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Expression and clinical significance of SALL4 and LGRS
in patients with lung cancer
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Abstract. Lung cancer is the most frequent cancer world-
wide, in terms of incidence and mortality. Due to challenges
in the diagnosis of the disease, the 5-year overall survival
rate is only ~16%. Previous studies have suggested that
malignant transformations originate from adult stem cells,
and malignant lesions may therefore express stem-cell-asso-
ciated markers. The purpose of the present study is to
investigate the expression and clinical significance of the
stem cell-associated markers Sal-like protein 4 (SALL4) and
leucine-rich repeat-containing G-protein coupled receptor
5 (LGRS) in lung cancer, and to provide novel diagnostic
markers and targets for the treatment of lung cancer. The
expression of the stem cell-associated markers SALL4 and
LGRS was analyzed by immunohistochemistry performed on
135 human lung cancer tissue specimens and 10 non-cancer
lung tissue specimens. The clinical significance of the
expression of these markers and correlation between their
expression and clinical parameters was also assessed.
SALL4 expression was highly upregulated in lung cancer
tissues, but was not present in non-cancerous lung tissues,
and the sensitivity and specificity of SALL4 reached 88%
and 100%, respectively. By contrast, LGRS demonstrated
97% sensitivity, but the specificity was poor. Therefore,
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SALL4 may be an extremely useful diagnostic marker for
lung cancer, but LGRS is not as useful.

Introduction

Lung cancer is the most common cancer worldwide, in terms
of incidence and mortality, as it comprises 17% of total novel
cancer cases and 23% of the total global cancer mortalities (1).
In order to improve the survival rate, it is important to diag-
nose and surgically excise lung cancer at an early stage of
disease (2). Therefore, it is necessary to identify biomarkers
with the potential to facilitate tumor diagnosis, particularly in
the early stages of the disease. The cancer stem cell (CSC)
theory proposes that tumors contain a small subpopulation
of CSCs, which are responsible for tumor growth, inva-
sion and metastasis (2). CSCs and normal tissue stem cells
share important characteristics, including self-renewal,
multipotency and unlimited proliferation, and potentially
possess overlapping molecular mechanisms (3,4). Currently,
a considerable number of stem cell-associated markers have
been identified (2,3). Numerous studies have revealed that
Sal-like protein 4 (SALL4) and leucine-rich repeat-containing
G-protein coupled receptor 5 (LGRS) are also involved in
the tumorigenesis, development and metastasis of various
tumors (5-7), and these proteins are expected to become poten-
tial diagnostic markers and therapeutic targets in cancer.

SALL4, a homolog of the Drosophila homeotic gene
spalt, is a zinc-finger transcription factor that is required for
the proliferation and maintenance of pluripotency through
interaction with OCT3/4, sex determining region Y-box 2 and
NANOG (8,9). SALLA4 is also highly expressed in embryonic
stem cells (8-12). Notably, SALL4 is also overexpressed in
various types of human hematopoietic malignancies, including
acute myelocytic and lymphocytic leukemia (5,13). In addition,
SALL4 upregulates the expression of the oncogene Bmi-1 in
human hematopoietic stem cells and leukemia cells (14).
Numerous other studies have also revealed the oncogenic
potential of SALL4 (5,6,15), indicating that SALL4 may be
used as a diagnostic marker in human malignancies. However,
there have been no studies investigating the sensitivity and
specificity of SALL4 expression in the diagnosis of non-germ
cell tumors (GCTs). The present study analyzed the signifi-
cance of SALL4 expression in lung cancer cells.
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LGRS, also termed G-protein coupled receptor 49 or
G-protein coupled receptor 67, is a protein that is encoded by
the LGRS gene in humans (16,17). LGRS is a member of the
G-protein coupled receptor class A orphan receptor proteins.
LGRS is expressed across a diverse range of tissues, including
the muscle, placenta, spinal cord and brain, and particularly
acts as a biomarker of adult stem cells in certain tissues, such
as adipose tissue and skeletal muscles (18). LGRS was first
identified by Hsu et al in Drosophila (18) and acts as a CSC
marker for colorectal carcinoma (CRC). LGRS is not only
used as a biomarker, but is also likely to play an important role
in maintaining the undifferentiated state of CSCs. Numerous
studies have revealed that LGRS acts as a CSC marker (19-21).

