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Abstract: Objective To investigate the role and clinical association between betaine-
homocysteine methyltransferase (BHMT) and hepatocellular carcinoma (HCC) by
bioinformatics methods, in order to provide new insights for the clinical diagnosis and
treatment of HCC. Methods The expression levels of BHMT in pan-cancer were analyzed
by the online software Sanger Box. The expression levels of BHMT mRNA, the methylation
data of BHMT in HCC and the clinical characteristics of patients, as well as the relationship
between BHMT expression and these data were analyzed by UCSC Xena database. The
correlation between BHMT expression and immune cell infiltration in HCC was analyzed
by Timer online software. GO functional enrichment and KEGG pathway enrichment
analysis of BHMT in HCC were performed with LinkedOmics online software. Paraffin-
embedded specimens from 28 eligible HCC patients in The Ninth Hospital of Nanchang
from 2008 to 2018 were collected, and the expression levels of BHMT protein were
detected by immunohistochemical methods. Results Data from The Cancer Genome Atlas
(TCGA) and the Genotype-Tissue Expression (GTEx) project indicated that BHMT was
downregulated in multiple tumor types, including HCC. Consistently, UCSC Xena analysis
showed significantly reduced BHMT mRNA levels in HCC. Patients with low BHMT
mRNA expression had significantly shorter survival time than those with high BHMT mRNA
expression (Log rank y’= 5.812, P = 0.0159); the proportion of males was higher in low
BHMT mRNA expression group than in high expression group (* = 46.600, P < 0.001).
No statistically significant differences were observed in HCC Edmondson-Steiner grade,
AJCC stage, TNM stage, or survival state between two groups (all P > 0.05). A negative
correlation was observed between BHMT mRNA expression and its DNA methylation level
(r=—0659, P < 0.001). Furthermore, BHMT expression was correlated with 9 methylation
sites including cg07418518 and cg18483750 (all P << 0.05), and the methylation levels of
these 9 sites differed significantly between HCC tissues and normal tissues. Clinical samples
analysis also demonstrated that the expression level of BHMT protein in HCC tissues was
significantly lower than that in adjacent non-tumor tissues (median: 3.000 vs. 1.000; U = 258,
P =0.0401). A statistically significant difference was observed in microvascular invasion
status between patients with high BHMT protein expression and those with low expression
(¢* = 7.133, P = 0.008). The relative expression level of CD4 protein in HCC tissues
was significantly lower than that in adjacent non-tumor tissues (median: 3.000 vs. 1.000,
U =215, P < 0.001). GO analysis revealed that BHMT in HCC was primarily enriched in
biological processes (BP) related to biological regulation, metabolic processes, and response
to stimuli; cellular components (CC) enrichment was associated with structures including
cell membrane, nucleus, and membrane lumen; and molecular functions (MF) enrichment
was involved in protein binding, ion binding, and nucleic acid binding. KEGG pathway
analysis indicated that pathways positively correlated with BHMT were mainly enriched in
substance metabolism (including lipids, amino acids, sterols, etc.) and response processes
(such as acute inflammatory stimulus response, xenobiotic stimulus response, etc.); whereas
pathways negatively correlated with BHMT were primarily enriched in processes including
cell cycle, signaling pathways, organismal biochemical reactions, and immune cell activation.
Conclusion BHMT played a crucial role on the development and progression of HCC.
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1.2 724% P BHMT#) &4 iEid SangerBox3.08 4 HT
I BHMTIIRIA, FEBTMT: 2
e gk B R Rk 22 R 0 i, I AABHMT, 14K
PR AREA KR 23 i B iE 2 R ZH P (The Cancer
Genome Atlas, TCGA) ##5/%. TCGA + FEK A4
KI5 (Genotype-Tissue Expression, GTEx) #(4f
e, BEfiklog, (x+1) , MdifEss.

