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Abstract: Objectives: To reveal the expression level of cystathionine B-synthase (CBS) in adenocarcinoma of esopha-
gogastric junction (AEG) and discuss the relationship between CBS expression level and tumor microvascular den-
sity (MVD), clinical features and prognosis. Methods: Paraffin samples from 214 patients with AEG were selected
to make pathological microchips. Immunohistochemistry was performed based on the microchips to detect the
expression level of CBS and microvascular density (MVD) in cancer tissues and adjacent control tissues. Relation-
ships between expression level of CBS and MVD, clinical characteristics and prognosis were analyzed. Results: In
total, 214 AEG cases were classified into three groups: CBS negative staining (n=26), low staining (n=44), and high
staining (n=144). Quantitative alterations in CBS and CD31 expression were explored using immunohistochemistry.
The 5-year recurrence rate of enrolled patients was followed up and found that CBS expression was significantly
increased in tumor tissue compared with adjacent non-tumor tissue (P<0.0001). There were significant differences
in microvascular density between the groups with negative and high CBS staining (P<0.0001), and between the
groups with low and high CBS staining (P<0.0001). Univariate analysis revealed significant differences in tumor
stage (P<0.0001), T stage (P=0.008), N stage (P=0.028), differentiation degree (P=0.037), and 5-year survival
(P=0.0034) among the three groups. Multivariate logic regression analysis showed that increased CBS scores were
associated with an increased probability of 5-year recurrence (P=0.018). Finally, different CBS expression levels
were associated with disease-free survival in AEG patients. Conclusions: CBS expression level is closely related to
microvascular density and tumor stage in AEG. High level of CBS not only accelerates tumor angiogenesis but also
affects patient’s survival and prognosis.
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Introduction

An ongoing increase in the incidence of adeno-
carcinoma at the gastroesophageal junction
(AEG) has occurred in recent decades [1].
Surgical treatment is the primary therapeutic
option for AEG, which is considered a unique
clinical malignancy with different clinicopatho-
logical features, etiology, and biological behav-
iors than esophageal squamous cell carcinoma
and gastric carcinoma [2]. AEG is defined as
a malignancy that transverses the esophago-
gastric junction, including distal esophageal
adenocarcinoma and proximal gastric cancer

[3, 4]. Chronic gastroesophageal reflux disease
is a strong risk factor for AEG that leads to
intestinal metaplasia [5]. Interestingly, Helico-
bacter pylori infection, which is a risk factor for
gastric cancer, is considered a protective factor
for AEG, as it can prevent reflux esophagitis
and Barrett’'s esophagus [6]. The treatment
strategy for AEG is complex because of the
anatomical location of the esophagogastric
junction. The incidence of AEG has shown an
increasing trend over the past few decades,
and AEG patients have a poor prognosis [7, 8].
AEG patients have poorer outcomes than
esophageal cancer and gastric adenocarcino-
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ma patients, and the long-term survival rate of
AEG remains unsatisfactory, despite new treat-
ments being tested in the clinic. Therefore,
there is an urgent need to identify sensitive
tumor markers for AEG that will allow prognos-
tic evaluations and the clinical monitoring of
AEG patients for recurrence [9, 10].

Cystathionine B-synthase (CBS) regulates ho-
mocysteine (Hcy) metabolism and contributes
to hydrogen sulfide (H,S) biosynthesis. Through
these activities, CBS plays multifunctional ro-
les in the regulation of cellular energetics,
redox status, DNA methylation, and protein
modifications [11]. Increased CBS expression
has been found in multiple tumor types, such
as colon cancer, ovarian cancer, bladder can-
cer, breast cancer, kidney cancer, and oral
squamous cell carcinoma [12-17]. In some
tumors, high CBS expression usually predicts
poor clinical prognoses [12, 14, 16, 17]. CBS
regulates tumor growth and survival at multi-
ple levels and can promote tumor cell survival
by increasing the cell intrinsic antioxidant
capacity. Ovarian cancer cells depleted of CBS
showed enhanced production of reactive oxy-
gen species [14, 18]. Additionally, CBS regu-
lates the NF-kB and p53 apoptosis-related
pathways [14]. A recent study further suggest-
ed that CBS is involved in nucleolar stress-
induced apoptosis [19].

Thus, CBS is highly expressed in multiple tumor
types, where it is involved in pathways related
to tumorigenesis and development. Therefore,
we hypothesized that CBS was also highly
expressed in AEG and that different CBS levels
could directly affect the survival and prognosis
of AEG patients. Tumor growth is closely related
to angiogenesis; therefore, we further explo-
red correlations between CBS expression and
tumor angiogenesis. Finally, this study proved
that CBS was a risk factor that affected the
prognosis of AEG patients.

