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Downregulation of leucine-rich-a-2-glycoprotein 1 expression
is associated with the tumorigenesis of
head and neck squamous cell carcinoma
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Abstract. Leucine-rich-a-2-glycoprotein 1 (LRGI) is consid-
ered as a potential biomarker as it is aberrantly expressed in
various malignancies. However, there is limited information
regarding its role in head and neck squamous cell carcinoma
(HNSCC). In the present study, we aimed to explore the
expression pattern of LRG1 in HNSCC and its clinicopatho-
logical significance. We first analyzed LRGI gene expression
in HNSCC by investigating data obtained from the Gene
Expression Omnibus (GEO) database. The results showed that
LRGI1 was downregulated in HNSCC tissues and its expres-
sion level was negatively related to tumor T and N stages
and degree of malignancy. Then, we further tested a tissue
microassay and clinical samples, respectively, by immuno-
histochemical staining and western blotting. Consistently, the
results revealed that LRG1 expression was decreased in tumor
tissues regardless of the grade of the tumor. Moreover, the
protein level of LRG1 showed slight differences among four
T stages or three N stages. In addition, there were no significant
associations between LRGI protein expression and other clini-
copathological parameters such as gender, age, tumor location
and clinical staging. These findings imply that downregulation
of the expression of LRGI is correlated with tumorigenesis but
not with the development of HNSCC, indicating the potential
clinical value of LRGI in the early diagnosis of HNSCC.

Introduction

Head and neck squamous cell carcinoma (HNSCC) has the
sixth highest incidence rate worldwide among all common
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cancers (1). Despite the advances in oncology and multidisci-
plinary treatment, the recurrence rate and mortality of HNSCC
have not obviously declined. One important reason is that more
than 50% of HNSCC patients present with advanced stage at
the time of diagnosis (2,3). Therefore there is a critical need
to find effective pathways by which to predict tumor genesis
and development. Recently, various proteins have been found
to be closely correlated with the occurrence and progression
of HNSCC (4,5). However, new molecules which possess
diagnostic value for clinical application are still needed to be
discovered.

Leucine-rich-a-2-glycoprotein 1 (LRG1), a member of
the leucine-rich repeat (LRR) family proteins, was initially
isolated from human serum by Haupt and Baudner in 1977 (6).
The LRR family proteins are classified as secreted proteins,
characterized by the presence of leucine-rich repeats in
amino acid residues, and have 20-29-residue sequence motifs
containing a conserved 11-residue segment (7). These proteins
were reported to be involved in several important biological
processes, such as hormone-receptor interactions, enzyme
inhibition, cell adhesion and cellular trafficking (8). LRG1 is
considered as a membrane-associated protein, consisting of
312 amino acid residues, 66 of which are leucines. To date, the
biological function of LRGI1 has not been fully elicidated. It
has been reported to be an inflammatory protein involved in
inflammatory responses such as active ulcerative colitis (9),acute
appendicitis (10) and active rheumatoid arthritis (11). Elevated
LRGI expression may be induced by proinflammatory cytokines
such as interleukin-6 (IL-6) (9). Evidence has also shown that
LRGI participates in the regulatory mechanism of aberrant
angiogenesis by modulating endothelial TGF-f signaling (12).
Aberrant neovascularization contributes to tumor growth, and
LRGI was found to be a biomarker and is upregulated in various
types of carcinomas, such as hepatocellular carcinoma (13),
ovarian cancer (14), endometrial carcinoma (15), gastric
cancer (16), leukemia (17), colorectal (18), pancreatic (19) and
bladder cancer (20). In addition, LRG1 is involved in tumor
development, progression and metastasis and is regarded as an
indicator of tumor prognosis. However, the role of LRGI in the
tumorigenesis and progression of HNSCC is not yet clear, and
warrants elucidation.
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Table I. Detailed information of the GEO datasets in the present study.

