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Abstract
The significance of the polypeptide N-acetyl-galactosaminyl transferase-3 (GalNAc-T3) and mucin 1 (MUC1) in solitary 
pulmonary adenocarcinoma (SPA) initially diagnosed as malignant solitary pulmonary nodule (≤ 3 cm), especially as a 
combined predictor of prognosis and recurrence, was explored in this study. A retrospective analysis of 83 patients with 
SPA (≤ 3 cm), which revealed postoperative pathological diagnosis was lung adenocarcinoma after complete resection. 
Immunohistochemical staining was used to detect the expression of GalNAc-T3 and MUC1 in primary tumor specimens. 
The relationship between expression and various clinicopathological factors was analyzed, as well as the effects of patients’ 
overall survival (OS) and disease-free survival (DFS). In all patients, GalNAc-T3 was highly expressed in 53 (63.9%) 
cases; MUC1 was highly expressed in 31 (37.3%) cases. The GalNAc-T3 expression was correlated with differentiation, 
pathological risk group, N stage, and TNM stage. The group with high GalNAc-T3 expression and low MUC1 expression 
(GalNAc-T3Hig/MUC1Low) is correlated to pathological differentiation and has a trend related to the TNM stage. The patients 
with better differentiation, lower pathological risk group, lower N stage, and GalNAc-T3 high expression had better overall 
survival, especially the GalNAc-T3Hig/MUC1Low group. Moreover, the moderate differentiation, N3 stage, and GalNAc-
T3Hig/MUC1Low group were independent predictive factors for OS. Besides, patients with lower N stage, lower TNM stage, 
higher GalNAc-T3 expression got better disease-free survival (DFS), especially the GalNAc-T3Hig/MUC1Low group. The 
GalNAc-T3Hig/MUC1Low group was an independent predictive factor for DFS. In conclusion, GalNAc-T3 and MUC1 were 
combined predictors of prognosis and recurrence in SPA (≤ 3 cm).
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Introduction

Lung cancer, one of the most severe human malignancies, 
has become the leading cause of cancer death in the world 
over the past decades [1]. With the increasing awareness 

of medical examination and the popularization of low-
dose computer tomography (LDCT) technology, more and 
more ground-glass nodules (GGN) and solitary pulmonary 
nodules (SPN) have been found [2–4]. The SPN refers to a 
single lesion with a diameter of ≤ 3 cm, surrounded by air-
containing lung tissue, without atelectasis, enlarged hilar, or 
pleural effusion [5]. In the National Lung Screening Trial, 
the detection rate of SPN in high-risk populations by low-
dose CT was 23% [6]. The detection rate of SPN ranged 
from 8 to 51%, and the malignant rate was 1.1–12% in dif-
ferent studies [7].

The polypeptide N-acetyl-galactosaminyl transferase-3 
(GalNAc-T3) is one of the members of the GalNAc-trans-
ferases family [8]. This family is the initiating enzyme that 
catalyzes mucin-type O-glycosylation of cell surface pro-
teins and is widely expressed in human normal tissues and 
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malignancies [9,10]. Its activity is closely related to the for-
mation of mucins rich in O-sugar chains [11]. The O-glycan 
mucin abnormalities are a common phenomenon that occurs 
in a variety of epithelial-derived tumors and are closely 
related to malignant tumor adhesion, invasion, metastasis, 
and intracellular signal transduction [12–14]. On the other 
hand, the sugar chain of mucin 1 (MUC1), a high molecular 
weight glycoprotein, is mostly connected to the polypeptide 
backbone by O-glycosidic bonds [15]. It plays a vital role in 
cancer cell adhesion and metastasis, immune regulation, and 
cell signal transduction [16,17]. As a classical tumor marker, 
MUC1 can be used for diagnosis and recurrence monitoring 
of various cancers [18]. At the same time, a large of stud-
ies shown that MUC1 has necessary regulation on various 
malignant functions of lung cancer, and is correlated to the 
prognosis and recurrence of lung cancer [19–21].

In our previous study, the expression of GalNAc-T3 was 
closely correlated to the prognosis and recurrence of lung 
adenocarcinoma, as well as small (≤ 2 cm) peripheral lung 
adenocarcinoma [22,23]. We conjectured whether it is also 
related to solitary pulmonary adenocarcinoma (SPA) ini-
tially diagnosed as malignant solitary pulmonary nodule 
(≤ 3 cm). Based on that, we try to find a combined predictor 
different from the traditional single predictive factor. There-
fore, we boldly speculate whether the expression of these 
two markers is related to the prognosis and recurrence of 
patients with SPA (≤ 3 cm). This is the first time that Gal-
NAc-T3 and MUC1 are combined as a predictor to predict 
the prognosis and recurrence of SPA (≤ 3 cm).

