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A calcium-sensing receptor polymorphism at E942K promotes the proliferation
of gastric cancer cells via Ca’ and ERK1/2 pathways
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Abstract: The study was designed to investigate the effects and mechanism of a calcium-sensing receptor (CaSR) polymorphism at
E942K on the proliferation of gastric cancer cells. Single nucleotide polymorphisms (SNPs) were detected between gastric cancers
group and normal controls group by DNA sequence analysis. The cell model was constructed by transfection of E942K mutant plasmid
and wild-type (WT) plasmid into SGC-7901 and HEK-293 cells. The effect of E942K mutation on cell proliferation ability was
detected by CCKS and cell clone formation experiments. The effect of E942K mutation on calcium signaling was detected by calcium
imaging. Western blot experiments were used to detect changes in phosphorylation levels of key proteins ERK1/2 and B-catenin in
downstream signaling pathways after E942K mutation. The results showed that the mutation rate of E942K in gastric cancer group
was significantly higher than that in normal control group (P < 0.05). CCKS8 and cell clone formation experiments showed that E942K
mutation significantly improved the proliferation ability of SGC-7901 gastric cancer cells and HEK-293 cells. E942K mutation
enhanced calcium signaling in SGC-7901 and HEK-293 cells. E942K mutation enhanced ERK1/2 phosphorylation without affecting
f-catenin phosphorylation. The results suggest that E942K mutation in CaSR may ultimately promote the proliferation of gastric
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cancer cells by enhancing intracellular calcium signaling and ERK1/2 phosphorylation. These results have potential clinical implica-

tions for the diagnosis and targeted therapy of gastric cancer.
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5 JUR A2 K (calcium-sensing receptor, CaSR) 7E
HURSS IR BRI B S H )2 Rk, Bz 4ifish
BB IR ([Ca’'],) IR, FEARRIE LT 2 4k FF
PUAR N Ca® Fads. 15 ER 23 Wb R 4H o Jie 25 -1 i
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ERK1/2) ",

MAPK & —RZEW | AR E AR, £

PR iz 3Rk, S5 IREAMIGHE. AR T
SRR, HR S ERK. INK/MAPK Fl p38 MAPK
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12 EEHH A B % 40 s AGS. BGC-823.
MGC-803. SGC-7901. MKN-45 F1 A &5 41 HEK-
293 AN H {4 1F . ERK1/2 Fl p-ERK1/2 (Tyr202+
Tyr204) iR E Abcam /3] ; B-catenin Al p-B-catenin
(Ser675) FiAk H CST /2 7] ; CaSR ik H &
Santa Cruz A w] ; GAPDH $iifk. £ A $2 G &
BCA £ IR E N &l FI & AIER FE R H B KA
a] 5 BRAR o ALY (horseradish peroxidase, HRP)
FRIC I 2EPT S —PUR L 2P R b B AL A2
ST =B DMEM 1 RPMI-1640 55 553 & i
A= M3 8 H 5% [ Hyclone A &) ; WT K E942K Z874F
JRE R o A T H It VR e B AE R A R R i
A A s CCK8 5FI &8 H MCE A &) 5 450 & H
LY 2 [F Millicell A &) ; Fura-2AM W [ 3£
Invitrogen 2w 5 6 FLARk. 12 FLARk. 24 FLARFN 96
FUAR W B 3£ [E Corning 2~ 7] ; & [A 41 DNA #2 B
FVEANTE N B 3R PURLSR U B b RAR A AR
AT GERRORINE BigETAY A .

1.3 DNA 2R %R R IE R4 DNA 2
B & (B0 2 ) 1 B B4R IR IR B e 4 2R %
I H B2 DNA. 334 CASR B:H 26 7 A2+
A5 2 DL A A E942K Al A986S [ DNA F B,
A3 ST T35 R %71 (1) 46 942, 986 A7 . 31 4F %
4 SCY8IF : 5>-GCAGCTCACGCTTTCAAGGT-3",
SC98IR : 5’-GGGAGTAATGGCTGGTGTCG-3".
PCR [ NLEATRSE 25 uL, 4% 200 ng 5t DNA
1uL, 0.5umol/L . FiF51%1%% 0.5 ul, 10 mmol/L
dNTP 0.5 uL. 7K 20 uL. 5 U Taq DNA %47 0.2 uL
K 2 2.5 L. PCR 2 : 95 °C £ 4 3 min
TRAR M L 94 °C H74E 30 s A8k, 58 °C 4L 30 s iB K,
72 °C #5542 30~60 s 2EAH, @ ALAEER 35 K, 72 °C £
42 10 min 18 2. 1.5% TAE s HE sk, 150 V.,
100 mA, 20 min Pk M4, PCR =44 4tk 3] 1
WG R, ZHE A T A A RN T .

