg; Lane 3,7: 2.5 pg; Lane 4,8: 3.5 pug.
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Fig. 5 Electrophoregram of expression of RHCG
protein in TE-1 cells after transfection with different
transfection conditions detected by Western blotting
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'P<<0.001 compared with control group.
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of TE-1 cells at
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Fig. 6 Proliferation activities

A B

A': Control group; B: RHCG over-expression group.
B7 RSN 24 TE-140H 5 BB 515 i
(&%)
Fig. 7 Colon formation of TE-1 cells in two groups
detected by Colony formation assay(Crystal violet)
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A': Control group; B: RHCG over-expression group.
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Fig. 8 Migration of TE-1 cells in two groups detected
by Transwell champer assay(Crystal violet, X 200)
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