Materials and methods

Patients and follow‑up

Primary specimens from 83 patients (median age 66 years; 
range from 47 to 85 years) who underwent complete sur-
gical resection of the solitary pulmonary adenocarcinoma 
(SPA) initially diagnosed as malignant solitary pulmonary 
nodule (≤ 3 cm) without any neoadjuvant therapy were con-
secutively obtained at the First Affiliated Hospital of Dalian 
Medical University between January 2009 and December 
2010. Other than that, the inclusion criteria for the study 
were based on malignant solitary pulmonary nodule with a 
diameter of ≤ 3 cm, the postoperative pathological diagnosis 
of lung adenocarcinoma, identified by routine histopatho-
logic examination. The seventh edition International Union 
Against Cancer/American Joint Committee on Cancer TNM 
classification was applied to all enrolled patients [24].

For the postoperative follow-up, patients were followed 
every 3 months within the first year and at approximately 5 
to 6-month intervals thereafter. During the follow-up period, 
the data of physical examination, blood chemistry analysis, 

carcinoembryonic antigen determination, as well as chest, 
upper abdomen, brain CT scan were collected and analyzed 
to timely detect whether there were recurrence and metas-
tasis. The terminal follow-up time was June 2018 (median 
follow-up: 49.4 months). The study was approved by the 
Medical Ethical Committee of the First Affiliated Hospital 
of Dalian Medical University. All patients provided written 
informed consent and agreed their tissue samples could be 
used for clinical research, but not commercial use.

Immunohistochemistry staining

All resected specimens were obtained from primary lesions, 
fixed with formalin, embedded with paraffin, serial 4 μm 
sections were prepared. Immunohistochemical staining 
(IHC), applied to specimens, was performed according 
to the instruction from 3,3′-diaminobenzidine (DAB) Kit 
(Zsbio, Beijing, China) strictly. Antibodies of GalNAc-T3 
(Proteintech Group, Inc., Rosemont, Illinois, USA) and 
MUC1 (Proteintech Group, Inc., Rosemont, Illinois, USA) 
antibody diluted 1:100 in PBS containing 2% bovine goat 
serum (included in DAB Kit), respectively, according to the 
manufacturer’s protocol. Then the slides were observed and 
photographed with an upright microscope.

Staining evaluation

The positive expression of GalNAc-T3 and MUC1 was 
indicated by pale brown cell cytoplasm, cytomembrane, 
and nucleus. Immunostaining was evaluated by two pul-
monary pathologists using a blind protocol design. Histo-
logic classification of each tumor was based on IASLC/
ATS/ERS international multidisciplinary classification 
of lung adenocarcinoma [25]. The new classification 
included: (1) atypical adenomatous hyperplasia (AAH), 
(2) adenocarcinoma in situ (AIS), (3) minimally inva-
sive adenocarcinoma (MIA), (4) lepidic (Lep), (5) acinar 
(Aci), (6) papillary (Pap), (7) micropapillary (Mp), (8) 
solid (Sol), and (9) mucinous (Mc). For each specimen, 
the total score of intensity expression (negative staining: 
0 point; weak staining: 1point; moderate staining: 2 point; 
and strong staining: 3 point) multiplying stained cell num-
bers (positive cells as ≤ 25% of the cells: 1 point; 26–50% 
of the cells: 2 point; 51–75% of the cells: 3 point; > 75% 
of the cells: 4 point). Subsequently, to accurately evaluate 
the overall expression of GalNAc-T3 and MUC1 in the pri-
mary lesions, three experienced pathologists, including a 
senior pathologist if necessary, carried out a receiver oper-
ating characteristic (ROC) curve based on the score of the 
primary lesions and adjacent tissues, as reported in previ-
ous articles [26]. The score closest to the upper left corner 
on the curve is selected as the cut-off score. As shown in 
Fig. 1, when the cut-off score of GalNAc-T3 expression is 



1254	 Q. Xie et al.

1 3

3.5 points, the sensitivity and specificity of GalNAc-T3 to 
distinguish lung adenocarcinoma from normal human lung 
tissue are 89.1% and 67.6%, (area under the ROC curve 
[AUC] = 0.826; 95% confidence interval [CI] 0.736–0.916; 
P < 0.001). Therefore, when the score is 3.5 points, Gal-
NAc-T3 is considered to be highly expressed, otherwise it 
is considered to be less expressed. When the cut-off score 
of MUC1 expression is 5 points, the sensitivity and speci-
ficity are 80.7% and 65.1%, respectively (AUC = 0.729; 
95% CI 0.651–0.807; P < 0.001). MUC1 was considered 
to be highly expressed when the score was 5 points.

Statistical analysis

ROC curve analyses were performed to assess the cut-off 
levels of GaINAC-T3 or MUC1 expression, and the com-
parison of areas under the ROC curve was performed by 
Z test. The associations between GaINAC-T3 or MUC1 
expression and categorical variables were compared by the 
chi-square test. Survival curves were calculated using the 
Kaplan Meier method. The log-rank test was used to ana-
lyze overall survival (OS) and disease-free survival (DFS) 
time between different clinicopathological factors in lung 
adenocarcinoma. Multivariate analysis was performed 
using the Cox regression analysis. Data were analyzed by 
the SPSS 22 software (IBM Corporation, Armonk, NY, 

USA). Values of P < 0.05 were considered a statistically 
significant difference.

