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Abstract
Purpose Gastric signet ring cell carcinoma (GSRC) is
known to have low fluorodeoxyglucose (FDG) uptake.
The aim of the study was to investigate the relation between
FDG uptake and glucose transporter (GLUT)-1 expression
and clinicopathologic parameters in cases of GSRC.
Materials and Methods Forty patients (28 men, mean age
54±12 years) with histologically confirmed GSRC who
underwent pre-operative [18F]FDG PET/CT were enrolled.
Maximum standardized uptake values (SUVmax) were
compared with clinicopathologic parameters and GLUT-1
expression. Cases were divided based on GLUT-1 expression in tumor tissues into a membranous group (n=17) and
a cytoplasmic group (n=23).
Results Mean SUVmax was significantly higher in the
membranous group than in the cytoplasmic group (6.06±
2.79 vs. 3.67±1.54, P=0.03). Gastric wall invasion, depth
of invasion, extent of LN metastasis, overall stage, and
tumor size were found to be related to SUVmax. On the
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other hand, age, sex, and the presence of distant metastasis
were not related to SUVmax. Multivariate analysis revealed
that membranous GLUT-1 expression and the extent of LN
metastasis independently predicted high FDG uptake.
Conclusions This study demonstrates that high FDG uptake
is mediated by membranous GLUT-1 expression in GSRC.
Keywords Signet ring cell . Stomach cancer . FDG .
Glucose transporter-1

Introduction
Gastric signet ring cell carcinoma (GSRC) is a histological type
defined by the microscopic characteristics described by the
World Health Organization. The prevalence of GSRC among
patients with gastric cancer has been reported to range from 3.4
to 39% [1–3], and, in South Korea, incidences of 12.2 and
8.7% have been reported [4, 5]. One group of researchers
reported that GSRC shows a slightly higher predominance
among females and younger individuals [1], whereas others
have found no gender difference [3, 5–7]. From the
prognostic point of view, several authors have demonstrated
that GSRC does not have a poorer prognosis than the other
types of stomach cancer [1, 2, 5, 7], but the issue remains
controversial. Others have suggested that, among advanced
gastric cancers, GSRC has a poorer prognosis [4, 6].
Positron emission tomography (PET) with 2-[18F]fluoro2-deoxy-D-glucose (FDG) has been widely used for
detecting primary tumors, staging, planning treatment,
monitoring after treatment, and for prognostic evaluations
[8, 9]. FDG is actively transported into the intracellular
space by glucose transporter (GLUT) and then phosphorylated
to FDG-6-phosphate by hexokinase. Because FDG-6phosphate is not a substrate of the tricarboxylic acid cycle, it
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accumulates within cells. Eventually, it is dephosphorylated
by glucose-6-phosphatase, which allows the efflux of FDG to
the extracellular space. Most tumors are known to show
increased glucose metabolism, which provides energy for cell
growth and produces the precursors required for nucleotide
and lipid synthesis [10, 11]. In several cancer types,
malignant cells exhibit increased FDG uptake mediated by
elevated levels of GLUT and hexokinase [12–15].
Although several previous studies have reported that
GSRCs generally show low FDG uptake [16–18], we have
experienced several GSRCs showing intense FDG uptake
on PET/CT. Furthermore, the cause of this variability in
FDG uptake has not been evaluated. Accordingly, the aim
of this study was to investigate the significance of GLUT-1
expression and other clinicopathologic parameters that may
affect FDG uptake in GSRC.

