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The expression of TUBA1C and its biological functions in breast cancer
MEI Jie, XU Junying, WANG Huiyu, GU Dingyi, LIU Chaoying"
Department of Oncology , Wuxi People’ s Hospital Affiliated to Nanjing Medical University , Wuxi 214023, China

[Abstract] Objective: The current research aims to systematically analyze expression levels and prognostic values of tubulin gene
superfamily members in breast cancer and identify novel functional microtubule genes. Methods: The Cancer Genome Atlas (TCGA)
and the Kaplan-Meier plotter database were used to define the expression levels and prognostic values of tubulin gene superfamily
members in breast cancer, respectively. Expression pattern and prognostic value of tubulin alpha lc (TUBA1C) was subsequently
confirmed on breast cancer tissue microarray (TMA ) by immunochemistry (IHC ) staining. Moreover, cell viability and apoptosis assays
were conducted in MDA -MB-231 and MCF-7 breast cancer cells to investigate the functional role of TUBA1C in breast cancer.
Results: Systematic analysis of tubulin gene superfamily revealed that TUBA1C was significantly overexpressed and had notable
prognostic value in breast cancer. IHC analysis exhibited that the TUBA1C was overexpressed at the protein level in tumor tissues
compared with para-tumor tissues (x’=6.929,P=0.008 ) , and upregulated TUBA1C was associated with the advanced clinical stage (=
6.357, P=0.042) and worse overall survival (OS) (P=0.021). In addition, univariate (P=0.032)and multivariate Cox regression analyses
(P=0.040) further demonstrated that TUBA1C was an independent prognostic factor in breast cancer. Besides , knockdown of TUBA1C
notably suppressed cell proliferation and induced cell apoptosis. Conclusion: These results reveal that TUBA1C is a novel oncogene
and a potential prognostic biomarker in breast cancer. Besides, silencing TUBA1C could inhibit breast cancer progression, which could
be a potential target for therapy.
[Key words] TUBAIC ;breast cancer; microtubule ; prognosis

[J Nanjing Med Univ,2022,42(11):1530-1538]

[(BE€MB] JCAUREEA G55SR A RHITAE ) A5 H (DY-Tumor2022-J001) s VLI & BH )55 H (BE2017626)
W IE1EE (Corresponding author) , E-mail : liuchaoying666@163.com



HA2EE 11
2022411 H

M A8, T BT, %5, TUBALCAEZLIE rh a2k K oA W= ThBEsA [T ].
B R RE A (B SRR ,2022,42(11) : 15301538

+1531-

FLMRIER S — P i LA g |, 78 Ak e el
PER T A R s o M — R A R B
95, FUIRIEAE T FRRIE RS B L R thAR K Y
2SR A AR X ZUIRE B9 T T BOA
R AARSMREFAR (NS MAR YT AT T FIEE
YT EEN LA TROETERRERE B 77
R AR M R AT B = A RORYT TR Bt
N — 2P PR IE 5 UM A A L AR DG 1Y T RE ik
IRFB I IR AL AR 4 A

NN AR e A ) 22, S 1G5
TR R LT AE Y AT B TR OE
e EAL AN P o A E R £T Y45, TE 2 Fh i
1) & A R e o o B G A VE T . A b 6l
I S AR AR R AR By A8 ik PR R Tk
T A LA SR A EE LR N ) 22 Bl 1)
ST 259 C ) T 0 MR S5 DL Jieb g ) s PR
F7HO BT R ik PR SR M A LR v ) T A
FH ASIFFE X TS ik AR S5 0 D Y 26 38 22 S R 73
R B E AT R G, AT R 28 T B T oK 1e
% 1 (tubulin, alpha 1c, TUBAIC)/E NBFFEX 4, i
— 3l 3 e 28 4 A6 (immunochemistry , THC ) 4% {4 Fl1
AN 2525, B TUBATC 76 FLARE 22 15 (Y 1 R
BRI IRE

