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ABSTRACT

Background. The role of glucose transporter 14 (GLUT-
14/SLC2A14) in tumor biology is entirely unknown, and
the significance of hypoxia inducible factor 1-alpha (HIF1-
o) for gastric adenocarcinoma is controversial. The impact
of GLUT-1/SLC2A1 has never been confirmed in a Cau-
casian cohort.

Methods. Between 1996 and 2007, 124 patients under-
went gastrectomy for gastric adenocarcinoma. Tumor
sections were incubated with GLUT-1, GLUT-14, and
HIF1-o antibodies. Expression was analyzed for correla-
tions with histopathology, marker coexpression, and patient
survival by uni- and multivariate analyses.

Results. Expressions of GLUT-1, GLUT-14, and HIF1-a
were detectable in 50, 77.4, and 27.1 %, respectively.
Expression of GLUT-1 was associated with pT-category
(p = 0.019), pN-category (p = 0.019), tubular (WHO,
p = 0.008), and intestinal (Lauren classification;
p = 0.002) histologic subtypes. Expression of GLUT-14
was correlated with pT category (p = 0.043), whereas
HIF1-o did not show any correlation with histopathology
or survival. The median survival period was 14 months
(95 % confidence interval [CI] 9.2-18.8 months) for
GLUT-1-positive patients and 55 months (95 % CI
25.8-84.2; p = 0.01) for GLUT-1-negative patients. An
inferior prognosis also was seen for GLUT-14-positive
cases compared with  GLUT-14-negative  cases
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(p = 0.004). Thus, worst survival was seen with both
GLUT-1- and GLUT-14-positive expression followed by
single-positive ~ and  then  double-negative  cases
(p = 0.004). In multivariate analysis including Interna-
tional Union Against Cancer (UICC) stages, R category,
Lauren classification, surgery alone versus neoadjuvant/
perioperative chemotherapy, and marker expression as
covariates, GLUT-1 (p =0.011) and GLUT-14
(p = 0.025) kept their prognostic independence.
Conclusions. The study findings suggest that detection of
GLUT-1 and GLUT-14 is of high prognostic value. It gives
additional information to UICC stages and identifies
patients with inferior prognosis. If confirmed in prospective
studies, these markers need to be considered for future
classification systems.

Gastric cancer is the fourth most common cancer, with
approximately 800,000 new cases per year, and the second
leading cause of cancer-related death worldwide." Many
patients have advanced disease at the time of diagnosis,
resulting in poor prognosis and high mortality.”™

Of particular interest are prognostic factors, which can
identify high-risk patients with poor prognosis. Identifica-
tion of patients with a poorer outcome can help in setting
up novel treatment strategies at the beginning of treatment,
which might lead to better and more individualized therapy
strategies with superior survival.” Therefore, current efforts
are focused on detection and validation of markers that
provide additional information about prognosis to well-
established prognostic factors such as the tumor-node-
metastasis (TNM) classification. Ideally, such markers
should be feasible and useful for clinical routine.”™
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To date, 14 members of the mammalian glucose trans-
porter (GLUT) family have been identified. On the basis of
sequence similarities and structural elements, this family is
divided into three subfamilies: class 1 (GLUT-1 to -4,
GLUT-14), class 2 (GLUT-5, -7, -9, and -11), and class 3
(GLUT-6, -10, -12, and -13).>"°

The human erythrocyte glucose transporter, GLUT-1, is
the first identified protein of the GLUT family."' Respon-
sible for basal glucose uptake, GLUT-1 has been identified
as an important functional transporter of glucose in most
transformed cells.'>'* For gastric cancer, Kim et al. 4 have
shown that GLUT-1 is correlated with the intestinal type,
and Kawamura et al.'” found higher tumor stages and
decreased survival in GLUT-1-positive cases. However,
these findings never led to usage of this marker in clinical
practice or to its inclusion in classification systems.

In addition, GLUT-14 is a class 1 protein and a splice
variant of GLUT-3. High GLUT-14 expression is seen in
tissue of the human testis.'”'® Preliminary data on 12
samples indicate expression of GLUT-14 also in gastric
adenocarcinoma, but the eventual impact of GLUT-14 in
tumor biology, especially in gastric adenocarcinoma, is
entirely unknown to date."’

Hypoxia inducible factor 1-alpha (HIF1-a) is a protein
induced by hypoxia. In models, the HIF complex has been
shown to induce a translational cascade itself, including
GLUT-1 and other proteins for which a major role in tumor
biology is known such as hepatocyte growth factor receptor
(c-MET), vascular endothelial growth factor (VEGF), and
matrix metalloproteinase-2 (MMP-2).'"® For gastric ade-
nocarcinoma, studies have delivered controversial results
concerning the prognostic impact of HIF1-o and its impact
of other marker expressions.' !

