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Expression of A Kinase Interacting Protein 1 and Transient Receptor
Potential Channel 1 in Patients with Tongue Squamous Cell Carcinoma

and Their Clinical Significance

SHI Guang, JIAO Jianjun, LIU Yingqi, ZHAO Xiao, YANG Longlong, ZHANG Jing,
ZHANG Xueqiang, SUN Ying

(Handan Central Hospital, Handan 056001, China)

Abstract: [Objective] To explore the expression and clinical significance of A kinase interacting protein 1 (AKIP1)
and transient receptor potential channel 1 (TRPC1) in patients with tongue squamous cell carcinoma (TSCC).
[Methods ] One hundred and ninety-four TSCC patients who underwent surgical resection with or without adjuvant
radiotherapy from January 2016 to December 2019 were enrolled. The expressions of TRPC1 and AKIP1 protein
and mRNA were detected by immunohistochemical staining and RT-qPCR, respectively, and patients were divid-
ed into high and low expression groups. The proteins interacting with TRPC1 and AKIP1 were screened on String
website, and selected by MCC methods of cytoHubba module in Cytoscape, to establish an interaction diagram.
KEGG rest API was applied for functional enrichment analysis of closely related proteins. [Results ] The positive
rate of TRPC1 and AKIPlwas 59.8% , 56.2% in tumor tissues and 40.2%, 33.5% in adjacent tissues of TSCC
(P<0.05), respectively. The mean values of TRPC1 and AKIPImRNA in tumor and adjacent tissues were 2.3+
1.3, 2.3%1.1 and 1.4+0.9, 1.1+0.4, respectively; and the expression rates in tumor tissues were significantly
higher than those in adjacent tissues (57.2% vs 50.5% and 30.9% vs 33.5% ,P<0.05). The expression of TRPC1
protein and mRNA showed statistical differences in patients with different N stages and TNM stages(P<0.05). The
expression of AKIP1 protein showed statistical significance in patients with different N stages and TNM stages
(P<0.05), while the expression of AKIPI mRNA showed statistical significance in patients with different N
stages, TNM stages, and pathological grading (P<0.05). Pearson correlation analysis showed that TRPC1 protein and
mRNA were positively correlated with AKIP1 protein and mRNA | respectively (P<0.05). The survival of patients
with high expression of TRPC1 and AKIP1 was significantly worse than that of patients with low expression (P<0.05).
Twenty one genes closely related to TRPC1 and AKIPlwere screened ot by String website and Cytoscape soft-
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ware, KEGG enrichment analysis showed that these genes were mainly enriched in platelet activation, calcium
signaling pathway, inflammatory regulation of TRP signaling pathway, Rapl signaling pathway, ¢cAMP-PKG sig-

naling pathway and VEGF signaling pathway.

[ Conclusion] High expression of TRPC1 and AKIP1 is associated

with poor prognosis of TSCC, they may participate in tumor progression through the activation of Rapl, VEGF

and other signaling pathways.

Subject words: tongue squamous cell carcinoma; A kinase interacting protein 1; transient receptor potential
channel 1; relationship analysis in proteins; KEGG signal enrichment analysis

T IR 20 B9 (tongue squamous cell carcinoma,
TSCC) J2& 5 UL 1) S 2535 W 4 Jie 9 22—, e 2 o 56 T
TR E B FIHEEY, TSCC Wil K T N BA =
22, T B R Y JR FR IR AN R A e, R T/ 1
HTSCC KA ME AR R Fik 42%, EH R
AR E5 % 0 B9 TSCC Wi5 25, A BF5T a8 o 2
ST 2 J2 BN AR A 28 0 2% 2 > B RL FIUI R 48] TSCC itk
LR By R R Horp R A KA 32 1K (epi-
dermal growth factor receptor, EGFR)7E TSCC ik
Thves AT Nk S5 F R 5 BIETE B, R RE S 90%
(¥ Sk SRS BRIR 20 R 5 %k EGFR, {HR AT TSCC
L EGFR 2542047 IR™, PG, S48 1036 77 9K
g UG A= bR S WIS 2 TSCC BIBFFE R,

