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BACKGROUND: There is a need for sensitive and specific blood-borne markers for the detection of gastric cancer. Raised serum
macrophage inhibitory factor (MIF) levels have been proposed as a marker for gastric cancer diagnosis but, to date, studies have only
encompassed patients from high-incidence areas.
METHODS: We have compared the serum concentration of MIF in a large cohort of UK and Japanese gastric cancer patients, together
with appropriate control subjects (age and gender matched). Carcinoembryonic antigen and H. pylori IgG were also measured, as was
DJ-1, a novel candidate protein biomarker identified by analysis of gastric cancer cell line secretomes.
RESULTS: Marked elevations of the serum concentration of MIF and DJ-1 were seen in Japanese patients with gastric cancer compared
with Japanese controls, a trend not seen in the UK cohort. These results could not be accounted for by differences in age, disease
stage or H. pylori status.
CONCLUSION: In regions of high, but not low incidence of gastric cancer, both MIF and DJ-1 have elevated serum concentrations in
gastric cancer patients, compared with controls. This suggests that differing mechanisms of disease pathogenesis may be at play in
high- and low-incidence regions.
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China, Japan and Korea exhibit the highest incidence rates of gastric
cancer with over 40 cases per 100000 in males and 20 per 100 000 in
females (Jemal et al, 2007). By contrast, rates are lower in the West. In
the United Kingdom, for example, comparable figures are 13 and 8
per 100 000, respectively, and have been falling steadily for more than
50 years (Jemal et al, 2007). The reason for the difference remains
unknown but environmental factors appear to be important, as
incidence rates in Japanese-born subjects fall when they relocate to
lower incidence areas (Alberts et al, 2003). Treatment of gastric
cancer remains a major area of unmet need with localised disease
showing 62% 5-year survival, decreasing to 22% following spread to
regional lymph nodes and only 3% with distant organ metastases
(Jemal et al, 2007). Diagnosis requires upper gastrointestinal
endoscopy, a procedure that consumes extensive resources and only
a small minority of patients who undergo endoscopy when cancer is
considered in the differential diagnosis have a final diagnosis of
malignancy. A blood test that would permit prioritisation of those at
risk would be valuable but to date no test is routinely available.
We and others have recently suggested that measurement of

serum macrophage inhibitory factor (MIF) concentrations might
fulfil such a role. Markedly elevated levels have been reported in

China, Japan and Turkey (He et al, 2006; Camlica et al, 2008;
Mohri et al, 2009), all areas of the world where the incidence of
gastric cancer is high. In this prospective study, we investigated
serum levels of MIF in patients with gastric cancer both in Japan
and the United Kingdom. In both populations, we used ‘real-world’
control subjects, that is, those in whom gastric cancer was
considered as part of the differential diagnosis but who had
no evidence of malignancy on endoscopy. Additionally, DJ-1 was
measured in the same sample cohort as we have identified it, along
with MIF to be secreted by gastric cancer cell lines. Altered
functionalitity of DJ-1 can have a profound effect on cellular
biology. Defects in the DJ-1 gene (deletions and mutations) have
been shown to be a contributing factor of autosomal recessive
early-onset Parkinsons disease in both Chinese (Guo et al, 2008)
and European (Bonifati et al, 2003) populations, whereas over-
expression confers a cellular survival advantage and has been
reported in prostate, ovarian, lung and breast cancer. DJ-1 has
been shown to enhance cellular transformation in co-operation
with H-Ras (Nagakubo et al, 1997). Negatively regulated by p53,
with which it interacts, DJ-1 expression is partly increased through
loss of p53 during transformation. DJ-1 can also protect cells from
oxidative stress (Taira et al, 2004; Vasseur et al, 2009; Mo et al,
2010). Carcinoembryonic antigen (CEA) was also measured as a
standard marker of gastrointestinal cancer (Ishigami et al, 2001)
and because it has been reported that when CEA is combined with
MIF, there is an enhancement of diagnostic utility (Camlica et al,
2008). The serum level of antibodies produced in response to
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H. pylori infection (H. pylori IgG) were also measured, as H. pylori
has previously been shown to stimulate the release of MIF
(Xia et al, 2005).