1 X&MTTE

L1 A%
L1 s A P 20 1 7 R 3R AR
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Table 1 Probes used for tubulin genes

A LN AR E
TUBA1A 209118_s_at
TUBA1B 211058 _x_at
TUBA1C 209251 _x_at
TUBA3C 210527 _x_at
TUBA3D 216323 _x_at
TUBA4A 212242 _at
TUBA4B 207490_at
TUBAS 220069_at
TUBAL3 220310_at
TUBB 204141 _at
TUBB1 230690_at
TUBB2A 204141 _at
TUBB2B 214023 _x_at
TUBB3 202154 _x_at
TUBB4A 212664 _at
TUBB4B 213726_x_at
TUBB6 209191 _at
TUBB8 N.A.
TUBDI1 231853_at
TUBEI 226181_at
TUBGI 201714 _at
TUBG2 203894 _at
TUBGCP2 202477 _s_at
TUBGCP3 203690_at
TUBGCP4 211337 _s_at
TUBGCP5 227967 _at
TUBGCP6 225758 _s_at

P51 FIWT TUBALC AR S o5 L 4Uh 2 4 3
ZESFFRIRIFRUELN T PR 1107, 550810 2,
FEHHEA A THT10% o
1.1.4 4205 R KIR

PR oK LR 9 2H 2100 B (tissue microarray , TMA )
(HBreD140Su03 1 HBreD077Su01) W [ - 083
YR A PR/ A . HBreD140Su03 A8 A 40 2 140 4
FLIRIELH 27 55, HBreDO77Su01 385 F 40, & e i %
() 77 RS LT . SO A i R
A MR A BR 2 m G R I AR 3 25 01 25 s ik 5
i (AR5 : YBM-05-02) .
12 7%
1.2.1  SjEsaie

FEW TR TMA F AT THC Yot AR AR - $5
FOOT AT ik K G KU1 R FH = H 2R2 3 5 min,
T4 RS PR 5 min, A3 BT TEIK 2 i
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5 min, 95% £ 130 5 min, 85% £ FEiZ 0 5 min,
70% £ T i2 3 5 min, PBS 33 Uk 3 minx3 ¥, #7
T R 40 2% v BT JRAB &, T 3% H.0,- HY B 5 ) K
T N TR AE I A W, 190 BSA T4 W 3t T, i
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4 CHEHE L, PBS G2 vpR b vk 3 WK, % m — e,
37 CHFH 30 min, PBSZZ IR MPPE3 UK. DAB S 4%
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B F o Ao i 0 (Olympus BX43) %] G2 Y 1) 4)
R . F A S AR B R B IR T 12 3
MR AU A T T b P e B2
ML F 53 LU PE R 0~4 53 : 0 3 (<5%) (153 (6%~25%)
243 (>25%~50%) \3 53 (>50%~75%) F1 4 53 (>75%) ,
B 35 FBEPE R 0~3 73043 (FAME) (143 (58) .2 4%
() 343 (58) . ﬁi’.ﬁ}iﬂj‘@ﬂzﬁ’(immunoreactivity
score, IRS) Ay BHA4: 240 M 14 71 43 BG40 R €4, 5 i 1T
WaNiiE LT A