The current study is the first to analyze GLUT-14
expression in gastric adenocarcinoma in a large single-
center cohort. The impact of GLUT-1 expression also has
never been confirmed in a Caucasian patient cohort, and
more importantly, previous studies did not include patients
with neoadjuvant treatment.**

MATERIALS AND METHODS
Patients

The subjects of this study were 124 patients [93 men
(75 %) and 31 women (25.0 %)] treated surgically with
curative intention between March 1997 and September
2008 for primary gastric adenocarcinoma in the Depart-
ment of General, Visceral, and Cancer Surgery at the
University of Cologne. The mean age of the patients was
66.6 years (range 19-85 years), and the median follow-up
period was 24 months (range 3-154 months). The study

was performed according to the local Research Ethics
Guidelines and Helsinki-Ethical Principles, and informed
consent for treatment and research was obtained from the
patients at the time of admission.

The patients underwent gastrectomy with D2-lym-
phadenectomy (compartments 1 and 2) in 112 cases
(90.3 %) and a subtotal gastrectomy with D2-lym-
phadenectomy in 12 cases (9.7 %). The median number of
dissected lymph nodes was 33. Of the 124 patients, 115
(92.7 %) underwent RO resection and 9 (7.3 %) underwent
R1 resection. Neoadjuvant therapy was administered to 28
patients (22.6 %), who were included for subgroup analy-
ses to determine the impact of marker expression on
pretreated patients. Patients with diffuse metastases were
excluded. A total of 19 patients (15.3 %) with localized
peritoneal carcinosis, distant lymph node metastasis (M1
lymph), or single liver metastasis (M1 Hep) were treated
with curative intention and therefore were not excluded.

Neoadjuvant chemotherapy was administered to 28
patients with cT3/4 tumors shown by preoperative
endosonography, whereas 15 patients received only a
neoadjuvant regimen, and 13 patients in a perioperative
setting had the same number of cycles during adjuvant
therapy. Chemotherapy was performed with cisplatin + 5-
FU + leucovorin (PLF) or epirubicin + cisplatin + 5-FU
(ECF) or epirubicin + oxaliplatin + capecitabine (EOX)
based on the actual guidelines and recommendations at that
time. The neoadjuvant treatment (n = 15) was performed
for eight patients with ECF, four patients with PLF, and
three patients with EOX. Perioperative treatment (n = 13)
was performed for four patients with ECF, four patients
with PLF, and five patients with EOX.

Histopathology

Specimens were removed en bloc, and lymph nodes
were marked according to a standardized protocol.
Resected specimens were fixed in 5 % phosphate-buffered
formalin and embedded in paraffin.

Histopathologic examination consisted of a thorough
and standardized evaluation of tumor stage, residual tumor
(R) category, grading, and number of resected and infil-
trated lymph nodes. Gastric lymph nodes were documented
according to the classification of the Japanese Research
Society of Gastric Cancer with lymph node groups 1-13.%
Tumor localization was defined according to the Interna-
tional Classification of Diseases for Oncology. Lesions
were further classified and graded in accordance with
World Health Organization (WHO) recommendations,
Lauren classification, differentiation (G1-G3), and the 7th
edition of the TNM classification.
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Immunohistochemistry

Resected tumor samples were cut (5 um thick) and
deparaffinized. Peroxidase activity was blocked by 3 %
H,0,/methanol for 20 min. Sections were incubated with
primary polyclonal antihuman GLUT-1 antibody (GLUT-
1, RB-9052-P0; Thermo Fisher Scientific, Cheshire, UK),
monoclonal mouse antihuman HIF1-o antibody (HIF1-a,
Hl1a-67), or polyclonal rabbit anti-human GLUT-14 anti-
body (GLUT-14, P94354Hu01; Live Science Inc.)
overnight at 4 °C. Antibodies were guaranteed to be
specific without any cross-reactivity with proteins of the
same family. We diluted GLUT-1, GLUT-14, and HIF1-a
respectively at 1:200, 1:50, and 1:20 in Tris-buffered saline
(TBS, containing 2.5 % bovine serum albumin).

The next day, after a double rinse with TBS, the poly-
mer secondary antibody-horseradish-peroxidase complex
(Envision system; Dako) was applied, incubated for
30 min, and rinsed twice. Then enzyme substrate AEC+
(Dako) was applied. After incubation for 30 min, slides
were counterstained with hematoxylin for 2 min and
mounted in glycerol jelly.

