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Abstract. Tumor suppressor candidate 3 (TUSC3) was 
recently identified as a potential tumor suppressor gene in 
several cancer types. However, no data are currently available 
regarding the expression of TUSC3 in lung cancer. The present 
study investigated the expression of TUSC3 in patients with 
lung cancer and determined its association with the clinico-
pathological parameters of the disease. Cytoplasmic TUSC3 
expression was evaluated by immunohistochemistry on tissue 
microarray slides, which included 35 small cell lung cancer 
(SCLC) specimens, 80 squamous cell lung cancer specimens 
(SCC), 80 adenocarcinoma lung cancer (ADC) specimens and 
37 normal lung tissue specimens. Analysis showed signifi-
cantly reduced TUSC3 expression in the SCLC patients, but 
not in the ADC and SCC patients, as compared with the normal 
controls. Additionally, TUSC3 expression in the patients with a 
degree of differentiation of 1-2 (well-moderately differentiated) 
was significantly higher than that in patients with a differen-
tiation degree of 3-4 (poorly differentiated-undifferentiated). 
Further analysis showed that TUSC3 expression levels were 

negatively correlated with the degree of differentiation in the 
ADC and SCC patients. Notably, a marked decrease in TUSC3 
expression was identified in the patients who were lymph node 
metastasis-positive (LNM+) compared with patients who were 
LNM-. Further analysis showed that significant differences in 
TUSC3 expression were identified among the different N stages 
(LNM status) in the SCLC, ADC and SCC patients. Correla-
tion analysis also identified a negative correlation between 
TUSC3 expression and LNM in all three pathological types of 
lung cancer tested. Overall, these results indicated that a reduc-
tion in TUSC3 may be associated with a poorly-differentiated 
grade of lung cancer. Importantly, TUSC3 expression may be a 
useful predictor of LNM in lung cancer patients. A combined 
analysis of TUSC3 expression and the clinical variables will 
aid in predicting the incidence of LNM.

Introduction

Lung cancer accounts for 70-80% of cancer-associated mortali-
ties worldwide (1). Lung cancers are classified according to 
histological type (2) in clinical practice. For therapeutic purposes, 
there are two broad classes: Small cell lung carcinoma (SCLC) 
and non-SCLC (3). Adenocarcinoma (ADC) and squamous-cell 
carcinoma (SCC) are the two major subtypes of NSCLC, and 
account for 40 and 30% of lung cancer cases, respectively (2). 
In SCLC, the malignant cancer cells contain dense neurosecre-
tory granules (vesicles containing neuroendocrine hormones), 
which render SCLC an endocrine/paraneoplastic-associated 
tumor, and tumor malignance is attributed to this hormone 
production (4). Although complete surgical resection can be 
particularly important in the treatment of lung cancer, only a 
limited number of patients undergo curative surgery, as lung 
cancer is most commonly diagnosed at an advanced stage, at 
which point patients are unable to undergo a surgical proce-
dure (5). Lung cancer is extremely aggressive and often results 
in a poor prognosis. An improved understanding of lung cancer 
is urgently required to identify novel drug targets and effective 
therapeutic strategies for lung cancer patients.
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Tumor suppressor candidate 3 (TUSC3), originally termed 
N33, has been known to be responsible for autosomal recessive 
mental retardation for several years (6-8). Only recently was 
TUSC3 identified as a potential tumor suppressor gene when it 
was found deleted in several cancer types, including prostate (9) 
and liver (10) cancer. However, the manner in which TUSC3 
functions as a tumor suppressor remains unclear. TUSC3 is 
expressed in the majority of non-lymphoid human tissues, 
including the prostate, lungs, liver and colon tissue (11). The 
protein is localized in the endoplasmic reticulum and encodes 
a subunit of the endoplasmic reticulum-bound oligosaccharyl 
transferase (OST) complex, which is primarily responsible 
for protein N-linked glycosylation (12). While several studies 
have focused on the correlation between TUSC3 expression 
and tumor development (13-16), no data are currently avail-
able regarding the expression of TUSC3 in lung cancer. In the 
present study, the expression of TUSC3 in lung cancer, and the 
association between TUSC3 expression and the clinicopatho-
logical parameters of the disease were investigated.

