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Microtubule-associated tumor suppressor 1 inhibits hemin-induced apoptosis of

vascular endothelial cells via hemeoxygenase 1
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Abstract: This study aimed to investigate the effects of microtubule associated tumor suppressor 1 (MTUSI) on hemeoxygenase 1
(HMOXT1) expression and hemin-induced apoptosis of vascular endothelial cells and its regulatory mechanism. RNA sequencing, RT-qPCR
and Western blot were used to assess altered genes of hemin binding proteins, the expression of cAMP response element-binding protein
(CREB) and nuclear respiratory factor 2 (NRF2), hemin-induced HMOX1 expression in MTUS1 knockdown human umbilical vein
endothelial cells (HUVEC), and the effect of overexpression of CREB and NRF2 on HMOX1 expression in MTUS1 knockdown 293T
cells. The effect of MTUS1 or HMOX1 knockdown on hemin-induced apoptosis in HUVEC, and the overexpression of NRF2 on
hemin-induced apoptosis in MTUS1 knockdown 293T cells were assayed with CCK8 and Western blot. The results showed that
MTUSI1 was knocked down significantly in HUVEC by siRNA (P < 0.01), accompanied by decreased HMOX1 expression (P <
0.01). The increased HMOX1 expression induced by hemin was also inhibited by MTUS1 knockdown (P < 0.01). And the apoptosis
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of HUVEC induced by hemin was amplified by MTUS1 or HMOX1 knockdown (P < 0.01). Moreover the expression of CREB and
NRF2 were both inhibited by MTUS1 knockdown in HUVEC (P < 0.01). The decreased HMOXI1 regulated by MTUS1 knockdown
could be rescued partly by overexpression of NRF2 (P < 0.01), however, not by overexpression of CREB. And the MTUS1 knock-
down mediated decreased 293 T cells viability induced by hemin could be partly rescued by NRF2 overexpression (P < 0.01). These
results suggest that MTUS1 can inhibit hemin-induced apoptosis of HUVEC, and the mechanism maybe related to MTUS1/NRF2/

HMOXI1 pathway.
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Table 1. The sequences of siRNA

Name Sense (5'—3") Anti-sense (5'—3)

SiNC UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT
siMTUSI GGAGUUAGAAAGCCUGAAATT UUUCAGGCUUUCUAACUCCTT
siHMOX1 CUGUCUACUUCCCAGAAGATT UCUUCUGGGAAGUAGACAGTT

siNC: negative control siRNA; siMTUS1: MTUSI siRNA; siHMOX1: HMOXI1 siRNA.

#2.RT-qPCR3| 4 5 7
Table 2. The sequences of the primers for RT-qPCR

Name Forward (5'—3") Reverse (5'—3")