Materials and Methods
Patients
A total of 42 consecutive GSRC patients underwent preoperative [18F]FDG PET/CT and surgical excision of primary
tumors between December 2003 and October 2008. After
excluding two diabetic patients, 40 patients were enrolled in
this study. All information on patient’s characteristics and
clinicopathologic findings (Borrmann’s classification, depth
of invasion, tumor size, and TNM stage) was collated
retrospectively by medical record review. The mean interval
between PET/CT and surgery was 4 days. All [18F]FDG
PET/CT images were reviewed blindly on a workstation.
Patients were allocated to a membranous group and a
cytoplasmic group according to immunohistochemical staining results. This study was approved by the institutional
review board (AJIRB-MED-KSP-09-256).
FDG PET/CT Acquisition and Image Analysis
After fasting for least 6 h, patients were administered
370 MBq of [18F]FDG intravenously. All patients were
instructed to rest comfortably for 60 min and to urinate
before scanning. Whole-body PET/CT images were obtained
on a Discovery ST scanner (GE Healthcare, Milwaukee, WI,
USA). Seven to eight frames (3 min/frame) of emission PET
data were acquired in two-dimensional mode after a noncontrast CT scan from the base of the skull to the upper thigh
(tube rotation time of 1 s per revolution, 120 kV, 60 mA,
7.5 mm per rotation, and acquisition time of 60.9 s for a scan
length of 867 mm). Emission PET images were reconstructed using an iterative method (ordered-subsets expectation maximization with 2 iterations and 30 subsets, field of
view = 600 mm, slice thickness = 3.27 mm) and attenuation-
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corrected with noncontrast CT. Standardized uptake values
(SUVs) were calculated based on injected dose and body
weight. Two nuclear medicine physicians reviewed PET/CT
images blindly on an AW workstation (version 4.4) by
consensus. For the semiquantitative analysis of FDG uptake,
polygonal regions of interest (ROIs) were placed on primary
tumors and maximum SUVs (SUVmax) were recorded.
When primary tumors on PET/CT images were indistinguishable because of low FDG uptake, ROIs were copied
from noncontrast CT images.
Immunohistochemical Analysis
One representative tumor section containing the highest
proportion of malignant cells was chosen for each patient
for immunohistochemical staining, which was conducted
by a board-certified pathologist (K.J.H). All specimens
were fixed with 10% formalin and embedded in a paraffin
block. Sections with a thickness of 4 μm were incubated in
an oven for 1 h, deparaffinized with xylene for 20 min, and
rehydrated. Immunohistochemical staining was performed
using an automated staining system (Autostainer, Lab
Vision, Fremont, CA, USA). Sections were then subjected
to heat-induced antigen retrieval in citrate buffer (pH 6.0)
using a microwave oven at 37°C for 15 min, and
endogenous peroxidase activity was blocked by treating
them with 3% hydrogen peroxidase for 5 min. They were
then washed with Tris-buffered saline, reacted with Ultra V
Block (Thermo Fisher Scientific, Fremont, CA, USA) for
10 min, incubated with primary polyclonal antibody at a
dilution of 1:250 for GLUT-1 (ab652; Abcam, Cambridge,
UK) for 40 min at 37°C, and treated with primary antibody
enhancer (Thermo Fisher Scientific, Fremont) for 15 min
and then with HPR polymer (Thermo Fisher Scientific,
Fremont) as secondary antibody for 25 min. After Trisbuffered saline washing, sections were treated with diaminobenzidine to visualize the brown signal. All sections
were then counterstained with hematoxylin-eosin, dehydrated, and mounted. Erythrocytes in tissue sections served
as positive controls of GLUT-1 expression. An experienced
pathologist (J.H.K.) evaluated GLUT-1 staining in the
absence of clinical information. According to the location
of GLUT-1 staining in signet ring cells, sections were
divided into a membranous group and a cytoplasmic group.
Statistical Analysis
Statistical analysis was performed using Medcalc (version
9.6.4). Relations between SUVmax and other parameters were
evaluated using the Mann-Whitney U test and the KruskallWallis test. Multivariate regression analysis was used to
identify independent predictors of FDG uptake. Also multivariate analysis was performed between SUVmax and
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significant clinicopathologic factors in univariate analysis. P
values less than 0.05 were considered significant.

Table 2 Univariate analysis between FDG uptake and clinicopathologic variables in GSRC
Factor

Results
Patient’s Characteristics
Patients’ characteristics, type of surgery, and preoperative
endoscopic findings are summarized in Table 1. The
proportion of FDG-avid GSRCs was 42% (17 of 40).
Subtotal gastrectomy was the major type of surgery in this
study (28/40). Based on preoperative endoscopic findings,
most patients (33/40) had advanced gastric cancer (AGC),
and Borrmann type III was the commonest endoscopic type.
Univariate Analysis of the Associations Between FDG
Uptake and Clinicopathologic Parameters
Results of univariate analysis between FDG uptake and
other clinicopathologic parameters including GLUT-1
expression are summarized in Table 2. Mean SUVmax
in the membranous group was significantly higher than in
the cytoplasmic group (6.06±2.79 vs. 3.67±1.54, P=0.03,
Fig. 1). Of the clinicopathologic parameters, gastric wall
invasion, T stage, extent of LN metastasis, stage, and
tumor size were found to be significantly related to FDG
uptake. Advanced gastric cancer (AGC) had significantly
higher FDG uptake than early gastric cancer (EGC).
SUVmax was found to increase significantly with T stage
(T3–4 vs. T1–2: 3.60±2.19 vs. 5.58±2.96, P=0.0019) and
Table 1 Characteristics, type of surgery, and endoscopic findings of
the patients
Variables

