
Abstract. Background/Aim: Sulfite oxidase (SUOX) is an
enzyme present in the mitochondria, which has been
demonstrated to be correlated with various malignant
tumours. Materials and Methods: We evaluated SUOX
expression in tissues of 98 cases of advanced gastric cancer
and performed a clinicopathological assessment for metrics.
Results: Among 98 cases, 55 cases were classified into the
SUOX low expression group, and 43 cases into the SUOX high
expression group. There were more pStage IV cases in the low
expression group. The median overall survival of the low
expression group was shorter than that of the high expression
group (p=0.020). In univariate and multivariate analysis,
SUOX low expression level (p=0.039) and pStage (p<0.001)
were independent prognostic factors. Conclusion: SUOX is an
independent prognostic factor. Therefore, SUOX expression
could also serve as a useful marker for elucidating the
mechanism of gastric cancer proliferation and progression.

Gastric cancer is the fifth most common malignant epithelial
tumour in the world and the second leading cause of tumour-
related deaths, along with liver cancer (1). In particular, the
incidence rate of gastric cancer is extremely high in East
Asia, where the infection rate of H. pylori is high (2).
Following lung and colorectal cancer, gastric cancer is the
cause of the highest number of deaths in Japan (3). Even so,

the incidence rate of gastric cancer has been decreasing in
recent years due to the elimination of H. pylori (4).
Furthermore, the prognosis of patients with gastric cancer
has been improving with detection at early stages through
the establishment of effective screening systems, as well as
the introduction of molecular-targeted therapeutic agents
targeting human epidermal growth factor receptor 2 (HER2)
for advanced gastric cancer (5, 6). However, the prognosis
of advanced gastric cancer remains poor, and there is a
strong demand for the development of effective treatments.

Cancer cells have been demonstrated to utilize glycolysis
for energy production, even with sufficient environmental
oxygen (7, 8). This lack of oxidative phosphorylation in the
mitochondria is called the Warburg effect. Gastric cancer
cells use this mechanism to generate energy for proliferation
(7). Gastric cancer also suppresses mitochondrial function
and exhibits resistance to apoptosis (9). The lack of
mitochondrial function is characterized by the production of
lactic acid through the promotion of glycolysis in the
cytoplasm, which causes acidosis in the microenvironment,
damages surrounding normal organs, and creates an
environment conducive for infiltration and metastasis of
cancer cells (7). Thus, it is speculated that clarification of
the mechanism of ATP production is an important key to the
growth and progression of cancer. 

There are studies conducted on oral squamous cell
carcinoma, prostate cancer, and pancreatic cancer that focus
on sulfite oxidase (SUOX), an enzyme in the mitochondria,
and one of the indicators of oxidative phosphorylation (10-
12). SUOX is an essential enzyme in organisms, and the
genetic abnormality associated with loss of SUOX causes
neurological abnormalities due to reduced mitochondrial
function, often resulting in death at an early age (13). SUOX
expression gradually decreases with tumour progression in
oral squamous cell carcinoma, whereas SUOX expression
increases with the proliferation and progression of prostate
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and pancreatic cancer (10-12). In hepatocellular carcinoma,
SUOX expression decreases with gradual tumour progression
(14). Thus, although SUOX is an important factor involved
in tumour growth and progression, there are differences in its
expression pattern depending on the carcinoma. Presently,
there are no studies concerning SUOX in gastric cancer. Here,
we investigated the relationship between SUOX expression
in gastric cancer and clinicopathological factors including
prognosis.

Materials and Methods
Patients and tissue samples. The subjects included in this study
underwent surgical resections for gastric cancer at the Tokyo
Metropolitan Cancer and Infectious Diseases Center Komagome
Hospital (hereinafter, Komagome Hospital) from 2000 to 2001. A
clinicopathological study was performed on paraffin-embedded
samples of 98 cases of gastric adenocarcinoma, excluding cases
that showed differentiation into neuroendocrine components and
squamous cell components, mesenchymal tumours, residual gastric
cancer, and perioperative deaths. Furthermore, the cases in this
study had advanced cancer with a tumour depth reaching the
muscularis propria (≥pT2). For pathological diagnosis, we used
the Japanese Classification of Gastric Carcinoma edited by the
Japanese Gastric Cancer Association (15). We classified 98 cases
into the differentiated type and undifferentiated type of
adenocarcinoma. The former included papillary adenocarcinoma,
tubular adenocarcinoma, well-differentiated type, tubular
adenocarcinoma, and moderately differentiated type. The latter