Results

Clinicopathologic characteristics

The basic clinicopathological characteristics of all patients 
are summarized in Table 1. Among the 83 patients who 
were initially diagnosed with malignant solitary pulmo-
nary nodules (≤ 3 cm) and postoperatively diagnosed with 
lung adenocarcinoma, 45 (54.2%) cases were male, and 
38 (44.8%) cases were female. 36 (48%) patients of all 
were over 64 years. From the postoperative pathological 
analysis, the number and percentage of well, moderate, 
and poor differentiation were 40 (48.2%), 37 (44.6%), and 
6 (7.2%), respectively. From the point of postoperative 
pathology, IASLC/ATS/ERS classification risk grade of 
patients resulted in a low risk grade (9 [10.8%]; 1 AAH 
[1.2%], 1 AIS [1.2%], 2 MIA [2.4%], and 5 Lep [6.0%]), a 
moderate risk grade (60 [72.3]; 23 Pap [27.7%] and 37 Aci 
[44.6%]), and a high-risk grade (14 [16.9]; 33 Mp [3.6%], 
9 Sol [10.8%], 2 Mc [2.4%]). All patients were in T1 and 
M0 stage. In the N stage, N0 accounted for the majority, 
73 (88.0%), N1, N2 and N3 were 1 (1.2%), 7 (8.4%) and 2 
(2.4%) patients respectively. Similar distribution can also 

Fig. 1   ROC curve to analyze the diacritic expression of GalNAc-
T3 and MUC1 expression. a The AUC of the GalNAc-T3-ROC 
curve was 0.826 (95% CI 0.736–0.916; P < 0.001) with a specificity 

of 67.6% and sensitivity of 89.1%. b The AUC of the MUC1-ROC 
curve was 0.729 (95% CI 0.651–0.807; P < 0.001) with a specificity 
of 80.7% and sensitivity of 65.1%
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be seen in the TNM stage, 73 (88.0%) patients were TNM 
stage I, one patient with TNM stage II, and nine patients 
with TNM stage III.

Correlation between GalNAc‑T3 or MUC1 expression 
and clinicopathologic factors

In IHC staining analysis, GalNAc-T3 was usually found in 
the cytoplasm, while MUC1 appeared more in the nucleus 
and cell membrane. The typical examples of IHC stains 
with different expression levels of GalNAc-T3 and MUC1 
were shown in Fig. 2. In all 83 specimens, 53 (63.9%) 
cases were GalNAc-T3 high expression, while 31 (37.3%) 
cases were MUC1 high expression. Moreover, as shown in 
Table 2, the GalNAc-T3 expression level was significantly 
correlated with pathological differentiation, N stage, 
TNM stage, IASLC/ATS/ERS classification risk group 
(P = 0.001, P = 0.017, P = 0.008, P = 0.048, respectively). 
The correlation between various clinicopathological fac-
tors and MUC1 expression is temporarily not obvious. In 
Table 3, after combining GalNAc-T3 high expression and 
MUC1 low expression (GalNAc-T3Hig/MUC1Low), the 
GalNAc-T3Hig/MUC1Low group was significantly corre-
lated with differentiation (P = 0.010) and had a correlation 
trend with TNM stage (P = 0.052). It was a pity that the 
GalNAc-T3Hig/MUC1Low group seem to weaken the cor-
relation between GalNAc-T3 and clinicopathological fac-
tors, but, in clinical work, our focuses more on the impact 
on overall survival (OS) and disease-free survival (DFS).

Survival analyses

We analyzed the effects of GalNAc-T3 and MUC1 expres-
sion and clinicopathological factors on OS and DFS. In 
Table 4 and Fig. 3, among all the enrolled patients, those 
with better differentiation (P = 0.014), N stage (P = 0.002), 
IASLC/ATS/ERS classification risk group (P = 0.030) 
and higher GalNAc-T3 expression (P = 0.035) had bet-
ter OS, especially GalNAc-T3 high expression Patients 
with MUC1 low expression (P = 0.005). After combining 
the GalNAc-T3 high expression and MUC1 low expres-
sion cases, it’s 5-year OS rate (90.0%) was significantly 
better than other groups (57.4%). In further multivari-
ate analysis (Table  5), moderate differentiation (haz-
ard ratio, [HR] = 3.818; 95% confidence interval [CI] 
1.249–11.671; P = 0.019), N3 stage (HR = 11.666; 95% 
[CI] 2.035–61.842; P = 0.006) were independent risk 
factors for overall survival. Excitingly, the GalNAc-
T3Hig/MUC1Low expression group (HR = 0.310; 95% CI 
0.100–0.963; P = 0.043) are independent protective factors 
for overall survival.