Methods
Patients and sample preparation

This study was approved by the Institutional
Review Committee of the Fourth Hospital of
Hebei Medical University (ID2018MEC108). All
patients signed informed consent form for the
use of their tissue in this study. Primary tumors
with their adjacent tissues were obtained from
surgical resections that occurred between
January 2013 and June 2014. Formalin fixed
and paraffin embedded (FFPE) tissues were
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selected for analysis. Surgical records and pre-
operative radiological images were used to
re-stage the tumors according to the 2020
National Comprehensive Cancer Network AEG
Treatment Guidelines [20]. Diagnoses of tu-
mors and adjacent tissues were confirmed
from hematoxylin and eosin (H&E)-stained
slides by a pathologist at the Fourth Hospital
of Hebei Medical University. In total, 214
patients who underwent resection of primary
AEGs were enrolled. Clinical outcomes includ-
ing disease-free survival (DFS) were deter-
mined by chart review. The follow-up endpoint
was postoperative relapse, and the final follow-
up date was November 31, 2020. Histology,
clinical staging, patient demographics, and
analyzed lesions are summarized in Table 1.

CBS immunohistochemistry (IHC)

Representative tumor regions and paired nor-
mal tissue regions were selected from H&E-
stained pathological sections and labeled.
Then, samples with diameters of 600 pm we-
re collected from the corresponding region of
the FFPE block specimen according to the
labeled regions in the sections. FFPE sam-
ples were then placed into the paraffin block
bracket of the micromatrix chip to prepare the
pathological chips. Finally, 4-um thick sections
were used for subsequent examinations.

The microarray pathological chips were stain-
ed using a Ventana Discovery XT automated
system (Ventana Medical Systems, Tucson, AZ,
USA) and proprietary reagents according to the
manufacturer's protocol. Briefly, slides were
deparaffinized using the automated system
with EZ Prep solution (Ventana Medical Sys-
tems). The heat-induced antigen retrieval meth-
od was used in Cell Conditioning 1 solution
(Ventana Medical Systems). A mouse mono-
clonal antibody to human CD31 (Abcam,
Cambridge, UK) and a mouse monoclonal anti-
body to human CBS (Abcam) were used at a
1:1,000 dilution in Dako antibody diluent (Dako,
Carpentaria, CA, USA) and incubated for 60
min. Ventana anti-mouse secondary antibodies
were then incubated with the sections for 16
min. The detection system used was The
Ventana OmniMap kit. Slides were then dehy-
drated and cover-slipped, according to stan-
dard laboratory protocols.

Evaluation of CBS staining

Relative CBS protein expression was deter-
mined from immunostaining intensities, which
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Table 1. Demographics and baseline characteristics of patients with different CBS expression levels

(n=214)
CBS Negative CBS Low  CBS High
Variable No. of expression  expression expression P value
cases (n, %)
n=26 n=44 n=144
Age (median, range) 60 (51-71) 61 (51-79) 61(54-79) 0.679
Sex 0.270
Male 78 (36%) 12 (46%) 19 (43%) 59 (41%)
Female 136 (64%) 14 (54%) 25 (75%) 85 (59%)
Differentiation 0.037
Highly differentiated 32 (15%) 6 (23%) 8 (18%) 18 (12%)
Moderately differentiated 117 (55%) 18 (69%) 18 (41%) 81 (56%)
Poorly differentiated 65 (30%) 2 (8%) 18 (41%) 45 (31%)
HER-2 expression Positive expression 16 (7%) 3 (12%) 5 (11%) 8 (6%) 0.059
T stage T stage |-l 63 (29%) 10 (%) 13 (%) 40 (28%) 0.008
T stage IlI-IV 151 (71%) 16 (%) 31 (%) 104 (72%)
N stage N stage O (Negative) 196 (92%) 22 (%) 32 (%) 81 (56%) 0.028
N stage 1, 2, 3 (Positive) 18 (8%) 4 (%) 12 (%) 64 (44%)
TNM stage <0.0001
Stage I-Il 179 (84%) 24 (92%) 42 (95%) 131 (91%)
Stage Il 35 (16%) 2 (8%) 2 (5%) 34 (24%)
Smoking history 80 (37%) 10 (38%) 14 (32%) 56 (39%) 0.113
Drinking history 174 (81%) 16 (62%) 30 (68%) 128 (89%)  0.062
No. recurrences within 5 years 91 (43%) 10 (38%) 59 (62%) 98 (68%) 0.0034

were scored on a O to 3 scale as follows: no
staining, O; weak staining, 1; moderate stain-
ing, 2; and high staining, 3. The percentage of
cells stained was measured as follows: no
detectable staining, 0; 1-25% positive stain-
ing, 1; 26-50% positive staining as 2, 61-75%
as 3, and finally 76-100% as 4. The final IHC
score was the product of the percentage of
stained cells multiplied by the intensity score,
allowing for a minimum score of O and a maxi-
mum score of 12. We defined the final score of
0 as negative CBS expression (0 points), 1-2 as
low CBS expression (1 point), and product of
the percentage of stained cells multiplied by
the intensity score, allowing for a minimum
score of O and a maximum score of 12. We
defined the final score of O as negative CBS
expression (0O points), and 1 as focleus and
cytoplasm were measured and quantified. At
the same time, we used CD31 to mark micro-
vessels and calculate the microvascular densi-
ty (MVD) as the number of microvessels per
mm?2.