Values

Number of patients
Proportion of FDG-avid GSRC (%)
Age (years)
Sex (M:F)
Type of surgery (n)
Total gastrectomy
Subtotal gastrectomy
Endoscopic Borrmann type
AGC
I
II
III
IV
EGC

40
42
54±12
28:12
12
28
33
1
4
19
9
7

FDG Fluorodeoxyglucose, GSRC gastric signet ring carcinoma, AGC
advanced gastric cancer, EGC early gastic cancer

Number

Age (years)
<55
21
≥55
19
Sex
Male
28
Female
12
Gastric wall invasion
AGC
30
EGC
10
Borrmann type
II
1
III
17
IV
12
Depth of invasion
T1
9
T2
9
T3
19
T4
3
Extent of LN metastasis
N0
16
N1
8
N2
5
N3
11
Distant metastasis
Negative
36
Positive
4
Stage
Ia
8
Ib
7
II
3
IIIa
5
IIIb
5
IV
12
Tumor size
<3 cm
10
≥3 cm
30
GLUT-1 expression
Membranous
Cytoplasmic

17
23

SUVmax (mean ± SD)

P value

5.04±3.26
4.38±2.34

0.70

4.66±2.79
4.78±2.44

0.77

5.35±2.81
2.71±1.23

0.0007†

4.1
5.28±3.58
5.56±1.95

0.4134

2.66±1.23
4.54±2.79
5.66±2.81
5.06±1.10

0.004*

2.86±1.21
4.16±1.19
6.7±2.78
6.6±2.39

0.006*

4.78±2.82
3.95±2.84

0.91

2.56±1.23
3.08±1.09
3.8±0.49
5.02±0.77
6.07±2.78
6.3±2.39

0.001*

2.2±0.48
8.03±3.69

0.0001†

6.06±2.79
3.67±1.54

0.03†

P values were evaluated using *Kruskal-Wallis and †Mann-Whitney
U test
FDG Fluorodeoxyglucose, GSRC gastric signet ring cell carcinoma,
SUVmax maximum standardized uptake value, AGC advanced gastric
cancer, EGC early gastric cancer, GLUT-1 glucose transporter-1

N stage (N2–3 vs. N0–1: 6.63±3.40 vs. 3.39±1.13, P=
0.0002). GSRCs >3 cm showed higher FDG uptake than
those ≤3 cm. Age, sex, and the presence of distant
metastasis were not found to be related to FDG uptake.
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Fig. 1 a–d Representative PET and immunohistochemical staining
images for GSRC with GLUT-1 expression in membrane and
cytoplasm. a, b A case of stage IV GSRC showing intense FDG
uptake (SUVmax 8.4) in the gastric antrum (arrow) and membranous

GLUT-1 staining. c, d Another case of stage IV GSRC showing no
significant FDG uptake in gastric wall and cytoplasmic GLUT-1
staining (×400)

Multivariate Analysis Between FDG Uptake
and Clinicopathologic Parameters

GSRCs show elevated FDG uptake due to the membranous
expression of GLUT-1. As far as we know, this is the first
report to be issued in South Korea of an association
between FDG uptake and GLUT-1 expression in GSRC.
The majority of previous studies evaluated this association
in all types of gastric cancer and not specifically in GSRC.
Degree of GLUT-1 expression has previously been
shown to be correlated with increased FDG uptake in a

As shown in Table 3, multivariate regression analysis
between FDG uptake and clinicopathologic variables
showed that GLUT-1 staining (P=0.0056) and N stage
(P=0.0001) were independent predictors for high FDG
uptake.