1.3 BHMT/AHCC ¥ # &3k & £ 5HCC& k% 22 4448
%Mt FIHUCSC Xena%it# FE Sk EVHCC H BHMTIY)
mRNA R L S AH S R HEA5 B 2R 5
8, RHRIESHHBHMTE X 5SHCCHE . 417
IR 9 50 1 43 2% (R AH S

1.4 BHMT& & 84 %05 40 2405 547 R g H 20
2R I A 57 2 8 5 HC C 58 355 () R e 55 4L 2 A i
PRAFRBHMT & AMRIE . Fra AR A 173 um
Pk, M. 82K, RE&yEBE. HE.
A50~100 pl—$t, 4 CHALIER, IIA50~100 ul
—¥t, 37 C FPBSH W IFMH30 min, B, B
geo WKL B R BB TSI HT G 4
ro —PurBFE: BBHMTZ wlEdifk (1 : 300,

Abcam ab243698) . FiCD4Hiik (EIHA, difz
HHZA-0519) . HKi67Hifk (RIHA, 4
WFZM-0166) . Fr A i35 93 sm B br 1L 2E Pt/
B/ flgG (Hh1i4:#FPV-9000) . EDTA (pH 8.0,

ZLI-9079) o FFANFEA I VA 0 BON AN FE A
e nm e LU A FEAR G By . G Bl Ve
PrdE: LUt (04r) , HR¥FEM (143 , FiEM
(29y) , KRBt (34)) o Yt i By iE br it

Toge s (04Y) , 5%~25%4mEHE (14 ,

26%~50% 4 aEEl (290) 5 51%~75% 4o E [
(373) 5 > T5%Getayul (477) o RFEAR Y
TH< 157, WRBZEAR ORI k2
B HAKiI67RIE AL F e i Bl R

1.5 BHMTYHHCCE ZiZEe948 %Mo FH
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K572 96 A 6T G 5 AT IR Vi 3 B 1 FR A O 1

BRI T : Jef AFEIBHMT, 76500 R
EFETCGA, FIEEHIEFElog, (x + 1) , sk
Ao FIHTIMEREHE PE 43 HiTHCCHH BHMTAE K R
55 DL 67 925 20 IR 1 = B 11 5% 2R AR 60 Ho % 4
Ml SHCCHE RBVEFRTIK R,

1.6 HCCTBHMT# GO 8t 5 KEGGT: F il 3% g
£ o4 FHLinkedOmics ¥ &, & & P BN
T %+ “TCGA LIHC” , {EEIEAK A ik %
“RNAseq” , HiA\ “BHMT” [, FikfF “Date
type-RNAseq” , £+ “Pearson Correlation test” ,

Aifi “Submit Query” , KH “Linkfinder” FI
“LinkInterpreter” 43 7XfHCCH I BHMTHEAT AH %
B RIE M FIGOTIRE 7 AT M KEGGTE 5 il i & 46
S3HT. BHMTAHSSE 5l % & 482 M HE B
RAILE (false discovery rate, FDR) FlH—{L'&E
#9E, HAFDR < 0.05%8 ~EEEE.

1.7 %eit 4038 K HSPSS 21.08 44347 G it 2% 4
Hr, HHBHMT mRNAFIE A AN RIAE. CD4
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HAFBHMTHE ARKEE L EM THEHLN (U=
258, P=0.0401) , ".IX2B.

2.3 TR HHCCEFW¥BHMT A%k % @idUCSC
XENA$HE FE W EHCC B 1 Ik K B4, 2
KIASF L EEER &2 2 (American Joint
Committee on Cancer, AJCC) 73] (I #i. 1I
8. 1. IVED HCCHEBHMT mRNAMIX F X
B0 N5.506 (4.183, 6.994) | 4.929 (2.918,

7.072) . 4.146 (2.643, 6.856) . 3.829 (1.063,

4.946) , EREHITFEN (H=9.928, P=
0.0192) ; AFEEMEZ AR 2 (Edmondson-Steiner
grade) (I 2. 2. %K. V) HCCEEH
BHMT mRNAAM X} KA & 73 7 N6.406 (4.754,

