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Role and clinical significance of MLLT1 super elongation complex subunit
in the occurrence and development of hepatocellular carcinoma
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( Department of General Surgery, Beijing Friendship Hospital, Capital Medical University and National
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[ Abstract] Objective To investigate the role of MLLT1 in hepatocellular carcinoma ( HCC)and its impact on the
tumor immune microenvironment. Methods Multivariate Cox regression analysis and tumor gene analysis tools such as
GEPIA and UALCAN were used to explore the expression of the MLLT1 gene and its prognostic significance in different
tumors. Real-time PCR, Western blotting, and immunohistochemistry were used to investigate the differential expression of
MLLT1 between HCC tumor tissue and normal tissue. MTT assay and cell cycle analysis were performed to assess the effect
of MLLT1 knockdown on cell proliferation and cell cycle. The correlation between MLLT1 and immune cells, as well as
immune infiltrates in the tumor microenvironment, and their correlation with immune neoantigens, immune checkpoints,
tumor mutation burden, and microsatellite instability were also explored. Results The MLLT1 gene was found to be
aberrantly expressed in various solid tumors including HCC, and its high expression was associated with poor prognosis in
HCC. Knockdown of MLLT1 inhibited HCC cell proliferation and blocked the cell cycle. High expression of MLLT1 was
found to affect the content of multiple immune cells, including CD4"T cells and neutrophile granulocyte cells in the HCC
microenvironment. Conclusion MLLT1 is highly expressed in HCC and knockdown of MLLTI can inhibit HCC cell
proliferation and block the cell cycle. MLLT1 has a certain degree of impact on the immune microenvironment of HCC.
Therefore, MLLT1 may serve as a potential diagnostic biomarker and therapeutic target for HCC.
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HF 20 ffL95 ( hepatocellular carcinoma, HCC) J2& h¥
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W25 A7 Bl T BT B G i $ L, MLLTL A fif
K& A& W # ( MLLT1 super elongation complex
subunit, MLLT1) & 4 i B A BE 05 15 3% & 1L
(mixed lineage leukemia, MLL) & H J& i MLL-ENL
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1. MLLT1 ZEFFEREEME R R IE LR EWE
BESH

LIz 9 fa BE AT R i 2 R 4H 113 ( Cancer
Genome Atlas, TCGA) 48 Mg JE R 38 B AHAE
A3 #T ( gene expression profiling interactive analysis,
GEPIA) ' B0l P K B 37 L4 T K 23 A1 W 0 4 A o
SEBPEE (The University of ALabama at Birmingham
Cancer data analysis Portal, UALCAN) [ -
MLLT1 7EALA5 140 A 98 75 N 1Y 22 i ogg v 10 3 58
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P& % ( Gene Expression Omnibus, GEO) GSE124535
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FIEEIS L, P<0. 05 22 7 A G225 L,

2. MLLTI1 7EFF 20 B2 B SR ik 4e il
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A 20 X A0 9 A R AR 55 22U B
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52, BT, 10 min J5 AR 2= B HE BRI
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5% BSA E P 30 min J5 15 AR R LG G — BT
FEUKEE 4 CHEHE 12~16 h; PBS JEUE, IIA 100 pl —
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3. MLLT1 X4 20 At 42 52 0 40 B J2) HA B 22 01

FIH MTT 52 55 46 0 240 fa 38 58 e 1, 40k 3 4,
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() HepG2 4Rl F 6 FLAR , A= K 2 X FH B, 7
AN I8, B B AR 100 pl RFRZ S 1x10° 4
S 6L AR 20 R, R A TR AT, DABREAL 100 wl AR B 4
MBS RN T 96 FLAR N, S LL3E 5% 5 d; R RA% L)
BCHE I A CCK-8 A BRI (1:8) , AH[FIAR &L T 48
PSR A5 2 b S B AR A ) A 16 B i 4
1E I 490 nm WO RE | BE IS AT BUE 3r, /D
Tt RNA (small interfering RNA, siRNA) Ity FH 75 M
TR B A FRZA ], sIMLLT1-1 1E[A] .5 -UCUU
CCUGAUACCUGAAGGCAGUGG-3’ ; siMLLT1-1
S0 ;5 -CCACUGCCUUCAGGUAUCAGGAAGA-
3’ ; siIMLLT1-2 IF [ ;5 -GCUUCCUUUCUUCUCU
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GGAAACUAA-3’ ; siMLLT1-2 J[f] .5’ -UUAGUUU
CCAGAGAAGAAAGGAAGC-3’,