On the other hand, in Table 4 and Fig. 4, we found that the 
N stage (P = 0.040), TNM stage (P = 0.049), and GalNAc-
T3 expression (P = 0.004) were correlated with DFS. After 
the combination of MUC1 expression, the GalNAc-T3Hig/
MUC1Low group (P = 0.004) was closely tied to DFS, and 

Table 1   Clinicopathologic characteristics in 83 patients with solitary 
pulmonary adenocarcinoma (≤ 3 cm)

Characteristics Number (%)

Sex
 Male 45 (54.2)
 Female 38 (44.8)

Age (years)
 ≤ 66 42 (50.6)
 > 66 41 (49.4)

Differentiation
 Well 40 (48.2)
 Moderate 37 (44.6)
 Poor 6 (7.2)

IASLC/ATS/ERS classification risk group
 Low risk 9 (10.8)
  AAH 1 (1.2)
  AIS 1 (1.2)
  MIA 2 (2.4)
  Lepidic 5 (6.0)

 Moderate risk 60 (72.3)
  Papillary 23 (27.7)
  Acinar 37 (44.6)

 High risk 14 (16.9)
  Micropapillary 3 (3.6)
  Solid 9 (10.8)
  Mucinous 2 (2.4)

T states
 T1 83 (100)

N states
 N0 73 (88.0)
 N1 1 (1.2)
 N2 7 (8.4)
 N3 2 (2.4)

M states
 M0 83 (100)

TNM stage
 I 73 (88.0)
 II 1 (1.2)
 III 9 (10.8)

GalNAc-T3 expression
 High 53 (63.9)
 Low 30 (36.1)

MUC1 expression
 High 31 (37.3)
 Low 52 (62.7)
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Fig. 2   Immunohistochemical analyses of GalNAc-T3 and MUC1 expression in solitary pulmonary adenocarcinoma (≤ 3 cm). The expression of 
GalNAc-T3 and MUC1 in SPA (≤ 3 cm) specimens (n = 83) was detected by IHC assay. Original magnification ×200 and ×400 in the inset

Table 2   Relations between 
the level of GalNAc-T3 
or MUC1 expression and 
clinicopathologic characteristics 
in solitary pulmonary 
adenocarcinoma (≤ 3 cm)

Statistical significance was evaluated using the chi-square test. Differences were considered to be statisti-
cally significant for P values of < 0.05 which are shown in bold

Characteristics GalNAc-T3 
expression

P value MUC1 expression P value

High (%) Low High (%) Low

Over all 53 (63.9) 30 31 (37.3) 52
Sex 0.210 0.318
 Male 26 (57.8) 19 19 (42.2) 26
 Female 27 (71.1) 11 12 (31.6) 26

Age (years) 0.198 0.094
 ≤ 66 24 (57.1) 18 12 (47.6) 30
 > 66 29 (70.7) 12 19 (46.3) 22

Differentiation 0.001 0.344
 Well 31 (77.5) 9 12 (30.0) 28
 Moderate 22 (59.5) 15 17 (45.9) 20
 Poor 0 (0.0) 6 2 (33.3) 4

Pathological risk group 0.048 0.244
 Low risk grade (AAH + AIS + MIA + Lep) 7 (77.8) 2 3 (33.3) 6
 Moderate risk grade (Pap + Aci) 41 (68.3) 19 20 (33.3) 40
 High risk grade (Mp + Sol + Mc) 5 (35.7) 9 8 (57.1) 6

T states
 T1 53 (63.9) 30 31 (37.3) 52

N states 0.017 0.573
 N0 51 (69.9) 22 26 (35.6) 47
 N1 0 (0.0) 1 0(0.0) 1
 N2 2 (28.6) 5 4(57.1) 3
 N3 0 (0.0) 2 1(50.0) 1

M states
 M0 53 (63.9) 30 31 (37.3) 52

TNM stage 0.008 0.374
 I 51 (69.9) 22 26(35.6) 47
 II 0 (0.0) 1 0(0.0) 1
 III 2 (22.2) 7 5(55.6) 4
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5-year DFS rate reached 91.6% compared with other groups 
(66.2%). In the DFS multivariate analysis, the GalNAc-
T3Hig/MUC1Low group (HR = 0.158; 95% CI 0.035–0.719; 
P = 0.017) was the independent protective factor of DFS 
(Table 6).

Discussion

Due to the poor prognosis and high recurrence, lung cancer 
has become one of the most severe malignant tumors [1]. 
Solitary lung nodules are one of the more and more early 
lung cancers detected in routine examination today [3]. In 
our study, we found that patients with SPA (≤ 3 cm) in the 
early N stage (N0, N1) and early TNM stage (I, II) had better 
overall and disease-free survival, which indicated that early 
diagnosis and early treatment are crucial in improving the 

prognosis of lung cancer. However, there are currently no 
specific clinical manifestations and diagnostic biomarkers 
to find the part with a poor prognosis for further adjuvant 
therapy, or the good part to avoid unnecessary overtreatment 
in lung cancer detected early.

