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Downregulation of betaine homocysteine methyltransferase
(BHMT) in hepatocellular carcinoma associates with poor
prognosis
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Abstract Betaine homocysteine methyltransferase (BHMT)
catalyzes the synthesis of methionine using betaine and ho-
mocysteine (Hcy), which is restricted to the liver and kidney.
Impaired BHMT pathway has been associated with hepatocel-
lular carcinogenesis in Bhmt−/− mice model, and decreased
BHMT was observed in a small sample of human hepatocel-
lular carcinoma (HCC) patients. However, the prognostic sig-
nificance of BHMT in HCC has not been elucidated. This
study aimed to examine the expression of BHMT in HCC
and investigate the relationship between its expression and
prognosis of HCC patients. BHMT expression was analyzed
in 68 paired HCC samples (HCC tissues vs matched adjacent
non-cancerous liver tissues), 115 paraffin-embedded HCC
sections (primary cohort), and 65 paraffin-embedded HCC

sections (validation cohort) using immunohistochemistry
(IHC). The results of IHC analysis showed that BHMT was
decreased in tumorous tissues in 85.2 % (58/68) of cases com-
pared to the corresponding adjacent non-tumorous liver tis-
sues. Further correlation analyses indicated that the decreased
BHMT expression was closely correlated with serum α-
fetoprotein (AFP) (p=0.011), tumor size (p=0.039), and vas-
cular invasion (p=0.017). Moreover, HCC patients with low
BHMT expression had shorter overall survival (OS) and time
to recurrence (TTR) than those with high BHMTexpression in
both primary cohort (p<0.0001) and validation cohort
(p<0.05) assessed by the Kaplan–Meier method. In addition,
multivariate analysis showed that BHMTwas an independent
prognostic factor for OS and TTR in the two cohorts (all p<
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0.005). Collectively, our study demonstrated that BHMT
could be served as a potential prognostic marker for HCC
patients.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
cancer and the third major cause of cancer-related death glob-
ally [1]. Despite many improvements have been achieved in
clinical treatments such as surgery, chemotherapy, and liver
transplantation, the prognosis of HCC patients is still poor
largely due to the high recurrence and metastasis rates even
after resection [2, 3]. The 5-year survival rate of HCC patients
is as low as 25–39 %, and its recurrence rate remains about
80 % [4, 5]. Evaluating risk factors that can predict the prog-
nosis of HCC patients affect the selection of an appropriate
treatment regimen for each HCC patient. Although intensive
efforts have been made to identify prognostic markers of
HCC, and many prognostic markers have been assessed in
HCC, such as Smad4 [6], AP-4 [7], CD133 [8], and KMO
[9], the accuracy and reproducibility of these markers current-
ly used to predict prognosis after surgical resection are still
unsatisfactory. For example, AP-4 was only highly expressed
in 53.6 % of the HCC patients and just served as an indepen-
dent prognostic parameter for the overall survival (OS) rate of
HCC patients [7]. In a meta-analysis nominally involved 21
studies, only ten of the included studies reported data on the
association between CD133 expression and OS, while only
five (24 %) reported data on the association between CD133
expression and disease-free survival (DFS) [8].

Betaine homocysteine methyltransferase (BHMT) is a
Zn2+-dependent thiolmethyltransferase and catalyzes the syn-
thesis of methionine using homocysteine (Hcy) and the meth-
yl donor betaine [10]. BHMT catalyzes up to 50 % of homo-
cysteine metabolism in the liver and regulates tonicity in the
liver and kidney, as its substrate (betaine) acts as a cellular
osmolyte to maintain cellular volume [11, 12]. In most spe-
cies, BHMT is very abundant in the liver, representing 0.6–
1.6 % of the total protein, whereas had low activity in the
kidney of humans, pigs, and rat [13–15]. It has been reported
that upregulation of BHMT could prevent hyperhomocystei-
nemia, endoplasmic reticulum (ER) stress, and liver injury in
the rat but not mouse against alcohol-induced liver injury [16].
Recently, BHMT, as well as the folate cycle, was also found to
contribute to a methyl pool required for development of nor-
mal inner cell mass (ICM) of the mouse blastocyst and estab-
lish initial embryonic DNA methylation [17]. In addition, the
expression of BHMT has shown a significant reduction in
HepG2 cells and in liver tumoral tissues vs healthy liver

tissues, whichwas caused by a splicing variant of BHMTgene
[18]. However, the prognostic significance of BHMT in HCC
remains unclear. In this study, we verified the expression of
BHMT and evaluated its prognostic significance in HCC pa-
tients. Our data indicated that BHMT was remarkably de-
creased in HCC and could be served as a promising biomarker
of HCC prognosis.