included poorly differentiated adenocarcinoma, solid type, poorly
differentiated adenocarcinoma, non-solid type, and signet ring cell
carcinoma. This classification was proposed by Nakamura et al.
(16) at the same time as the Lauren classification. This study was
approved by the Research Ethics Committee of Komagome
Hospital (#2558) and Kurume University (#20105), which
conforms to the guidelines of the Declaration of Helsinki.
Histopathological evaluations were performed using representative
full-face sections of the tumours. Pathological diagnosis was
performed according to the 2019 World Health Organization
Classification of Digestive System Tumours (17).

Immunohistochemical analysis. In this study, immunohistochemical
staining (IHC) was conducted using tissue microarray (TMA)
sections. The TMA was built using an arraying instrument for
assembling tissue samples on a block. We punctured paraffin-
embedded samples in two cores from the tumour portion. Core
diameter samples measuring 2 mm were obtained from each
“donor” block and placed on a separate “recipient” TMA block.
Each slide contained 48 cores. Paraffin-embedded TMA sections
were cut to a thickness of 4 μm, examined on a coated slide glass,
and labelled with anti-SUOX antibody (dilution 1:600, Abcam,
Cambridge, MA, USA) and anti-Ki-67 antibody (NCL-Ki67-MM1,
dilution 1:200, Leica Biosystems, Nussloch, Germany) using a
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Table I. Clinicopathological findings and characteristics of patients with
gastric cancer.

Case No. %

Patients 98
Age, median (range) 65 (23-83)
Gender

Male 63 (64)
Female 35 (36)

Histology
Differentiated 38 (39)
Undifferentiated 60 (61)

pT stage 
T2 11 (11)
T3 27 (28)
T4 60 (61)

Lymphatic invasion 88 (90)
Vascular invasion 89 (91)
Lymph node metastasis 77 (79)
pStage

Ⅰ 5 (5)
Ⅱ 28 (29)
Ⅲ 50 (51)
Ⅳ 15 (15)

OS (days) median (range) 1,080 (19, 6,700)

OS: Overall survival.

Table II. Correlation between SUOX expression and clinicopathological
characteristics.

Low expression High expression p-Value

No. (%) No. (%)

Patients 55 (56) 43 (44) 
Age   

<65 29 (53) 20 (47) 0.515
≥65 26 (47) 23 (54) 

Gender
Male 35 (64) 28 (65) 0.879
Female 20 (36) 15 (35) 

Histology
Differentiated 20 (36) 18 (42) 0.579
Undifferentiated 35 (64) 25 (58) 

pT stage 
T2 4 (7) 7 (16) 0.157
T3 13 (24) 14 (33) 
T4 38 (69) 22 (51) 

Lymphatic invasion 51 (93) 37 (86) 0.327
Vascular invasion 51 (93) 38 (88) 0.500
Lymph node metastasis  46 (84) 31 (74) 0.236
pStage  

Ⅰ 1 (2) 4 (9) <0.001
Ⅱ 14 (26) 14 (33) 
Ⅲ 26 (47) 24 (56) 
Ⅳ 14 (26) 1 (2) 

OS (days) median 581 1289 0.020
(range) (19, 6,293) (68, 6,700)

Ki-67 labeling 0.603 0.556 0.804
index (0.115, 0.898) (0.113, 0.835)

OS: Overall survival.



BenchMark ULTRA (Ventana Automated Systems, Inc., Tucson,
AZ, USA). Briefly, for SUOX and Ki-67, the slide was heat-treated
using Ventana’s ULTRA cell conditioning retrieval solution (CC1,
Ventana Automated Systems, Inc.) for 36 min and 64 min,
respectively, at 95˚C, and incubated with anti-SUOX antibody or
anti-Ki-67 antibody for 32 min at 37˚C. The automated system used
the Ventana UltraVIEW DAB detection kit with HRP (horseradish
peroxidase) multimer as the secondary antibody and 3,3’-
diaminobenzidine as the chromogen. Each slide was incubated with
a secondary antibody for 30 min at 37˚C. 

