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Aberrant b1, 6-N-acetylglucosaminyltransferase V (MGAT5) expres-
sion in malignant tissues has been reported to be involved in the
development of various cancers and their progression, through
altering N-glycan branching. We aimed to investigate the clinical
and prognostic values of MGAT5 and improve the risk stratifica-
tion in patients with gastric cancer. MGAT5 expression was
retrospectively analyzed by immunohistochemistry in three
independent sets comprising 313 patients from China with gastric
adenocarcinoma. Results were assessed for association with clini-
cal features and overall survival using Kaplan–Meier analysis.
Prognostic values of MGAT5 expression and clinical outcomes
were evaluated by Cox regression analysis. A molecular prognostic
stratification scheme incorporating MGAT5 expression was deter-
mined in patients with late-stage gastric cancer by using receiver
operating characteristic analysis. The results show that low
intratumoral MGAT5 density, which was associated with poor dif-
ferentiation, N classification, TNM stage, and Kiel stage, was an
independent prognosticator for poor overall survival. The
combination of intratumoral MGAT5 expression and TNM or Kiel
staging systems had a better predictive power for overall survival.
Applying the prognostic value of intratumoral MGAT5 density to
TNM stage III+IV and Kiel stage IIIB+IV groups showed a better risk
stratification for overall survival in patients with late-stage gastric
cancer. In conclusion, integrating intratumoral MGAT5 density that
was recognized as an independent prognostic marker into current
clinical staging systems significantly improved prognostic
stratification of patients with late-stage gastric cancer. This refined
risk stratification scheme might aid in appropriate therapeutic
options and ultimately improve the outcomes of patients with
advanced-stage disease. (Cancer Sci 2013; 104: 185–193)

G astric cancer is the fourth most common neoplasm
worldwide and the second most frequent cause of can-

cer-related mortality, partially due to the loss of curative thera-
peutic opportunities at the time of initial diagnosis, with
advanced stage disease with lymph node metastases already
present in the vast majority of patients.(1,2) The TNM classifi-
cation of the International Union Against Cancer and Kiel’s
proposal of stage grouping systems (Fig. S1), based on the
postoperative clinicopathological status of patients with gastric
cancer, establish predictive nomograms for accurately predict-
ing patient survival, guiding therapy decisions (Fig. 1a), and
stratifying patients in clinical trials.(3–5) However, there are
noted heterogeneous clinical outcomes among patients with the
same stage and similar treatment regimens in these two staging
systems, especially non-surgical patients with end-stage gastric

cancer who are the focus of clinical trials.(6) Therefore, molec-
ular approaches to stratifying patients with gastric cancer,
through incorporation of molecular information, including
post-translational modification, into conventional predictive
nomograms will improve current prognostic stratification and
identify non-surgical patients who are more likely to benefit
from adjuvant therapies.
As the most extensive and complex form of protein post-trans-

lational modifications, glycosylation produces an abundant,
diverse, and highly regulated repertoire of cellular glycans as an
“ensemble” of structures that mediate function. Unlike protein–
protein interactions, which can be generally viewed as “digital”
in regulating function, glycan–protein interactions impinge on
biological functions in a more “analogue” fashion that can in turn
“fine-tune” a biological response. In the tumor microenviron-
ment, changes in glycosylation allow neoplastic cells to usurp
many of the events that occur in development (for example,
receptor activation, cell adhesion, and cell motility), which allows
tumor cells to invade and spread throughout the organism.(7) Gly-
cosylation alterations, including both underexpression and over-
expression of naturally-occurring glycans, as well as neo-
expression of glycans normally restricted to embryonic tissues,
most often arise from changes in the expression levels of glyco-
syltransferases in the Golgi compartment of cancerous cells.(8)

One of the most common changes is an increase in the size and
branching of N-linked glycans, which is often attributed to
increased activity of b1, 6-N-acetylglucosaminyltransferase V
(MGAT5) during colon and breast carcinoma progression.(9–11)