I 2K 4 A A 3000 4 A S0 S, e S Bk el B
%7 siControl , siMLLT1-1, siMLLT1-2 ) HepG2 Lk
1x10° AN4HAL/ FLIY 2 BE AT 6 fLAR, THL 72 h )5
) 28 FIC P AR, VK ST S S A i BRI &
UERHA5H PT 4o i A RNA 6550, T 5 =X i
MuAY FL2 588 FR B 1x10* S 40 L, 5% ) ModFit v3.3
AT G/ G, S .G/ M B 43 1L
4. MLLT1 X3 BT 20 B J22 48 2R e fE S ER I S M 9 43 A

i FHl Sangerbox 7EZE 43 Hr I’ vk , % F] ESTMATE
LT MLLT1 38 5 R R s e i i R
4 P<0.05 8¢ R>0. 2 B, WAHCHEA Giito4 2 X ;38
A IR R A BB T R A R 1 MLLT1 3%
K SHURBERE R XY P<0. 05 B R>0.2 i}, A

FMH LI 2F B L K Spearman #1543 #7133 F
fifeg 2H 20 MLLT1 3% 3K 5 g3 28 722 6717 ( tumor
mutational burden, TMB) Fl i T 2 A~ & & £
( microsatellite instability, MSI) FJAHCHE

g5 R

1. BIE S AFHIREREMRT MLLT1 EZELH
ETHMERNRIERER

ST HEF MLLTT 2 rh g VE R 34T 1 56 )
R ES T HASH T TCGA B & ¥ MLLTI
mRNA 7£ 33 FiR [ fibofg 41 4L rp i R B L, 45 R
7R, MLLT1 FEAL 46 I 40 M98 76 P 19 22 b 52 44058
FEATHE (B 1) 4878 MLLT1 5% @ik 5 iR
AR AEADE AR SE T H5 B gl A O F i SC 4R
MAGHEWNFE 1,
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Table 1  English-Chinese bilingual table

AR PELAFR i
Chinese name English name abbrervation

B R B adrenocortical carcinoma ACC
e PR B8 b Kz e bladder urothelial carcinoma BLCA
TR g breast invasive carcinoma BRCA
B SR RN A cervical squamous cell carcinoma and endocervical adenocarcinoma CESC
JilE=R" cholangiocarcinoma CHOL
ZE e colon adenocarcinoma COAD
PRI b 20 Ik e R lymphoid neoplasm diffuse large b-cell lymphoma DLBC
B esophageal carcinoma ESCA
Z2 I B G 5 4T R glioblastoma multiforme GBM
Sk bR 2 Pt 5 head and neck squamous cell carcinoma HNSC
B e € 200 B9 kidney chromophobe KICH
5 375 ] 440 e kidney renal clear cell carcinoma KIRC
B LSk bR A kidney renal papillary cell carcinoma KIRP
SMEBEGN AL A I acute myeloid leukemia LAML
gz ilidrin brain lower grade glioma LGG
JHF 240 B 9 liver hepatocellular carcinoma LIHC
Jili e lung adenocarcinoma LUAD
Jiti S 95 lung squamous cell carcinoma LUSC
(] 5 98 mesothelioma MESO
BT S T P P ovarian serous cystadenocarcinoma oV
AR pancreatic adenocarcinoma PAAD
W 8% 241 T R ) e 209G pheochromocytoma and paraganglioma PCPG
T e prostate adenocarcinoma PRAD
=7 rectum adenocarcinoma READ
P g sarcoma SARC
B Tk PR A 2R skin cutaneous melanoma SKCM
=R stomach adenocarcinoma STAD
S testicular germ cell tumors TGCT
IR e thyroid carcinoma THCA
it Hi g thymoma THYM
FE N uterine corpus endometrial carcinoma UCEC
FE N uterine carcinosarcoma ucs
A I R 2 uveal melanoma UvM
mllt] B ST mllt] super elongation complex subunit MLLT1
9 2 7% 171 o tumor mutational burden TMB
PR E microsatellite instability MSI
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s
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ACC. "B IR B % s BLCA. JB IR PR I b B2 3 s BRCA. FLIRIZ I ; CESC. B