In the present study, the expression of SALL4 and
LGRS was examined in lung cancer and non-cancerous lung
tissues using immunohistochemistry and the clinical signifi-
cance and diagnostic value of these two tumor markers in lung
cancer was evaluated.

Materials and methods

Lung cancer specimens. Tissue chips containing 135 speci-
mens of lung cancer tissue, 5 specimens of normal lung tissue
and 5 specimens of pneumonia-infected tissues were purchased
from Guilin Fanpu Biotech (Guilin, Guangxi, China).

The age range of the patients that the tissues were obtained
from was 31-78 years. In total, 102 patients were male and
33 patients were female. In addition, 91 patients were diag-
nosed with lymph node metastasis. The types of lung cancer
that the present patients were diagnosed with are reported
in Table I. Written informed consent was obtained from the
patients, and the study was approved by the ethics committee
of Guilin Medical University (Guilin, Guangxi, China).

Immunohistochemical staining. The paraffin-embedded
specimens were sliced into 4 ym sections. The slides were
dried at 37°C overnight and the tissue sections were baked at
60°C for 2 h. The slides were then deparaffinized with xylene
and rehydrated using ethanol and immersed in 3% hydrogen
peroxide for 10 min to block endogenous peroxidase activity.
An antigen retrieval process was accomplished by pressure
cooking the slides at 120°C and pressure of 103 kPa (15 psi) for
3 min in Tris/EDTA (pH 8.0). The slides were then incubated
with primary rabbit anti-human polyclonal antibodies against
SALL4 (cat no. GTX109983; GeneTex, Inc., Irvine, CA, USA)
and LGRS (catno. 21833-1-AP; ProteinTech, Chicago, IL, USA)
for 1 h at room temperature in a moist chamber with saturated
humidity. The dilutions used for the SALL4 and LGRS anti-
bodies were 1:100 and 1:600, respectively. The specimens were
stained with 3,3'-diaminobenzidine subsequent to incubation
with the secondary antibody (goat anti-rabbit IgG; 1:400 dilu-
tion; cat no. sc-2040; Santa Cruz Biotechnology, Inc., Dallas,
TX, USA) for 30 min. Finally, the sections were counterstained
with hematoxylin, dehydrated and mounted. Confirmed biopsy
specimens were used as a positive control. The slides treated
with non-specific serum were used as a negative control.

Criteria for evaluation. The SALL4 protein was located in the
cytoplasm and cell membrane. Positive cytoplasmic staining
for SALL4 was indicated by yellow staining with cell shading.
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Table I. Pathological types of lung cancer investigated in the
present study.

Types of lung cancer Cases, n

Squamous cell carcinoma 64
Adenocarcinoma 35
Papillary adenocarcinoma
Adenosquamous carcinoma
Small cell carcinoma
Pulmonary arterial carcinoma
Metastatic carcinoma
Carcinoid tumor
Undifferential tumor
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The LGRS protein was located in the cytoplasm and nucleus.
LGRS expression was indicated by brown staining. In total,
5 microscopic fields in each slide were randomly selected.
Positive cells were counted under high magnification (magni-
fication, x400) and the results were expressed according to the
following criteria: 1, Strong positive, >75% tumor cells stained
brown; 2, mild positive, 25-75% of tumor cells stained medium
brown; 3, weak positive, <25% of tumor cells stained pale
yellow; and 4, absent, no expression.

All slides were independently reviewed by an experienced
pathologist and researcher, without knowledge of the clinical
data. Inconsistent cases were assessed again together.