Materials and methods

Tissue samples. Tissue microarray slides were purchased from 
Xi'an Alena Biotechnology Ltd., Co., (Xi'an, China). The slides 
included 35 SCLC specimens, 80 SCC specimens, 80 ADC 
specimens and 37 normal lung tissue specimens. The detailed 
clinicopathological characteristics of the patients with lung 
cancer are listed in Table I. All patients were clinically staged 
[tumor-node-metastasis (TNM) staging] according to the 
seventh edition of the American Joint Committee on Cancer 
system for lung cancer (2). The degrees of pathological differen-
tiation were defined as follows: 1, Well‑differentiated carcinoma; 
2, moderately-differentiated carcinoma; 3, poorly-differen-
tiated carcinoma; and 4, undifferentiated carcinoma. The 
degree of differentiation for the tumors in each of the patients 
was evaluated by two pathologists. Written informed consent 
was obtained from all patients, and the study was approved 
by the Ethical Committe of Shandong Provincial Qianfoshan 
Hospital (Shandong University, Jinan, China).

Immunohistochemistry (IHC) assay. IHC staining was 
performed directly on the 5‑µm tissue slides. Briefly, following 
incubation for 2 h at 56˚C, the slides were dewaxed with xylene 
and rehydrated using a graded alcohol series (100, 90, 70 and 
50% ethanol; 5 min each). Endogenous peroxidase activity 
was blocked with 3% H2O2 for 15 min. For antigen retrieval, 
the sections were incubated in sodium citrate buffer (0.01 M, 
pH 6.0) for 20 min in a household microwave oven (600 W). 
Next, the slides were incubated with 10% normal goat serum 
to block non‑specific binding sites. Thereafter, the slides were 
incubated with the TUSC3 goat polyclonal antibody (1:100 final 
dilution; catalog no. sc-98191; Santa Cruz, USA) overnight at 
4˚C. Subsequent to washing the slides with phosphate-buffered 
saline, the bio-labeled secondary antibody, rabbit anti-goat 
IgG (catalog no. ZDR 5308; ZSGB-Bio, Beijing, China), was 
applied at a 1:200 dilution for 40 min at 37˚C. The sections 
were then stained with diaminobenzidine. Finally, the sections 
were counterstained with hematoxylin and eosin, dehydrated 
with graded alcohol and mounted using neutral gum. Stained 
cell scoring using a digital pathology system was performed 

by Aperio ImageScope (Aperio Technologies, Inc., Vista, CA, 
USA).

Immunoreactivity was observed in the cytoplasm of the 
cells and the scoring was based on cytoplasmic staining. Immu-
noreactivity for TUSC3 expression was independently evaluated 
by three pathologists from the Shandong Provincial Qianfoshan 
Hospital, and categorized according to the immunoreactive score 
(IRS) as follows: IRS = staining intensity (SI) x percentage of 
positively stained cells (PP). SI was determined as 0 (negative), 
1 (weak), 2 (moderate) or 3 (strong). PP was scored as 0 (nega-
tive), 1 (<25% of the cells), 2 (25-50% of the cells), 3 (50-75% 
of the cells) or 4 (>75% of the cells). A final score was then 
calculated by multiplying these two scores. Additionally, all the 
specimens were divided into two groups, showing negative or 
positive expression, using an IRS of 6 as the cut-off value.

Statistical analysis. The SPSS 13.0 software (SPSS, Inc., 
Chicago, IL, USA) was used for the statistical analyses. Levels 
of TUSC3 expression were compared using a rank sum test. 
Comparisons of the positive rates between two groups were 
performed using Fisher's exact test, and Spearman's correla-
tion method was used to evaluate the association of scores. The 
significance of the correlation between clinical pathological 
parameters (age, gender, grading, T-stage, N-stage and differ-
entiation degree) and IRS of TUSC3 was determined using 
Fisher's exact test. All reported P-values were two-sided, and 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Patient characteristics. The basic characteristics of the 
patients are shown in Table I. The median age of the healthy 
controls was 53 years (range, 26-76 years) and that of lung 
cancer patients was 56 years (range, 16‑76 years). No signifi-
cant difference was observed in gender or age between the 
normal controls and patients. Regarding the TNM staging, a 
significant decrease in TUSC3 expression could be observed 
in the patients with stage III+IV disease compared with those 
with stage I+II disease (P=0.027; Table I). When lymph node 
metastasis (LNM) was considered, analysis revealed a marked 
decrease in TUSC3 expression in the patients who were LNM+ 
compared with patients who were LNM- (P=0.011, Table I). 
Additionally, the positive rate of TUSC3 expression in the 
patients with a differentiation degree of 1‑2 was significantly 
higher than that in the patients with a differentiation degree 
of 3-4 (P<0.001; Table I). The representative IHC assay is 
shown in Fig. 1.