Statistical analysis

Nonparametric statistical tests were used for
data analysis. Data are summarized as median
(range) for continuous variables, and frequen-
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cies (%) for categorical variables. We applied
the chi-square test to calculate the difference
between nominal variables under situations
with different CBS expression. The Wilcoxon
signed-rank test was used to calculate the dif-
ference in patient ages in the groups of differ-
ent CBS expression levels. The correlation
between CD31 and CBS was analyzed by the
Kendall coefficient. A multivariable logistic
regression analysis was used to determine
potential variables that could predict the risk
of CBS. All statistical analyses were performed
using SPSS statistical package (version 21.0;
IBM Corp., Armonk, NY, USA). Figures were gen-
erated using GraphPad Prism (version 7.0;
GraphPad Software, Inc., San Diego, CA, USA).

Results
Clinical characteristics of AEG patients

Patients’ demographics, clinical characteris-
tics, and tumor statuses are presented in Table
1. This study enrolled 214 patients, including
78 men (36%) and 136 women (64%). Pa-
thological sections from the patients were clas-
sified into three groups according to the differ-
ent degrees of differentiation, including the
low, moderate, and high differentiation groups.
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Figure 1. CBS expression in tumor tissues from AEG patients.

Among them, the greatest number of patients
(n=117, 55%) were in the moderate differentia-
tion group, whereas the least number of
patients (n=32, 15%) were in the high differen-
tiation group. According to the eighth edition of
the International Union against Cancer TNM
classification, this study enrolled resectable
patients with stage I-lll disease. Among these
cases, 179 (84%) had early-stage (stage I-ll)
disease and 35 (16%) had locally advanced
(stage Ill) disease. The distribution of tumor (T)
staging among the cohort included 18 cases
(8.4%) of T4, 45 cases (21.0%) of T2, 89 cases
(41.6%) of T3, and 62 cases (29%) of T4 dis-
ease. There were 135 (63.1%) node (N) nega-
tive patients and 79 (36.9%) N positive patients.
Additionally, 37% of patients had a smoking
history and 81% of patients had a drinking his-
tory. Among the CBS negative expression
group, 73% (19/26) of patients accepted plati-
num-based chemotherapy (capecitabine, 2500
mg/m? and oxaliplatin, 130 mg/m? q3W) after
surgery, while in the low and high expression
groups, 89% (39/44) and 89% (128/144) of
patients accepted the treatment after surgery;
there were no statistically significant differenc-
es in the therapy among the three groups
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(P>0.05). The b5-year recurrence rate of the
enrolled patients after surgery was followed up,
and 91 patients (43%) did not suffer from recur-
rence at 5 years after surgery.

We stained 214 pathological tissue sections
with CBS antibody, and then divided them into
three groups according to different CBS expre-
ssion levels. We also performed univariate
analysis of various clinical characteristics of
the patients, which revealed no statistically sig-
nificant differences in age, sex, smoking histo-
ry, post-operative therapy, or drinking history
between the groups. However, differences in
differentiation degree (P=0.037), TNM classifi-
cation (P<0.0001), and 5-year tumor recur-
rence (P=0.006) were statistically significant
among the groups divided by CBS expression
level (Table 1).

CBS expression was significantly increased in
tumor tissue compared with adjacent non-tu-
mor tissue and increased with advanced stage

Tumor and adjacent non-tumor tissue from the
214 patients were stained with CBS (Figure 1).
The results demonstrated that 67.29% of
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Figure 2. CBS expression was significantly increased in tumor tissues compared with adjacent no-tumor tissues. A:
In total, 66% of AEG patients had high CBS expression in tumor tissues. Regarding adjacent no-tumor tissues, 33%
had high CBS expression. B: CBS showed high expression in tumor tissues (P<0.0001).

patients had high CBS expression in tumor tis-
sue, while only 34.58% of patients had high
CBS expression in adjacent non-tumor tissue.
In contrast, 20.56% of patients had low CBS
expression in tumor tissue, while 34.58% had
low CBS expression in adjacent non-tumor tis-
sue (Figure 2A). Then, the chi-square test was
used to evaluate the difference in CBS expres-
sion between adjacent non-tumor and tumor
tissues. The results suggested that CBS was
highly expressed in tumor tissue compared
with adjacent non-tumor tissue (P<0.0001)
(Figure 2B), which confirms that CBS was high-
ly expressed in AEG.