122 Zmff3E Fndm siRNA 4 %

MCF7 F1 MDA-MB-231 £ it [ 1T 75 P56 A 4
FAR B A7 BR A 7). MCF7 40 i 55 37 55 14 9 90%
RMPI-1640 5 35 5:+10%FBS, MDA -MB-231 4]l i 5%
F2 550 90% 115 1532 54+10%FBS, 37 °C.5% CO,.
T RN B AR T G 9% . (1 Lipofectamine 3000
(Invitrogen A W) , JE ) BEATHE Yu A b B2 AN < 5%
YU 1K, Al S50 A 4N 2 6 FLAR Y, fifi e e
I P 40 0 28 55 oM 509%~60% 5 1 125 L A5 I3 1) 6
F5E Opti-MEM #i B 5 WL 20 wmol/L. TUBA1C siRNA
JO6f BE siRNA (NC) |, 525238 5], EIRWE A S min; [
125 WL A3 I 9E 1Y 35 5% 5& Opti-MEM #6 B¢ 5 pL
Lipofectamine 3000, 5518 2] 31 % R E & Smin; 1
siRNA i B9 Al Lipofectamine 3000 % #5242 1R
A1, IR E 20 mins B IR AWM S A A
750 pL g R R A B R AL  RRIRS BT
37 CH 5%CO 5 F-F Th RS 15 97 24 W H T Ie 24
VEo AL ILEEAE Y B AR RS A PR A ml ke T
3 25 H0 [ TUBA1C 1Y siRNA (£ 2) .

123 82 FPCRAM AR &k

i F TRIzol i 7] (Invitrogen 23 ] , 38 [H ) $E I 4%
21 LM 98 40 A A 5L RNA . mRNA 336 5% 55 5 | 4 38 1
Primer 6 X% 1T, T REA Y B /9519 GAPDH . 57
-CAAATTCCATGGCACCGTCA-3" (1E[H] ), 5" -AG-
CATCGCCCCACTTGATTT-3' (Jz [i] ) ; TUBALC: 5' -
GGGATGAGTGCTTTGTGTGC-3' (1E 4] ), 5'-GTGT-

%2 $tx TUBA1Ci&it#siRNA 573
Table 2 Sequences of siRNA designed for TUBA1C
EA N JPH(5'—3")

siRNA-1 GGGCAGUGUUUGUAGACUUTT
AAGUCUACAAACACUGCCCTT

siRNA-2 AGGAAGAUGCUGCCAAUAATT
UUAUUGGCAGCAUCUUCCUTT

siRNA-3 CAGCUGUAGUUGAGCCCUATT

UAGGGCUCAACUACAGCUGTT

TAAAAGGCGCAGGGAG-3' () [f] ) . {#i J SYBR
Green (One Step TB Green"PrimeScript"™RT-PCR Kit
Il , TaKaRa /A /], HAS) X414 i SE R HEA ThR i, [
N 40 MG . 27445 T GAPDH FI TUBA1C %
KT
1.2.4  Western blot #m| & & & ik

it FH 4 A P A B ) 6 B TR A A 2L s A
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10%BSA R EH A J5 H—H1(1:2 000 % BE , Abcam 23
A, L) 4 CIFF 11, TBST 1 e )5 A HRPFRic
(B0 4 CIFH 4 h; ECLIZL B 0 5B RAE R L (il
FH Gel-Pro32 i {FA S5 A T IR BE S AT
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e % D 2L M s 20 L A R T T s
R 6104~ /mL B A LA , 75 96 FLAH ML T bk rh 45
LA 100 wL 48 HU A 5 45 96 LA M35 T p & T
37 °C.5% COIGFHE 4557 24 h, M4 4L 02017 7%
Y| RIS SR X AL, ARL R B 3N AL FE e Jm
BT 37 °C.5% COBEFRA h Ak S 7% 24 he ZJa VA
24 h.48 h. 72 hAE A4S s BLIA 10 pL CCK-8
T CCK8 43T, AE 450 nm B IR G REA
1.2.6 X 20 JaALHT 4a LR ==

PR 5AE R H %) 0  fe B A 21 6 FLAR T, 7
g o e o8 T B B e O TN vl SR
WRAH 2 s 3 AL 55 04 24 h)E L 0.25% % i
(R EDTA)TH AL AR 20 ; PBS YR A 41 MY 2 YR 5T 24
L2 (1 000 r/min, 5 min) YCHE 24 5x10° 421 ffd 5 500 wl
1Y) Binding Buffer £ 7% 4 i, i1 A 5 wL Annexin V-
APCIFIRA), A5 pL 7-AAD FHIR AT 5 28 1RO
SV 10 min ; Yt 2 A LA SRS I 24 L 3 1 AR 7 O o
13 %itss