14 HMABTEECRERNIEE &5 100 mg/
mL Z 8 1 LB [ 5% 77 58 3017 P i i £k v 2
PR, 37 °C BraRfafH E R 9% 12~16 h, HREUH
B B 7% T 100 mg/mL 2 % 3 ) LB AR 3G 77 2,
37 °C, 220 r/min, FE¥¥55E 12~16 h, #B4 B WA
il 15% H Ol B H T 0r Bl R IORAR G N #
F ORI A B ST PR, AU B AR
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ASCRE I SRR B, —80 °C fRA7-

1.5 SRR SR  AGS. BGC-823. MGC-
803.SGC-7901 1 MKN-45 & 10% fa4- s F1 1%
5 7 MR H R 1 RPMI-1640 5 77 Bk 1 7% | HEK-
293 FE 10% R4 ITE R 1% HH R M EEHE RN
B DMEM 8% 7% 36 55 7%, Ui & T 37 °C. 5% CO,
IEFRFE TR IR o B GLAT | R H RN 12 FLAR,
41 Jif X H5 A AR K 5 R IA B 60%~80% I i3E 47 5 Gk
K FH e 7 G )i 44 DNA-Lipofectamine® 2000, %
R B e Jiokr . HEK-293 7R Yy 3 K Jg ik /T
WS EE R 2~10 pg/mL 3B 38 Ik 5 1 0 e AR 2 Ak
SGC-7901 #E#% 4 3 RIGHHATIE B it L. iy
WT Ji KLy 53 A% 4 . SGC-7901-WT (SGC-WT)
A HEK-293-WT (HEK-WT), %4t E942K Jii ki 4y
o CaSR Z¥4%4H . SGC-7901-E942K (SGC-E942K) Al
HEK-293-E942K (HEK-E942K).

1.6 CCKS8 L MZApEsE  SGC-WT. SGC-E942K.
HEK-WT #1 HEK-E942K 4H il 55 77 2 % $0 4 K 4,
EBEWE AL, B0, HEE. M8, DA%k 3 000 4/
100 pL £ 22 96 fLARH, & B PBS, &1 37 °C.
5% CO, [ 9% 1 K, WT+Ca™ 41 % E942K+
Ca™ 4n N\ CaCl, (2 mmol/L), 435 T4bHEE 0 K.
1 R 2 Ri47 CCK8 Ml iE o Wl i I 35 IH 55 77 2%,
F A 100 pl/ FL2& 10% CCKS 371 (#1555 3k,
BT 37°C. 5% CO, MI: 3746 E 1 h, FREEL %
P Rar M ASCI 7 450 nm A AR )62 FEAE (ODyso)
1.7 ¢MRETEREFRSARSEEE  SGC-WT. SGC-E942K.
HEK-WT fil HEK-E942K 48 fitd 1% 5% %5 o $2E K,
JEREEEA . B0, EEJE, DL4HME 1 000 4/ AL
M E 6 FLIR, 1 KJ5 WT+Ca™ 41 2 E942K+Ca”>"
ZH N CaCl, (2 mmol/L) 4k%E555% 10 &, #47 PBS %
B 4% ZRPBEE. SRmERa. EE .
1.8 $ERGMESLIE o SGC-WT. SGC-E942K.,
HEK-WT 1 HEK-E942K 41l ffg ¥k %o % 39130 & e b T
12 FLAREE B H, T 37 °CL 5% CO, B3R FE 159714 1%
A 56 B AR B 2R I (PSS) Y 9 T 10 pmol/L
Fura-2AM PSS ¥ M EOGIF H 1 h, W E S K)E
PSS VEVE 3 o 55 B A 4T - {3 A v R
=, SLREIYEN 500 uL 0 Ca* PSS, {# ] Metafluor
WAFSRE MG, Bl S S A, IR AE RETE
=M 0.1, 0.5, 1. 2. 3. 4. 5. 6 mmol/L CaCl,,
£ 340/380 nm UK I T BERG 3 s L0 5% F (340/380)
A5 (5 54k, PSS /> B $E (mmol/L) : 140 Na',
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5K, 2Ca’., 149 CI'. 10 HEPES 1 10 % #%j##, pH
7.4 ; 0 Ca® PSS /045 (mmol/L) : 140 Na', 5K,
2 Ca™, 145 CI", 0.5 EGTA. 10 HEPES # 10 % %j ¥¥,
pH 7.4,