General expression levels in normal controls and cancer 
patients. The positive rates of TUSC3 expression in the normal 
controls and lung cancer patients were 59.5% (22/37) and 
45.6% (89/195), respectively (Table II). There was no signifi-
cant difference between the normal controls and lung cancer 
patients with regard to the TUSC3 expression rate (χ2=0.238, 
P=0.123; Table II). When the patients were grouped according 
to clinical classification, i.e., the SCLC, SCC, ADC and normal 
control group, differences in TUSC3 expression were identi-
fied among multiple groups (normal vs. SCLC, P=0.0005; 
normal vs. ADC, P=0.3250; normal vs. SCC, P=0.0546; 
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Table I. Basic characteristics of the patients.

Characteristic Number (%) Positive, n Negative, n Positive rate, % χ2 P-valuea

Age, yearsb     0.691 0.406
  <56 90 (46.2) 39 61 43.3  
  ≥56 105 (53.8) 50 65 47.6  
Gender     0.239 0.625
  Male 144 (73.8) 63 93 43.8  
  Female 51 (26.2) 26 33 51.0  
Histological type     11.304 0.001
  SCLC 35 (17.9) 7 28 20.0  
  NSCLC 160 (82.1) 82 78 51.3  
TNM stagingc     4.903 0.027
  I+II 76 (39.0) 39 37 51.3   
  III+IV 119 (61.0) 42 77 35.3  
LNM     6.459 0.011
  Negative 65 (33.3) 38 27 58.5  
  Positive  130 (66.7) 51 79 39.2  
Degree of differentiationd     21.817 0.000
  1-2 144 (73.8) 80 64 55.6  
  3-4 51 (26.2) 9 42 17.6  

aPositive rates of tumor suppressor candidate 3 expression were compared by Fisher's exact test. bMedian age, 56 years (range, 16-76 years). 
cTNM staging is defined according to the seventh edition of the TNM classification for malignant tumors. dDegree of differentiation was 
evaluated by two pathologists from Shandong Provincial Qianfoshan Hospital (Shandong University, Jinan, China). The pathological degree 
of differentiation was defined as follows: 1, Well‑differentiated carcinoma; 2, moderately‑differentiated carcinoma; 3, poorly‑differentiated 
carcinoma; and 4, undifferentiated carcinoma. SCLC, small cell lung cancer; LNM, lymph node metastasis; NSCLC, non-SCLC (including 
adenocarcinoma and squamous carcinoma); TNM, tumor-node-metastasis.

Figure 1. Immunohistochemical staining of tumor suppressor candidate 3 in human lung cancers (magnification, x40). (A) Normal control; (B) SCLC; 
(C) poorly-differentiated ADC; (D) well-differentiated ADC; (E) poorly-differentiated SCC; (F) well-differentiated SCC. SCLC, small cell lung carcinoma; 
ADC, adenocarcinoma; SCC, squamous cell carcinoma.

  A   B

  C   D

  E   F
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SCLC vs. ADC, P=0.0012; SCLC vs. SCC, P=0.0636; SCC vs. 
ADC, P=0.6490) (rank sum; Fig.2). Moreover, the positive rate 
of TUSC3 expression in the SCLC patients was significantly 
lower than that in the normal controls (χ2=11.642, P=0.001; 
Table III). However, the positive rate of TUSC3 expression 
showed no significant difference between the normal controls 
and the ADC patients (χ2=2.499, P=0.114; Table IV), or 
between the controls and the SCC patients (χ2=0.255, P=0.614; 
Table V). Similarly, no significant difference in the positive 
rate of TUSC3 was observed between the ADC and SCC 
groups (χ2=3.602, P=0.058; Table VI).