We considered cytoplasmic expression of SUOX as positive. The
percentage of positively stained neoplastic cells was also evaluated
by every 10% increment. To obtain the cut-off value for SUOX,
time-dependent receiver operating characteristic (ROC) curve
analysis was performed. These evaluations were conducted by three
pathologists (Y.Y., J.A., and Y.N.). The Ki-67 labelling index was
calculated as the percentage of tumour cells that showed positive
expression in the area with the highest Ki-67 expression level (hot
spot). The relationship between SUOX and the clinicopathological
factors was analysed in each histological type.

Statistical analysis. Data are presented as medians (ranges) or as
numbers (percentages). Comparisons between groups were made
using the Wilcoxon rank-sum test for continuous variables and the
Fisher’s exact test or chi-square test for categorical data.
Spearman’s rank correlation was used to analyse the relationship
between two individual continuous variables. Overall survival (OS)
was defined as the time from the day of surgery to death from any
cause. OS was estimated using the Kaplan-Meier method.
Differences in the OS rates were tested by the log-rank test. The
Cox proportional hazard model was applied to evaluate the effect
of SUOX while adjusting for potential confounding factors. p-
Values less than 0.05 were considered statistically significant. All
analyses were performed with the use of SAS version 9.4 (SAS,
Institute Inc., Cary, NC, USA) and R version 3.4.4. Cut-off values
were chosen according to the Youden index, with respect to
sensitivity and specificity.

Results

Patient characteristics. The clinicopathological characteristics
of the 98 gastric adenocarcinoma cases are presented in Table
I. When divided according to histological types, 38 cases
(39%) were differentiated while the remaining 60 cases
(61%) were undifferentiated. The tumour infiltration depth in
11 cases (11%) was pT2, invading the muscularis propria, and
in 27 cases (28%) was pT3, invading the subserosa. The
depth in 60 cases (61%) was pT4, perforating the serosa or
invading adjacent structures. Lymph node metastasis was
observed in 77 cases (79%), lymphatic invasion in 88 cases
(90%), and venous invasion in 89 cases (91%). The median
OS was 1,080 days (range=19-6,700 days).

Immunohistochemical analysis of SUOX expression. SUOX
positive staining was observed in the cytoplasm in the normal
gastric mucosa of the gastric glands (Figure 1). Representative
microscopic immunostaining images of SUOX expression and
non-expression in differentiated and non-differentiated gastric
cancer types are presented in Figure 2. By constructing an
ROC curve, SUOX expression was graded as follows: low
expression (where less than 15% of the neoplastic cells were
stained) or high expression (where ≥15% of the neoplastic cells
were stained) despite the staining intensity. The relationship
between SUOX expression and various clinicopathological
factors are presented in Table II. Low SUOX expression was
observed in 55 of 98 cases (56%). There was no significant
difference in the degree of differentiation, tumour depth (T
factor), lymph node metastasis (N factor), lymphatic invasion,
or venous invasion between the low expression and high
expression groups. Moreover, there was no correlation between
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Figure 1. SUOX (sulfite oxidase) expression of non-neoplastic gastric mucosa. Photomicrographs of non-neoplastic gastric mucosa (a) stained with
hematoxylin-eosin (×200), or (b) immunostained with SUOX (×200). Cytoplasmic SUOX expression was considered positive. 



SUOX expression and Ki-67 labelling index. Nevertheless,
there were many pStage IV cases in the SUOX low expression
group, and a significant difference was observed in the
number of cases in each pStage between the two groups
(p<0.001). The low expression group had a significantly
shorter median OS of 581 days (range=19-6,293 days)
compared to the high expression group with a median of
1289 days (range=68-6,700 days) (p=0.020). Kaplan-Meier
curves demonstrated that the OS was significantly shorter in
patients with low SUOX expression than in those with high
SUOX expression (p=0.040) (Figure 3).