Semiquantitative Analysis

Expression of GLUT-1, GLUT-14, and HIF1-a of the
primary tumor was determined by semiquantitative evalu-
ation and divided into two groups as follows: 0 (no
expression or expression in <10 % of tumor cells) and 1
(GLUT-1, GLUT-14 or HIF1-a expression in >10 % pri-
mary tumor cells; Fig. 1). Analyses were performed by an
experienced pathologist (U.D.), who was blinded to all
clinical data.

Statistical Analysis

Associations between clinicopathologic parameters and
GLUT-1, GLUT-14, and HIFl-o were evaluated using
Pearson’s Chi square-test. Survival analysis was performed
by the Kaplan—Meier approach using the log-rank test.
Independent prognostic factors were determined by multi-
ple stepwise regression analysis using the Cox-model. The
level of significance was set at a p value lower than 0.05,
and p values are for two-sided testing. The tests were
performed with SPSS 22.0 (SPSS, Chicago, IL, USA).

RESULTS
Demographic Characteristics and Marker Expression
Gender and both WHO and Lauren classifications as

well as tumor grade and stage overall and in correlation
with protein expression of GLUT-1, GLUT-14, and HIF1-a

are presented in Table 1. The most frequent histologic type
was the tubular type (WHO, 44.4 %), followed by the
signet-ring carcinoma type (WHO, 31.5 %), the diffuse
type (Lauren, 46 %), and the intestinal type (Lauren,
44.4 %). Most tumors showed a poor differentiation (G3,
55.6 %) and were diagnosed as pT3 or pT4 carcinoma
(36.3 and 35.5 %, respectively). No lymph node infiltration
was found in 38 patients (pNO, 30.6 %), whereas pNI1,
pN2, and pN3 were diagnosed respectively in 25 (20.2 %),
22 (17.7 %), and 39 (31.5 %) patients. According to the
2009 UICC staging, 22 patients had stage 1, 16 patients had
stage 2, 31 patients had stage 3, and 55 patients had stage 4
disease.

GLUT-1

The findings showed GLUT-1 to be partly homogeneous
and partly focal cytoplasmatic with a membranous staining
pattern (Fig. la, b). Significant correlation of GLUT-1
expression with nodal status was noted (p = 0.049). In
only 13 cases (34.2 %), GLUT-1 expression was detected
in NO patients, whereas 49 (57 %) of 86 lymph node-
positive patients showed GLUT-1 expression in the pri-
mary tumor (p = 0.019).

A significant correlation of GLUT-1 expression with
higher stages of disease also was seen for the pT category
(p = 0.019). As such, 12 (85.7 %) of 14 pT1 patients did
not show any GLUT-1 expression. In addition, the
intestinal and mixed subtypes of gastric adenocarcinoma
also showed higher GLUT-1 expression than the diffuse
type (p = 0.002).

A significant difference (p < 0.008) also was detected
for the subtypes according to the WHO classification.
Whereas 30 (76.9 %) of 39 signet-ring cell carcinomas did
not show any GLUT-1 expression, 33 (60.0 %) of 55
tubular tumors showed a positive expression. No correla-
tion of GLUT-1 with HIFI-o was found (p = 1.0).

GLUT-14

The staining pattern of GLUT-14 was mostly homoge-
neous cytoplasmatic (Fig. 1c, d). Of all three markers,
GLUT-14 showed the highest expression, with 96 (77.4 %)
positive cases. A significant correlation of GLUT-14
expression was seen for the pT category in terms of a
higher pT category for GLUT-14-positive tumors
(p = 0.043). Remarkably, GLUT-14 expression was asso-
ciated with GLUT-1 expression (p = 0.001).

HIFI-o

In this study, HIF1-o0 showed a perinuclear cytoplas-
matic staining pattern (Fig. le, f). The only significant



Prognostic Markers in Gastric Cancer

S825

FIG. 1 a Glucose transporter (GLUT)-1 staining x40. b GLUT-1 staining x 100. ¢ GLUT-14 staining x40. d GLUT-14 staining x200. e HIF1-

alpha staining x40. f HIF1-alpha staining x200

correlation of HIF1-a was seen for gender (p = 0.018).
No association with histology or TNM was found for
HIF1-a.

Survival Analysis

Kaplan—Meier survival analyses based on GLUT-1 and
GLUT-14 expression are shown in Fig. 2a, b. The patients
with positive GLUT-1 expression had a significantly worse
prognosis than those without GLUT-1 expression

(p = 0.01). The median survival time for the GLUT-1-
positive  patients was 14 months (95 %  CI
9.2-18.8 months) compared with 55 months (95 % CI
25.8-84.2 months) for the GLUT-1-negative patients
(Fig. 2a).