Association between TUSC3 expression and the TNM 
staging of lung cancer patients. As shown in Fig. 3, there 
were significant differences in TUSC3 expression among the 
patients with different TNM staging (stages I-IV) in the SCLC 
(P=0.0006; Fig. 3A) and ADC (P<0.0001; Fig. 3D) patients, 
but not in the SCC patients (P=0.216; Fig. 3H). Additionally, 
significant differences in TUSC3 expression were identi-
fied among the patients with different N stages in the SCLC 
(P=0.0012; Fig. 3C), ADC (P<0.0001; Fig. 3F) and SCC 

patients (P<0.0001; Fig. 3J). However, no such differences 
were found among the patients with different T stages in the 
SCLC (P=0.208; Fig. 3B), ADC (P=0.208; Fig. 3E) and SCC 
patients (P=0.641; Fig. 3I).

Table II. Comparison of TUSC3 expression between normal controls and lung cancer patients.

 TUSC3 expression, n
 -------------------------------------- Positive
Patient type Number + - rate, % χ2 P-valuea

Normal control 37 22 15 59.5 0.238 0.123
Lung cancerb 195 89 106 45.6

aFisher's exact test was used to analyze the positive rates of TUSC3 expression. bLung cancer includes small-cell lung cancer, adenocarcinoma 
and squamous carcinoma. P<0.05 was considered to indicate statistical significance. TUSC3, tumor suppressor candidate 3.

Table IV. Comparison of TUSC3 expression between normal controls and ADC patients.

 TUSC3 expression, n
  ----------------------------------------- Positive   
Patient type Number + - rate, % χ2 P-valuea

Normal 37 22 15 59.5 2.499 0.114
ADC 80 47 33 58.8  

aFisher's exact test was used to analyze the positive rates of TUSC3 expression. P<0.05 was considered to indicate statistical significance. 
TUSC3, tumor suppressor candidate 3; ADC, adenocarcinoma.

Table III. Comparison of TUSC3 expression between normal controls and SCLC patients.

 TUSC3 expression, n
  ----------------------------------------- Positive   
Patient type Number + - rate, % χ2 P-valuea

Normal 37 22 15 59.5 11.642 0.001
SCLC 35 7 28 20.0  

aFisher's exact test was used to analyze the positive rates of TUSC3 expression. P<0.05 was considered to indicate statistical significance. 
TUSC3, tumor suppressor candidate 3; SCLC, small cell lung cancer.

Figure 2. TUSC3 expression was compared among different patient groups. 
The rank sum test was used to analyze the differences among multiple 
groups. Normal, normal controls; SCLC, small cell lung carcinoma; ADC, 
adenocarcinoma; SCC, squamous cell carcinoma; TUSC3, tumor suppressor 
candidate 3.
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Further analysis showed that TUSC3 expression was 
negatively correlated with clinical TNM staging in the SCLC 
(P<0.0001; rs=0.463; Fig. 4A) and ADC (P<0.0001; rs=0.5245; 
Fig. 4D) patients, but not in the SCC patients (P=0.173; rs=0.024; 

Fig. 4H). Additionally, TUSC3 expression was negatively corre-
lated with N stage in the SCLC (P<0.0001; rs=0.3835; Fig. 4C), 
ADC (P=0.0002; rs=0.167; Fig. 4F) and SCC (P=0.002; 
rs=0.119; Fig. 4J) patients. However, there were no correlations 

Table VI. Comparison of TUSC3 expression between ADC and SCC patients.

 TUSC3 expression, n
  ----------------------------------------- Positive   
Patient type Number + - rate, % χ2 P-valuea

ADC 80 47 33 58.8 3.602 0.058
SCC 80 35 45 43.8  

aFisher's exact test was used to analyze the positive rates of TUSC3 expression. P<0.05 was considered to indicate statistical significance. 
TUSC3, tumor suppressor candidate 3; ADC, adenocarcinoma; SCC, squamous carcinoma.