MATERIALS AND METHODS

Sample collection

Samples were collected prospectively, specifically for this research
project, from patients seen at the Queen Elizabeth Hospital
(Birmingham, UK), Mie University and Toyama Hospital (Japan).
All patients gave informed consent for donating blood and the
study procedure was approved by the South Birmingham Research
Ethics Committee and the Institutional Review Board of Mie
University and the Toyama Hospital of Japan. A standard
operating procedure was applied to all blood collection and
processing. Samples were collected in the fasting state, in the early
morning before any surgery or medical treatment. Blood was
allowed to clot at room temperature for 1–2 h, centrifuged at 3000 g
for 20min and the serum collected and stored at � 80 1C until
processing.
Our gastric cancer cohort included consecutive patients with

gastric and Siewert type III gastro-oesophageal junctional cancers
(Siewert and Stein, 1998). Siewert type I and II gastro-oesophageal
junctional cancers were excluded from the study. In the UK cohort,
87% of the cancers were in the upper third of the stomach, whereas
in the Japanese cohort 22% were in the upper third, 35% in the
middle and 43% in the lower third. In the United Kingdom, we
collected samples from 90 patients with cancer and 152 control
subjects and from Japan we collected 119 patients with cancer and
72 control subjects. Staging was based on the classification of the
Japanese Gastric Cancer Association (Japanese Gastric Cancer,
1998) or that described by Siewert and Stein (1998). In both cases,
stages 1 and 2 were considered as ‘early’ disease and stages 3 and
4 as ‘late’ disease. Control subjects were drawn from patients with
upper gastrointestinal symptoms in whom endoscopy showed no
evidence of malignant disease.

Quantitation of MIF, DJ-1, H. pylori and CEA

Serum samples were allocated to 96-well plates so that age, gender,
study site (UK, Japan) and disease group (control, gastric cancer)

were evenly distributed. The concentrations of MIF, DJ-1, H. pylori
IgG and CEA were determined by sandwich ELISA according to the
manufacturer’s instructions (MIF and DJ-1: R&D Systems, Minnea-
polis, MN, USA; H. pylori IgG: Demeditec Diagnostics GmbH, Kiel,
Germany; and CEA: Fujirebio Diangostics, Goteberg, Sweden). All
assays were run in the same laboratory at the University of
Birmingham.

Data analysis

Mann–Whitney tests were used to determine significant differ-
ences in protein concentrations between patient groups. Receiver
operator characteristic (ROC) analysis was used to assess
biomarker potential. Logistic regression models were built using
the multiple fractional polynomial (MFP) model selection proce-
dures available in the MFP package (Royston and Altman, 1994),
following the fractional polynomial model selection procedures
using each protein individually.

RESULTS

Serum MIF and DJ-1 in gastric cancer patients

Serum MIF levels were significantly raised in Japanese patients
with gastric cancer with a mean concentration of 1062 pgml� 1 in
cancer patients compared with 285 pgml� 1 in the Japanese control
group (Po0.0001) (Figure 1A). Elevated serum MIF was seen in
Japanese patients with both early and late stage disease (means of
870 and 1348 pgml� 1, respectively). In the Japanese cancer
patients, MIF levels were not significantly influenced by the
position of the tumour in the stomach (lower, middle or upper
third of the stomach), age or gender.
In contrast to the B4-fold elevation seen in Japanese patients,

levels of MIF in the UK cancer group were only marginally raised
relative to the UK control group (mean of 379 vs 312 pgml� 1,
respectively), although this small increase was statistically
significant (P¼ 0.0020). Levels of MIF in both groups of UK
patients were similar to those of the Japanese control subjects and
considerably lower than the levels in Japanese cancer patients
(Figure 1A and Table 1).
Serum DJ-1 levels were significantly elevated in Japanese

patients with gastric cancer with a mean concentration of
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Figure 1 (A–C) Box and whiskers plot of the serum concentration of MIF, DJ-1 and CEA in control, early stage cancer and late stage cancer samples from
the UK and Japanese sample cohorts.
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3.78 ngml� 1 in cancer patients compared with 2.85 ngml� 1 in the
Japansese control group (Po0.0001) (Figure 1B and Table 1).
Elevated serum DJ-1 was seen in Japanese patients with both early
and late stage disease (means of 3.71 and 3.91 ngml� 1,
respectively). As seen with MIF, no elevation of serum DJ-1 in
gastric cancer was observed in the UK cohort (mean of 2.96 vs
2.90 ngml� 1) (Table 1). The concentration of DJ-1 in the
early stage gastric cancer patients from the United Kingdom
was actually slightly lower than the control cohort (mean
of 2.30 ngml� 1, P¼ 0.0048), and although the concentration in
late stage patients was slightly higher, this was not statistically
significant (mean of 3.42 ngml� 1, P¼ 0.1745).