AWM EEAEB 1 (A kinase interacting
protein 1, AKIP1) 2 — {7 T 40 Jifd 5T | 40 I A% 1 £ kr
PAT) 20 0 PN P 2 0 D P 45 R 1 35 TS 8% o i PR AVF Y
Je B, AKIPT 75 22 B 92 R iR an 2L |5 000 25
i g 0B A e 45 v R IR T s R S 0 M ) S
ARy Ji g S5 U 25 AR A A O IR A SR e
I AKIPT 7] 00 Slug 175 3 19 | 5% 18] 51 5% 4L (epithe-
lial-mesenchymal transition, EMT) fi #F & ¥ it & |/
T PI3K/AKYIKKR 15 53 15 5 EMT i #F 7 5
J& 4 SR, AKIPL 7 TSCC i/ AN Il A0

W% B} 37 /4 FEL {37 38 38 1 (transient receptor potential
channel 1,TRPC1)# TRPC Y. 5% i 51 , nl 3 i 4
S A R AR B B F Ui A (store-operated Ca®* entry,
SOCE)Z 5458 15 5 K%, FFEUE S , TRPC1 78
i P g LM g B it e S5 o R v v s = o R A
FENG RS IR ZE R CHE N & 2 Horp 'TPRC1
1t A EMT i 3 70 B8 09 1F 5% 5 Ji o 1 ik 50 2 25 )
5 B9 DNA 45345 B 0oz i 5 BB T 28, ik S P 58
T, %35 5 I F-1a (hypoxia inducible factor-1a,
HIF-1a) ) 3 EE TPRC1 #4335 | 3 I 12 2 fii 98
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194 BIAF G 4 85 B4R (59.5£12.1) %,
HALAE IS 60 % 5 B 141 41 (72.7% ) , % 1 53 )
(27.3% )5 W 35> 9 .G, .G, G B 43 5 N 39 i
(20.1%) .86 1l (44.3% ) F11 69 fi] (35.6% ), TNM 43
.1 I I TV 3 3 49 30 R 30 49 (15.5% ) (81 il
(41.8%) .74 #1 (38.1%) F1 9 1] (4.6% ) , H:rp T, T,
T; W43 51k 32,103 .59 1 ,No N, N, 8143504 121,
64 F19 15143 6 (73.7% ) B & 2 THi BT . A8
#% TRPC1 Al AKIP1 25 1 & mRNA WF45r, 78 &
TR ARFRIRA , TR BT B B
R A5, IR 2 M B T Hhos I e 46 B 25 B3 25 it (AL
5:20230706) .
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4 194 151 TSCC & Hebr A (445 i 8 20 2 Fl i
FHLBO Y 4 wm 3R, BT, KAk PR $E L, 3%
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$T AKIP1 (1:100, Abcam , Cambridge , USA) \TRPC1

Mg ERE 2024 5230 %% 2H



(1:500, Abcam , Cambridge , USA ) | £ i B T e 1gG
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FEH R, s — P e = 3R R N A 30 min,
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Rk R VEGr>3 g3, IR R IE NI <3 431200
1.3 IHEEFHERREEE KNG

K FH S I 300 2 o 3R 5 4 SV (real time-
quantitative PCR,RT-qPCR) 7&K 194 5] ¥ ¥ 1) b
Jo L0 40 B 55 40 TRPCT R AKIPT mRNA 7K
. B e fE A TRIzoI™ X7 (Thermo Fisher Scien-
tific, MA ,USA) $ HU A1 55 2 2L & RNA 7
il 128 iScriptTM ¥ % 5% Supermix (Bio-Rad,CA, USA)
¥ RNA %55 558 ¢DNA, #¢J5, A QuantiNova
SYBR Green PCR i 7] & (QiaGen , Duesseldorf , Nor-
drhein-Westfalen , Germany) #4157 PCR, A GAPDH
WS [l 224 35115 TRPCL A AKIPT ik, 5]
Y F . TRPC1 forward primer (5’ ->3").GCC-
AGTTTTFTCACTTTGTTATTT ,reverse primer(5'—>3") .
CCCATTGTGTTTTTCTTATCCTCA ; AKIP1 forward
primer(5'—>3"):AGAACATCTCTAAGGACCTCTACAT,
reverse primer (5'->3").CCAGAATCAACTGCTAC-
CACAT;GAPDH forward primer (5'->3").GGAGC-
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GGCTGTTGTCATACTTCTCATGG , >k FH % P70 #r , 4R
B Bl R AU R E R ik 4, 5 TRPCI A AKIPI
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14 KEGG BEESESTRBEXDH
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(version 11.5,https://cn.string-db.org/cgi/input.pl) i
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1.6 SitEsE