B RIS 5 CHOL. IHAS98 ; COAD. 45)%9% ; DLBC. TRIEPEK B 41
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B4 MLLT1 7EAT AR MR AL Z0 P B mRNA (A) AEEFUKFE (B) WS TREIFAL T, @480 N, IEH 4R

Fig.1 The mRNA expression difference of MLLT1 in different cancer tissues and normal tissues

ACC, Adrenocortical carcinoma; BLCA, Bladder urothelial carcinoma; BRCA, Breast invasive carcinoma; CESC, Cervical squamous cell carcinoma and
endocervical adenocarcinoma; CHOL, Cholangio carcinoma; COAD, Colon adenocarcinoma; DLBC, Diffuse large B-cell lymphoma; ESCA, Esophageal
carcinoma ; GBM, Glioblastoma multiforme ; HNSC, Head and neck squamous cell carcinoma; KICH, Kidney chromophobe carcinoma; KIRC, Kidney
renalclear cell carcinoma; KIRP, Kidney renal papillary cell carcinoma; LAML, Acute myeloid leukemia; LGG, Brain low-gradeglioma; LIHC, Liver
hepatocellular carcinoma; LUAD, Lung adenocarcinoma; LUSC, Lungs quamous cell carcinoma; MESO, Mesothelioma; OV, Ovarian serous
cystadenocarcinoma; PAAD, Pancreatic adenocarcinoma; PCPG, Pheochromocytoma and paraganglioma; PRAD, Prostate adenocarcinoma; READ),

Rectum adenocarcinoma; SARC , Sarcoma ; SKCM, Skin cutaneous melanoma; STAD, Stomach adenocarcinoma; TGCT, Testicular germ cell tumor; THCA,

Thyroid carcinoma; THYM, Thymoma; UCEC, Uterine corpus endometrial carcinoma;UCS, Uterine carcinosarcoma; UVM, Uvealmelanoma

Fig.2 The expression of MLLT1 in hepatocellular carcinoma

A, The expression difference of MLLT1 in hepatocellular carcinoma tissues and normal tissues; B, The expression difference of MLLT1 on individual

cancer stages

Fig.3 The expression difference of MLLT1 in tumor tissue and paracancer tissue of hepatocellular carcinoma patients in GEO dataset

Fig.4 The mRNA (A)and protein ( B)levels of MLLTI in hepatocellular carcinoma were significantly higher than those in paracancer tissue

T. Tumor; N, Normal

H1F MLLT1 78Ji- 40 i vh i Ve A EE 2
IR A A3 BT MLLT1 76 9 3R 54 5 i IR 3 A
AT EEE L, AR BTN 4 b, R
UALCAN T HrHr TCGA B4 371 13 P g el 2 0
VEFLAY 50 )9 55 LSRR A P MILLT1 Bk, &
I MLLT1 fEH@AIZ b i 2Rk S FIE R 48U (E 2)
AT UALCAN T EH A& T TCGA B4
£ AN [ 1 I B 104 200 g 2B 3 AR 2 2 DA S DS
BL Ay IE 7 4L 40dh MLLT1 i 263515 00, & 3 MLLT1
) 238 55 20 MR 10 AL 404 A 6, 7 3 I 4
JidEE h mRNA K3 ol 3 (B12) , Bk
o, FATHA T R B S X GEO M uh - F 38
GSE124535 ¥di4E . GSE25599 ¥4 £ #1740 47, 5
TCGA Z3Hrah Bkl — 2, MLLT1 78 T 40 Ji0 9 98 41 41
i RN (E 3),