7.266) . 5.461 (3.519, 6.944) . 4.533 (2.896,

6.619) . 4.591 (1.709, 7.206) , ZRA%it¥=
X (H=13.270, P=0.0041) , W3,

2.4 REBHMT4. A K-FHCCE ¢k R4 F
FHUCSC XENA${ 4 i Fn HCC 5535 1 11 PR Hi s 22 il
ROCHIZE, %45 EXHBHMT mRNAF A K F il
HCC 3 1l i i 28 T A 80.814, A b e
H6.488, SR A89.2%, HUKEE N65.9%, WK
4A .. R4EHAEEWE > ABHMT mRNA{KRIEA
(< 6.488) MIEHELH (= 6.488) , LN IE

A

BHMT mRNAM A ik &

BEF - 35
B, BHMT mRNAKFRIA EEH 1A A7 I (A B 2K T
EiRIE4 (Log rank y'= 5812, P=0.0159) , WK
4B, BHMT mRNA{KRIALH A 54 g 5 FBHMT
mRNAEEIEH (F =46.600, P < 0.001) , Piglfa]
HCC Edmondson-Steiner/32fz. AJCC4y#. TNM4r
FAAPIRIZE R TRGH RN (P> 005) , WKL,

R HE 28I HCC £ 5 BHMT AR [ AH X 328 & 1 HH A7 44
¥ By ABHMTE A miA4H (14%1)) FIBHMTE
FRERIEL (146>, P92H BB i i IR I P i 2
BHEGIFEN (F =7.133, P=0.008) , 5.

NCLC%r#]. Edmondson-Steiners)2. TNM4yH&E %
SRELGITE N (PY> 0.05) , W32, LLEgHR
$JERBHMT SHCCHI R A K R AFAE— B BE R o

2.5 BHMT ¥ &bt ilidUCSC XENA K 221
FEBHMTHG 20 I H 3R A0, AH S 2 i 3R A
BHMT mRNA ik 5 HDNA 34 K P 8 Ak 2%,

FIEAL KPR, BHMT mRNARIRAKCFHAE (r =
—0659, P < 0.001) , WEISA, [FFBHMT mRNA
FIEK5 /M7 s B KCPAA CE, IER3.

I EEBHMT S 8 7 541 K B, cg07418518,

cg18483750, cgl18064071., cgl10982664,

cg13695646., cg05890484, cg09550809,

cg23514016. cg239873223:94M 7 i ABHMT 3 [A]
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7 A A XENA #3EFE o BHMT mRNA [T RIE R, ™ P < 0.0001; B R4 4 414024460 HCC 3% A kR At BHMT (£ IE (i
PEH ARG, x 400)



) ) 20254 F174 H4HH

A B
12
12
10
mw 10 i
®oog ®O8
pog =
= =
< 6 T 6
g Z
g 4 g 4
= =
z =
) 2
0
144 11 41 1] W 0

1% 11 % e V%

3 A [E AJCC HA (A) K Edmondson-Steiner 434% (B) HCC £EHK BHMT mRNA RILE
F: TP <001,

A B
100 .

100 HMT mRNAfRFKIEAL (< 6.488)  (2384])
~ < BHMT mRNARIEA (= 6.488)  (123fi)
=X <
B 50
g 50

Bi%
0 50 100 0 1000 2000 3000 4000
100 — $¢5¢ fF] (d)
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# 1 UCSC XENA ¥#&E+ BHMT mRNA SFIAHEMTRIAE HCC BEMIGKFHE (F)D

R B #14%  BHMT mRNA{&& X208 (238%]) BHMT mRNAZ & k20 (12341)) P! PiE
e
3 174 84 90
46.600 < 0.001
% 187 154 33
Edmondson-Steiner4~ 2%
I ~T4 224 140 84
2.799 0.094
I ~1V4& 132 94 38
AJCCH
1 ~14 549 163 86
0.073 0.788
I~ 1V A 88 59 29
TNM 2%~
Mg Ko (T)
T1~T2 266 177 89
0.177 0.674
T3~T4 92 59 33
ML (N)
NO 245 166 79
0.323 0.553
N1 3 3 0
ZALEERS (M)
MO 259 181 78
0.573 0.449
MI 4 4 0
% BRI
& A 232 146 86
2.596 0.107