Serum CEA and H. pylori in gastric cancer patients

Carcinoembryonic antigen was significantly elevated in Japanese
patients with late stage gastric cancer (P¼ 0.0224), but not early
stage disease (P¼ 0.2258) (Figure 1C and Table 1). Carcinoem-
bryonic antigen was not statistically significantly elevated in UK
gastric cancer patients with early stage disease (P¼ 0.7579), and
although CEA levels 410 ngml� 1 were observed in 7 of the 53
patients with late stage disease, across this patient group the
increase did not reach statistical significance (P¼ 0.0971).
H. pylori IgG levels were measured in all subjects in this study.

Positive results were obtained in 18% and 31% of the UK control
and cancer cohorts, respectively, and 37% and 70% of the Japanese
control and cancer cohorts, respectively. However, we found no
evidence of any association between H. pylori and serum MIF;
serum MIF was significantly elevated in Japanese gastric cancer
patients regardless of H. pylori status (Figure 2).

Assessment of biomarker potential

Receiver operator characteristic curves for the discrimination
between patients with and without gastric cancer were generated
for MIF, DJ-1 and CEA. In the Japanese patients, MIF, DJ-1 and
CEA generated areas under the ROC curve of 0.83, 0.68 and 0.58,

respectively (Figure 3). In the UK patients, MIF, DJ-1 and CEA
generated areas under the ROC curve of 0.62, 0.52 and 0.54,
respectively (Figure 4). Logistic regression was used to determine
if the diagnostic utilities of MIF, DJ-1 and CEA could be used in
combination. Model selection and Wald chi-squared test of
deviance (compared with the null model that did not have any
prediction variable) results are shown in Table 2. The model for
the Japanese population was (log(P/(1� P)¼ � 7.947þ 1.436�
log(MIFþ 0.1)), where P is the probability of having cancer,
containing MIF but not CEA or DJ� 1. The model for the UK
population was (log(P/(1� P)¼ � 0.34–108� ((MIFþ 0.1)� 1)þ
0.15�CEA), containing MIF and CEA, but not DJ-1.

Evaluation of tissue DJ-1

As DJ-1 has not previously been investigated as a marker of gastric
malignancy, we used western blotting to investigate DJ-1 expres-
sion in gastric cancer tissue. DJ-1 levels were assessed in gastric
tumour and adjacent normal tissue from eight different Japanese

Table 1 Patient demographics

Variable
UK

controls
UK

cancer
Japan

controls
Japan
cancer

N 152 90 72 119

Stage
Early — 37 — 78
Late — 53 — 41

Age (years) 59.9±14.3 67.5±10.6 55.0±16.5 66.2±11.4

Gender
Male 70 66 37 84
Female 82 24 35 35

H. pylori
Negative 118 56 41 24
Borderline 7 6 5 12
Positive 27 28 26 83

MIF (pgml� 1) 312±415 379±302 286±282 1063±1083

DJ-1 (ngml� 1) 2.9±1.3 3.0±1.8 2.8±1.4 3.8±1.7

CEA (ngml� 1) 2.0±1.6 8.6±27.2 2.8±2.1 5.7±20.8

Abbreviations: CEA¼Carcinoembryonic antigen; MIF¼macrophage inhibitory
factor. The number of individuals in each patient group, their age (mean and range)
and gender are shown, along with H. pylori status. Serum MIF, DJ-1 and CEA
concentrations are presented as the means±s.d. for all patients with/without gastric
cancer in the UK and Japanese arms of the study.
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Figure 2 Box and whiskers plot of the serum concentration of MIF levels
and classification of H. pylori status, comparing controls and cancer samples
from the UK and Japanese sample cohorts (N, B and P¼ negative,
borderline and positive H. pylori status respectively).
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Figure 3 Receiver operator characteristic (ROC) curves of the serum
concentration of MIF, DJ-1 and CEA for Japanese samples (cancer vs
control).
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cancer patients. In seven out of eight cases, the level of DJ-1
protein was substantially lower in the tumour tissue than the
adjacent normal tissue (Figure 5).