Detailed clinical information for all patients is
shown in Table 1. Univariate analysis demon-
strated that differences in CBS expression
were related to the degree of tumor differentia-
tion (P=0.037), TNM staging (P<0.0001), T
staging (P=0.008), N staging (P=0.028), and
the proportion of recurrences within 5 years
(P=0.0034).

CBS expression in tumor tissue was positively
correlated with tumor angiogenesis

Angiogenesis is indispensable for tumor gro-
wth. Consequently, observing angiogenesis in
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tumor tissue can significantly affect patient
prognosis and necessitate the formulation of
alternate therapeutic schemes according to
the degree of neovascularization. In this regard,
observing angiogenesis in tumor tissue is an
important part of clinical IHC. In many clinical
applications, CD31 is a common molecular
marker used to observe angiogenesis in tumor
tissues [21].

In this study, the tumor portions of pathological
tissue sections from 214 AEG patients were
stained for CD31 to observe tumor angiogene-
sis. The MVD in tumors was assessed accord-
ing to different CD31 expression levels, which
ultimately revealed the number of capillaries
per mm? in the tissue. At the same time, MVD
data in the context of different CBS expression
levels were calculated relative to CBS expres-
sion in the control group. As shown in Figure 3,
this revealed that increased CBS expression
was significantly associated with an increased
MVD in tumor tissue; the difference in tumor
MVD between the CBS negative and CBS high
expression groups were statistically significant.
Additionally, there was a significant difference
in MVD between the low and high CBS expres-
sion groups (P<0.0001).
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The relationship between different expression levels of CBS in cancer
tissues and the expression of CD31 in cancer tissues
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es, and high or low CBS
expression cutoff values dis-
covered from multivariate
logistic regression analysis
were used as the covariates,
whereas b5-year recurrence
was the dependent variable.
With 5-year recurrence, the
TNM classification of patients
was mostly stage lll (relative
risk: 1.238; 95% confidence
interval [Cl]: 1.127-1.444; P<
0.0001), and there was an
increased probability of CBS
expression (relative risk: 1.
639; 95% Cl: 1.446-1.915;
P=0.015). However, T staging,
N staging, and the degree of
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Figure 3. CBS expression in tumor tissue was positively correlated with tu-

mor microvessel density.

As shown in Figure 3, tumor MVD increased
with increasing CBS expression. Therefore, we
analyzed the possible correlation between
MVD and CBS expression. Kendall’s coefficient
was used for this calculation, as these were
quantitative data. Our analysis finally obtained
P=0.0006 and Kendall's coefficient =0.5751.
These results indicated that MVD and CBS
expression were correlated; specifically, tumor
MVD increased with increasing CBS ex-
pression.

CBS is a risk factor for the degree of tumor
differentiation and 5-year recurrence in AEG
patients

Next, we investigated the correlation between
CBS and tumor MVD, and the results revealed
that CBS expression was associated with
increased tumor MVD. Therefore, we examined
whether CBS affected the malignant grade of
tumors and/or showed different expression
levels in different clinical stages.

Univariate analysis suggested that there were
significant differences in tumor stage, differen-
tiation degree, and 5-year recurrence between
the three groups divided according to CBS
expression. Consequently, significant tumor
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differentiation had little eff-
ect on recurrence in 5 years.
This suggested that CBS not
only increased tumor MVD,
but also increased the proba-
bility of progressing to locally
advanced disease and/or having a recurrence
within 5 years after surgery.

CBS affected DFS in AEG patients

In the previous section, we verified that CBS
increased the probability of 5-year recurrence
in AEG patients. Therefore, we next summa-
rized DFS among the 214 patients. To clarify
the impact of CBS expression on DFS, patients
were divided into three groups according to the
different levels of CBS expression, including
144 in the high expression group, 44 in the low
expression group, and 26 in the negative
expression group. The results showed that
there was no statistically significant difference
in DFS of AEG patients in the CBS-0 (negative)
and CBS-1 (low) groups (P=0.9), but there were
significant differences between the CBS-0
(negative) and CBS-2,3 (high) groups (P=0.
006), as well as between the CBS-1 (low)
groups and CBS-2,3 (high) groups (P=0.0002).
Thus, increased CBS expression was associat-
ed with shorter DFS in AEG patients (Figure 4).
The median DFS in the high CBS expression
group was 46 months, while that in the low
expression group was 54 months, which indi-
cates that CBS expression affected the DFS of
AEG patients after surgery.
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that, compared with adjacent
non-tumor tissue, CBS expres-
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suggests that CBS plays a key
role in the development of
AEG tumors.