In the Golgi compartment, this enzyme transfers a GlcNAc resi-
due onto growing N-linked glycans so that subsequent
glycosylation results in “multi-antennary” chains. The presence
of such complex b1, 6-branched N-glycans on tumor cell E-cadh-
erin reduces tumor cell–cell adhesion. Therefore, increased
expression of this enzyme promotes cell detachment and inva-
sion.(7,8) Moreover, the MGAT5-deficient background suppresses
the oncogenic potency of polyomavirus middle T oncogene trans-
gene in mice.(12) In opposition to the abovementioned oncogenic
function ofMGAT5, lowMGAT5 expression was associated with
poor prognosis in bladder and non-small-cell lung cancers.(13,14)

However, a comprehensive analysis of MGAT5 expression in
relation to survival of patients with gastric cancer remains largely
unknown and needs to be further established.
In this study, low intratumoral MGAT5 expression in gastric

cancer was examined by immunohistochemical analysis, and
its correlation with poor prognosis of patients with gastric
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cancer was evaluated. Moreover, integration of intratumoral
MGAT5 expression into TNM staging or Kiel’s staging system
could refine prognostic stratification of patients with late-stage
gastric cancer.

Materials and Methods

Clinical specimens. We prospectively recruited consecutive
patients with gastric cancer, collected the clinicopathologic

data and the specimens, and retrospectively analyzed the
samples for markers correlating with survival and their role in
refining gastric cancer prognostic stratification. Three indepen-
dent sets comprising 354 patients who had undergone total or
partial gastrectomy for gastric adenocarcinoma from two insti-
tutional clinical centers were enrolled in the study (Fig. 1b).
Patients with presurgically treated gastric cancer (n = 28) and
recurrent gastric cancer (n = 13) were excluded. Specimens of
a training set (n = 97) and testing set (n = 126) were obtained

(a)

(b)

Fig. 1. Treatment guidelines for gastric cancer and study design. (a) Treatment guidelines for gastric cancer. Patients with early or intermediate
gastric cancer (TNM stage I ⁄ II) are candidates for curative treatment (endoscopic resection, radical gastrectomy). Patients within TNM stage III
might benefit from radical gastrectomy, extended surgery, and neoadjuvant or adjuvant chemoradiotherapy. Patients with end-stage disease
(TNM stage IV) will receive palliative treatment. Patients with TNM stage III ⁄ IV disease are candidates for randomized controlled clinical trials.
Modified from Japanese gastric cancer treatment guidelines 2010 (version 3). (b) Study design. In the training set, tumor and non-tumor tissues
were analyzed separately and each was assessed with the clinicopathologic characteristics and overall survival of patients with gastric cancer. The
model based on non-tumor tissue in the training set was validated with the use of an independent validation set. IHC, immunohistochemistry.
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from Zhongshan Hospital (Shanghai, China) between January
2000 and December 2008. Specimens of a validation set
(n = 90) were obtained from Nantong Tumor Hospital (Ji-
angsu, China) between May 2007 and February 2008 with the
same criteria of the training and testing sets. Non-tumor gas-
tric tissues of the training set and validation set were obtained
at least 5 cm from the tumor. All specimens were pathologi-
cally reassessed independently by two gastroenterology pathol-
ogists blinded to the clinical data. Institutional review board
approval from each hospital and written informed consent
from all patients were obtained for this study.

Patient characteristics. Detailed clinical characteristics of
three independent sets, including 313 gastric cancer specimens
obtained for this study, are summarized in Table 1. There were
more patients with late-stage gastric cancer (TNM III and IV,
67.77% vs 61.11% vs 49.48%, respectively; Kiel IIIB and IV,
71.11% vs 64.29% vs 53.61%, respectively) and shorter sur-
vival time (median, 35 months vs >60 months vs >60 months,
respectively) in the validation set compared with the training
and testing sets. Such heterogeneity may help to ensure that
the predictor has real-world applicability across heterogeneous
populations of patients from different districts.