MTUSI1 TGCTTCGAAACCTTCGACTT TGTCAATGCCTCAAACTTGG

HMOX-1 AGTCTTCGCCCCTGTCTACT GCTGGTGTGTAGGGGATGAC

CREB ATTCACAGGAGTCAGTGGATAT CACCGTTACAGTGGTGATCC

NRF2 CCAAAACCACCCTGAAAGCA CCAGGGGCACTATCTAGCTC

18S rRNA GTAACCCGTTGAACCCCATT CCATCCAATCGGTAGTAGCG

CREB plasmid GCCGTCGACGTCTAGAATGACC- CTTCGAATCCGCTAGCATCTGATTTGTGGCAGTAAA

ATGGAATCTGGAGC
NRF2 plasmid GTGGATCCGAGCTCGGTACCATG- GTTCTAGAAAGCTTGGTACCGATTACTTGTCATCG-

ATGGACTTGGAGCTGCCG

TCATCCTTGTAATCGTTTTTCTTAACATCTGGCTTC
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Fig. 1. The expression of HMOX1 was reduced in MTUS1 knock down HUVEC. Cells were treated with the MTUS1 siRNA (siM-
TUS1) and negative siRNA (siNC) for 48 h. mRNA and protein expression of MTUS1 were determined by RT-PCR (4) and Western
blot (Left: representative bands, Right: statistical graph of the relative band intensity) (B), respectively. RNA-sequencing was carried
out to characterize the differentially expressed genes in siMTUSI1 and siNC treated HUVEC and GO analyses was shown (C). mRNA
and protein expression of HMOX1 were determined by RT-PCR (D) and Western blot (Left: representative bands, Right: statistical
graph of the relative band intensity) (£), respectively, in siMTUS1 and siNC treated HUVEC. Mean = SEM, n=3."P < 0.01.
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Fig. 2. The expression of HMOX1 induced by hemin was inhibited, but the apoptosis of HUVEC was exacerbated by MTUS1 knock
down. HUVEC were treated with MTUS1 siRNA (siMTUS1) and negative siRNA (siNC) for 24 h, and then with hemin (30 umol/L)
for another 24 h. The mRNA expression of HMOX1 was measured by RT-PCR (4). CCK8 assay was used to detect the cell number
relative to control (B). The protein levels of cleaved-caspase 3 were examined by Western blot (Left: representative bands, Right:
statistical graph of the relative band intensity) (E). Cells were treated with HMOX1 siRNA (siHMOX1) and siNC for 48 h, and the
protein expression of HMOX1 was determined by Western blot (Left: representative bands, Right: statistical graph of the relative band
intensity) (C). HUVEC were treated with siHMOX1 and siNC for 24 h, and then with hemin (30 pmol/L) for another 24 h. CCKS assay
was used to detect the cell number relative to control (D). Mean + SEM, n=3.""P < 0.01.
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Fig. 3. The expression of HMOX1 reduced by MTUSI1 knockdown was partly rescued by overexpression of NRF2. HUVECs were
treated with the MTUS1 siRNA (siMTUS1) and negative siRNA (siNC) for 48 h. The mRNA expression of CREB and NRF2 were
determined by RT-PCR (4). CREB (B) or Flag tagged NRF2 (C) overexpression plasmid was transfected to 293T cells for 24 h, and
then siMTUS1 and siNC were transfected to 293T cells for another 48 h. Western blot (Left: representative bands, Right: statistical
graph of the relative band intensity) was used to examine the protein expression of HOMX1, CREB, MTSU1 and Flag. D: siMTUS1 and
siNC was transfected to 293T cells for 24 h, and then Flag tagged NRF2 overexpression plasmid was transfected to 293T cells for

another 24 h, and then hemin (30 umol/L) was added for another 24 h. CCKS assay was used to detect the cell number relative to control.

Mean + SEM, n =3."P<0.05, "P <0.01. ns: no significance.

DAk H,0, 5 5 10 I8 A Rz 45495 1), (R LML
AT M S HMOX] P24, AT IS5 A 0
NI Z 0] W35 5 HUVEC /12, FRATTHEN Xt
A 7045 SR AN — U PT R R I 21 2% 4 B PR AR B R I
[ AH G

T T A B MTUST £E0 ML 50 Hh R 3% 5
BEM, HAEOMERGELE WSRETmEEL .
Ito &5 % 7 1£ /) B WL IE JE 1 A58 28 o B0 8 1)
MTUST £ FFREAAE, (HRH T — BTk Mtus1 A
FIEEIN, ZETYIMARE FE AL TR, FEREA
OIURIE, FHALHI AT RES T R4 B B B A4 7S
FAE 5 T (extracellular-signal regulated kinase,
ERK) BBk A 5 ), 78 MTUSI il K 1 /) B R
ORI R OHUEE, IR AE, e
flusg e M, HFFE R I, ik MTUST il 2

MBS S /N R = 1. MTUST @it
VT R T R AR BURK R 2 1R IK A Sre [R1IE X 35
2 R A FR TR 1 5V H ) M v g a2 U,
IR HRIE W] MTUST £ Il 58 G0 AH B0 R
FEHEREEN . AREH AT R IR HUVEC
H MTUST Wi 2 AL B CREB, 8 % % 5%
[A-¥ xB (nuclear factor kB, NF-xB) 5 CREB %54

1 (CREB-binding protein, CBP) 45 & - & 4 2.1k,
MO p38 A 223 2L F 0t F1 i (p38 mitogen-
activated protein kinase, p38MAPK) 1 NF-xB, %%
12 E (selectin E, SELE) ¥ 40tk & H -1
(monocyte chemoattractant protein 1, MCP-1) ffJ3iA,
{3t AZ A S P B 0 M R BB R U7 BEAR AT
(R 7038 A& B MTUST 3 A7 T HUVEC H 43k 44,
R MTUST A BASE I Py 52 4 0 2 14 F) & A 2



EAEZ S MTUS LI HMOX I 21 22175 5 09 00 9 52 4m i i 221

SRR, F0H U PR A0 R R R T i TR
FERER G M A AR T, B IR TR MTUSI
FEIEE PN R A RO RS . 385 T R 4 AR
F . 56 A RIS 121 28 5 2R R AR ) e S g MR
A U, BORIMAT E 5 MTUST 1] BEAELE ThRE AR
Ko ABFFLRI MTUST FR I AT In ] ifi 21 25 %65 N Kz
IMEMETSE FEH, R MTUSI 257 aR
FFAIE N AR TR . AR R
T F L AR A B AR A T KRR VI I AT B R O L
BN BB P, 5 — T T A I A 5 L
PR AR 1 B VR SR A T RT RE I HTEE A