Table V. Comparison of TUSC3 expression between normal controls and SCC patients.

 TUSC3 expression, n
  ----------------------------------------- Positive   
Patient type Number + - rate, % χ2 P-valuea

Normal 37 22 15 59.5 0.255 0.614
SCC 80 35 45 43.8  

aFisher's exact test was used to analyze the positive rates of TUSC3 expression. P<0.05 was considered to indicate statistical significance. 
TUSC3, tumor suppressor candidate 3; SCC, squamous carcinoma.

Figure 3. TUSC3 expression was compared among different clinical TNM stages and pathological degrees of differentiation in three types of lung cancer 
patients. In (A-C) SCLC, (D-G) ADC and (H-K) SCC patients, TUSC3 expression was compared among different (A, D and E) clinical TNM stages, 
(B, E and I) T stages, (C, F and J) N stages, and (G and K) pathological degrees of differentiation. The rank sum test was used to analyze the differences 
between groups. SCLC, small cell lung cancer; ADC, adenocarcinoma; SCC, squamous cell carcinoma; TUSC3, tumor suppressor candidate 3.
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between TUSC3 expression and T stage in the SCLC (P=0.857; 
rs=0.00099; Fig. 4B), ADC (P=0.903; rs=0.00019; Fig. 4E) or 
SCC (P=0.678; rs=0.002; Fig. 4I) patients.

Association between TUSC3 expression and the patho-
logical differentiation of lung cancer patients. The analysis 
revealed significant differences between TUSC3 expression 
and pathological differentiation in ADC (P<0.0001; Fig. 3G) 
and SCC (P<0.001; Fig. 3K) patients. Moreover, correlation 
analysis showed that there were negative correlations between 
TUSC3 expression and pathological differentiation in the ADC 
(P<0.0001; rs=0.611; Fig. 4G) and SCC (P<0.0001; rs=0.3289; 
Fig. 4K) patients. As all SCLC patients presented with a patho-
logical degree of differentiation of 4 (undifferentiated), the 
correlation between TUSC3 expression and pathological degree 
of differentiation was not analyzed in the SCLC patients.

Discussion

Lung cancer presents with a high mortality rate due mainly to 
its late diagnosis (17,18). In total, >75% of lung cancer cases 
are diagnosed once the disease has become locally advanced 
or metastatic, resulting in a current 5-year survival rate of 
<15% (17). Therefore, there is an urgent requirement for reli-
able predictors and indicators of diagnosis and prognosis for 
lung cancer.

TUSC3, a subunit of the human endoplasmic retic-
ulum-bound OST complex, has been recognized as a candidate 
tumor suppressor gene involved in the tumor development of 

multiple tumors. Loss of TUSC3 slows glycoprotein folding, 
and induces proliferation, migration and invasion of cancerous 
cells during tumor progression (13,16). The clinical signifi-
cance of TUSC3 expression levels have been determined in 
several human tumors. Guervós et al (13) found that TUSC3 
plays a role in metastasis in larynx and pharynx squamous cell 
carcinomas, and that the loss of TUSC3 is negatively correlated 
with LNM and survival rate. Pils et al (14) found that TUSC3 
loss may facilitate tumor growth. Reconstitution of TUSC3 
in vitro decreases proliferation and the binding of cancer cells 
to the extracellular matrix. Therefore, TUSC3 represents a 
potential predictive factor for survival. Khalid et al (15) found 
that TUSC3 is involved in testicular spermatogenesis, and that 
it acts in the normal development of the prostate and in the 
suppression of tumors. Horak et al (16) found that TUSC3 
expression is frequently lost in prostate cancer cell lines, 
leading to the increased proliferation, migration and invasion 
of cancer cells. However, the significance of TUSC3 expres-
sions in lung cancer patients has not yet been reported. To the 
best of our knowledge, the present study is the first to analyze 
the association between TUSC3 expression and the clinico-
pathological parameters of lung cancer.