Tissue microarray and immunohistochemistry. Tissue micro-
arrays were constructed as previously described.(15) Primary
anti-MGAT5 antibody (Abcam, Cambridge, MA, USA) was
used for immunohistochemistry (IHC) staining. Before IHC
staining, antibody specificity was ascertained by Western blot
analysis in two human gastric cancer cell lines (AGS and
HGC27) after transfection with control pcDNA3.1 vector and
pcDNA3.1-MGAT5 plasmid (a generous gift from Dr. Jianguo
Gu, Tohoku Pharmaceutical University, Miyagi, Japan),
respectively (Fig. S2). The intensity of IHC staining of
MGAT5 was scored independently by two gastroenterology
pathologists using the semiquantitative immunoreactivity scor-
ing (IRS) system as previously described.(16) Briefly, category
A documented the intensity of IHC staining as 0 (negative), 1
(weak), 2 (moderate), and 3 (strong). Category B documented
the percentage of immunoreactive cells as 1 (0–25%), 2
(26–50%), 3 (51–75%), and 4 (76–100%). Multiplication of
category A and B resulted in an IRS ranging from 0 to 12 for
each specimen. The area under the receiver operating charac-
teristic curves (AUC) at different cut-off values of overall
survival time was calculated to determine the optimal cut-off
value of the MGAT5 IRS in tumors. In the training set, the
optimal value of the cut-off point was eight, due to its best
predictive value (AUC, 0.722; 95% confidence interval [CI],
0.622–0.808; P < 0.001; Fig. S3). Under these conditions,
specimens with IRS 0–8 and IRS 9–12 were classified as low
and high expression of MGAT5 both in tumors and non-
tumors, respectively. After establishing the IHC assessment
criteria in the training set, expression of MGAT5 in the testing
and validation sets was scored in exactly the same way. Nega-
tive controls were included in all assays and treated identically
but with the primary antibody omitted.

Statistical analysis. Statistical analysis was carried out using
MedCalc Software (version 11.4.2.0; MedCalc, Mariakerke,
Belgium). Numerical data were analyzed using Student’s t-test,
whereas categorical data were studied using the v2-test or Fish-
er’s exact test. Cumulative survival time was calculated by the
Kaplan–Meier method and analyzed by the log–rank test.
Numbers at risk were calculated for the beginning of each time
period. The Cox proportional hazards regression model was
used to carry out univariate and multivariate analyses. Recei-
ver operating characteristic (ROC) analysis was used to com-
pare the sensitivity and specificity for the prediction of overall
survival by the parameters. All P-values were two sided, and
differences were considered significant at values of P < 0.05.

Results are reported according to the Reporting Recommenda-
tions for Tumor Marker Prognostic Studies guidelines.(17)

Results

Immunohistochemical findings. As shown in Figure 2,
MGAT5 staining was mainly on the cytoplasm of gastric epithe-
lia and cancer cells. Most of the stroma cells were negatively