GalNAc-T3 is one of the GalNAc-transferases fami-
lies, which catalyzes the O-glycosylation of mucin-type 
on the cell surface [11]. On the other hand, the sugar 
chain of MUC1 is connected with the polypeptide skel-
eton by the O-glycoside bond mostly [8]. From this, we 
speculate whether there is a correlation between these two 
molecules in solitary pulmonary nodules. GalNAc-T3 and 
MUC1 are correlated to the occurrence and development 
of various human tumors, but there is no research on their 
expression and prognosis in solitary pulmonary nodules. 
We evaluated the expression of GalNAc-T3 and MUC1 
in SPA (≤ 3 cm) by immunohistochemistry and analyzed 

Table 3   Relations between 
GalNAc-T3/MUC1 expression 
and clinicopathologic 
characteristics in solitary 
pulmonary adenocarcinoma 
(≤ 3 cm)

Statistical significance was evaluated using the chi-square test. Differences were considered to be statisti-
cally significant for P value of < 0.05 which are shown in bold
GalNAc-T3Hig/MUC1Low high GalNAc-T3 and low MUC1 expression

Characteristics GalNAc-T3Hig/
MUC1Low (%)

Other P value

Over all 38 (45.8) 45
Sex 0.479
 Male 19 (42.2) 26
 Female 19 (50.0) 19

Age (years) 0.734
 ≤ 66 20 (47.6) 22
 > 66 18 (43.9) 23

Differentiation 0.010
 Well 24 (60.0) 16
 Moderate 14 (37.8) 23
 Poor 0 (0.0) 6

Pathological risk group 0.626
 Low risk grade (AAH + AIS + MIA + Lep) 5 (55.6) 4
 Moderate risk grade (Pap + Aci) 28 (46.7) 32
 High risk grade (Mp + Sol + Mc) 5 (35.7) 9

T states
 T1 38 (45.8) 45

N states 0.110
 N0 37 (50.7) 36
 N1 0 (0.0) 1
 N2 1 (14.3) 6
 N3 0 (0.0) 2

M states
 M0 38 (45.8) 45

TNM stage 0.052
 I 37 (50.7) 36
 II 0 (0.0) 1
 III 1 (11.1) 8
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their relationship with clinicopathological factors and sur-
vival. It was found that the expression of GalNAc-T3 and 
MUC1 was correlated with pathological differentiation, 
N stage, and TNM stage. Besides, compared with MUC1, 
GalNAc-T3 has a more significant impact on prognosis 
and recurrence. Still, after combining high expression of 
GalNAc-T3 with low expression of MUC1, the ability to 
predict prognosis and recurrence was more potent than that 
of single GalNAc-T3.

The O-glycosylation catalyzed by the GalNAc-trans-
ferases family is a key in tumor invasion and metastasis. 
The research of GalNAc-T3 in lung cancer is not many for 

the time being, by combining the existing research and our 
current results, we believed that GalNAc-T3 have a vital 
function in the occurrence and development of lung can-
cer. In our previous study, the expression of GalNAc-T3 
in patients with small (< 2 cm) peripheral lung adenocar-
cinoma was related to the classification of International 
Association for the Study of Lung Cancer/American Tho-
racic Society/European Respiratory Society (IASLC/ATS/
ERS), and the low expression of GalNAc-T3 also means 
worse prognosis in patients with non-small cell lung cancer 
and small peripheral lung adenocarcinoma, which is consist-
ent with our current results [22,23]. We not only found that 

Table 4   Univariate analysis of 
five-year overall survival and 
five-year disease-free survival 
on different clinicopathological 
factors by Kaplan–Meier 
method

Statistical significance was evaluated using the log-rank test. Differences were considered to be statistically 
significant for P values of < 0.05 which are shown in bold
5-OS five-year overall survival, 5-DFS five-year disease-free survival, GalNAc-T3Hig/MUC1Low high Gal-
NAc-T3 and low MUC1 expression

Variable 5-OS (%) Log-rank test 
(P value)

5-DFS (%) Log-rank 
test (P 
value)

Sex 0.824 0.717
 Male 69.9 83.5
 Female 73.2 73.5

Age (years) 0.691 0.907
 ≤ 66 66.6 76.9
 > 66 76.3 79.6

Differentiation 0.014 0.210
 Poor 50.0 66.7
 Moderate 62.6 75.6
 Well 82.5 82.5

Pathological risk group 0.030 0.752
 Low risk grade (AAH + AIS + MIA + Lep) 87.5 80.0
 Moderate risk grade (Pap + Aci) 73.2 79.6
 High risk grade (Mp + Sol + Mc) 46.9 66.7

N states 0.002 0.040
 N0 76.0 80.3
 N1 0.0 0.0
 N2 68.6 83.3
 N3 50.0 0.0

TNM stage 0.153 0.049
 I 76.0 80.3
 II 0.0 0.0
 III 51.9 68.6

GalNAc-T3 expression 0.035 0.004
 Low 53.4 62.4
 High 82.3 87.2

MUC1 expression 0.084 0.271
 Low 78.7 80.5
 High 59.7 73.2

GalNAc-T3/MUC1 expression 0.005 0.004
 GalNAc-T3Hig/MUC1Low 90.0 91.6
 Other 57.4 66.2
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GalNAc-T3 expression was closely correlated to differen-
tiation, pathological risk group, N stage, TNM stage, and 
prognosis in patients with SPA (≤ 3 cm) but further proved 
that patients with low expression of GalNAc-T3 had a lower 
recurrence. But here’s the difference, in early oral squamous 
cell carcinoma, high GalNAc-T3 expression meant lower 
DFS, which may be due to organ specificity [13]. There-
fore, the effect of GalNAc-T3 on cancer development and 
progression depends on tissue specificity, possibly. Later, it 
turned out that the expression of GalNAc-T3 was different 