% H SPSS 24.0 4t it # {4 (IBM, Chicago, I1li-
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L RS FIT 200 L5, 2 B £, 7E TSCC i 4 1R i 55 40
2 BAE R K 4 R 59.8% (116 4] ) Al 40.2% (78
), 22 534 G122 L (P<0.001) , TRPC1 mRNA 7£
i 20 SV 55 S 2L S48 43 0 R 2.321.3 B 1.4+
0.9, MR HE-F-IME , 43 0 SR TR A i 20 SR 55 41
gurp g Rk a0 ok 111 B (57.2% ) il 60 1Al
(30.9%) , 2= 55 H it 2# & X (P=0.005) , AKIP1 &
A 3K T 240 5T R0 A4 LR S R € T g 2 SR
55 2L BA M 2R 3K R 4 i o 56.2% (109 1) il
33.5% (65 1) , 2% 5 A7 Ge 127 5 L (P<0.001) ; AKIPI
mRNA 7K V-7 9 24 2L 55 21 23 18 - Y 53 5
2311 F 11204, AR 45 V34948, 43 b m IR GA 4,
P 20 SV 55 2 2 b i 238 43 0 98 i (50.5%)
65 Bl (33.5%), ERAGIHFE L (P<0.001)
(Figure 1~2),

2.2 TSCC £2&EALAF TRPC1,AKIP1 & B #
mRNA RiZ 5 RFEFLENXR

73 TRPC1 ,AKIP1 £ 1 il mRNA 7£ TSCC &
FE AR BRRAE T ) 218 22 5% TRPC1 25 [ Fll mR-
NA FA7EARR N 48] TNM 433140 2 5 394 481
2 L (P<0.05) , T AEAS R AR IS P g 33 9\ T
SR BT 41 25 R OE S AR L (P>0.05)
(Table 1), AKIP1 & HZEiAFEARTR N 433 ' TNM 43
W 25 R 948 Beit 2478 L (P<0.05) ,AKIP1 mRNA #
IKFERTE N 433 "TNM 43 30 A0 B2 4 2% b 22 5 1
B G2 E L (P<0.05) (Table 2), Pearson #H ¢
SR EE R  TRPC1 Al AKIP1 25 RN AR O Y 35
PRI 127 52 TEAH G , AH G R 053 1 o 0.86 F1 0.85, 22 5+
A4t 2E 7 X (P<0.05) ; TRPC1 #l AKIP1 25 4t &
IE M % (r=0.96,P<0.01), TRPC1 mRNA F1 AKIPI

61 P<0.001
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Notes:A: THC images of TRPCI expression in tumor tissues,tumor-adjacent tissues and negative control of TRPC1 protein expression (left:
SPx100,right : SPx400) ; B: TRPC1 protein IHC score and mRNA level in tumor tissues and tumor-adjacent tissues

Figure 1 Comparison of TPRC1 protein and mRNA expression between tumor tissues and tumor-adjacent tissues
in patients with TSCC
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Notes: A: IHC images of AKIPI expression in tumor tissues,tumor-adjacent tissues and negative control of AKIP1 protein expression (left:
SPx100,right : SPx400) ; B: AKIPI protein IHC score and mRNA level in tumor tissues and tumor-adjacent tissues

Figure 2 Comparison of AKIP1 protein and mRNA expression between tumor tissues and tumor-adjacent tissues
in patients with TSCC
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mRNA 5 1IE 415 (1=0.90, P<0.05) (Figure 3), TRPC1
F1AKIPL 2 A 5 35 5 TSCC 835 43 W1 6 %% U] AH
PN R R
2.3 TRPC1.AKIP1 ®iZ5 TSCC EEXFHBER
T