T 129 92 37




3 2 BHMT EEEFRIAAMKFIALE HCC BHERIGKIFE (FD

I B 4% BHMT& @ &£ £20 (144])  BHMTE & &4k (144)) yai: Pl
¥l
% 4 3 1
0.292 0.589
% 24 11 13
F#b (%)
<50 14 9 5
1.286 0.257
=50 14 5 9
Edmondson-Steiner4~4&
I~T% 20 10 10
0.175 0.767
M~1V4 8 4 4
NCLC4#
I~T# 25 12 13
0.373 0.541
I ~1IV#H 3 2 1
Rb I8 A A
Za 3 1 2
o ie 17 9 8 0.392 0.822
[ 8 4 4
Pt i3 8 444
MO 18 6 12
M1 5 3 2 7.133 0.008
M2 5 5 0
CD4%& 8
&3 16 10 6
2333 0.127
fRAA 12 4 8

Ja BT Xk R AR AT A, XA A B AL K
TEIEFHL SHCCHLFAEZER: cg07418518,

cg18483750. cg18064071 1) H FEAL K FFEHCCLL
i FFE, cg10982664. cgl3695646. cg23987322.

cg05890484, cg09550809. cg235140161] H FAk /K-
HEHCCHL R (PH< 0.05) , WLE5SB. R
BHMTHE 358 5 H 5 3 X DNA FH KA 56

2.6 BHMTSHCCAL 49 %7208 18I TIMER ] #g
PRI KL, BHMT mRNAKIAKFEES
HCCHATBYM (r = —0.223, P < 0.001) .

CD4" T#4ML (r = —0.247, P < 0.001) . driffi
g0 (r=—0.126, P=0.019) . RIZRYM (r =
—0.154, P=0.004) . EMEAH (r=—0231, P <
0.001) HRIEHEFAHIE, 5CD8" T4HMIZIE L %
FHRME (r=—0.076, P=10.159) . SangerBox#X
53 W FBHCCAL A BHMT mRNAFE L 550517
WS (r=—0.23, P <0.001) . &EFEES (r=
—0.12, P=0.02) . WEAEN75 (r= —0.20,

P < 0.001) ¥WEAMK. KHRZEHAZFEER
MHCCH G AHLA T CDAEAMERZE (K6 ,

&3 BHMT mRNA Hxf5R15E 5H DNA i = ALK E

S kR

BHMT ¥ 3404z & i P&

cg07418518 -0.514 < 0.0001
cg18483750 -0.5902 << 0.0001
cg18064071 -0.6763 < 0.0001
cg10982664 -0.5996 < 0.0001
cg13695646 -0.6084 << 0.0001
cg05890484 -0.5096 << 0.0001
cg09559809 -0.5339 < 0.0001
cg23514016 -0.5257 < 0.0001
cg23987322 -0.5414 < 0.0001
cg02286091 -0.4828 << 0.0001
cgl10660256 -0.5008 < 0.0001
cg11770080 -0.374 < 0.0001
cg18058747 -0.4189 << 0.0001
cgl7785773 -0.4537 << 0.0001
cg25119155 -0.3602 < 0.0001
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KEGG1s 5@ 55498 %47 it LinkedOmics 5
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FHoA 7284 R R IEAH G, 12 638/ 3L A 2 71 AH
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WE7C, 45 TAX1BP3. MFSD10. LIMKI1%:.
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R HT A BB, SBHMTRIA 5 1EAH 23 R
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) MM N CRMESERIB. SR %
(E7B) 5 1 5BHMTZIE £ AR S HE K 18 1% 3=
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