even in the same tissue. In earlier studies, the GalNAc-T3 
expression in lung adenocarcinoma and matched adjacent 
tissues was explored [23]. The expression of GalNAc-T3 
was low in poorly differentiated lung adenocarcinoma, high 
in high differentiation, and similar phenomena were found 
in pancreatic cancer [10]. This is also consistent with the 
information contained in our study. Of the 83 patients with 
high (48.2%) and moderate differentiation (44.6%), 63.9% 
of cases were highly expressed GalNAc-T3. Chances are, the 
dominant enzymes of the GalNAc-transferases family are 

Fig. 3   Kaplan–Meier survival curves of overall survival in 83 
patients with solitary pulmonary adenocarcinoma (≤ 3  cm). a, b 
GalNAc-T3 expression level has an effect on the overall survival 
of patients with SPA (≤ 3  cm), but MUC1 has no effect on overall 

survival. c The group with high GalNAc-T3 and low MUC1expres-
sion in SPA (≤ 3  cm) was associated with better overall survival 
(P = 0.005) compared with other groups
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different in different differentiation, and the high expression 
of dominant enzymes inhibited other glycosyltransferases 
in the family simultaneously [11,27,28]. The mechanism is 
not precise. This is why we insisted on exploring a more 
accurate combined predictor basis on the single GalNAc-
T3, which can detect the prognosis and recurrence of SPA 
(≤ 3 cm) already.

As a classic tumor marker, MUC1 has a particular pre-
dictive effect on the prognosis and survival of various can-
cers [17,21]. In lung cancer, MUC1 is not only a marker of 
prognosis and recurrence, but also closely related to tumor 
histological subtypes, differentiation, smoking status, and 
growth pattern [19,20]. Moreover, the glycosylation of 
MUC1 is catalyzed by the GalNAc-Transfers family, so 
we chose MUC1 and GalNAc-T3 as a combined predictor. 
In our study, the relationship between MUC1 and clinico-
pathological factors was not visible. Perhaps it’s because 

all patients were relatively early TNM stage (I, II: 89.2%), 
and the well and moderate differentiation reached 93.8%. 
MUC1 also showed a trend affecting OS, although no valu-
able P value was obtained in the survival analysis. But as 
shown in the Kaplan–Meier survival curve (Figs. 3b, 4b), 
the two curves were almost wholly separated in OS and 
DFS analysis. We cannot directly conclude that MUC1 is 
unrelated to prognosis and recurrence in SPA (≤ 3 cm), 
which will lose a lot of valuable information. A retrospec-
tive cohort study with more cases is underway, and we 
will analyze the significance of MUC1 in SPA (≤ 3 cm) 
in detail.

After combining the GalNAc-T3 high expression and 
the MUC1 low expression group, GalNAc-T3Hig/MUC1Low 
group was correlated to pathological differentiation closely 
and had a related trend with TNM stage. Although the rela-
tionship between the combined group and various clinico-
pathological factors has weakened, in actual clinical work, 
we pay more attention to the impact on the overall and dis-
ease-free survival of patients. In the survival analysis, the 
5-year OS rate of the GalNAc-T3Hig/MUC1Low group was as 
high as 90.0%, and the 5-year DFS rate was 91.6%, which 
was better than the single marker. In the DFS univariate 
analysis, GalNAc-T3 expression and the combined group 
appeared to have the same predictive effect. Still, we found 
evidence that the combined group was superior in further 
multivariate analysis. When we established and tested the 
multivariate Cox stepwise regression model, we found that 
GalNAc-T3, MUC1, and IASLC/ATS/ERS classification 
risk group were eliminated in the stepwise regression. Only 
the GalNAc-T3Hig/MUC1Low group was one of the covariates 
of the optimal model compared with the single GalNAc-
T3 or MUC1, especially in the DFS multivariate analysis. 
Therefore, we found that GalNAc-T3Hig/MUC1Low group 
was an independent predictor of OS and DFS, which can 
better predict the prognosis and recurrence of SPA (≤ 3 cm) 
patients. These results showed that the combination of Gal-
NAc-T3 and MUC1 plays an essential role in the develop-
ment of SPA (≤ 3 cm). It is hoped that our work can provide 
inspiration for actual clinical practice.