168 f5i] £ 3 W5 1) 5¢ B BE 1 , TRPC1 P ik 5
FE R I8 TSCC [BE 1Y 5 AR A 23R 50 5k 46.7%F
789% , " ALA I E 4300 47.7 A~ A (95%Cl
44.6~50.7) 1 53.5 4~ A (95%C1.50.2~56.8) , 22 S+ H
it L (P=0.028), H#k TRPCI mRNA & #£ ik
B LA AR AR T TRPCT mRNA {35 B
1469 ™ (95%C1:42.9~51.0) vs 52.9 1 J (95%
C1:49.1~56.6)],5 4F 4 A7 F WAL T TRPC1 mRNA
Rk (43.4% vs 67.8%) 1022 3 LG it %=
X (P=0.051),
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AKIP1 FAPE 35 8 3 i AL A A7 i 8] 42 T AKIP1
BHPE R I8 5 [48.1 4~ H (95%C1:45.3~52.4)vs 53.3
A (95%C1.48.1~57.2) 1,5 4E A7 F WK T TR-
PCl1 BTE R R B E (62.2% vs 85.8% ) (P=0.049)
AKIPI mRNA @£ 5 B H 1 5 4EAELE5 0050 R
67.1% 1 80.9% , {4k A7 BF [E] 433 i 51.7 4~ A
(95% C1.48.6~54.7) H1 54.6 ©~ A (95%CI.51.1~
57.4), 2R TG L (P=0.060) (Figure 4)

24 TRPC1 5 AKIP1 X R EEEERILE

T T f# TRPC1 At AKIPT AH 5.5 Wi i) v 76 AL
il , A B 95 2K String 93 i 26 5 TRPC1 A1 AKIP1
IR IE N 21 4, 1t KEGG & £ 43#r 21 AN
AHOCSZ WA (TS AEAL ] . 45 2R W ox , TRPCI A1 AKIP1
FHOCHFE AT 73 4, Hrh ORAIL STIM1,TRPV4,
CAVI,KCNN3.STIM2 ,ORAI3, TRPC4.ITPR1 .PKDI
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Table 1 Relationship between expressions of TRPC1 protein and mRNA and clinicopathological characteristics of
patient with TSCC[n(%) ]

Index TRPC1 protein TRPC1 mRNA
Negative(n=78) Positive(n=116) X P Low(n=83) High(n=111) X P
Age (years old)
<60 48(61.5) 76(65.5) 50(60.2) 74(66.7)
0.320 0.572 0.850 0.356
>60 30(38.5) 40(34.5) 33(39.8) 37(33.3)
Gender
Female 20(25.6) 33(28.4) 26(31.3) 27(24.3)
Male 58(74.4) 83(71.6) 0.185 0.667 57(68.7) 84(75.7) 1.172 0.279
Pathological grade
G, 17(21.8) 22(19.0) 18(21.7) 21(18.9)
G, 36(46.2) 50(43.1) 0.737 0.692 33(39.8) 53(47.7) 1.229 0.541
G; 25(33.0) 44(37.9) 32(39.5) 37(33.4)
T stage
T, 15(19.2) 17(14.7) 13(15.7) 19(17.1)
T, 44(56.4) 59(50.9) 2.434 0.296 49(59.0) 54(48.6) 2272 0.321
Ts 19(24.4) 40(34.6) 21(25.3) 38(34.3)
N stage
No 57(73.1) 64(55.2) 63(75.9) 58(52.3)
N, 20(25.6) 44(37.9) 7.702 0.021 18(21.7) 46(41.4) 11431 0.003
N, 1(1.3) 8(6.9) 2(24) 7(6.3)
TNM stage
I 9(11.5) 21(18.1) 15(18.1) 15(13.5)
I 41(52.6) 40(34.5) 8547 0,038 43(51.8) 38(34.2) 0.845 0,019
I 27(34.6) 47(40.5) ’ ’ 23(27.7) 51(45.9) ’ ’
I\ 1(1.3) 8(6.9) 2(2.3) 7(6.4)
Adjuvant radiotherapy
No 23(29.5) 28(24.1) 0,689 0,407 25(30.1) 26(23.4) 1.099 0.204
Yes 55(70.5) 88(75.9) 58(69.9) 85(76.6)

PKD2 .RHOA ,ORA12,TRPC3 TRPC5 .ITPR3.SRC,
KDR ,AKT1 5 AKIP1 #1 TRPC1 % Y] # 5% (Figure
5A), & KEGG & 8504, ik 5L K = 806 4 T 1 /)y
Mo® . 8515 5 % TRP 15 5 18 8% 10 98 e 4 |
Rapl {5 5 % .cAMP-PKG {5 5 #% .VEGF {5 =i
%5 (Figure 5B), TCGA ¥tdlith TRPC1 F1 AKIPI %
PAL 1 A G 1 0 BT, 45 R B, P 2 I A G (Figure
5C), #W TRPC1 5 AKIP1 fE7EAH E 500, v] fig 5
15 538 B S AT G