BATRH RNA B 4341 MTUST m AR 4H LA A
B A0 M A0 B 2 A A O B 1 2 AR IR, R
HMOX 1 £k 82 N, 205 2 i 20 %A%
W ) PR R, I 2T 3 A AL T RN E &
#. CO M Fe™, PHZEZBE o 70 fH 48 & I JR e 1 1L
FIEJFONAEL R Y, B R M HSE R B BT
FAGTER, PIREYE CO NIAE R 88 — A5 fd 70 & Flopg 22
AFREERE R ORISR . PUEAG PUE TSR ™
NI 2 N B A7 AE 3 B A : HMOX1. HMOX2
K HMOX3, H:d HMOX2 M HMOX3 ¥ 5 41 a il
FKIL, 1M HMOX1 2 FRKIE, 4040 T RME
BEEL O IE. R M. M. CEIEUgEM. N
ML MAL Lah ™, EEFBLT,
HMOX1 £ K 2 £ 240 2 2Kk 7800 B
WGBS, B, SR M. NIRRT
75 HMOX1 &353R0k, TR HT A A 452473 B fE AL
Flrh R AEREBEAEA P ARG R R R ]
FES N R HMOX1 ik, 1 MTUSI mifik
A B RN RO . 4 SRR TE, HMOX1 nl {2 it
B HBE N 41 (endothelial progenitor cells, EPCs)
(3G SN 77 ST ¥, FReR R HE ) R
e, b E B RIEE Y IR SR AR TR S,
HMOX1 ES B KSR 7ot 0 5 30 ks A i
etk AR E P A sei R B R i
B 40 fifd Hh HMOX 1 3 i B i CO ¥UiE p38MAPK ik
BRASTET AR, RIEMRESER 2. ML
LN, HMOXI @ i A R ML & 35 - 47 I A
B AR, AT 5T MTUST @K 1 HMOX1
F R I8 B0 I 21 25 5 3 A LA 9 R R T, 3R
fIIHED MTUST 0] g 2 1@ 13 1 7 HMOX1 RIENF
ZRNL o

HMOX1 [#] 3 3% 1 NRF2 }% Kelch ¥t ECH #H5%

& M 1 (Kelch-like ECH-associated protein 1, Keapl)
RagtEil. S %M T, NRF2 5 Keapl &5 4»
T2 Cullin-3 fK#i 1% B3 2 RIEHL M54, BidE
I AR B2 Ak NRF2 4ERAEAR/K T 7R R0 B IS
5 LA B4 R, Keapl KA K % A8 A I B
NRF2. Jif & NRF2 # % 24 iz, H 5/~ Maf
HEMEAEH, it — P46 2 hE N R B
(antioxidant reaction element, ARE) B3 Hi [z I TG A4
(electrophilic reaction element, ERE) I+, Lz 20
Gt Pr AL B ) & ML R, B HMOX1 . Bel-2,
Bel-xL 5[ 7 i 5t P, i 4r Kt 5 NRF2 44
Pt Bachl 5455 JH 801, % HMOX1 ik,
NRF2/HMOX 1 15 5 i % 8 i 1 15 40 f P S fk 5 4t
AR A, dERFE AR RSP, D A
BN, AR A0 T B BEAE AT AT IE K BRI
fi} A (protein kinase A, PKA)/CREB & HMOXI1 f{]
LT, BdEESE SR TERESE S
NRF2 45& 8 E /o & A R 5T HMOX1 Kik.
H A 78 45 46 A T8 CREB1 /& NRF2 14 Bl
BOE T B, AR SR B8 MTUST Wik, I
BN A0 HMOXT 1) % 5% 1 15 R -7 NRF2 il
CREB Rk B N, BARAT IR w7 525 mf
% % CREB/NRF2/HMOX1 #H 5% ) 1 & 1k 5 5 i
% P R EIR R [ B CREB/HMOX {35 il 4
PO 27 28 P O AR B AL SR T T, B
FEFAT ) 45 F R 7R 1 ik NRF2 7] 3 43 1% #% 293T
4 e MTUST % 51 A2 1) HMOX1 & N F%, 1M
it FRiEX CREB W JCSE 8. 1 Hoidk ik NRF2 fg
Gy 1 MTUS T R AR I 8 i ifi 21 28 5 5 48 i O 1
RN o

g EPTiR, AHE 7T 45 B R 8 MTUST I
HMOX 1 {6 X4 A 0 B 21 3455 5 (140 1078 P 2 401
P12, MTUSI mfR 280N 7] g2 8l R i HMOX1
FIENF M. FAMRATE R I MTUST SR T 1
Rz 4 i HMOX1 2838 K Jal ifi 21 3% 15 5 4 240 i
AT F B2 @ NRF2 /%, 1MdF CREB.  FiR45 R
LR MTUSI #8438 NRF2 i HUVEC 1 HMOX1
Feah, NI )L AT 2 T A I P T
PRI ot AT HE 0 11 2T 25 /MTUS1/NRF2/HMOX1 {5 5
PE ORI L/ P R 240 P e 52 A0 ) 8 4
TER, Rt — D4R AN kR REREAL = L« 2850
SRS AL PAY g I R SR I R Y 50405 S I P R A
P AE S 10 AR AL B2 B 6 T e S A7 JE e
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