Table 1. Clinical characteristics of patients with gastric cancer in

three independent sets

Factor
Training set Testing set

Validation

set

n % n % n %

All patients 97 100 126 100 90 100

Age, years

Mean 60.35 65.04 65.47

SD 11.37 11.22 10.69

Gender

Female 35 36.08 37 29.37 23 25.56

Male 62 63.92 89 70.63 67 74.44

Localization

Proximal 10 10.31 28 22.22 25 27.78

Middle 45 46.39 48 38.10 28 31.11

Distal 42 43.30 50 39.68 37 41.11

Differentiation

Well 5 5.16 17 13.49 1 1.11

Moderate 36 37.11 34 26.99 36 40.00

Poor 56 57.73 75 59.52 53 58.89

Lauren classification

Intestinal type 71 73.20 87 69.05 61 67.78

Diffuse type 26 26.80 39 30.95 29 32.22

T classification

T1 26 26.80 10 7.94 4 4.44

T2 10 10.31 12 9.52 8 8.89

T3 4 4.13 14 11.11 9 10.00

T4 57 58.76 90 71.43 69 76.67

N classification

N0 38 39.18 42 33.33 20 22.22

N1 19 19.59 14 11.11 16 17.78

N2 14 14.43 22 17.46 26 28.89

N3 26 26.80 48 38.10 28 31.11

Distant metastasis

No 94 96.91 124 98.41 87 96.67

Yes 3 3.09 2 1.59 3 3.33

TNM stage

I 30 30.93 17 13.49 6 6.67

II 19 19.59 32 25.40 23 25.56

III 45 46.39 75 59.52 58 64.44

IV 3 3.09 2 1.59 3 3.33

Tumor size, cm†

<3.5 56 57.73 59 46.83 20 22.22

� 3.5 41 42.27 67 53.17 70 77.78

Kiel stage

I 21 21.65 7 5.55 2 2.22

II 17 17.52 33 26.19 17 18.89

IIIA 7 7.22 5 3.97 7 7.78

IIIB 27 27.84 39 30.96 37 41.11

IV 25 25.77 42 33.33 27 30.00

Survival, months

Median >60 >60 35

Range 5–139 1–72 1–51

Kiel stage, Kiel proposal of stage grouping; SD, standard deviation.
†Split at median.
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stained, although sporadic positive staining on these cells was
also observed (Fig. 2). Compared with higher peritumoral
MGAT5 density in gastric epithelial cells (Fig. 2a,b), intratumor-
al MGAT5 expression in gastric cancer cells decreased gradually,
accompanied with disease progression from TNM stage I
(Fig. 2c), TNM stage II (Fig. 2d), TNM stage III (Fig. 2e), to
TNM stage IV (Fig. 2f). Collectively, these observations sug-
gested that decreased MGAT5 expression in tumor cells might be
associated with the progression of gastric cancer.

Associations between MGAT5 expression and clinicopathologic
features. Specimen tissues with an MGAT5 IRS value
less than or equal to 8 were considered to have low MGAT5
expression. According to this criterion, approximately 54.64%
(53 of 97), 51.59% (65 of 126), and 61.11% (55 of 90) tumors
were scored with low MGAT5 expression in the training, test-
ing, and validation sets, respectively. As shown in Table 2,
intratumoral MGAT5 expression was associated with tumor
cell differentiation (P = 0.030, P < 0.001, and P < 0.001,
respectively), N classification (P = 0.009, P = 0.004, and
P = 0.042, respectively), TNM stage (P = 0.006, P = 0.014,
and P = 0.004, respectively), and Kiel stage (P = 0.026,
P = 0.003, and P = 0.013, respectively) in three independent
sets. In addition, in the training set, intratumoral MGAT5
expression was also associated with T classification
(P = 0.013). In the testing and validation sets, intratumoral
MGAT5 expression was associated with Lauren classification
(P = 0.002 and P = 0.001, respectively). However, non-tumor

MGAT5 expression was not associated with any clinicopatho-
logic factors of gastric cancer patients in the training or valida-
tion sets (Table S1).

Prognostic factors. Kaplan–Meier survival analysis indicated
that the overall survival of gastric cancer patients with low in-
tratumoral MGAT5 expression was significantly poorer than
those patients with high MGAT5 intratumoral expression in
the three independent sets (all P < 0.001; Fig. 3a–c). Univari-
ate analysis of prognostic significance of intratumoral MGAT5
expression was carried out for overall survival in three
independent sets of gastric cancer patients. As shown in Table
S2, low intratumoral MGAT5 expression is a significant nega-
tive predictor for overall survival in the training set (hazard
ratio [HR], 7.45; 95% CI, 2.60–21.33; P < 0.001), testing set
(HR, 4.37; 95% CI, 2.23–8.55; P < 0.001), and validation set
(HR, 4.65; 95% CI, 2.39–9.04; P < 0.001). To evaluate the
robustness of the prognostic value of intratumoral MGAT5
expression, Cox multivariate regression analysis was carried
out to derive risk estimates related to overall survival, with the
same covariates of the training set showing significance in
univariate analysis to the control for confounders. As shown in
Table S3, intratumoral MGAT5 expression (P = 0.003,
P < 0.001, P < 0.001, respectively) and TNM stage
(P < 0.001, P < 0.001, P = 0.019, respectively) were both rec-
ognized as independent prognostic factors for overall survival
in three independent sets. Moreover, we did the same analysis
with inclusion of Kiel stage as a covariate and found that