CBS catalyzes the condensa-
tion of Hcy with serine to form
cystathionine, which is the
initial and rate-limiting step in
the transsulfuration pathway.
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thionine gamma-lyase to form
cysteine, a precursor of gluta-
thione. Besides this canonical

P=0.9

P=0.006

Figure 4. Difference in disease-free survival (DFS) under different levels of

CBS expression.

Cox proportional hazards models were then
used to quantify the prognostic significance of
risk factors after multivariable adjustment. A
multivariable analysis was performed to assess
the factors that demonstrated significant
effects, as in the univariate analysis. After
adjusting for competing risk factors, high CBS
expression was identified as a risk factor in
DFS (hazard ratio [HR]: 1.462; 95% CI: 1.314-
1.806; P=0.003). TNM staging was biased
towards stage 3 and was associated with an
adverse prognosis (HR: 2.605; 95% Cl: 1.823-
3.735; P<0.0001). Presence of lymph node
metastasis (N stage positive) was more likely to
affect DFS (HR: 1.620; 95% CI: 1.438-1.877;
P=0.007) (Table 2).

Discussion

CBS-associated oncogenesis is tumor type-
specific. Active CBS expression promotes tu-
mor growth in colon, ovarian, and breast can-
cers but suppresses tumor growth in glioma.
The roles of CBS in liver cancer, gastric cancer,
and melanoma remain conflicting and incon-
clusive [22-24]. The expression of CBS in AEG
patients has not yet been reported. In this
regard, this study focused on collecting patho-
logical sections from AEG patients to investi-
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pathway, CBS also partici-
pates in the desulfuration
reactions that contribute to
endogenous H,S production.
The H,S produced by CBS acts as a small
molecular signaling molecule that participa-
tes in numerous biological processes, such as
regulating inflammation, oxidative stress, and
vascular tension [25-28]. In recent years, it was
discovered that H,S is related to tumor cell
angiogenesis, invasion, and apoptosis [29].

Additionally, this study explored the relation-
ship between CBS and MVD in tumor tissue.
Due to the vessel construction demands of
the tumor microenvironment that are needed
for tumor growth, tumor cells express VEGFR
to produce blood vessels [30, 31]. Then, tumor
cells can enter the newly formed tumor vessels
and thus the systemic circulation, which is the
most important mechanism for distant metas-
tasis. In this regard, MVD can be used to pre-
dict prognosis [32]. Using immunohistochemis-
try, CD31 can mark microvascular endothelial
cells, thereby determining the number of newly
formed microvessels, which is expressed as
MVD (the number of microvessels per mm?).
Our study discovered that MVD increased in
tumors with increased tumoral CBS expression.
Furthermore, correlation analysis proved the
obvious correlation between increased CBS
expression and tumor MVD; in other words,
CBS expression was associated with increased
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Table 2. Multivariate Cox proportional hazard regression analysis of patients’ demographic and clini-

cal characteristics and survival (n=214)

Variables

DFS
HR (95% ClI) P value

CBS High-expression vs. Low-expression and Negative expression
HER-2 High-expression vs. Low-expression and Negative expression

Sex: Female vs. Male

Age > 60 vs. <60

TNM staging: Il vs. I-lI

T stage: -1V vs. |-l

N stage: Positive vs. Negative

Differentiation: Highly differentiated vs. Moderately and Poorly differentiated  0.759 (0.684-1.171

Smoking history vs. non-Smoking history
Drinking history vs. non-Drinking history

1.462 (1.314-1.806) 0.003
1.791 (0.983-1.843) 0.078
1.071 (0.654-1.452) 0.898
1.048 (0.827-1.282) 0.886
2.605 (1.823-3.735) <0.0001
0.874 (0.656-1.165) 0.358
1.620 (1.438-1.877) 0.007

( ) 0.073
1.406 (1.958-2.066) 0.082
1.135 (0.871-1.371) 0.264

tumor neovascularization. Previous reports
have suggested that CBS can activate path-
ways such as mitosis-related protein kinase
and phosphoinostide-3 kinase to regulate an-
giogenesis. Additionally, CBS expression can
increase H,S production, which alters the
tumor microenvironment [33]. Moreover, H.S
significantly increases the transcription of
VEGF, EGF, and PDGF, the phosphorylation of
VEGF and PDGF, and upregulates VEGFR and
PDGFR protein expression [28], ultimately pro-
moting angiogenesis [34]. This conclusion was
validated in a large sample of patients, which
verified that CBS directly increased the number
of newly formed tumor blood vessels. Thus,
detecting CBS expression will provide a foun-
dation for guiding whether AEG patients would
benefit from anti-angiogenesis treatments.