DISCUSSION

Strategies for gastric cancer biomarker discovery include the
proteomic analysis of gastric cancer cell lines, gastric fluid, gastric
cancer tissue and serum or plasma to identify aberrantly expressed
or modified proteins. The list of candidate biomarkers proposed
for gastric cancer is steadily increasing (Polanski and Anderson,
2007), although to date few have been validated in large patient
cohorts. Potential biomarkers identified through proteomic
analysis of blood include fibrinopeptide-A (Ebert et al, 2006),
thrombin light chain A (Ebert et al, 2005b), complement
component C9 (Chong et al, 2010) and apolipoproteins C-1 and
C-III (Cohen et al, 2011). Alpha-1-antitrypsin, S100A9 and gastric
intrinsic factor have been proposed as biomarkers in gastric fluid
(Hsu et al, 2007; Wu et al, 2012), whereas alpha-defensins (Kim
et al, 2010) and Cathepsin B (Ebert et al, 2005a) have been
identified from tissue analysis. Other recently reported biomarkers
include Reg-4, DKK-1 and sHLA-g (Kobayashi et al, 2010;
Cao et al, 2011; Gomceli et al, 2012), circulating micro RNAs
(Konishi et al, 2012; Song et al, 2012) and methylated tumour DNA
(Zheng et al, 2011).
The fact that cancers can arise from different combinations of

genetic and epigenetic abberrations (Yamashita et al, 2011)
decreases the likelihood of a single protein being over/under
expressed in every patient. Thus, a sensitive test for gastric cancer
may require the measurement of several biomarkers. The
biomarkers would ideally be measurable in blood, as blood is
easily collected with little discomfort, relatively low cost and does
not require expensive instrumentation or highly skilled personnel.
To date, no protein biomarkers have gained FDA approval for
gastric cancer detection. Carcinoembryonic antigen, gastrin and
CA 19-9 have some diagnostic potential for gastric cancer
(Ishigami et al, 2001; Triantafillidis et al, 2003), although they
lack both sensitivity and specificity (Fletcher, 1986; Steinberg et al,
1986; Chevinsky, 1991).
DJ-1 was chosen for this study, as it was identified by mass

spectrometry (along with MIF) as being secreted by gastric cancer
cell lines (AGS, HGC-27 and CLS-145). Although DJ-1 has not
previously been investigated as a biomarker for gastric cancer,
there is strong evidence that MIF is intimately involved in the
pathogenesis of the disease (Shun et al, 2005; He et al, 2006). It is
apparent from our study that MIF and DJ-1 are significantly
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Figure 4 Receiver operator characteristic (ROC) curves of the serum
concentration of MIF, DJ-1 and CEA for UK samples (cancer vs control).

Table 2 Univariate logistic regression analysis of CEA, MIF and DJ-1 in
Japanese and UK study populations separately

Wald v2 P-value (Japan) Wald v2 P-value (UK)

CEA Not selected o0.001 (linear)
DJ-1 o0.001 (linear) Not selected
MIF o0.001 (log) o0.001 (power to � 1)

Abbreviations: CEA¼Carcinoembryonic antigen; MIF¼macrophage inhibitory
factor.
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elevated in the serum of Japanese gastric cancer patients compared
with Japanese control subjects, but these differences are far less
pronounced in UK patients (Figure 1A and B and Table 1). The
concentration of MIF in the supernatant of gastric cancer cell lines
has been reported to be elevated in numerous cell lines, in
comparison with a control normal gastric cell line (He et al, 2006),
and we find by proteomic analysis that MIF and DJ-1 are secreted
by three different gastric cancer cell lines also (manuscript in
preparation). This suggests that elevated levels of MIF and DJ-1 in
the serum of gastric cancer patients could arise directly from
secretion by their tumours. The regulatory role of elevated MIF
expression in gastric cancer progression has been shown to be
associated with angiogenesis, with increased numbers of micro-
vessels in gastric cancer tissue that express high levels of MIF
(Shun et al, 2005). There is evidence that micro RNAs may have a
role in regulating MIF expression, particularly miR-451 (Bandres
et al, 2009), which shows an inverse relationship with MIF mRNA
and protein expression. The plasma levels of miR-451 and miR-486
have been shown to dramatically decrease post-operatively in a
cohort of 56 Japanese gastric cancer patients (Konishi et al, 2012),
and that initial plasma levels were much higher than healthy
controls. They observed a correlation of high plasma levels with
low gastric cancer tissue levels of miR-451. It appears that the
secretion and expression dynamics of both MIF and miR-451 could
be a possible explanation of high levels of MIF in the Japanese
patients in our study (Figure 1A).
Our data show that MIF, DJ-1 and CEA have better areas

under the ROC curve in areas of high incidence of gastric cancer
(Figures 3 and 4). It has been previously shown that MIF and CEA
together have greater diagnostic and prognostic potential in
combination than when used separately (Camlica et al, 2008; Xia
et al, 2009). Logistic regression analysis of our data show that the
measurement of DJ-1 or CEA do not add to a model containing
MIF in the Japanese cohort, but MIF and CEA are additive in the
UK model (Table 2).
To examine the expression of DJ-1 within gastric tissue, western