Statistical analysis. Statistical analysis of results was performed
using the SPSS 17.0 statistical package (SPSS, Inc., Chicago, IL,
USA). The expression rate of stem cell-associated markers in
lung cancer and the difference between the expression rates in
the benign lung tissue specimens were analyzed using Fisher's
exact test. The association between the expression of stem
cell-associated markers in lung cancer and clinicopathological
factors was analyzed using the * test or Fisher's exact test, and
the Mann-Whitney U test or Kruskal-Wallis H test. The correla-
tion between two stem cell-associated markers was analyzed
using Spearman's rank correlation coefficient. P<0.05 was
considered to indicate a statistically significant difference.

Results

SALLA4 is expressed in lung cancer tissues. The expression
of the SALL4 protein was observed mainly in the cytoplasm
and cell membrane of lung cancer cells, but SALL4 was not
expressed in normal or inflammatory lung tissues, or in normal
squamous epithelium (Fig. 1). Mild to weak SALL4 expres-
sion was observed in small cell lung cancer tissues. Strong to
mild expression was observed in lung adenocarcinoma tissues,
and strong to weak expression was observed in squamous cell
carcinoma tissues (Fig. 1). In the present study, SALL4 expres-
sion was observed in 119 out of 135 tissue samples and the rate
of SALL4 expression was 88% (Table II).

LGRS is expressed in non-cancerous cells, consisting of
normal lung cells and benign lung lesions, and lung cancer
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Table II. The expression of SALL4 and LGRS in each group.
Expression in normal and Expression in lung
Markers non-cancerous tissues, n (%) cancer tissues, n (%) x> P-value
Total 10 (100) 135 (100)
SALL4 0(0) 119 (88) 3.530 0.003
LGRS 10 (100) 131 (97) 0.004 0.948
SALLA4, Sal-like protein 4; LGRS, leucine-rich repeat-containing G-protein coupled receptor 5.
Table III. Association between SALL4 expression and the clinical features of patients with lung cancer.
Feature Total SALL4 expression, n (%) ¥ P-value
Age
<60 years 80 67 (83.75) 2.386 0.122
=60 years 55 51 (92.73)
Gender
Male 102 91 (89.22) 1.240 0.266
Female 33 27 (81.82)
Histology
Adenocarcinoma 35 32(91.43) 2.703 0.609
Squamous cell carcinoma 64 58 (90.63)
Adenosquamous carcinoma 9 7 (77.78)
Papillary adenocarcinoma 9 7(77.78)
Lymph node metastasis
Yes 41 36 (81.80) 0.004 0.95
No 93 82 (88.17)
Stage
I-11 48 45 (93.75) 0.003 0.959
I 50 47 (94.00)

SALLA4, Sal-like protein 4.

cells. Medium expression of the LGRS protein was identi-
fied in normal and inflammatory lung tissues, but LGR5 was
not expressed in normal squamous epithelium, and was
only weakly expressed in macrophages. Strong to mild
LGRS expression was observed in small cell lung cancer
tissues. Mild to weak LGRS expression was observed in
lung adenocarcinoma and squamous cell lung carcinoma
tissues (Fig. 2). In the present study, LGRS expression in lung
cancer cells was observed in 131 out of 135 tissue samples.
The rate of LGRS expression was 97% (Table II).

Association between the present of lung cancer cell-associ-
ated markers and clinical features. In order to identify the
association between these markers and the clinical features
of patients with lung cancer, a * test was performed. Since
the numbers of analyzed cases of metastatic cancer, carci-
noid tumor and differential carcinoma were too small, these
conditions were not included when analyzing the association.
The expression of SALL4 was not significantly associated
with the patient gender or age, lymph node metastasis,

pathological type of cancer or lung cancer stage (P>0.05).
This association is reported in detail in Table III. The expres-
sion of LGR5 was significantly associated with patient gender
(P<0.05), but was not significantly associated with the patient
age, presence of lymph node metastasis, pathological type
of cancer or lung cancer stage (P>0.05). This association is
reported in detail in Table IV.