CBS can affect tumor angiogenesis, so high or
low CBS expression can significantly predict
tumor stage and patient prognosis. This study
conducted a multivariate logistic regression
analysis, which revealed that increased CBS
expression could increase the probability of
5-year recurrence. At the same time, univariate
analysis showed that increased CBS expres-
sion was associated with local late T stage and
positive N stage. Finally, we calculated the DFS
of patients after surgery, and the results
revealed that patients with high CBS expres-
sion had markedly shorter DFS, and the differ-
ence was statistically significant compared
with the low CBS expression group. This indi-
cated that CBS predicted not only tumor stage
of AEG patients, but also shorter postoperative
DFS in patients with high expression, which
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was a risk factor in this cohort. Previous stu-
dies have also reported pathogenic roles of
CBS in cancer; thus, using CBS as a prognos-
tic/predictive biomarker is becoming attrac-
tive [35]. Altered CBS levels can also be indi-
cated by changes in Hcy and/or H,S levels. The
potential prognostic values of Hcy in cancer
have been extensively studied [36, 37]. Cu-
rrently, detecting H,S levels in expired breath or
the H,S degradation level in urine can predict
the prognosis of multiple tumors [38]. This pro-
vides a foundation for detecting CBS in AEG
patients after surgery to determine the best
follow-up period and treatment scheme.

Increased understanding of the role of the
CBS-regulated networks in cancer biology will
significantly promote the development of phar-
macological reagents targeting CBS and the
identification of appropriate patient popula-
tions for these small molecule inhibitors. CBS
has important physiological roles in increasing
MVD. In future postoperative assessments of
AEG patients, CBS can be used as a feasible
and practical marker to predict patient pro-
gnosis. Additionally, we plan to perform future
studies based on these experimental results to
determine the relationship between CBS and
tumor angiogenesis in AEG and provide a
foundation for designing CBS-targeted thera
peutics.

Acknowledgements

We appreciated the cooperation and under-
standing from all patients who agreed to par-
ticipate in this study. We also thank the excel-
lent nursing staff who assisted in the prepara-

Am J Transl Res 2022;14(4):2739-2748



CBS expression worsens the prognosis of AEG patients

tion of information collection procedures. We
thank James P. Mahaffey, PhD, from Liwen
Bianji (Edanz) (www.liwenbianji.cn) for editing
the English text of a draft of this manuscript.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Fang Liu, Depart-
ment of Thoracic Surgery, Hebei Medical University
Fourth Affiliated Hospital, 12 lJiankang Road,
Shijiazhuang 050001, Hebei, China. Tel: +86-311-
86095588; E-mail: fangliu1980@sohu.com; Dr.
Liang Chang, Department of Basic Theories of
Chinese Medicine, Hebei University of Chinese
Medicine, 209 South Jianhua Street, Shijiazhuang
050200, Hebei, China. Tel: +86-311-89926000;
E-mail: changliang@hebvm.edu.cn

References

[1] Crew KD and Neugut Al. Epidemiology of up-
per gastrointestinal malignancies. Semin On-
col 2004; 31: 450-464.

[2] Bray F, Ferlay J, Soerjomataram |, Siegel RL,
Torre LA and Jemal A. Global cancer statistics
2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin 2018; 68: 394-
424,

[3] Buas MF and Vaughan TL. Epidemiology and
risk factors for gastroesophageal junction tu-
mors: understanding the rising incidence of
this disease. Semin Radiat Oncol 2013; 23:
3-9.

[4] Arnold M, Laversanne M, Brown LM, Devesa
SS and Bray F. Predicting the future burden of
esophageal cancer by histological subtype:
international trends in incidence up to 2030.
Am J Gastroenterol 2017; 112: 1247-1255.

[5] Pennathur A, Gibson MK, Jobe BA and Luke-
tich JD. Oesophageal carcinoma. Lancet 2013;
381: 400-412.

[6] Lagergren J and Lagergren P. Recent develop-
ments in esophageal adenocarcinoma. CA
Cancer J Clin 2013; 63: 232-248.

[7] de Jonge PJ, van Blankenstein M, Grady WM
and Kuipers EJ. Barrett’s oesophagus: epide-
miology, cancer risk and implications for man-
agement. Gut 2014; 63: 191-202.

[8] Greally M, Agarwal R and llson DH. Optimal
management of gastroesophageal junction
cancer. Cancer 2019; 125: 1990-2001.