Series accession Organism Type

Platform

GSE51985 Homo sapiens Expression profiling by array
GSE33205 Homo sapiens Expression profiling by array
GSES59102 Homo sapiens Expression profiling by array
GSE58911 Homo sapiens Expression profiling by array
GSE13399 Homo sapiens Expression profiling by array
GSE39366 Homo sapiens Expression profiling by array

GPL10588 Illumina HumanHT-12 v4.0
expression BeadChip

GPL5175 Affymetrix Human Exon 1.0 ST Array

GPL6480 Agilent-014850 Whole Human
Genome Microarray 4X44K G4112F

GPL6244 Affymetrix Human Gene 1.0 ST Array

GPL7540 Agilent-scanner-UNC-custom-
4X44K-without-Virus

GPL9053 Agilent-UNC-custom-4X44K

GEO, Gene Expression Omnibus.

In the present study, we first investigated the LRG1 gene
expression pattern in HNSCC by analysis of the data obtained
from Gene Expression Omnibus (GEO) datasets, and its rela-
tionships with degree of malignancy, tumor stage and regional
lymph node metastasis were explored, respectively. Secondly,
tissue microassay and clinical samples were investigated for
further confirmation of the findings.

Materials and methods

Gene expression profiles. LRGI expression data were retrieved
from Gene Expression Omnibus (GEO) (http:/www.ncbi.nlm.
nih.gov/geo/). Six datasets were obtained for the analysis
including GSES51985 [10 primary laryngeal squamous cell
carcinoma (LSCC) and corresponding adjacent non-neoplastic
tissues were analyzed], GSE33205 (analysis of 44 cases of
HNSCC tumors and 25 cases of uvupopalatopharyngoplasty
patients as control), GSE59102 (29 LSCC samples and
13 marginal samples were collected for microarray analysis),
GSES58911 (15 paired normal and HNSCC samples from indi-
vidual patients were analyzed), GSE13399 (16 paired HNSCC
tumor samples and normal tonsil samples were collected) and
GSE39366 (a total of 163 samples were considered and a total
of 138 tumor arrays remained after removing low-quality and
duplicate arrays, and arrays from non-HNSCC samples). More
details of the series data are listed in Table I. The expression
values of the LRG1 gene were transformed to the relative
expression.

Tissue microassay and clinical samples. The HNSCC tissue
microassay (TMA) was procured from US Biomax Co.
(Rockville, MD, USA) (production no. HN803b). Eleven cases
of normal tissue, 31 cases of tongue carcinoma, 31 larynx
carcinoma cases and 7 nose carcinoma cases were contained
in the TMA, including 62 men and 18 women. The mean age
was 53.4 years (range 18-90 years). More details are listed in
Table II.

Twenty pairs of HNSCC tissues including 18 cases of
larynx carcinoma and 2 cases of hypopharyngeal carcinoma
and their corresponding para-carcinoma normal tissues were
collected between 2012 and 2013 from the Renmin Hospital
of Wuhan University. Baseline clinical features are described

in detail in Table III. All tissues were frozen at -125°C until
proteins were extracted for western blotting.

The present study was approved by the appropriate
Ethics Committees related to the institutions in which it was
performed. The authors assert that all procedures contributing
to the present study comply with the ethical standards of the
relevant national and institutional guidelines.

Immunohistochemical staining. To analyze LRG1 expression
by immunohistochemistry (IHC), the TMA was deparaf-
fined in xylene for 15 min three times at room temperature,
hydrated in a series of 100, 95, 90, 80, 70 and 60% ethanol
solutions, and washed in phosphate-buffered saline (PBS). The
antigen was recovered in boiling citrate buffer (10 mmol/l,
pH 6.0) for 15 min and then the sections were cooled down
to room temperature. To quench endogenous peroxidase
activity, the sections were incubated with 0.3% hydrogen
peroxide phosphate-citrate buffer for 10 min and then rinsed
extensively in PBS. The sections were incubated with primary
rabbit anti-LRG1 monoclonal antibody (dilution 1:100;
Sigma-Aldrich, St. Louis, MO, USA) overnight at 4°C. After
washing with PBS, the slides were incubated with poly-HRP
goat anti-rabbit (Maixin-Bio, Fuzhou, China) for 30 min.
Diaminobenzidine was used to dye the slides for 5 min and
hematoxylin for counterstaining the nuclei. The sections were
then dehydrated in ethanol and cleared in xylene. Coverslips
were placed on the slides. Images of sections were captured
using an Olympus BX40 microscope and CC-12 Soft-Imaging
system (Olympus, Tokyo, Japan).