Univariate and multivariate analysis for overall survival.
The results of univariate and multivariate analysis for OS are
presented in Table III. In the univariate analysis, pStage (1,
2 vs. 3, 4; p <0.001), depth (pT4 vs. pT2, pT3; p <0.001),
lymph node metastasis (present vs. absent; p=0.001),
lymphatic invasion (present vs. absent; p=0.024), venous
invasion (present vs. absent; p=0.032), and SUOX expression
(>15% vs. ≤15%; p=0.039) were extracted as prognostic
factors. In the multivariate analysis, SUOX (>15% vs. ≤15%;
p=0.039) and pStage (3, 4 vs. 1, 2; p <0.001) were the only
independent prognostic factors.
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Figure 2. Microscopic findings of representative cases of advanced gastric carcinoma (a, c, e, and g) stained with hematoxylin-eosin (×200), or (b,
d, f, and h) immunostained with SUOX (sulfite oxidase) (×200). Cytoplasmic SUOX expression was considered high (b and f) or low (d and h).



Comparison of SUOX expression and histological features in
gastric cancer. The relationship between SUOX expression and
clinicopathological factors was explored in 38 cases of
differentiated gastric cancer (Table IV) and 60 cases of
undifferentiated gastric cancer (Table V). In the differentiated
type, 20 cases (53%) were included in the SUOX low
expression group and 18 cases (47%) in the high expression
group. There was no significant difference between the two
groups, even when cases were classified according to the
pStage (p=0.675). There were no significant differences in the
T factor and N factor caused by pStage (p=0.137 and p=1.000,
respectively). There was also no significant correlation between
the SUOX expression and Ki-67 labelling index in any of the
histological types. However, the SUOX low-expression group
in the differentiated type had a significantly shorter OS of 493
days (range=19-2,277 days) compared to the OS of 2,321 days
(range=86-6,085 days) (p=0.003) of the high expression group.
Kaplan-Meier curves showed a similarly significant difference
(log rank test: p=0.050) (Figure 4a). 

In the undifferentiated group, 35 cases (58%) were in the
low expression group, and 25 cases (42%) were in the high
expression group. Among the 15 Stage IV cases, 13 cases
(87%) were in the SUOX low expression group. Despite this,
there were no significant differences between the SUOX low
expression group and high expression group. Similarly,
Kaplan-Meier curves showed no significant difference (log
rank test: p=0.300) (Figure 4b). 

Moreover, the cases with high SUOX expression in the
differentiated group of gastric cancers had a better prognosis
than those with low SUOX expression in the differentiated
group, as well as those in the undifferentiated type gastric
cancers (log-rank test: p=0.200) (Figure 4c).

Discussion

In this study, we conducted an immunohistochemical
analysis to examine SUOX expression in a TMA section of
98 cases of advanced gastric cancer and closely examined
the relationship between SUOX expression and
clinicopathological factors. Low expression of SUOX was
observed in 56% of the examined cases, and cases with low
expression correlated with advanced pStage. Low expression
of SUOX was found to be an independent prognostic factor,
along with pStage and vascular invasion. Further, we
demonstrated that cases with high SUOX expression in the
differentiated type of gastric cancer showed better prognosis.

This study showed that the low expression of SUOX in
gastric cancer was associated with advanced stage and shorter
OS. It is worth noting that cases of stage IV advanced cancer
were mostly in the SUOX low expression group and had a
poorer prognosis than the SUOX high-expression group. In
gastric cancers characterized by multiple pathogeneses, the
cross-sectional prognostic factors varied depending on the

report (18-20). Our study found no association between
SUOX expression and clinicopathological factors such as
vascular invasion and depth of invasion. The fact that SUOX
expression along with pStage were identified as independent
poor prognostic factors in the multivariate analysis suggests
that changes in the mechanism of energy production in gastric
cancer are one of the factors that influence tumour
aggressiveness. 