[9]1 de Jongh M, Eyck BM, van der Werf LR, Toxo-
peus ELA, van Lanschot JJB, Lagarde SM, van
der Gaast A, Nuyttens J and Wijnhoven BPL.
Pattern of recurrence in patients with a patho-

2747

(10]

(11]

[12]

[16]

(17]

(18]

logically complete response after neoadjuvant
chemoradiotherapy and surgery for oesopha-
geal cancer. BJS Open 2021; 5: zrab022.

van Hagen P, Wijnhoven BP, Nafteux P, Moons
J, Haustermans K, De Hertogh G, van Lanschot
JJ and Lerut T. Recurrence pattern in patients
with a pathologically complete response after
neoadjuvant chemoradiotherapy and surgery
for oesophageal cancer. Br J Surg 2013; 100:
267-273.

Zhu H, Blake S, Chan KT, Pearson RB and Kang
J. Cystathionine beta-synthase in physiology
and cancer. Biomed Res Int 2018; 2018:
3205125.

Shackelford RE, Abdulsattar J, Wei EX, Cotelin-
gam J, Coppola D and Herrera GA. Increased
nicotinamide phosphoribosyltransferase and
cystathionine-beta-synthase in renal oncocyto-
mas, renal urothelial carcinoma, and renal
clear cell carcinoma. Anticancer Res 2017; 37:
3423-3427.

Szabo C, Coletta C, Chao C, Modis K, Szczesny
B, Papapetropoulos A and Hellmich MR. Tu-
mor-derived hydrogen sulfide, produced by
cystathionine-beta-synthase, stimulates bioen-
ergetics, cell proliferation, and angiogenesis in
colon cancer. Proc Natl Acad Sci U S A 2013;
110: 12474-12479.

Bhattacharyya S, Saha S, Giri K, Lanza IR, Nair
KS, Jennings NB, Rodriguez-Aguayo C, Lopez-
Berestein G, Basal E, Weaver AL, Visscher DW,
Cliby W, Sood AK, Bhattacharya R and Mukher-
jee P. Cystathionine beta-synthase (CBS) con-
tributes to advanced ovarian cancer progres-
sion and drug resistance. PLoS One 2013; 8:
e79167.

Sen S, Kawahara B, Gupta D, Tsai R, Khacha-
tryan M, Roy-Chowdhuri S, Bose S, Yoon A,
Faull K, Farias-Eisner R and Chaudhuri G. Role
of cystathionine beta-synthase in human bre-
ast cancer. Free Radic Biol Med 2015; 86:
228-238.

Gai JW, Qin W, Liu M, Wang HF, Zhang M, Li M,
Zhou WH, Ma QT, Liu GM, Song WH, Jin J and
Ma HS. Expression profile of hydrogen sulfide
and its synthases correlates with tumor stage
and grade in urothelial cell carcinoma of blad-
der. Urol Oncol 2016; 34: 166, e15-20.
Meram AT, Chen J, Patel S, Kim DD, Shirley B,
Covello P, Coppola D, Wei EX, Ghali G, Kevil CG
and Shackelford RE. Hydrogen sulfide is in-
creased in oral squamous cell carcinoma com-
pared to adjacent benign oral mucosae. Anti-
cancer Res 2018; 38: 3843-3852.

Kawahara B, Moller T, Hu-Moore K, Carrington
S, Faull KF, Sen S and Mascharak PK. Atten-
uation of antioxidant capacity in human breast
cancer cells by carbon monoxide through inhi-
bition of cystathionine beta-synthase activity:

Am J Transl Res 2022;14(4):2739-2748


mailto:fangliu1980@sohu.com
mailto:changliang@hebvm.edu.cn

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

2748

CBS expression worsens the prognosis of AEG patients

implications in chemotherapeutic drug sensi-
tivity. J Med Chem 2017; 60: 8000-8010.
Pagliara V, Saide A, Mitidieri E, d’Emmanuele
di Villa Bianca R, Sorrentino R, Russo G and
Russo A. 5-FU targets rpL3 to induce mitochon-
drial apoptosis via cystathionine-beta-syn-
thase in colon cancer cells lacking p53. Onco-
target 2016; 7: 50333-50348.

Ajani JA, D’Amico TA, Bentrem DJ, Chao J, Cor-
vera C, Das P, Denlinger CS, Enzinger PC, Fan-
ta P, Farjah F, Gerdes H, Gibson M, Glasgow
RE, Hayman JA, Hochwald S, Hofstetter WL, II-
son DH, Jaroszewski D, Johung KL, Keswani
RN, Kleinberg LR, Leong S, Ly QP, Matkowsky;j
KA, McNamara M, Mulcahy MF, Paluri RK, Park
H, Perry KA, Pimiento J, Poultsides GA, Roses
R, Strong VE, Wiesner G, Willett CG, Wright CD,
McMillian NR and Pluchino LA. Esophageal
and esophagogastric junction cancers, version
2.2019, NCCN clinical practice guidelines in
oncology. J Natl Compr Canc Netw 2019; 17:
855-883.