(a) (b)

(c) (d)

(e) (f)
Fig. 2. Representative photomicrographs of b1,
6-N-acetylglucosaminyltransferase V (MGAT5)
expression in sections of gastric cancer and
non-tumor tissues. (a) Non-tumor tissue shows
strong expression of MGAT5. (b) Gastric cancer and
adjacent peritumoral tissues. *Gastric peritumoral
epithelial cells with strong expression of MGAT5.
**Gastric cancer tissue with moderate MGAT5
expression. (c) TNM stage I, strong MGAT5
expression. (d) TNM stage II, moderate MGAT5
expression. (e) TNM stage III, moderate to weak
MGAT5 expression. (f) TNM stage IV, weak MGAT5
expression. Scale bar = 50.0 lm.
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intratumoral MGAT5 expression was also an independent
predictor of overall survival in the three independent sets
(P = 0.003, P < 0.001, P < 0.001, respectively; Table S3),
whereas Kiel stage was only identified as an independent
prognostic factor in the training and testing sets (P < 0.001
and P = 0.001, respectively; Table S3). However, Kaplan–
Meier survival analysis showed that non-tumor MGAT5 expres-
sion was not associated with overall survival of gastric cancer
patients in the training and validation sets (Table S4, Fig. S4).

Extension of current prognostic models with intratumoral
MGAT5 expression. To improve the prognostic value of current

predictive nomograms for overall survival, ROC analysis was
carried out by integrating intratumoral MGAT5 expression into
the TNM and Kiel staging systems. The combination of
intratumoral MGAT5 expression and TNM stage (AUC [95%
CI], 0.855 [0.768–0.918], 0.803 [0.723–0.869], and 0.820
[0.725–0.893], respectively) showed a better prognostic value
than did TNM stage alone (AUC [95% CI], 0.784 [0.688–
0.861], 0.706 [0.619–0.784], and 0.676 [0.569–0.771], respec-
tively) or intratumoral MGAT5 expression alone (AUC [95%
CI], 0.722 [0.622–0.808], 0.719 [0.632–0.795], and
0.767 [0.666–0.850], respectively) in three independent sets

Table 2. Relation between intratumoral b1, 6-N-acetylglucosaminyltransferase V (MGAT5) expression and clinical characteristics in three