The study showed there was no significant differences 
between normal controls and lung cancer patients in terms 
of TUSC3 expression rate (χ2=0.238, P=0.123; Table II). The 
results may be due to the heterogeneity of different types 
of lung cancer. Therefore, the TUSC3 expression rate was 
analyzed in SCLC, ADC and SCC patients, respectively. 
The analysis showed decreased expression of TUSC3 in the 

Figure 4. Correlation between TUSC3 expression and different clinical TNM stages or pathological degrees of differentiation in three types of lung cancer 
patients. In (A-C) SCLC, (D-G) ADC and (H-K) SCC patients, correlations between TUSC3 expression and (A, D and H) clinical TNM, (B, E and I) T stage, 
(C, F and J) N stage and (G and K) degree of differentiation were analyzed. Spearman's correlation method was used to evaluate the association of scores. 
SCLC, small cell lung cancer; ADC, adenocarcinoma; SCC, squamous cell carcinoma; TUSC3, tumor suppressor candidate 3.
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SCLC patients compared with the normal controls (P=0.001; 
Table III). However, no difference in TUSC3 expression was 
identified between the normal controls and the ADC patients 
(χ2=2.499, P=0.114; Table IV), or between the controls and the 
SCC patients (χ2=0.255, P=0.614; Table V). When ADC and 
SCC were considered together as NSCLC according to the 
histological type, TUSC3 expression in the SCLC patients was 
significantly lower than that in the NSCLC patients (P=0.001; 
Table I). The aforementioned results indicated that decreased 
TUSC3 expression may play a more significant role in the 
tumorigenesis of SCLC than in that of ADC and SCC. However, 
a larger sample size will be used in an upcoming study of lung 
cancer patients, with a focus on ADC and SCC patients.

Additionally, the association between TUSC3 expression 
and the pathological degree of differentiation was analyzed. The 
TUSC3 expression in the patients with a pathological differen-
tiation degree of 1‑2 was significantly higher than that in the 
patients with a differentiation degree of 3-4 (P<0.001; Table I). 
Further analysis showed that TUSC3 expression levels were 
negatively correlated with the pathological degree of differen-
tiation in ADC (P<0.001; rs=0.611; Fig. 4G) and SCC (P<0.001; 
rs=0.3289; Fig. 4K) patients. The correlation between TUSC3 
expression and pathological degree of differentiation could not 
be analyzed in the SCLC patients, as all SCLC patients presented 
with an differentiation degree of 4 (undifferentiated). Together, 
these results indicated that decreased TUSC3 expression levels 
may be associated with a poorly-differentiated tumor grade.

The correlations between TUSC3 expression and clinical 
TNM staging were evaluated. Significant differences in 
TUSC3 expression were identified among patients with 
different TNM stages (stage I-IV) in the SCLC (P=0.0006; 
Fig. 3A) and ADC (P<0.0001; Fig. 3D) patients, but not in the 
SCC patients (P=0.216; Fig. 3H). Further correlation analysis 
also confirmed these results (Fig. 4A, D and H). It is known 
that TNM staging is an index to reflect tumor progression 
in clinical practice (2). TUSC3 expression may similarly be 
a useful predictor of the progression of SCLC and ADC. 
However, this conclusion cannot be obtained in SCC patients. 
Our further study will verify the aforementioned results using 
a larger sample size.

Notably, in the present study, the analysis revealed a 
marked decrease in TUSC3 expression in patients who were 
LNM+ compared with the expression level in patients who 
were LNM- (P=0.011; Table I). Furthermore, significant 
differences in TUSC3 expression were identified among 
the different N stages (LNM status) in SCLC (P=0.0012; 
Fig. 3C), ADC (P<0.0001; Fig. 3F) and SCC (P<0.0001; 
Fig. 3J) patients. Similarly, correlation analysis also identi-
fied a negative correlation between TUSC3 expression and 
LNM in all the three pathological types of lung cancer tested 
(Fig. 4C, F and J). The results suggested that lower TUSC3 
expression may indicate a higher probability of LNM in lung 
cancer patients. These results have significance in clinical 
practice. For an individual patient, a combined analysis of 
TUSC3 expression and the clinical variables will assist in 
predicting the incidence of LNM.

In conclusion, the present findings provide the first evidence 
that a loss or reduction of TUSC3 may be associated with a 
poorly-differentiated grade of lung cancer. Notably, TUSC3 
may be a novel predictor of LNM in lung cancer patients.
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