Cheung K, Ma L, Wang G, Coe D, Ferro R,
Falasca M, Buckley CD, Mauro C and Marelli-
Berg FM. CD31 signals confer immune privi-
lege to the vascular endothelium. Proc Natl
Acad Sci U S A 2015; 112: E5815-5824.
Panza E, De Cicco P, Armogida C, Scognamiglio
G, Gigantino V, Botti G, Germano D, Napolitano
M, Papapetropoulos A, Bucci M, Cirino G and
lanaro A. Role of the cystathionine gamma ly-
ase/hydrogen sulfide pathway in human mela-
noma progression. Pigment Cell Melanoma
Res 2015; 28: 61-72.

Zhao H, Li Q, Wang J, Su X, Ng KM, Qiu T, Shan
L, Ling Y, Wang L, Cai J and Ying J. Frequent
epigenetic silencing of the folate-metabolising
gene cystathionine-beta-synthase in gastroin-
testinal cancer. PLoS One 2012; 7: e49683.
Takano N, Sarfraz Y, Gilkes DM, Chaturvedi P,
Xiang L, Suematsu M, Zagzag D and Semenza
GL. Decreased expression of cystathionine be-
ta-synthase promotes glioma tumorigenesis.
Mol Cancer Res 2014; 12: 1398-1406.

Zhou X, An G and Chen J. Inhibitory effects of
hydrogen sulphide on pulmonary fibrosis in
smoking rats via attenuation of oxidative
stress and inflammation. J Cell Mol Med 2014;
18: 1098-1103.

Zhu XY, Yan XH and Chen SJ. H(2)S protects
myocardium against ischemia/reperfusion in-
jury and its effect on c-Fos protein expression
in rats. Sheng Li Xue Bao 2008; 60: 221-227.
Szabo C. Hydrogen sulfide, an enhancer of vas-
cular nitric oxide signaling: mechanisms and
implications. Am J Physiol Cell Physiol 2017;
312: C3-C15.

(28]

[29]

[30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

Wang GG and Li W. Hydrogen sulfide improves
vessel formation of the ischemic adductor
muscle and wound healing in diabetic db/db
mice. Iran J Basic Med Sci 2019; 22: 1192-
1197.

Wang M, Yan J, Cao X, Hua P and Li Z. Hydro-
gen sulfide modulates epithelial-mesenchymal
transition and angiogenesis in non-small cell
lung cancer via HIF-lalpha activation. Bio-
chem Pharmacol 2020; 172: 113775.
Melincovici CS, Bosca AB, Susman S, Margin-
ean M, Mihu C, Istrate M, Moldovan IM, Roman
AL and Mihu CM. Vascular endothelial growth
factor (VEGF)-key factor in normal and patho-
logical angiogenesis. Rom J Morphol Embryol
2018; 59: 455-467.

Carmeliet P. VEGF as a key mediator of angio-
genesis in cancer. Oncology 2005; 69 Suppl 3:
4-10.

Ferrara N. Vascular endothelial growth factor:
basic science and clinical progress. Endocr
Rev 2004; 25: 581-611.

Katsouda A, Bibli SI, Pyriochou A, Szabo C and
Papapetropoulos A. Regulation and role of en-
dogenously produced hydrogen sulfide in an-
giogenesis. Pharmacol Res 2016; 113: 175-
185.

Coletta C, Modis K, Szczesny B, Brunyanszki A,
Olah G, Rios EC, Yanagi K, Ahmad A, Papapet-
ropoulos A and Szabo C. Regulation of vascu-
lar tone, angiogenesis and cellular bioe-
nergetics by the 3-mercaptopyruvate sulfur-
transferase/H2S pathway: functional impair-
ment by hyperglycemia and restoration by
DL-alpha-Lipoic acid. Mol Med 2015; 21: 1-14.
Kim J, Hong SJ, Park JH, Park SY, Kim SW, Cho
EY, Do IG, Joh JW and Kim DS. Expression of
cystathionine beta-synthase is downregulated
in hepatocellular carcinoma and associated
with poor prognosis. Oncol Rep 2009; 21:
1449-1454,

Wu LL and Wu JT. Hyperhomocysteinemia is a
risk factor for cancer and a new potential tu-
mor marker. Clin Chim Acta 2002; 322: 21-28.
Ozkan Y, Yardim-Akaydin S, Firat H, Caliskan-
Can E, Ardic S and Simsek B. Usefulness of
homocysteine as a cancer marker: total thiol
compounds and folate levels in untreated lung
cancer patients. Anticancer Res 2007; 27:
1185-1189.

Powers HJ and Moat SJ. Developments in the
measurement of plasma total homocysteine.
Curr Opin Clin Nutr Metab Care 2000; 3: 391-
397.

Am J Transl Res 2022;14(4):2739-2748