independent sets of patients with gastric cancer

Factor

Training set Testing set Validation set

MGAT5 expression MGAT5 expression MGAT5 expression

High Low P High Low P High Low P

All patients 44 53 61 65 35 55

Age, years† 0.321 0.802 0.682

� 63 23 33 24 27 15 26

>63 21 20 37 38 20 29

Gender 0.426 0.973 0.640

Female 14 21 18 19 8 15

Male 30 32 43 46 27 40

Localization 0.799 0.076 0.611

Proximal 4 6 18 10 9 16

Middle 22 23 18 30 9 18

Distal 18 24 25 25 17 21

Differentiation 0.030 <0.001 <0.001

Well 3 2 13 4 1 0

Moderate 22 14 23 11 22 14

Poor 19 37 25 50 12 41

Lauren classification 0.198 0.002 0.001

Intestinal type 35 36 50 37 31 30

Diffuse type 9 17 11 28 4 25

T classification 0.013 0.153 0.195

T1 18 8 7 3 3 1

T2 6 4 8 4 3 5

T3 1 3 8 6 5 3

T4 19 38 38 52 24 46

N classification 0.009 0.004 0.042

N0 25 13 28 14 13 7

N1 6 13 7 7 6 10

N2 6 8 12 10 9 17

N3 7 19 14 34 7 21

Distant metastasis 0.311 0.504 0.422

No 44 50 61 63 35 52

Yes 0 3 0 2 0 3

TNM stage 0.006 0.014 0.004

I 21 9 12 5 5 1

II 8 11 20 12 13 10

III 15 30 29 46 17 41

IV 0 3 0 2 0 3

Tumor size, cm† 0.137 0.576 0.248

<3.5 29 27 27 32 10 10

� 3.5 15 26 34 33 25 45

Kiel stage 0.026 0.003 0.013

I 16 5 6 1 2 0

II 9 8 21 12 11 6

IIIA 2 5 2 3 4 3

IIIB 11 16 21 18 11 26

IV 6 19 11 31 7 20

Kiel stage, Kiel proposal of stage grouping. †Split at median.
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(Fig. 3d–f). Moreover, the combination of intratumoral MGAT5
expression and Kiel stage (AUC [95% CI], 0.832 [0.743–0.901],
0.785 [0.703–0.853], and 0.807 [0.711–0.883], respectively)

also showed a better prognostic value than did Kiel stage alone
(AUC [95% CI], 0.753 [0.655–0.835], 0.680 [0.591–0.760],
and 0.655 [0.547–0.752], respectively) or intratumoral MGAT5

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Fig. 3. Analysis of overall survival according to the expression of intratumoral b1, 6-N-acetylglucosaminyltransferase V (MGAT5) in patients with
gastric cancer. (A–C) Kaplan–Meier analyses of overall survival according to intratumoral MGAT5 expression in patients with gastric cancer in the
training set (n = 97) (a), testing set (n = 126) (b), and validation set (n = 90) (c). (d–i) Receiver operating characteristic (ROC) analyses of the
sensitivity and specificity for the prediction of overall survival by the combined MGAT5 expression and TNM stage or Kiel stage models, the TNM
stage model alone, the Kiel stage model alone, and the MGAT5 expression model alone in the training set (n = 97) (d,g), testing set (n = 126) (e,h),
and validation set (n = 90) (f,i). P-values show the area under the ROC curves of the combined MGAT5 expression and TNM stage or Kiel stage mod-
els versus the area under the ROC curves of the TNM stage model, the Kiel stage model, or the MGAT5 expression model. CI, confidence interval.
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expression alone (AUC [95% CI], 0.722 [0.622–0.808], 0.719
[0.632–0.795], and 0.767 [0.666–0.850], respectively) alone in
three independent sets (Fig. 3g–i).

Improvement of late-stage stratification with intratumoral
MGAT5 expression. To investigate whether intratumoral
MGAT5 expression could stratify patients within each TNM
stage stratum, we evaluated the prognostic value of intratumoral
MGAT5 expression in each stratum. As shown in Table 3, only
the patients within TNM stage III could be significantly stratified
by intratumoral MGAT5 expression (P = 0.010, P < 0.001, and
P < 0.001, respectively) in three independent sets. The analysis
of TNM stage IV was not applicable, because there were only
eight patients within it, and all showed low intratumoral
MGAT5 expression. We further combined TNM stages I and II
as early-stage disease, and TNM stages III and IV as late-stage
disease. We then found that among patients with late-stage gas-
tric cancer, the overall survival differed significantly according
to intratumoral MGAT5 expression (P = 0.003, P < 0.001, and
P < 0.001, respectively; Table 3; Fig. S5A–C) in three independent
sets, but early-stage disease did not. In order to validate this
result, we did the same analysis under the Kiel staging system
and drew the same conclusion, that only the overall survival of

patients with Kiel stage IIIB and IV disease could be signifi-
cantly stratified by intratumoral MGAT5 expression (P = 0.003,
P < 0.001, and P < 0.001, respectively; Table 3; Fig. S5G–I).
In addition, ROC analysis showed that intratumoral MGAT5
expression had an excellent ability to discriminate the outcomes
of patients with late-stage gastric cancer (Fig. S5D–F, S5J–L).