Correlation between SALL4 and LGRS5. Spearman's
rank correlation analysis revealed that the expression of
SALL4 was not significantly correlated with the expression
of LGRS in lung carcinoma tissues [correlation coefficient
(R/P), 1/0.170; P>0.05; Table V].

Sensitivity and specificity of SALL4 and LGRS expression in
lung cancer cells. SALL4 was found to be expressed in 88%
of lung cancer tissue specimens and LGR5 was expressed
in 97% of lung cancer tissue specimens. High specificity
of SALL4 was identified, but specificity of LGRS was not
observed (Table VI).
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Table IV. Correlation between LGRS protein expression and the clinical features of patients with lung cancer.

Feature Total LGRS expression, n (%) x> P-value
Age
<60 years 80 76 (95.00) 2.870 0.90
=60 years 55 55 (100.00)
Gender
Male 102 101 (99.02) 5.704 0.017
Female 33 30 (90.91)
Histology
Adenocarcinoma 35 34 (97.14) 2.343 0.673
Squamous cell carcinoma 64 62 (96.88)
Adenosquamous carcinoma 9 9 (100.00)
Papillary adenocarcinoma 9 8 (88.89)
Lymph node metastasis
Yes 41 40 (97.56) 0.061 0.805
No 93 90 (96.77)

LGRS, leucine-rich repeat-containing G-protein coupled receptor 5.

Table V. Correlation between SALL4 and LGRS expression.

SALL4 LGR5
Protein Correlation R/P R/P
SALL4 R/P 1.000 0.170*
LGRS R/P 0.170* 1.000

*P=0.005. SALLA4, Sal-like protein 4; LGRS, leucine-rich repeat-con-
taining G-protein coupled receptor 5.

Table VI. Comparison of the sensitivity and specificity of
SALL4 and LGRS expression in lung cancer tissues.

Protein Sensitivity, % Specificity, %
SALL4 88 100
LGRS 97 0

SALLA4, Sal-like protein 4; LGRS, leucine-rich repeat-containing
G-protein coupled receptor 5.

Discussion

The present study investigated the expression and clinical
significance of SALL4 and LGRS expression in lung cancer
by immunohistochemistry, and also explored the possible use
of the SALL4 and LGRS proteins as diagnostic markers for
lung cancer. The present results demonstrated that SALL4 and
LGRS are each highly expressed in lung cancer. SALL4 was
found to be expressed in 88% of lung cancer samples and
LGRS in 97% of lung cancer samples. High specificity of
SALL4 was also identified, but specificity of LGRS was not

observed, indicating that SALL4 may be used as an important
diagnostic marker for lung cancer due to the specific and high
expression in lung cancer cells.

Similar to numerous other studies (3,5,20), the present
study supports the hypothesis that cancer cells exhibit CSC
markers, and certain CSC markers may demonstrate consider-
able clinical importance in lung cancer.

Expression analysis of SALL4 in non-cancerous and
cancerous lung tissues revealed that SALL4 is overexpressed
in 88% of lung cancer tissue samples (119 out of 135 cases).
Similar studies have also reported the overexpression of
SALL4 in various malignancies (21-23). In breast cancer,
it has been demonstrated that the SALL4 mRNA level
is elevated in 86.1% of tumor samples (21). In addition,
the increase was observed even in the early stages of
tumors (24). However, there was no significant correlation
between the clinicopathological features of the patients and
SALL4 mRNA expression in breast cancer (22). Analysis of
SALL4 expression in normal and tumor colorectal tissues
revealed that SALL4 is overexpressed in almost 90% of
CRC samples, in which SALL4 expression was significantly
associated with tumor cell metastasis to lymph nodes and the
grade of tumor cell differentiation (23). It has been revealed
that the expression of SALL4 in all types of testicular GCTs is
associated with the degree of tumor differentiation, and it has
been suggested that SALL4 is essential for the maintenance
of the poorly differentiated status of testicular GCTs (15). In
addition, the expression of SALL4 was detected in >90% of
the tumor cells of metastatic seminomas, dysgerminomas
and embryonal carcinomas, indicating that SALL4 plays
a role in the development of GCTs. Based on these results,
SALLA4 has been suggested as a novel sensitive and specific
marker for metastatic GCTs and as a novel diagnostic
marker for metastatic yolk sac tumors from the testis, ovary
and extra gonadal sites (6). A previous study detected the
expression of SALL4 at the mRNA level in cancerous and
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Figure 1. SALL4 expression in lung cancer tissues. (A) No expression of SALL4 in normal lung tissue. (B) Weak expression of SALL4 in adenocarcinoma
tissue. (C) Strong expression of SALL4 in small cell carcinoma tissue. (D) Strong expression of SALL4 in squamous cell carcinoma tissue. Representative
immunohistochemistry staining images are shown (magnification, x400). SALL4, Sal-like protein 4.