The validity of this result is also affirmed by the presence of
the Warburg effect, which promotes ATP production by
glycolysis, rather than mitochondrial oxidative phosphorylation,
under aerobic conditions. It is also possible that various factors
encouraging tumour growth due to the Warburg effect act in
combination, making low SUOX expression a poor prognostic
factor. We examined SUOX protein expression
immunohistochemically; however, from a comprehensive
perspective, it is possible that we have indirectly evaluated the
decrease in mitochondrial function due to the Warburg effect by
examining SUOX expression. In our previous studies, the
relationship between SUOX expression level and
aggressiveness differed depending on the type of carcinoma
(10-12). In other words, the activity of SUOX may vary
depending on the carcinoma. It is possible that the data
presented here show a difference in the balance between the
inhibition of mitochondrial function by the Warburg effect and
the energy production of glycolysis in the cytoplasm. Further
studies are still needed to elucidate this mechanism.
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Figure 3. Kaplan-Meier curve comparing groups of high and low SUOX
(sulfite oxidase) expression. The overall survival was significantly
shorter in patients with low SUOX expression than in those with high
SUOX expression (p=0.040). SUOX-H: SUOX high expression group;
SUOX-L: SUOX low expression group.



Gastric cancers comprise a series of tumours with
histologically diverse pathological findings, various
clinicopathological characteristics, and varied prognoses (21-
24). The Lauren classification, which is most widely used
internationally, has broadly classified gastric cancers into
intestinal type and diffuse type. In Japan, however, the
Japanese Classification of Gastric Carcinoma has widely
classified gastric cancer cases into differentiated type and
undifferentiated type. The differentiated type and
undifferentiated type in the Japanese Classification correspond

to the intestinal type and diffuse type in the Lauren
classification, respectively. Although there have been varying
reports regarding the prognosis of intestinal and diffuse types
of gastric cancer, a meta-analysis of more than 60,000 cases
has shown that the diffuse type has a significantly poor
prognosis (25). Nevertheless, it has been pointed out that this
classification does not allow individualization of the treatment
of patients (26). That being said, in the past 20 years or so,
great strides have been made in the molecular analysis of
gastric cancer, leading to the emergence of several molecular
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Table III. Univariate and multivariate analyses for overall survival.

Characteristic Univariate Multivariate

HR (95% Cl) p-Value HR (95% Cl) p-Value

SUOX (≤15%/>15%) 1.780 (1.026, 3.088) 0.04 1.820 (1.031, 3.214) 0.039
Age (≥65/<65) 1.104 (0.649, 1.878) 0.716
Gender (F/M) 0.939 (0.541, 1.629) 0.822
Histology (UT/DT) 1.134 (0.649, 1.980) 0.659
pStage (3,4/1,2) 6.852 (3.046, 15.41) <0.001 6.485 (2.696, 15.601) <0.001
pT stage (T4/T2,T3) 3.411 (1.819, 6.394) <0.001
Lymphatic invasion 5.102 (1.238, 21.03) 0.024 1.211 (0.208, 7.054) 0.832
Vascular invasion 4.696 (1.138, 19.38) 0.032 3.020 (0.551, 16.542) 0.203
LN metastasis 5.432 (1.952, 15.12) 0.001
Ki-67 labeling index (10% increments) 1.040 (0.900, 1.201) 0.599

F: Female; M: male; UT: undifferentiated type; DT: differentiated type; LN: lymph node.

Table V. Correlation between SUOX expression and clinicopathological
characteristics in the undifferentiated type.

Undifferentiated type Low expression High expression n=60
p-Value

No. (%) No. (%)

Patients 35 (58) 25 (42)
Age median (range) 61 (51-70)  68 (28-82)  0.113
pT stage

T2 2 (6) 4 (16) 0.447
T3 7 (20) 4 (16)
T4 26 (74) 17 (68)

Lymphatic invasion 34 (97) 22 (88) 0.298
Vascular invasion 35 (100) 25 (100) 1.000
Lymph node metastasis 31 (89) 17 (71) 0.102
pStage  

Ⅰ 0 (0) 3 (12) <0.001
Ⅱ 8 (23) 5 (20)
Ⅲ 14 (40) 17 (68)
Ⅳ 13 (37) 0 (0)

OS (days) median 1156 852 0.393
(range) (51, 6393) (68, 6700)

Ki-67 labeling 0.613 0.488 0.096
index (0.183, 0.898) (0.113, 0.765)

OS: Overall survival.