The patients with positive GLUT-14 expression also
showed a significant worse outcome than the patients
without GLUT-14 expression (p = 0.004). The median
survival time for the GLUT-14-positive patients was
18 months (95 % CI 11.7-24.3 months) compared with
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FIG. 2 Kaplan—Meier analysis of overall survival of 124 gastric cancer patients based on a Glucose transporter (GLUT)-1, b GLUT-14, ¢ HIF1-

alpha, and d double-GLUT expression

105 months (95 % CI 23.4-186.7 months) for the patients
without GLUT-14 expression in tumor tissue (Fig. 2b).
Expression of HIF1-o, however, did not correlate with
patient survival (Fig. 2¢; p = 0.830).

For further survival analyses, we divided the patients into
the following three groups based on their GLUT-1 and
GLUT-14 status: (1) double-GLUT-positive patients, (2)
single-GLUT-positive patients (GLUT-1 or GLUT-14 pos-
itive), and (3) double-GLUT-negative patients. The
significantly worst survival rates were seen for the double-
GLUT-positive patients, followed by the single-GLUT-
positive patients, and the highest survival rates were seen for
the double-GLUT-negative patients (p = 0.004; Fig. 2d).

Multivariate Analysis

In the multivariate analyses, known prognostic factors for
gastric cancer (UICC, R category, Lauren classification, and

surgery alone vs neoadjuvant/perioperative chemotherapy),
GLUT-1 and GLUT-14 status were included (Table 2).
Multivariate analyses were performed for GLUT-1 and
GLUT-14 markers, respectively, and as a combined factor.

In the GLUT-1 analysis, UICC stages (p < 0.001), R
category (p = 0.006), and GLUT-1 expression (p = 0.011)
kept their prognostic independence. The same factors,
including GLUT-1 expression (p = 0.006) and Lauren
classification (p = 0.007), kept their prognostic indepen-
dence when the patients with neoadjuvant chemotherapy
(n = 28) were excluded from the analysis.

In the multivariate analysis for GLUT-14 expression,
UICC stages (p < 0.001), R category (p = 0.044), and
GLUT-14 status (p = 0.025) kept their prognostic inde-
pendence. When the patients with neoadjuvant therapy
were excluded, UICC stages (p = 0.006), R category
(» = 0.001), Lauren classification (p = 0.023), and
GLUT-14 (p = 0.025) kept their prognostic independence.
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TABLE 2 Multivariate analysis of prognostic covariates of survival in gastric cancer with glucose transporter (GLUT)-1/GLUT-14 expression

as a covariate

All patients (n = 124)

Patients without neoadjuvant/perioperative
treatment (n = 96)

p value OR (95 % CI) p value OR (95 % CI)
Covariate
GLUT-1
uvICcC <0.001 1.716 (1.352-2.206) 0.001 1.991 (1.315-3.016)
Lauren classification 0.091 1.382 (0.950-2.012)  0.007 2.219 (1.250-3.942)

R category

Surgery alone versus neoadjuvant/perioperative chemotherapy

0.006 2.786 (1.349-5.750) <0.001
0.058 0.588 (0.340-1.018)

2.219 (1.250-3.942)

GLUT-1 expression 0.011 1.794 (1.140-2.821)  0.006 2.456 (1.294-4.662)
GLUT-14
uUICC <0.001 1.727 (1.352-2.206)  0.006 1.713 (1.168-2.514)
Lauren classification 0.163 1.314 (0.895-1.931) 0.023 2.058 (1.107-3.825)
R category 0.044 2.093 (1.020-4.293)  0.001 4.266 (1.869-9.737)
Surgery alone versus peoadjuvant/perioperative chemotherapy  0.093 0.626 (0.363-1.082)
GLUT-14 expression 0.025 1.999 (1.089-3.667) 0.025 2.812 (1.140-6.934)
GLUT-1/GLUT-14
uUICC <0.001 1.692 (1.321-2.166) 0.001 1.919 (1.284-2.868)
Lauren classification 0.067 1.419 (0.976-2.062) 0.007 2.189 (1.236-3.878)

R category
Surgery alone versus neoadjuvant/perioperative chemotherapy
Double-GLUT expression

0.010 2.572 (1.259-5.256) <0.001
0.040 0.564 (0.326-0.975)
0.001

4.637 (1.996-10.771)

1.753 (1.246-2.468)  0.001 2.307 (1.391-3.825)

UICC International Union Against Cancer

Multivariate analysis for double-GLUT marker expres-
sion showed UICC stages (p < 0.001), R category
(p = 0.010), surgery alone versus neoadjuvant/periopera-
tive chemotherapy (p = 0.040), and double-GLUT marker
expression (p = 0.001) to be independent prognostic
markers. The double-GLUT marker kept its prognostic
independence when patients with neoadjuvant chemother-
apy were excluded (p = 0.001).