2. MLLT1 ZEIGKAHEEA LR EFEHRPHRILE

AWFFTICEE T 20 XJ 41 B 8 R 9 55 L kA 7
Real-time PCR ¥ {0, 45 5% 1 7, JHF 200 0 9 98 4 41
MLLT! mRNA &35 T 5540 41(P<0. 001, 81 4A) .
A TiLE 1 Western blotting 177 A0 T 6 X ff
1) JFF 4 B8 R 55 4 20 MLLT1 25 1 kK, 45
RBoR A2 MLLT1 £ikKER & T
RIS JF] 4B)

T AR VE MLLTT 75 JH- 200 i 98 e A s 3512 T 473
A TR 50 T 40 i e o 2 K 55 41
LU U F AT MLLT1 4 55 P A 4 988 4H 44k
SR ST A8 SRR B, MLLT1 328 5E A7 T 1T 40 i
S T IRE L SR A A% P, A iR 2H 28 Y 3Rk 1 B
BRETREBHS(E S, F2) , ERE5EYEBED
B K mRNA | KPR 45 5RAH — 3,

3. MLLT1 X3 AT 40 R 2 4R e L SE BE O A R FE HA IR
ke Sil=1:0p Al

TR MLLT1 X i 4 e 344 5 58 7 A 48 i

2 MLLTT 7540 MR R 55 21 2 3 A 1
Table 2 The expression of MLLT1 in HCC tissues and adjacent

tissues
pon MLLT1 i@ﬁ[ n(%) ]
MLLT1 expression[ n( %) ]
groups TN R N
I8 (high) &R (low)
4 )
A . 50 32(66.00) 17(34.00)
hepatocellular carcinoma
54 |
R 50 8(16.00) *  42(84.00) *

paracancer tissue
S gi g, « P <0.001
Compared with the hepatocellular carcinoma group, * P <0.001

JEIIA 9 52 M, 3R AT B B 5% 2 siControl |, siMLLTI-1
sIMLLT1-2, 47 MTT 3% 58 S 56 A1 0 =X 20 i 2 S 56
FATA B, WA MLLT1, HepG2 4 i ) 4% 5 E 71 Ik
55 (B 6) , RE s 4H R R TR G/ G, W& 7)

FAN R T R MLLT1 2525 T HF4h
JH g ) K A R, FRATTaHE — 2543 A 1 113 451 MLLT1
e IR AT 251 9] MLLT1 A0 36 2K 1 20 ffa i H 5 A 7
JaTEDL, A A7 43 M 2R 45 R BT, MLLT1 & 383k
[ XU Ft % (hazard ratio, HR) = 1.57,P = 0.025]
54 M s AR A 22 I A AR R AR G (1 8) o PRI,
DL g RIL R R MLLT1 A5 3 = 2635 5 P 40 i
T A e R B IR G
4. MLLT1 3% B4 i 22 40 40 S (R A0 52 i

JHF 210 R v R SO R 5 S iR T AR A
TRIZ IR | T I Jed SO B8 W R A ) T i — 28
PR JesAE B E e AL R I D0 . PRIk FRATT i e v
Sangerbox 73 HT MLLT1 13 3K J2& 75 5 it 97 20 e (1) f
PEIZ KA, 45 R A, HAE 4 h 5 B
YA .CDA" T 4 | b P 0 A 45 22 6 28 400 it K
EAHSC(E9) o [FIRS, AT & B MLLT1 78 H At J6
i F A, 5 Z2 Tl i R 4 G g5 B i A G , ELR G g L
il R EFFERIT