Materials and methods

Patients and specimens

Paraffin-embedded pathological specimens (n=248) were
randomly recruited from the archives of the Qilu Hospital of
Shandong University, Qingzhou People’s Hospital, Affiliated
Hospital of Guilin Medical University, from January 2008 to
December 2011. Among those, 68 HCC cases with paired
peritumoral tissue were used as expression pattern cohort
and 180 HCC cases without paired peritumoral tissue were
used as prognostic cohort. Prognostic cohort was randomly
divided into primary cohort (n=115) and validation cohort
(n=65). Institutional review board approval and written in-
formed consent from each patient were obtained.

For suspected cases with elevated serum AFP level
(>20 ng/ml as positive), computed tomography (CT) and/or
magnetic resonance imaging (MRI) were used to verify tumor
recurrence. All patients in this study did not receive sorafenib
or any other neoplastic and immunomodulating agents treat-
ment. Interval between surgery and death or between surgery
and the last observation point was defined as overall survival
(OS). Interval between date of surgery and date of any diag-
nosed relapse was defined as time to recurrence (TTR). Tumor
stage was defined according to the American Joint Committee
on Cancer (AJCC 2010, 7th edition) tumor-node-metastasis
(TNM) staging system [18]. The grade of tumor differentia-
tion was assigned by the Edmondson-Steiner grading system.
Micrometastases were defined as tumors adjacent to the bor-
der of the main tumor that were only observed under the
microscope [19].

Immunohistochemistry and scoring

Tissue microarrays (TMAs) were constructed according to the
method described previously [19]. In this study, TMAs
contained 115 HCC tissues, 65 HCC tissues, and 68 paired
HCC tissues and peritumoral tissues, respectively. IHC anal-
ysis for BHMT was performed according to the method re-
ported previously [20]. Briefly, sections of 4-μm thick were
placed on slides coated with 3-aminopropyltriethoxysilane.
Paraffin sections were deparaffinized in xylene and rehydrated
through decreasing concentrations of ethanol (100, 95, and
85 % for 5 min each). Antigens were retrieved by microwave
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irradiation for 3 min in pH 6.0 citric buffer and cooled at room
temperature for 60 min. Endogenous peroxidase activity was
blocked by incubation of the slides in 3 % H2O2/phosphate-
buffered saline, and non-specific binding sites were blocked
with goat serum. Primary antibody was as follows: rabbit
polyclonal to BHMT (AV41474; Sigma-Aldrich, USA;
1:400 dilution). An EnVision Detection kit (GK500705:
Gene Tech, Shanghai, China) was used to visualize tissue
antigens. Tissue sections were counterstained with hematox-
ylin for 5 min. Negative control slides omitting primary anti-
body were created for all assays. Photographs of two repre-
sentative fields were captured under high-power magnifica-
tion (×200), and identical settings were used for each photo-
graph. The representative fields were defined as follows: first,
we glance at ×40 magnification. If there has high-expression
and low-expression area, we captured at ×200 magnification,
which contains both high-expression and low-expression area.
Image-Pro Plus v6.0 software was used to count and measure
integrated optical density (IOD), and mean IOD was calculat-
ed from two photographs per patient. X-tile plots were created
for assessment of BHMTexpression, and optimization of cut-
points was based on the outcome of IOD value [21]. Statistical
significance was assessed using the cutoff score derived from
180 cases by a standard log-rank method, with p values ob-
tained from a lookup table.

Statistic analysis

Differences among variables were assessed by χ2 analysis or
two-tailed Student’s t test. Kaplan–Meier analysis was used to
assess survival. Log-rank tests were used to compare survival
of patients between subgroups. Multivariate analyses were
performed bymultivariate Cox proportional hazard regression
model. Data were presented as mean±SEM. Differences were
considered to be statistically significant for p<0.05.

Results

Downregulation of BHMT in HCC tissues

To investigate whether BHMT might play a role in the devel-
opment and progression of HCC, we performed IHC analysis
for BHMT using a tissue microarray, which contained 68
paired HCC tissue samples. As shown in Fig. 1a, the majori-
ties of tumoral and peritumoral tissues showed diffuse cyto-
plasmic expression pattern of BHMT. Compared with paired
peritumoral tissues, HCC tissues had significantly downregu-
lated expression of BHMT (Fig. 1b). Statistical analysis of the
BHMT staining density in 68 available paired tissues also
revealed that the BHMTwas obviously weaker in HCC group
than that in peritumoral tissues group (Fig. 1c, p<0.0001).