Table IV. Correlation between SUOX expression and clinicopathological
characteristics in the differentiated type.

Differentiated type n=38
Low expression High expression p-Value

No. (%) No. (%)

Patients 20 (53) 18 (47)
Age median (range) 66 (45-83)  64 (58-80) 0.803
pT stage

T2 2 (10) 3 (17) 0.137
T3 6 (30) 10 (55)
T4 12 (60) 5 (28)

Lymphatic invasion 17 (85) 15 (83) 1.000
Vascular invasion 19 (95) 15 (83) 0.328
Lymph node metastasis 15 (75) 14 (78) 1.000
pStage   

Ⅰ 1 (5) 1 (6) 0.675
Ⅱ 6 (30) 9 (50)
Ⅲ 12 (60) 7 (39)
Ⅳ 1 (5) 1 (6)

OS (days) median 493 2321 0.003
(range) (19, 2277) (86, 6085)

Ki-67 labeling 0.566 0.678 0.091
index (0.145, 0.754) (0.218, 0.835)

OS: Overall survival.



pathological markers, such as Her-2/neu and c-erbB2 (5, 24).
Furthermore, comprehensive genetic analyses in recent years
have enabled the classification of gastric cancers into EBV-
related gastric cancer, gastric cancers with microsatellite
instability, cancers with chromosomal instability (CIN), and
genetically stable (GS) cancers (21). It was clarified that most
of the histological types of cancer showing CIN correspond to
the intestinal type (differentiated type), and most of the cancers
classified as GS correspond to the diffuse type (undifferentiated

type). Other features of gastric cancer showing CIN include
TP53 mutation, activation of receptor tyrosine kinases (RTKs),
and RAS and PI3-kinase signalling. In this study, the cases
with high SUOX expression in the differentiated group of
gastric cancers had a better prognosis than those with low
SUOX expression in the differentiated group, as well as those
in the undifferentiated type gastric cancers. There was also no
association with clinicopathological factors such as vascular
invasion and depth of invasion. 
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Figure 4. Kaplan-Meier curve comparing SUOX (sulfite oxidase) expression (low and high) and histological types (differentiated and undifferentiated).
DT: Differentiated type; UDT: undifferentiated type; SUOX-H: SUOX high expression group; SUOX-L: SUOX low expression group.



Additionally, it has been demonstrated that p53 is
involved in the expression of cytochrome c oxidase 2
(SCO2) synthesis, which is an important regulator of the
cytochrome c complex needed in mitochondrial respiration,
and that SCO2 expression decreases in p53-deficient cells,
resulting in increased energy production by glycolysis (27).
Based on these facts, it is possible that cases with TP53
mutation were enriched among cases with SUOX low
expression in the differentiated type, and that the decrease in
mitochondrial function resulted in poor prognosis even in
cases with similar histological types. To confirm this and
elucidate a mechanism of regulation, a study that includes
TP53 status is necessary.

There are several limitations of this study. This study did
not evaluate the invasion front, which has a high
proliferative activity. There has previously been a report
showing the relationship between the Ki-67 positivity rate
and prognosis in gastric cancer (28); however, we were
unable to find any association between Ki-67 and SUOX
expression due to the use of TMA sections. Additionally, as
all of the samples used in this study are cases of advanced
gastric cancer, cases of early stage cancer were not
examined. We believe that understanding the dynamics of
SUOX in early cancer will thoroughly clarify the role of
SUOX in gastric cancer.

In conclusion, this study has demonstrated that SUOX is
an independent prognostic factor in gastric adenocarcinoma,
and that the SUOX low expression group in the
differentiated type has a poor prognosis. Based on these
results, we conclude that SUOX is a novel biomarker for
extracting the poor prognosis group from differentiated
gastric cancer, which was previously thought to have a
relatively good prognosis. Therefore, SUOX could also serve
as a useful marker for elucidating the mechanism involved
in the proliferation and progression of gastric cancer.
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