RS BT 1R SPSS 26.0 51 84> S
SR HT R UG TR I RIE F 7. THETOR
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Figure 1 Expression level and prognostic value of microtubule gene superfamily in breast cancer
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(X’=6.929,P=0.008, K] 2B, % 4),
23 MEEEGTUBAIC R ik 5ymB A M AT 0
YR ZE R R, TUBA1C IR S S4ER (=
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ZZRIRES (= 0.667, P=0.414) ] HER2 R ZS (=
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FERERICHE(RS),
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FE B 3 e 1Y) B AR TR (overall survival , 0S) i 3
XK (P=0.021) , RIZLIME 21 TUBALC (R 3Rk 1
BE TG HRALFIE R E 22 (K 3) . FESALETI
JE R ZE R 22 K2 Cox [MIEAR AT AR RS (AR K
P=0.001, Z K 2 : P < 0.001) Fl TUBAIC FZ ik IR 7S
(FLR . P=0.032, Z K % : P=0.040) ¥ J& LR R
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Figure 2 Selection of key microtubule genes and validation of TUBA1C expression

%3 Oncomine #IEEFIIRE S IEE LR H A B TUBA1C mRNA B3R IAKFE

Table 3 TUBAI1C expression in mRNA level between breast cancer tissues and normal tissues in Oncomine database

215 ULAESS ARG EL tRIHHE PlA
SN vs. IEH TR 11vs. 14 2.129 6.525 <0.001
1RV GBI vs. IEHFUIRA L 9us. 14 2.036 5.699 <0.001
{RZBVERE vs. TEH FUIRAL 76 vs. 61 2.588 14.142 <0.001
RISV SN vs. IEH FLARL1ZY 3vs. 61 2.027 12.477 <0.001
RN S vs. IE W SRR 389 1s. 61 2.655 18.275 <0.001
FEWNERE vs. IEFFLIRZLLY 4s. 61 2776 5.532 0.004
S JEAIE vs. IR SRR 10 vs. 144 2.013 6.943 <0.001
RAEFLAR AR vs. 165 FLARZH LA 3 vs. 144 2.129 5.335 0.015
{RZBVERE vs. TEH FLIRAL 5305.6 -23.962 23.978 <0.001

48 h .72 h 5 PR FL AR 20 M 1 5 AR A 45 A & S
INo EUIRAEAR B A —E R EE LR T A A
{HAR X5 Y siRNA-NC 41920, 75 Y siRNA-2 FY FL
Ji 965 AT R34 i ) 7 3 0 ] . E— 2D R R
20 M 2T RS TUBA1C X 40 B 08 T F 52 i
HAARY T PP EAR B —E R E HiRS T 40
T2 fEAEX TH45 44 siRNA-NC ZH A9 4, 5 % siRNA -2

(A L 92 A0 M O TR I 3 4 in (MDA -MB-231: P=
0.001,MCF-7:P < 0.001,¥6).
3 it i

TR A i DR R R i e — A B3 S AR 2 ) TR

G, A 6 MR . B TS R R
(19 - ol B 2 I B- Y 2 1 RO, Bl L A
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Table 4 Comparison of TUBAIC expression in breast = ﬂv\t
cancer and paracancerous tissue S/:
pa e e R R s
- ik [ S 8 T 95%CI : 1.66~8.37
LAY 134 42(31.34) 92(68.66) e,
TR 4 72 36(50.00) 36(50.00) 0 - - -
X'=6.929, P=0.008 ., B AIILIT /<4 4> MR, >4 50 N ’ S;ﬁﬂa‘l‘ﬂ (ﬂ] ())0 >