DISCUSSION

In gastric cancer, the conventional prognostic parame-
ters (UICC stages and pT, pN, pM, and R categories) are
known to be associated with decreased survival at higher
stages of disease. However, establishing new prognostic
markers has failed in many studies, with most multivariate
analyses and meta-analyses showing no effect on
prognosis.?*

The current study focused on GLUT-1, GLUT-14, and
HIF1-a expression and identified positive GLUT-1 and
GLUT-14 expression as a potential predictor of decreased
survival. Immunohistochemical evaluation of cancer tissue
is a feasible, accurate, cost-effective, and fast method for
completing the patient‘s risk profile. In the current study,

GLUT-1 expression had a prognostic power comparable
with that of the pT category and superior to that of the pN
and pM categories. The patients with GLUT-1 expression
had a median overall survival time about 40 months shorter
than the patients without GLUT-1 expression (Fig. 2). A
comparable prognostic impact could be shown for GLUT-
14 expression, which was a powerful predictor in the
multivariate analysis (Table 2). However, in contrast to
other studies, HIF1-a did not predict outcome and did not
correlate with GLUT-1 expression.”

One important characteristic of many cancer cells is the
switch from mitochondrial to anaerobic glycolysis (War-
burg effect), which may partly explain why malignant cells
overexpress GLUT transporters, allowing them to increase
their glucose consumption.”® This may explain why posi-
tive GLUT-1 expression is associated with a more
aggressive type of cancer, resulting in decreased survival
time.

Elevated GLUT-1 expression has been described in
hepatic, pancreatic, breast, esophageal, brain, renal, cuta-
neous, colorectal, endometrial, ovarian, and cervical
carcinoma, mostly indicating an inferior prognosis for
patients with high expression.”’® In accordance with
these findings, the current study suggests that detectable
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GLUT-1 expression is associated with greater tumor
aggressiveness in gastric cancer, resulting in higher pT, pN,
and pM categories. Furthermore, our study suggests a
significant association between GLUT-1 expression and
WHO and Lauren classifications. The intestinal type was
positively associated with GLUT-1 expression, and signet-
ring cell carcinoma showed significant lower GLUT-1
expression than other subtypes according to the WHO
classification. These results are confirmed by several other
studies.'*">-7

An association of GLUT-1 expression with the intestinal
type of gastric cancer was first shown by Kim et al.'* and a
negative correlation with survival was first described by
Kawamura et al."> Our study confirmed those findings for a
Caucasian cohort of patients, and more importantly, it
showed that these findings also are applicable for patients
who received neoadjuvant treatment. Pretreated patients
were not included in previous studies although those
patients represent a substantial part in Western countries.

The impact of GLUT-14 in tumor biology, especially in
gastric adenocarcinoma, has never been analyzed previ-
ously. The majority of our patients (77.4 %) showed a
GLUT-14-positive staining pattern with a significant
coexpression of GLUT-1 and GLUT-14. Remarkably,
similar to GLUT-1, a positive GLUT-14 status seemed to
be associated with lower survival rates, giving further
evidence that both markers reflect tumor aggressiveness.
Thus, the combination of both GLUT markers may be a
powerful tool for survival prediction, with the worst sur-
vival rates seen among patients with double-positive
GLUT expression (Fig. 2d) in this study. Similar to hor-
mone status in breast cancer, after prospective confirmation
studies, GLUT status could be used to identify high-risk
patients, especially because determining GLUT-expression
is feasible and can be performed easily even on biopsies.*®
In prospective studies, those high-risk patients could be
identified as candidates for neoadjuvant chemotherapy.
Although not attempted with humans, GLUT-1 as a
medicamentous target has been tested in vitro and in vivo
(mouse) on colorectal cancer cells with promising results.*

In conclusion, our results suggest that detection of
GLUT-1 and GLUT-14 expression in the surgical resection
specimen, especially a combination of the two, has high
prognostic value in gastric cancer. This is the first study to
investigate the relevance of GLUT-14 in tumor biology,
with results encouraging for further investigations. Because
GLUT status gives additional information to the UICC
categories, it is helpful for identifying patients with inferior
prognosis. Confirmation of our results in further ideally
prospective studies certainly is necessary before these
markers are included in future classification systems for
gastric adenocarcinoma. In a prospective setting, GLUT

status also could be used as an additional tool for indication
of divergent therapeutic regimens.
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