Refinement of subgroup stratification with intratumoral
MGAT5 expression. To further characterize whether intratumor-
al MGAT5 expression could refine patient stratification within
different gastric cancer subgroups, we stratified the participants
of three independent sets by human epidermal growth factor
receptor 2 (HER2) classification of positive or negative,(18)

histological subtype of differentiated or undifferentiated, and
Lauren classification of intestinal type or diffuse type. The
intratumoral MGAT5 expression could strongly predict patient
survival within each gastric cancer subtype in all three inde-
pendent sets (HER2 positive: P = 0.018, P = 0.025, and
P = 0.027, respectively; HER2 negative: P < 0.001, P <
0.001, and P < 0.001, respectively; differentiated: P < 0.001,
P = 0.012, and P = 0.007, respectively; undifferentiated:
P = 0.029, P < 0.001, and P < 0.001, respectively; intestinal
type: P < 0.001, P < 0.001, and P < 0.001, respectively;

Table 3. Log–rank test on overall survival for TNM stage and Kiel stage split by intratumoral b1, 6-N-acetylglucosaminyltransferase V (MGAT5)

expression in three independent sets

Factor

Overall survival

Training set Testing set Validation set

Patients Patients Patients

n % P n % P n % P

All patients 97 100 126 100 90 100

TNM stage I 30 30.93 17 13.49 6 6.67

MGAT5 expression 0.127 0.468 0.247

High 21 21.65 12 9.53 5 5.56

Low 9 9.28 5 3.96 1 1.11

TNM stage II 19 19.59 32 25.40 23 25.56

MGAT5 expression 0.217 0.963 0.213

High 8 8.25 20 15.87 13 14.45

Low 11 11.34 12 9.53 10 11.11

TNM stage III 45 46.39 75 59.52 58 64.44

MGAT5 expression 0.010 <0.001 <0.001

High 15 15.46 29 23.02 17 18.89

Low 30 30.93 46 36.50 41 45.55

TNM stage IV 3 3.09 2 1.59 3 3.33

MGAT5 expression NA NA NA

High 0 0.00 0 0.00 0 0.00

Low 3 3.09 2 1.59 3 3.33

TNM stage I+II 49 50.52 49 38.89 29 32.22

MGAT5 expression 0.149 0.646 0.117

High 29 29.90 32 25.40 18 20.00

Low 20 20.62 17 13.49 11 12.22

TNM stage III+IV 48 49.48 77 61.11 61 67.77

MGAT5 expression 0.003 <0.001 <0.001

High 15 15.46 29 23.02 17 18.89

Low 33 34.02 48 38.09 44 48.88

Kiel stage I+II+IIIA 45 46.39 45 35.71 26 28.89

MGAT5 expression 0.139 0.705 0.152

High 27 27.83 29 23.02 17 18.89

Low 18 18.56 16 12.69 9 10.00

Kiel stage IIIB+IV 52 53.61 81 64.29 64 71.11

MGAT5 expression 0.003 <0.001 <0.001

High 17 17.52 32 25.40 18 20.00

Low 35 36.09 49 38.89 46 51.11

Kiel stage, Kiel proposal of stage grouping; NA, not applicable.
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diffuse type: P = 0.041, P = 0.019, and P = 0.049, respec-
tively; Table S5, Figs S6–S8).

Discussion

To our knowledge, this is the first study to identify low intratu-
moral MGAT5 expression as an independent poor prognostic
factor for overall survival following gastrectomy for gastric
cancer. In order to robustly validate our results, we used three
independent datasets from two clinical centers. Moreover, in this
study, incorporation of intratumoral MGAT5 density into current
clinicopathologic predictive models improved prognostic value
for overall survival. In addition, intratumoral MGAT5 expres-
sion had good discriminatory power as a supplementary risk fac-
tor in patients with late-stage gastric cancer. Therefore, patients
with low intratumoral MGAT5 expression should have aggres-
sive therapies and a closer follow-up. Intratumoral MGAT5
expression might also serve as a new stratification factor for ran-
domized controlled clinical trials. However, the results of inte-
gration of intratumoral MGAT5 expression into current
prognostic models and the potential clinical practice changing
should be validated in an independent and larger dataset.
Profound alterations in cellular glycosylation contribute to