1.9 Western blot &30 4 SGC-WT. SGC-E942K .,
HEK-WT Fll HEK-E942K 41 ff k15 77 2= % $ 2B K3,
R AL B0, HEJE, WAnE 2 x 10° 4/ 4L
B E 6 fLIR, 1 RJGHA CaCl, (2 mmol/L), 434
T 0. 5. 10, 20, 30. 60 min $EHEHMEEH. B
il 8% SDS PAGE ¥t iz FH T~ CaSR & H A& I, 12%
BT HAEARN. 54 EFEE N30 pg, 1H
JE 60 V £748E 30 min, 120 V #4260 min, 1 min/kDa.
300 mA fEJRAENE, 5% BiE Wik 2 h, CaSR $it
4 (1:1 000). ERK1/2 $ii f& (1:1 000). p-ERK1/2 $it
A (1:1 000). B-catenin HT4K (1:1 000). p-P-catenin i
{7 (1:1 000) A1 GAPDH #tf4 (1:5000) §iF 5 it #%, TBST
EYE3 %, 10 min/ R, =R E Pt (LESLRDT
&+ 1: 10 000, 1LFEHLRPUMA : 125 000) 1 h, FK
TBST #5#¥t, ECL ALK, BB ARG R .
1.10 gEaNh H#E L mean + SEM %o, K
H] GraphPad Prism7.0 #E47 0 #1. R RLERH R
Jikrss, PIALA LLBCR A Rrge, Z4lRIEL
BRI 28 75 2250, K Tukey iE1EAT P L
B, 2Pl KBS (concentration for 50% of maximal
effect, ECy) % F 165 " P<0.05 NZERE ST

A 2818 2824 2830

| | |
Genotype TAACCCAGC CAABNAGCAGCAGCAG

\ o sl s
Hant e AﬁﬁAAA&AAHHAwAAHAAHAAMA
T A CCAGCaraBarGCcacGeaseace
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T
J\J \U‘( \‘ [\/\r m /\,’ “ /\/\ | I /\s““\ﬂ /\/\

WT.G/G
B Codon 940 941 942 943 943 944 945
WT Glu(E)
Amino acid GIn Gin Gin GIn GIn GIn
Mutant Lys(K)
WT G
Nucleotide CAG CAA AG CAG CAG CAG CAG
Mutant A
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B0 15 e A AN T B R ZH 2 AT B R
¥, RIL CASR FE[H 25 2 824 B L7 5 1Y G-A R
(B 14), H S E T CaSR 7E 5 942 4 f % 1Y
T HB A (Glu, E) R N K (Lys, K), JER
E942K 2748 ( & 1B). X} 46 14| B % 5 1 41 A1 50 151
1E 5 WHHRZH [ CaSR E942K Fi1 A986S 1) 9848 24T
ROt (B 10), KIS R E 1) E942K RAZFR
BEE T IEE A (P < 0.05), 1 A986S 748 %
FEW I8 %A Gt 2 2 7 (P> 0.05). 45 RIER
CaSR E942K W] g # B Jm B K A2 MK B A 0%, 1M
A986S I RERI B e L. Mk, FAlJE st
7t CaSR E942K FARTE B i Hh (4 F S AL«
2.2 HJESGC-7901F1HEK-293#)CaSR E942K3Z83F
YHpaIRAY

Western blot il 5 J& 41 fifd bk AGS. MGC-803.
MKN-45, SGC-7901 1 BGC-823 1 [f] CaSR & 1
FikE, WMELH] CaSR fE MGC-803 A1 SGC-7901 4H
Mo Fh Rk EAKT AGS 48 (& 24, B, P<0.000 1),
H T MGC-803 4 i fR & A, A% % CaSR &
kB ER A B 40 i SGC-7901 A1 P I 4 CaSR
FEIE I R 41 s HEK-293 34T CaSR i 321k 5256

cil 3

Y,
=2

I

C
Genotype
Group E942K A986S
GG AG GG GT

Gastric 39 7 42 4
cancers (n)
Controls (n) 49 1 47 3
X2 3.886 0.101 313
p 0.0487" 0.9088

Fig. 1. The mutation rate of E942K was significantly higher in gastric cancers group than that in normal controls group. 4: Heterozygous
G-to-A transition at nucleotide c.2 824 was identified by DNA sequencing. B: This G-to-A transition changes a GAG codon to AAG
and is predicted to result in a missense amino acid substitution from Glu (E) to Lys (K) at position 942 in the CaSR protein. C: Distri-

bution of E942K and A986S CaSR alleles in gastric cancers group versus that in normal controls group. P < 0.05.