Discussion

Table 3 Significant variables affecting FDG uptake in GSRC on
multivariate analysis

In this study, we evaluated the relation between the
clinicopathologic findings of GSRC including GLUT-1
expression, and FDG uptake on PET/CT images. It was
found that 42% of GSRCs showed membranous GLUT-1
expression, and these GSRCs had significantly higher
SUVmax values than those showing cytoplasmic expression. This result suggests that a considerable proportion of

Variable

Estimate coefficient

Standard error

P value

GLUT-1 staining
LN metastasis

1.96
1.20

0.67
0.26

0.0056
0.0001

FDG Fluorodeoxyglucose, GSRC gastric signet ring cell carcinoma,
GLUT-1 glucose transporter-1
Adjusted R2 = 0.446
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variety of human malignancies [12–15]. Similarly, in
gastric carcinoma, GLUT-1 expression has been shown to
be significantly correlated with FDG uptake (P=0.002).
Median SUVmax has been reported to be higher in gastric
cancers with detectable GLUT-1 expression (6.9, range
2.3–14.1) than in those without GLUT-1 expression (3.1,
range 1–8.8) [26]. The above-mentioned results could
explain the variability of FDG uptake in gastric cancer
during initial staging.
Previous studies reported that nonintestinal gastric
cancers, including GSRC, show lower FDG uptake than
the intestinal type. Stahl et al. reported that 9 of 22
nonintestinal gastric cancers (42%) and 15 of 18 intestinal
cancers (83%) showed detectable FDG uptake by visual
analysis [20]. In another study by Yamada et al., noncohesive gastric cancer was found to show significantly
lower GLUT-1 expression and FDG uptake than the
cohesive type [24]. De Potter et al. also reported that only
25% of GSRCs had FDG avidity in a small group study
(n=8) [21], which concurs with that found in the Korean
population [22]. Han et al. concluded that the intestinal type
has significantly higher SUVmax values than the nonintestinal type [22]. In addition, Kawamura et al. found that
the expression of GLUT-I was higher in papillary and
tubular adenocarcinoma than in signet ring cell and
mucinous adenocarcinoma [19]. However, in one recent
study, 78% of GSRCs (7/9) were included in an FDG-avid
group [23]. In the present study, 42% of GSRCs had
detectable FDG uptake on PET by visual analysis, and
GSRCs with membranous GLUT-1 expression showed
significantly higher FDG uptakes than those with cytoplasmic expression, which suggests that the degree of FDG
uptake is affected by GLUT-1 expression in signet ring
cells. These results are consistent with those of previous
studies [19, 24] that examined the relation between FDG
uptake and GLUT-1 expression in gastric cancer.
In addition to GLUT-1 expression, a number of
clinicopathologic factors were also found to be significantly
related to FDG uptake. In particular, primary tumor size of
GSRC was found to be significantly associated with
SUVmax, which concurs with the results of earlier studies
[20, 22–25]. Furthermore, in the present study, depth of
invasion (T stage), regional LN involvement (N stage), and
overall GSRC stage were found to be significantly related
to FDG uptake of the primary tumor, which also closely
agrees with the results of previous studies [23, 25] and
suggests that FDG uptake is closely associated with tumor
progression in GSRC. On the other hand, these results
indicate that the diagnostic ability of FDG PET in EGC of
the signet ring cell type is likely to be lower than in AGC of
the signet ring cell type.
In the present study, multivariate regression analysis
showed that GLUT-1 staining and regional lymph node
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involvement were independently related to FDG uptake,
which concurs with a previous report issued by Yamada et
al. in which GLUT-1 expression was found to be the factor
that influenced FDG uptake in gastric carcinoma [24].
This study has several limitations that require consideration. First, it was based on a retrospective analysis
performed at a single institution, and some of the patients
with GSRC did not undergo surgery because of advanced
stage disease. Accordingly, caution should be exercised
when generalizing our findings. Second, gastric mucosa
often shows physiologic FDG uptake on PET images. In the
present study, we adopted the water-induced gastric
distention method to determine FDG uptake in primary
gastric tumors in about one-third of our patients, but the
analysis was conducted using nondistended PET images for
homogeneity reasons. We believe that these limitations
warrant a future prospective study incorporating the water
distention protocol. Third, as FDG uptake is specifically
regulated by type II hexokinase and other glucose transporters, their correlation with FDG uptake in GSRC is also
worthy of further investigation.
In conclusion, our findings suggest that FDG uptake in
primary GSRC tumors is mediated by membranous
expression of GLUT-1.
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