3o

TRPC1 5 AKIP1 7 i vh (9 4/ FH 3 i g e 1
SR 5 5 78 3k 2958 i g vh VAT AV 4 L AR 5%
WLEE T # 72 TSCC 1 23k S 55 11 A B AR AIF K
WRRIE R, SR BN, SEsH8 M, TRPCL,
AKIP1 2 Il mRNA K34 25 i, P ot 2k
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PKF- I8 & 2R 263k, 76 R [A) N 23 300RT TNM 43 1)
BE A BEEZES, H AKIPI mRNA &Ik %
TEAN [ g B A3 20 3 Pl W 8 22 5%, Pearson A
Sy B %, TRPC1 Al AKIP1 2 4 35 2 1E A
5%, TRPCI mRNA #l AKIP] mRNA 2 EAM 5, &
35 TRPC1 1 AKIP1 (83 (A4 77 518 B 45 TR 3%
ik HE . TCGA UdE FE 43 At iR TRPC1 Fil AKIP1 47
FEAH DM WG AEHLHI AT BB S Rapl (R 8B (5
e R A

FE AR /N 48 B il g 0 G DR F 9 b, DR R B
TRPC1 & [ AL 8 fE s 4Ub m ik, B e
THEHAILU ) ARWFSEAE TSCC i & 30 AR oL Y 25
R TRPCT B 428 TSCC fER . TRPC1 T
AL AT 175 % Jif9eg 20 . SOCE 434 3 R 774k B 4 o, 37 26
T LT VR R B0 I A A BTG NFAT 1 2 i
fia Ak, , 1T 5 i e ) e AR Rtk JR e e s 4l Ak Y
W I A R A A R R AN, AR S AR R B
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Table 2 Relationship between expressions of AKIP1 protein and mRNA and clinicopathological characteristics of
patient with TSCC[n(%)]

Index AKIP1 protein AKIPI mRNA
Negative(n=85) Positive(n=109) X P Low(n=96) High (n=98) X P
Age(years old)
<60 54(63.5) 70(64.2) 59(61.5) 65(66.3)
0.010 0.921 0.498 0.480
>60 31(36.5) 39(35.8) 37(38.5) 33(33.7)
Gender
Female 23(27.1) 30(27.5) 26(27.1) 27(27.6)
0.005 0.943
Male 62(72.9) 79(72.5) 70(72.9) 71(72.4) 0.005 0.942
Pathological grade
G, 15(17.6) 24(22.0) 18(18.8) 21(21.4)
G, 38(44.7) 48(44.0) 0.643 0.725 51(53.1) 35(35.7) 6.448 0.040
G; 32(37.4) 37(34.0) 27(28.1) 42(42.9)
T stage
T, 15(17.6) 17(15.6) 17(21.8) 15(12.9)
T, 51(60.0) 52(47.7) 4712 0.095 43(55.1) 60(51.7) 4.631 0.099
T, 19(22.4) 40(36.7) 18(23.1) 41(354)
N stage
No 64(75.3) 57(52.3) 73(76.0) 48(49.0)
N, 19(22.4) 45(41.3)  10.944 0.004 21(21.9) 43(43.9) 15487 <0.001
N, 2(2.3) 7(6.4) 2(2.1) 7(7.1)
TNM stage
I 10(11.8) 20(18.3) 17(17.7) 13(13.3)
I 47(55.3) 34(31.2) 47(49.0) 34(34.7)
11.952 0.008 8.026 0.045
I 26(30.6) 48(44.1) 30(31.3) 44(44.9)
I\ 2(2.3) 7(6.4) 2(2.0) 7(7.1)
Adjuvant radiotherapy
No 23(27.1) 28(25.7) 25(26.0) 26(26.5)
Yes 62(72.9) 81(74.3) 0.046 0830 71(74.0) 72(73.5) 0.006 0938
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Figure 3 Pearson correlation heat map matrix analysis of TRPC1 and AKIP1 in tumor tissues of patients with TSCC
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Figure 5 Correlation and potential mechanism of TRPC1 and AKIP1
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