Figure 2. LGRS is expressed in non-cancerous cells, consisting of normal lung cells and benign lung lesions, and lung cancer cells. (A) Mild expression of
LGRS in normal lung tissue. (B) Mild epression of LGRS in squamous cell carcinoma inflammatory lung tissue. (C) Strong LGRS expression in adenocarcinoma
tissue. (D) Strong LGRS expression in small cell carcinoma tissue. Representative immunohistochemistry staining images are shown (magnification, x400).

non-cancerous lung cancer tissues using reverse transcrip-
tion-polymerase chain reaction (RT-PCR) (24). This study
found that SALL4 mRNA expression was present in 80.9%
of the cancerous tissues (38 of 47), and revealed that the
sensitivity and specificity of SALL4 mRNA were 85.1 and
92.9%, respectively (24).

In the present study, analysis of LGRS protein expression
in non-cancerous and cancerous lung tissues demonstrated
that LGRS is overexpressed in almost 97% of lung tissue
samples. The current study found that LGRS was significantly

overexpressed in 131 out of 135 lung cancer tissue samples.
However, the expression of LGRS was also detected in
non-cancerous tissue samples, consisting of 5 normal lung
tissues, 4 tissue samples of lung infections and one tubercle
nodule.

LGRS acts as a CSC marker in CRC, and is likely to
play an important role in maintaining the undifferentiated
state of CSCs. In a previous study, LGRS was found to be
expressed in 35 out of 41 (85%) esophageal adenocarcinoma
(EAC) tissues with Barrett's esophagus (BE) and in 16 out of
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19 (81%) EAC tissues without BE. By contrast, LGRS was not
found to be expressed in esophageal squamous cell carcinoma
tissues (25). In another study, RT-quantitative PCR analysis was
performed on a panel of representative cancer cell lines derived
from various organs, consisting of 11 colon cancer, 5 human
hepatocellular carcinoma, 10 ovarian cancer and 11 lung cancer
cell lines (26). LGRS expression in each of the cell lines was
normalized in the 37 cell lines on average. LGRS mRNA was
overexpressed in 5 out of 11 colon cancer cell lines, whereas
LGRS overexpression was rare in the cell lines derived from
other cancers (27). Several studies have already focused on the
effects of LGRS expression in the context of tumor development
and progression. LGRS has been demonstrated to be involved
in the pathogenesis of various human cancers, including
hepatocellular carcinoma (26), basal cell carcinoma (28),
endometrial cancer (29), colon cancer and ovarian cancer (7).
Numerous studies have revealed that LGRS is also expressed in
adenoma and CRC cells (18,26,27). These findings suggest that
LGRS may be a marker for intestinal stem cells, as well as for
colorectal adenoma and carcinoma in humans.

All the aforementioned studies, including the present study,
indicate the notable association between CSCs and cancer, in
addition to the importance of various tumor markers in the
diagnosis of various cancers. Overall, these findings and the
present data indicate that the SALL4 expression may be a novel
diagnostic marker for lung cancer. LGRS expression is not an
effective diagnostic marker for lung cancer due to its poor speci-
ficity for lung cancer. Additional investigation of the diagnostic
potential of SALL4 in the early stages of lung cancer may have
a profound clinical impact.
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