&5 TUBAICRIZKEFMIIRERESHHXER
Table 5 Association between TUBA1C expression and
[7(%)]

clinical features in breast cancer
g 7l TUBAIC ik

Il RS B S W MEE Gk Y Pl
RIS 1.004 0.316
<60 % 94 27(28.72) 67(71.28)
>60 % 40 15(37.50) 25(62.50)
T 43101 0.329 0.848
Tl 55 17(30.91) 38(69.09)
T2 77 24(31.17) 53(68.83)
T3 2 1(50.00) 1(50.00)
N3 1.712 0.634
NO 72 24(33.33) 48(66.67)
N1 19 7(36.84) 12(63.16)
N2 35  8(22.86) 27(77.14)
N3 8 3(37.50) 5(62.50)
TNM 4339 6.357 0.042
1 32 6(18.75) 26(81.25)
2 59 25(42.37) 34(57.63)
3 43 11(25.58) 32(74.42)
AR 0.048 0.827
[ 94 30(31.91) 64(68.09)
37 40 12(30.00) 28(70.00)
B R A2 AR 0.114 0.735
B 45 13(28.89) 32(71.11)
FHM: 85 27(31.76) 58(68.24)
RH 4 — —
Z R Z RS 0.667 0.414
[ 66 18(27.27) 48(72.73)
FHM: 65 22(33.85) 43(66.15)
FHRH 3 — —
HER2IRZ 2.551 0.110
Bk 99 33(33.33) 66(66.67)
FH M 24 4(16.67) 20(83.33)
FRH 11 — —
AR 6.432 0.011
HAE 107 39(36.45) 68(63.55)
A 27  3(11.11) 24(88.89)

B3 IBREEALKATUBAICKIESHENXR
Figure 3 Association between TUBA1C expression and

prognosis
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DIRem4n i B 2R 1, SRS S A LA ¢, 2
St E S S ) I NSRS L) 15 e SN SESPS
FES BRAERFI R, TUBALC 78 e e
S5 20 i v 8 A T I TUBALC ik ]
Sk A Aok A R R SR A, B AR AR
FERH PR B- T B 1 RT3 i AR T 1 A 22
AR AT RRE S . (BJE BT JC TUBALC
TEFLIR I h 2358 B I B9 A SCHFFE s

BT UL L NA ARBEFEHEN TUBALC 1] B[R FE
FEFLIRE R B SR P E . 58, Oncomine %X
5 PE AN THC 43 Bk 52, ZLAR R 41 41 TUBA1C 3R
HEERTRESIEFIARAL., TUBAICHELS
A e B PR B A 22 B Tl S 8 A OG . A,
2 A2 R H 70 BT R W], TUBALC | i 2 L AR
S B TS RS GRS & . IERT, Wang 555 10
H W5 25T A B TUBA 1 C 23 s 1 995 A DG
X 5SS 3.

AT — 2 i A A A SE A SE TUBALC AE
FUBRIE AN P A TR . X AR % LR R 41
MDA-MB-231 Fl MCF-7 #4755 e | 25 5 & 3G YL i
1] TUBA1C 119 siRNA J& , WAk 2L L8 40 e (%) 34 3 i
133 T B WA, R TR R BT, AR
() %2 L5 S i A s A g s v IO 9 25 SR — 3K
R AIC TUBALC 410 i3 40 B 334 8 5175 S R T, A
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Table 6 Univariate and multivariate analysis of survival factors in patients with breast cancer
——— LS Z KR
I A B S KUK H 95%CI Pl IR He 95%C1 PlH
AR 1.05 1.02~1.09 0.001 1.07 1.04~1.11 <0.001
T 534 1.30 0.62~2.71 0.491 — — —
N4 1.78 1.25~2.54 0.002 2.10 0.95~4.63 0.068
TNM 534 2.22 1.25~3.92 0.006 0.98 0.31~3.09 0.979
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