malignant transformation and cancer progression in various
tumors.(19) During early stages of malignant transformation of
gastric epithelia, the loss of epithelial cell polarity results in
the expression of O-glycosylated carcinoma mucins, which can
block cell–cell interactions by steric hindrance through
glycans.(20,21) Thus, the early stages of malignant transforma-
tion of gastric epithelial cells might be only the individual cell
behavior. During late stages of cancer progression such as
tumor invasion and metastasis, aberrant N-glycan glycosylation
may affect the cross-talk between the tumor cells and play
vital roles in tumor progression. Among the N-glycosyltransfe-
rases involved in biosynthesis of oligosaccharides, MGAT5 is
one of the most intensively characterized enzymes, which had
been shown to be relevant with cancer progression in different
tumor entities. (9–11) Although Tian and colleagues showed
previously that MGAT5 expression might be correlated with a
poor prognosis in gastric cancer patients due to metastases,
and the survival rate was only significantly different between
MGAT5-positive and -negative patients with TNM stage I and
II gastric cancer,(22) our present study indicates that low intra-
tumoral MGAT5 expression was correlated with poor progno-
sis in patients with late-stage gastric cancer, but not in patients
with early-stage disease. These contrary findings might reflect
the different genetic background of patients with gastric
cancer, and the profound molecular roles of MGAT5 in gastric
cancer progression remain far from fully understood and merit
further investigation.
The expression level of MGAT5 in the original tissue might

determine its clinical implications in tumor malignancy.(13)

Enhanced expression of MGAT5 was detected in carcinomas
of mammary and colon, which showed no MGAT5 expression
in the respective normal epithelia.(9–11) However, MGAT5
expression was detected in a majority of normal tissues,
including lung, bladder, and stomach.(23) In the cancers origi-
nated from such tissues, MGAT5 expression might be a good
predictor. But the mechanisms underlying the aberrant expres-

sion of MGAT5 in gastric cancer remain poorly determined
and await further characterization.
The TNM classification of gastric cancer is an essential

guide to treatment selection and enables the evaluation of ther-
apeutic options.(24) Recently, Warneke and colleagues
proposed a revised staging system, named the Kiel proposal of
stage grouping of gastric cancer, in order to provide an exact
distinction of lymph node-positive and lymph node-negative
patients (Fig. S1).(5) However, there is a prominent heterogene-
ity among patients within the same stage.(6) New molecular
markers are urgently needed to lead a more accurate classifica-
tion of patients with gastric cancer. Patients with late-stage
gastric cancer classified TNM stages III and IV have emerged
as the standard patient populations to be included in gastric
cancer randomized controlled clinical trials.(18,25,26) If clini-
cians could have a better handle on the molecular profile of
patients, they would provide them with an optimal initial treat-
ment. In the present study, patients with late-stage gastric
cancer could be significantly stratified by intratumoral MGAT5
expression. This could potentially lead to a more accurate
classification under the TNM staging system and suggest that
patients with high intratumoral MGAT5 expression might have
a more favorable prognosis if surgery is done first, whereas
others might benefit from aggressive adjuvant therapies before
and after surgery, although the role of adjuvant therapy is con-
troversial.(27) Moreover, patients of noted heterogeneity within
different gastric cancer subgroups included in randomized con-
trolled clinical trials, such as HER2 positive ⁄negative, differ-
entiated ⁄undifferentiated, and intestinal type ⁄diffuse type,
could also be significantly stratified by intratumoral MGAT5
expression. Collectively, the above analyses indicate that
patients with gastric cancer should be prestratified before
clinicians determine their initial treatment strategies.
In summary, our results show that decreased intratumoral

MGAT5 expression independently predicts poor postoperative
overall survival of patients with gastric cancer. Integration of
intratumoral MGAT5 density into current clinicopathologic
TNM or Kiel staging systems might add prognostic information
for patient survival, refine stratification of late-stage gastric
cancer, and ultimately improve gastric cancer outcome.
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