278 H PR 224 Acta Physiologica Sinica, June 25, 2020, 72(3): 274-284

A C E

GAPDH |- e |32 kDa  GAPDH EI 32kDa GAPDH E 32kDa

N 4s)

S PSS P SN & &g
vOE§ LI & & £ & & L
Y & 3§ E &

B D F
C NS NS c NS
9 seokskok < e Q kkskok
% 20 obol % 5 ok kR % 10 skodkk
s 8 - © — T
S5 sS4 == e 8
(G 3 o
,510 SRk ‘53 QE) 6
8 c2 S 4
s S s
H Al & e 2| —
> = =2
8 o0 - 30— . re 8 oI .
[ (e N [0} )
g &S \@» & 5 S & g «a"@ o
<) <} 0 .} & X &
KO AR & & X X A

K 2. HIEESGC-790 1 FTHEK-293 () CaSR i 2 A 41 5 7
Fig. 2. Overexpression of CaSR in SGC-7901 and HEK-293 cells. Western blot was used to determine CaSR in different gastric cancer
cells (4, B). Expression of CaSR in SGC-7901 transfected with WT plasmids or E942K plasmids (C, D). Expression of CaSR in HEK-

293 transfected with WT plasmids or E942K plasmids (£, F). Mean = SEM, n = 3. """P < 0.000 1. NS: Not significant.
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Fig. 3. The CaSR E942K mutation promotes the proliferation of SGC-7901. 4: Proliferation curves of SGC-WT and SGC-E942K
cells treated with 2 mmol/L CaCl,. Comparision of proliferation ability between SGC-WT and SGC-E942K treated with 2 mmol/L CaCl,

on day 0 (B), day 1 (C) and day 2 (D). E, F: Colony formation assay in SGC-WT and SGC-E942K cells treated with 2 mmol/L CaCl,.
Mean + SEM, n=3. P <0.05, "P<0.01, "P<0.001, ""P < 0.000 1. NS: Not significant.
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HEK-293 (£ E942K JAF 2 i 784 ,
2.3 CaSR E942KZEZF{R#HSGC-7901 FIHEK-2932H
faigE

K] CCKS R M2 5], SGC-WT. SGC-E942K.
HEK-WT F1 HEK-E942K 7£ CaCl, (2 mmol/L) [ %
BT, A S04 M bk 1 3 5 58 7 225 15 (& 34~D,
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4A~D) . K F 40 fu o B TV B S B ML 82 3, CacCll,
(2 mmol/L) G [A] i 14 i1 E942K A1 WT 4H A 1) 14 4
AE 1 (P < 0.05), {H45 51Xt E942K 245 41 g 384 5
R E R oA . (K 3E, F R 4E, F).
i% e gk LR, CaSR E942K B & {12 ik SGC-7901
HIHEK-293 Wy3G A8 e /7, AR 1 58 58 i AL i 7T R
i [Ca™], K.
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MREANCa" 55

SGC-WT. SGC-E942K. HEK-WT #1 HEK-
E942K 7EAJF M E CaCl, (0.1, 0.5, 1, 2. 3. 4. 5
F16 mmol/L) ¥AN T, It e B A< 8t 12 248 e Py 465
Z5TE (B 54, B, B 6 A, B). ¥4 CaCl, IKJEAE
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0.5~6 mmol/L I}, SGC-E942K [ 45 1% 5 Ft & I fiF
B3 KT SGC-WT (& 5C, P<0.05); 4 CaCl, ik
FE{E 1~6 mmol/L Is}, HEK-E942K (1)55(5 5 F & &
J 2% KT HEK-WT ( |/ 6C, P < 0.05). fE£ CaCl,
B 21 ~, SGC-E942K [f] EC,, (1.068 mmol/L) & %
T SGC-WT (] ECy, (1.608 mmol/L)( & 5C) ; SGC-
E942K 14545 5 s K F+ =R B2 = T SGC-WT 4 i
(B 5D, P<0.05), [F#EH, 7£ CaCl, 3, HEK-
E942K [#] ECs, (1.092 mmol/L) &% /NT- HEK-WT ()
EC,, (1.794 mmol/L)( ¥ 6C) ; HEK-E942K 4l Jfd A 1]
A5 5 e K T v i 2 s T HEK-WT 48 g (1] 6D,
P <0.05), LR B, CaSR E942K AR 2
7 SGC-7901 Al HEK-293 #HJfi % Ca* s, IF
HA®IN [Ca™ ., MTER .
2.5 CaSR E942KZeZ{R#HSGC-7901 FIHEK-2934H
B ERK1/289 84844k

£ 2 mmol/L CaCl, % & A [ Iff 8] (5. 10, 20,
30 1 60 min) 2514 T, SGC-E942K #HJifi /4 i) ERK1/2
BRI KT B3 5 T SGC-WT (& 74~C, P < 0.05);
SGC-E942K fE 20 min I} ERK1/2 B 7] ik 3| & K
54k 7K, 11 SGC-WT £E 30 min I 7412 F1) 5 K AE (&
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Fig. 4. The CaSR E942K mutation promotes proliferation of HEK-293. 4: Proliferation curves of HEK-WT and HEK-E942K cells
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