Correlation of BHMTexpression with prognosis of HCC
patients

IHC analysis was performed to assess the BHMT expression
in 180 paraffin-embedded HCC tissues, in which 115 were in
the primary cohort and 65 were in the validation cohort. The
survival and recurrence of selected patients was analyzed with
Kaplan–Meier analysis. As shown in Supplemetary
Figure 1A-B, HCC patients of primary cohort with low
BHMT expression had much shorter OS times (mean OS
32.0 vs 54.3 months, p<0.0001) and a higher tendency of
disease recurrence (mean TTR 26.1 vs 47.3 months,
p<0.0001). Likewise, HCC patients of validation cohort with
low BHMTexpression had much shorter OS times (mean OS
29.8 vs 43.9 months, p=0.020, Supplemetary Figure 1C) and
a higher tendency of disease recurrence (mean TTR 21.0 vs
36.3 months, p=0.037, Supplemetary Figure 1D).

The association between BHMT expression and OS/TTR
was also analyzed in all 180 HCC patients, including both
primary cohort and validation cohort. The results strongly
showed that HCC patients with low BHMT expression had
much shorter OS times (mean OS 32.1 vs 52.2 months,
Fig. 2a, p<0.0001) and a higher tendency of disease recur-
rence (mean TTR 25.0 vs 44.5 months, Fig. 2b p<0.0001).

Association between BHMTexpression
and clinicopathological features

Next, the relationship between BHMTexpression and clinico-
pathological variables of all HCC patients in our study (n=
248) was investigated. Significant correlations were found
between BHMT expression and three parameters, including
serum AFP (p=0.011), tumor size (p=0.039), and vascular
invasion (p=0.017), respectively. HCC patients with low
BHMTexpression had a higher tendency to be with high level
of serum AFP, large-size tumor, and frequent vascular inva-
sion. However, there were no statistical connections between
BHMT expression and the rest clinicopathological parame-
ters, such as age, sex, HBsAg, liver cirrhosis, tumor differen-
tiation, tumor number, Child-Pugh class, and TNM stage (all
p>0.05, Table 1).

Univariate and multivariate analyses of prognostic
significance of BHMT in HCC patients

Furthermore, univariate analysis was applied to evaluate prog-
nostic significance between BHMT and clinicopathologic pa-
rameters in primary cohort and validation cohort, respectively.
BHMT expression and the clinicopathologic variables that
were significant in univariate analysis of the primary cohort,
such as liver cirrhosis, TNM stage, tumor size, and tumor
number, were further evaluated in multivariate analysis. As
shown in Supplementary Table 1, BHMT was found to be
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Fig. 2 Correlation of low BHMT expression with unfavorable OS and TTR in HCC patients. Probabilities of OS (a) and TTR (b) of 180 total HCC
patients were analyzed using Kaplan–Meier survival analysis (log-rank test)

Fig. 1 Downregulation of BHMT in HCC tissues. BHMT expression
analyses in 68 paired samples of HCC tissues and matched peritumoral
liver tissues using IHC staining. a Representative images of the primary
HCC tissue and matched peritumoral tissue sample taken from the same

patient (magnification ×200). b Representative image of HCC portion
and peritumoral portion in the same patient (magnification ×200). c
Integrated optical density (IOD) for BHMT was obtained from 68
paired samples of HCC tissues and matched peritumoral liver tissues
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an independent predictor for OS (hazard ratio (HR) 0.457,
95 % confidence interval (CI) 0.239–0.874, p=0.018). In
the validation cohort, TNM stage, tumor size, and vascular
invasion were found significant in univariate analysis. Those
clinicopathologic variables and BHMT expression were also
further evaluated in multivariate analysis. The result
(Supplementary Table 2) showed that BHMT was also an

independent predictor for OS (HR 0.438, 95 % CI 0.209–
0.916, p=0.024) and TTR (HR 0.452, 95 % CI 0.226–
0.906, p=0.025).

Multiple Cox regression analysis was further utilized to
evaluate independent prognostic value of BHMT in all 180
HCC patients, including both primary cohort and validation
cohort. The results also indicated that BHMTwas an indepen-
dent prognostic marker for OS (HR 0.433, 95 % CI 0.266–
0.704, p=0.001) and TTR (HR 0.543, 95 % CI 0.347–0.848,
p=0.007) (Table 2).

Discussion

HCC is a prevalent cancer featured with high rate of metasta-
sis and mortality. Surgery and chemotherapy for HCC have
achieved great improvements in recent years; however, the
dismal prognosis for HCC patients after surgical resection is
still common [22]. Although several molecular biomarkers,
such as Smad4 [6], AP-4 [7], CD133 [8], and KMO [9], have
been reported to have clinical significance for predicting HCC
prognosis, the searching for valuable biomarkers for HCC
diagnosis and prognostic prediction is still substantially need-
ed in clinic. In this study, we aimed to investigate the expres-
sion and the prognostic value of BHMT in a large cohort of
HCC patients.