Table 5   Multivariate analysis of overall survival by Cox regression

Statistical significance was evaluated using the Cox regression test. 
Differences were considered to be statistically significant for P values 
of <0.05 which are shown in bold
GalNAc-T3Hig/MUC1Low high GalNAc-T3 and low MUC1 expression

Variable Multivariate analysis P value

HR 95% CI

Differentiation
 Poor 4.545 0.996–20.746 0.051
 Moderate 3.818 1.249–11.671 0.019
 Well 1

N states
 N3 11.666 2.035–61.842 0.006
 N2 0.581 0.127–2.667 0.485
 N1 1.883 0.236–15.041 0.551
 N0 1

GalNAc-T3/MUC1 expression
 GalNAc-T3Hig/

MUC1Low
0.310 0.100–0.963 0.043

 Others 1
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Fig. 4   Kaplan–Meier curves of disease-free survival in 83 patients 
with solitary pulmonary adenocarcinoma (≤ 3 cm). a, b GalNAc-T3 
expression level has an effect on the disease-free survival of patients 
with SPA (≤ 3 cm), but MUC1 has no effect on disease-free survival. 

c The group with high GalNAc-T3 and low MUC1 expression in SPA 
(≤ 3 cm) was associated with better disease-free survival (P = 0.004) 
compared with other groups



1262	 Q. Xie et al.

1 3

Acknowledgements  This study was supported by Grants from the 
National Natural Science Foundation of China (Nos. 81173453, 
81774078 and 81803886) and the Natural Science Foundation of 
Liaoning Province of China (Nos. 201602227 and 20170540300).

Author contributions  All authors contributed to the design of the 
study and the preparation and critical revision of the manuscript and 
agreed to be accountable for all aspects of the study. The manuscript 
is approved by all authors for publication.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflicts of 
interest.

Ethical approval  The study was approved by the Medical Ethical Com-
mittee of the First Affiliated Hospital of Dalian Medical University. No 
animal experiments were involved in this study. Works submitted for 
publication have no impact on public health or general welfare.

References

	 1.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Can-
cer J Clin. 2019;69(1):7–34.

	 2.	 Pedersen JH, Rzyman W, Veronesi G, et  al. Recommenda-
tions from the European Society of Thoracic Surgeons (ESTS) 
regarding computed tomography screening for lung cancer in 
Europe. Eur J Cardiothorac Surg. 2017;51(3):411–20.

	 3.	 Ost DE, Gould MK. Decision making in patients with pulmo-
nary nodules. Am J Respir Crit Care Med. 2012;185(4):363–72.

	 4.	 Wahidi MM, Govert JA, Goudar RK, Gould MK, McCrory 
DC, American College of Chest Physicians. Evidence for the 
treatment of patients with pulmonary nodules: when is it lung 
cancer? ACCP evidence-based clinical practice guidelines (2nd 
edition). Chest. 2007;132(3 Suppl):94S–107S.

	 5.	 MacMahon H, Naidich DP, Goo JM, et  al. Guidelines for 
management of incidental pulmonary nodules detected on 
CT images: from the Fleischner Society 2017. Radiology. 
2017;284(1):228–43.

	 6.	 National Lung Screening Trial Research Team, Aberle DR, Adams 
AM, et al. Reduced lung-cancer mortality with low-dose computed 
tomographic screening. N Engl J Med. 2011;365(5):395–409.

	 7.	 Shen KR, Meyers BF, Larner JM, Jones DR, American College of 
Chest Physicians. Special treatment issues in lung cancer: ACCP 
evidence-based clinical practice guidelines (2nd edition). Chest. 
2007;132(3 Suppl):290S–305S.

	 8.	 Bennett EP, Mandel U, Clausen H, Gerken TA, Fritz TA, Tabak 
LA. Control of mucin-type O-glycosylation: a classification of 
the polypeptide GalNAc-transferase gene family. Glycobiology. 
2012;22(6):736–56.

	 9.	 Ishikawa M, Kitayama J, Nariko H, Kohno K, Nagawa H. The 
expression pattern of UDP-N-acetyl-alpha-d-galactosamine: 
polypeptide N-acetylgalactosaminyl transferase-3 in early gastric 
carcinoma. J Surg Oncol. 2004;86(1):28–33.

	10.	 Chugh S, Meza J, Sheinin YM, Ponnusamy MP, Batra SK. Loss 
of N-acetylgalactosaminyltransferase 3 in poorly differentiated 
pancreatic cancer: augmented aggressiveness and aberrant ErbB 
family glycosylation. Br J Cancer. 2016;114(12):1376–86.

	11.	 Hu Y, Feng J, Wu F. The multiplicity of polypeptide GalNAc-
transferase: assays, inhibitors, and structures. ChemBioChem. 
2018;19(24):2503–21.

	12.	 Chakraborty S, Bonthu N, Swanson BJ, Batra SK. Role of mucins 
in the skin during benign and malignant conditions. Cancer Lett. 
2011;301(2):127–41.

	13.	 Harada Y, Izumi H, Noguchi H, et al. Strong expression of poly-
peptide N-acetylgalactosaminyltransferase 3 independently pre-
dicts shortened disease-free survival in patients with early stage 
oral squamous cell carcinoma. Tumour Biol. 2016;37(1):1357–68.

	14.	 Wang ZQ, Bachvarova M, Morin C, et al. Role of the polypeptide 
N-acetylgalactosaminyltransferase 3 in ovarian cancer progres-
sion: possible implications in abnormal mucin O-glycosylation. 
Oncotarget. 2014;5(2):544–60.