FRATTHE— 2D PEHCH DL S i A i F S RE BT bt
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10k = siControl
SIMLLT1-1
08 e
= SiIMLLT1-2

0.6
0.4
0.2

*

mRNAAER RIE
Relative expression of mMRNA

6A

25 siControl
s SIMLLT 1-1
20 s siMLLT1-2

15F

%’6&{3(490 nm) ‘
Absorbance (490 nm)

05F

2 3 4 5 ()

Gy/G, 62.59% N
S 22.83% HE
G,/M 14.58% &

Go/G, 78.35%
S 11.12%
G,/M 10.53%

Go/G, 78.61%
$8.9%
G,/M 12.49%

Number
Number

20 60 20 30
Channels (FL2-H) Channels (FL2-H) Channels (FL2-H)

Fl'5 MLLT1 720 M 2 Mo S URE 55 AU S AU~ A HE Qe 255 A5 RUR 100 pm

P 6 MLLT1 520 20 A 20 it Fy 3 i B )

A. TENHE HepG2 AR % e xS BEAL sIMLLT1-1 siMLLT1-2 34T mRNA 7K PR 5 B. 44 X5 B2 siMLLT1-1,siMLLT1-2 20 20 fitd 43
I BEAT A A ML B S B A K 2RI, RZERANKR 3 WL R R AR ZE (s ) s X IRALATLL, = P <0.05

7 MLLT1 S0 2 40

Fig.5 Immunohistochemical and HE staining results of MLLT1 in tumor tissue and paracancer tissue of patients with hepatocellular carcinoma
Bar=100 pm

Fig.6 The effects of MLLT1 on hepatocyte proliferation

A, HepG2 cells were infected with siControl \siMLLT1-1 siMLLT1-2,the relative expression of MLLT1 mRNA were determined ; B, The growth
curves of siControl | siMLLT1-1 or siMLLT1-2 groups were measured with MTT assay; Each point represents the x+s for three independent
experiments ; Compared with the control group, * P <0.05

Fig.7 MLLT1 affects the cell cycle of liver cancer

oBamR JEARDGIEA 4315 5 MLLT1 fy 33815 0,
114 PR R L MLLT1 3R3A 76 AL 45 I 48 Mgz 76 9 1) 2 Fh
Yk (log rank) AN R i Ieg v 5 G e A i i R A TR 7K P AT

_ o8 o 28 BRI IE A (1 10)
N-.g 0.6 1 Spearman 1 5 43 M7 45 W &k B, MLLT1 7£
gé " THYM . THCA . STAD, GBM, UCEC . LGG . BRCA
s ESCA \ACC Hr iy 3R 35 5 Mg 98 42 1 1 B A AH OGPk
0.2 2k (expression) (K 11A); MLLT1 7£ CESC.BRCA ., UCEC, SARC,
o T e PRAD LUSC,LUAD LIHC ,KICH 5 {3 T2 A £
0 5 10 15 20 25 30 35 FETEIEADE, M7E COAD \READ H 5 TR A%

R (mm}ie(rr::0 :::)S) AETERBARCHE 118) .
i D B B8 B e 61 B @ S R

€18 MLLT1 w33k 5 AN A £ HOAS RS B AR ¢ s . s i He e b >
Fig.8 High expression of MLLT1 was positively correlated with & 10 ﬁzﬂé ’ E & HBV JE B ﬁ‘éﬁp it li] EI/J TEJE ’

poor prognosis of hepatocellular carcinoma patients HCV Jﬁg‘g% E,(J ‘ZIZZ? @: %‘zi j][] PR Ilﬁi % ﬁE@ il E,(J E& % il %’tl’
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Fig.9 Correlation between MLLT1 expression and tumor immunoinfiltration

Fig.10  Correlation between MLLT1 expression with immune checkpoint genes and immune neoantigens in tumors

Fig.11  Correlation between MLLT1 expression in tumor tissue and tumor mutation load ( A)and microsatellite instability (B)
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