Our results showed that the BHMT protein level was sig-
nificantly downregulated in HCC patients. In agreement with
our results, it has been reported that BHMT transcripts were
significantly decreased in HepG2 cells and HCC samples
[18]. Further investigation conformed that the decreased
BHMT transcripts resulted from the transcription of a splicing
variant that produced a frameshift in exon 4, with a premature
termination codon in exon 5 [18]. In addition, BHMT mes-
senger RNA (mRNA) was also significantly reduced in liver
cirrhosis, which might result from the hypermethylation of
methionine adenosyltransferase (MAT1A) promoter [23]. A
recent study has shown that BHMTexpression was decreased
in dysplastic liver nodules (DNs) and HCCs in F344 and BN
rats, compared with normal liver [24]. BHMTwas also closely
rated with other types of cancer, such as head and neck squa-
mous cell carcinoma (HNSCC) [25], renal cell carcinoma
(RCC) [26], and uterine cervical carcinoma [27]. For example,
BHMT 742GA polymorphism associated with tobacco mod-
ulate cancer risk in HNSCC [25]. In RCC, BHMTmRNAwas
significantly decreased and might be involved in the develop-
ment of RCC [26]. In addition, BHMT 239Gln variant played
a protective role in cervical cancer incidence [27].

In results of Kaplan–Meier survival analysis, we found that
HCC patients with high BHMTexpression had longer surviv-
al. This might be explained by the findings that BHMT par-
ticipated in HCC development in the Bhmt deletion mouse
model [28]. Our current study employed large numbers of

Table 1 Correlation between BHMT expression and clinicopathologic
parameters in HCC

BHMT

Variable Low (n=60) High (n=188) p

Sex 0.262

Male 55 162

Female 5 26

Age 0.305

<50 32 86

>50 28 102

HBsAg 0.261

Negative 7 33

Positive 53 152

Serum AFP 0.011

<20 ng/ml 14 77

>20 ng/ml 46 108

Liver cirrhosis 0.415

No 14 54

Yes 46 134

TNM 0.158

I 17 71

II 29 91

III–IV 14 26

Child-pugh class 0.724

A 54 172

B 6 16

Tumor size 0.039

<5 cm 24 104

>5 cm 36 84

Tumor number 0.292

Single 44 150

Multiple 16 38

Tumor differentiation 0.059

Well 1 20

Moderate 56 153

Poor 3 15

Vascular invasion 0.017

No 17 86

Yes 43 102

Chi-square test for comparison between groups

HBsAg hepatitis B surface antigen, AFP alpha-fetoprotein, TNM tumor-
node-metastasis
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patients in two independent cohorts (n=180). Cox regression
analysis suggested independent risk factors for predicting
short overall survival including liver cirrhosis, tumor size,
tumor number, and BHMTexpression. It is necessary to point
out that BHMTacted as an independent prognostic biomarker
in both primary cohort and validation cohort and had signifi-
cant negative correlation with both OS and TTR of HCC
patients. All these results indicated that BHMT may be a piv-
otal modulator involved in cancer development. Therefore,
IHC detection of BHMT expression in HCC may aid in the
development of new therapeutic strategies.

BHMT expression was not associated with any other clin-
icopathologic factors, including age, sex, HBsAg, liver cirrho-
sis, tumor differentiation, tumor number, Child-Pugh class,
and TNM stage. Nevertheless, low BHMT expression was
significantly associated with malignant tumor characteristics,
such as high level of serum AFP, large-size tumor, and fre-
quent vascular invasion. Levels of AFP increased with tumor
progression in HCC patients, and high levels of AFP had a
poor prognosis and exhibited multicentric growth more fre-
quently than AFP negative patients [29, 30]. The size of tumor
nodule, which represents tumor burden, was also frequently
associated with the aggressiveness of HCC and determined
the clinical outcome of the HCC patients [31, 32].
Moreover, vascular invasion was also recognized as a risk
factor for outcome following curative resection in HCC [33,
34]. Above all, decreased BHMT expression might be served
as a hallmark of advanced stage tumors. However, the detailed
tumor suppressive effects of BHMT require further
investigation.

In summary, to the best of our knowledge, this is the first
study to report that low BHMT expression is correlated with

aggressive malignant phenotype of HCC. Our data indicate
that BHMTmay serve as a novel prognostic marker for HCC.
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