	15.	 Syrkina MS, Vassetzky YS, Rubtsov MA. MUC1 story: great 
expectations, disappointments and the renaissance. Curr Med 
Chem. 2019;26(3):554–63.

	16.	 Nabavinia MS, Gholoobi A, Charbgoo F, Nabavinia M, Ramezani 
M, Abnous K. Anti-MUC1 aptamer: a potential opportunity for 
cancer treatment. Med Res Rev. 2017;37(6):1518–39.

	17.	 Nath S, Mukherjee P. MUC1: a multifaceted oncoprotein 
with a key role in cancer progression. Trends Mol Med. 
2014;20(6):332–42.

	18.	 Taylor-Papadimitriou J, Epenetos AA. Exploiting altered glyco-
sylation patterns in cancer: progress and challenges in diagnosis 
and therapy. Trends Biotechnol. 1994;12(6):227–33.

	19.	 Lappi-Blanco E, Mäkinen JM, Lehtonen S, et al. Mucin-1 cor-
relates with survival, smoking status, and growth patterns in lung 
adenocarcinoma. Tumour Biol. 2016;37(10):13811–20.

	20.	 Sterlacci W, Fiegl M, Veits L, Tzankov A. Diagnostic and prog-
nostic impact of mucin 1–6 expression in non-small cell lung 
cancer. Indian J Pathol Microbiol. 2018;61(2):187–91.

	21.	 Lakshmanan I, Ponnusamy MP, Macha MA, et al. Mucins in lung 
cancer: diagnostic, prognostic, and therapeutic implications. J 
Thorac Oncol. 2015;10(1):19–27.

	22.	 Zhao S, Guo T, Li J, et al. Expression and prognostic value of 
GalNAc-T3 in patients with completely resected small (≤ 2 cm) 
peripheral lung adenocarcinoma after IASLC/ATS/ERS classifica-
tion. Onco Targets Ther. 2015;8:3143–52.

	23.	 Gu C, Oyama T, Osaki T, et al. Low expression of polypeptide 
GalNAc N-acetylgalactosaminyl transferase-3 in lung adenocar-
cinoma: impact on poor prognosis and early recurrence. Br J Can-
cer. 2004;90(2):436–42.

Table 6   Multivariate analysis of disease-free survival by Cox regres-
sion

Statistical significance was evaluated using the Cox regression test. 
Differences were considered to be statistically significant for P values 
of <0.05 which are shown in bold
GalNAc-T3Hig/MUC1Low high GalNAc-T3 and low MUC1 expression

Variable Multivariate analysis P value

HR 95% CI

N states
 N3 2.549 0.321–20.239 0.376
 N2 0.513 0.066–4.004 0.524
 N1 4.752 0.586–38.512 0.144
 N0 1

GalNAc-T3/MUC1 expression
 GalNAc-T3Hig/

MUC1Low
0.158 0.035–0.719 0.017

 Others 1



1263GalNAc-T3 and MUC1, a combined predictor of prognosis and recurrence in solitary pulmonary…

1 3

	24.	 Wittekind C. 2010 TNM system: on the 7th edition of TNM clas-
sification of malignant tumors. Pathologe. 2010;31(5):331–2.

	25.	 Travis WD, Brambilla E, Noguchi M, et al. International Associa-
tion for the Study of Lung Cancer/American Thoracic Society/
European Respiratory Society International Multidisciplinary 
Classification of Lung Adenocarcinoma. © 2011 International 
Association for the Study of Lung Cancer. 2011;6(2):244–85.

	26.	 Zhao S, Guo W, Li J, et al. High expression of Y-box-binding 
protein 1 correlates with poor prognosis and early recurrence in 
patients with small invasive lung adenocarcinoma. Onco Targets 
Ther. 2016;9:2683–92.

	27.	 Sheta R, Bachvarova M, Macdonald E, Gobeil S, Vanderhyden 
B, Bachvarov D. The polypeptide GALNT6 displays redundant 
functions upon suppression of its closest homolog GALNT3 in 
mediating aberrant O-glycosylation, associated with ovarian can-
cer progression. Int J Mol Sci. 2019;20(9):2264.

	28.	 Sheta R, Bachvarova M, Plante M, et al. Altered expression of 
different GalNAc-transferases is associated with disease progres-
sion and poor prognosis in women with high-grade serous ovarian 
cancer. Int J Oncol. 2017;51(6):1887–97.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	GalNAc-T3 and MUC1, a combined predictor of prognosis and recurrence in solitary pulmonary adenocarcinoma initially diagnosed as malignant solitary pulmonary nodule (≤ 3 cm)
	Abstract
	Introduction
	Materials and methods
	Patients and follow-up
	Immunohistochemistry staining
	Staining evaluation
	Statistical analysis

	Results
	Clinicopathologic characteristics
	Correlation between GalNAc-T3 or MUC1 expression and clinicopathologic factors
	Survival analyses

	Discussion
	Acknowledgements 
	References