blots were performed to detect the level of DJ-1 in gastric tumour
and adjacent normal tissue in Japanese patients diagnosed with
gastric cancer (comparable Caucasian samples were not available).
The level of DJ-1 was seen to be lower in seven out of the eight
tumour tissue samples analysed and was barely detectable in four
of them (Figure 5). One possible explanation for higher DJ-1
concentrations in the sera and lower concentrations in tumour
tissue is that DJ-1 is secreted faster from tumour cells.
Alternatively, both the lower levels in the tumour tissue and
higher levels in serum may have other explanations. Our
observation of lower DJ-1 levels in cancer tissue is mirrored by
another study, where a lower amount of DJ-1 in breast cancer
tissue relative to adjacent normal tissue was seen (Le Naour et al,
2001). In the same study, DJ-1 was detected by auto-antibodies
present in the circulation of some breast cancer patients and DJ-1
itself was shown to have elevated serum levels in over one-third of
the breast cancer patients tested. Additionally, DJ-1 was found to
be secreted by the SUM-44 breast cancer cell line (Le Naour et al,
2001). Most recently, a study of DJ-1 as a secretory molecule found
that low levels of DJ-1 protein in invasive ductal carcinoma (IDC)
breast tissue correlated with a higher level of DJ-1 mRNA (when
compared with non-cancerous mammary gland) (Tsuchiya et al,
2012). In the same study, the breast cancer cell line MDA-MB-231

that secreted DJ-1 also showed low protein levels in the cells,
implying that DJ-1 could be secreted from the IDC tissue. Most
importantly, low DJ-1 protein levels in the cancerous cells of IDC
cancer patients were found to correlate with significantly shorter
disease-free survival (Tsuchiya et al, 2012). A proteomic study
comparing the pancreatic juice secreted from patients with
pancreatic ductal adenocarcinoma also found DJ-1 to be elevated
in the pancreatic juice of cancer patients (Tian et al, 2008). This
evidence supports our theory that DJ-1 is secreted by malignant
tissues. To our knowledge, DJ-1 has not previously been reported
to be elevated in the sera of gastric cancer patients.
Although H. pylori infection has been reported to increase

serum MIF (Xia et al, 2005), other reports have shown little effect
of H. pylori on circulating levels of MIF (He et al, 2006; Mohri et al,
2009) and H. pylori infection does not increase expression of MIF
in gastric epithelium (Lebiedz et al, 2006). In our study, H. pylori
infection appears not to be a contributory factor in raising MIF
serum levels (Figure 2). The expression of MIF has been shown to
increase the proliferation of gastric epithelial cells (Xia et al, 2005)
and stimulation of gastric cancer cells with recombinant MIF
increases proliferation and phosphorylation of Akt via the PI3K/
Akt pathway (Li et al, 2009). Similar proliferative effects of MIF
have been seen in hepatocellular carcinoma tissue and cell lines
and is thought to have a positive effect on cell invasion and
migration (Ren et al, 2003). DJ-1 is also a positive regulator of Akt
and mTOR and this has been shown to protect cells from hypoxia-
induced death, through increased stability of HIF1, an important
requirement for tumour survival (Vasseur et al, 2009). Recently it
has been shown that p53 is a negative regulator of DJ-1 and that
cell transformation coupled with loss of p53 expression leads to
elevated levels of DJ-1(Vasseur et al, 2012). Macrophage inhibitory
factor itself can bind to p53 and inhibit p53 function (Jung et al,
2008). It appears that overexpression of both MIF and DJ-1 may
confer a survival advantage for a gastric tumour through increased
proliferation, resistance to hypoxia-induced cell death and
abrogation of p53 function.
It is widely assumed that Japanese gastric cancer is biologically

different to western gastric cancer, and while incidence, associa-
tion with H. pylori and position in the stomach are clearly
different, few studies have compared the two types of tumour at
the molecular level; some genetic and gene expression differences
have been reported (Theuer et al, 2002; Ossandon et al, 2008). Our
data add to this body of evidence suggesting fundamental
differences between gastric cancer in Japan and the West. The
careful study design allows us to exclude several trivial explana-
tions. Differences due to sample preparation or assay performance
are excluded by the use of a common standard operating
procedure for serum preparation, the same assay kit, the same
laboratory and similar disease classification and staging systems in
both groups of patients. The novel identification of DJ-1 and
further examination of MIF suggest both could have a role in
gastric cancer diagnosis, particularly in areas of high incidence.
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