Evaluation of immunohistochemical staining. LRG1-positive
cells displayed brownish yellow granules on the cytoplasm
and/or the membrane. Evaluation of LRGI staining included
the intensity of staining (scored as: 0, no staining; 1, weak
staining; 2, moderate staining; and 3, strong staining) and
the percentage of positive tumor cells (scored as: 0, <5%;
1,5-25%; 2, 26-50%; 3, 51-75%; and 4, 76-100%). To facilitate
the statistical analysis, LRGI staining intensity and frequency
were transformed into a Composite Expression Score (CES)
utilizing the formula: CES = Intensity x Frequency. The range
of CES was from O to 12. The CES was scored as: 0, negative;
1-4, weak positive; 5-8, positive; 9-12, strong positive.
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Table II. Immunohistochemistry staining of LRG1 and its cor-
relation with clinicopathological features of the HNSCC cases.
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Table III. Clinicopathological features of the HNSCC patients
employed in western blotting.

LRGI expression

Clinicopathological ~ No. of score (CES):
parameters pts. (%) mean + SD P-value
Gender 0.2027
Male 57 (82.6) 4.54+2 89
Female 12 (17.4) 3.12+2.80
Age (years) 0.3387
<60 42 (60.9) 4.63+2.79
>60 27 (39.1) 3.86+£3.07
Location 0.6628
Larynx 31 (44.9) 4.75+2.51
Nose 7 (10.1) 4.00+3.10
Tongue 31 (44.9) 4.04+3.23
Histological grade® 0.0613
Well 10 (15.6) 3.00+2.14
Moderate 34 (53.1) 4.45+2.56
Poor 20 (31.5) 5.60+£2.40
T stage 0.2470
T1 5(8.2) 3.75+1.71
T2 33 (54.1) 4.00+2.54
T3 14 (23.0) 5.78+2.11
T4 9(14.8) 3.88+2.64
N stage 0.1935
NO 43 (70.5) 3.89+2.82
N1 15 (24.6) 4.17+2.33
N2 3149 7.50+2.12
Clinical stage 0.1710
Early I-1 28 (45.9) 3.56+2.83
Advanced II-IV 33 (54.1) 4.62+2.59
Metastasis® 8 (10) 6.80+3.63 NA
Normal 11 (13.8) 7.10+£3.10 NA

“Five cases had no data for histological grade. *Includes two cases of
acinic cell carcinoma and two cases of mucoepidermoid carcinoma.
HNSCC, head and neck squamous cell carcinoma; pts., patients;
LRG1, leucine-rich-a-2-glycoprotein 1; CES, Composite Expression
Score; NA, not available.

These scores were independently determined by two senior
pathologists.

Protein extraction. Frozen HNSCC and corresponding
para-carcinoma tissues were cut into 50-100 mg fragments
and ground using a homogenizer containing liquid nitrogen,
then lysed in ice-cold RIPA buffer [50 mM Tris-HCI pH 74,
150 mM NaCl, 1% Triton X-100, 0.25% deoxycholate (DOC),
1.5 mM MgCl,, 1| mM EGTA, 1 mM phenylmethyl sulfonyl-
fluoride (PMSF), 10 mM NaF, 10 mM pervanadate, 10 pg/
ml leupeptin and 10 pg/ml aprotinin], and incubated on ice
with intermittent vortexing for 30 min. Insoluble cellular

Clinicopathological parameters No. of patients

Gender (male:female) 20 (19:1)
Age, years, mean + SD 59.8+7.8
Tobacco smoking

Yes 11

No 9
Alcohol consumption

Yes 6

No 14
Location

Larynx 17

Hypopharynx 3
Occurrence

Primary 16

Recurrence 4
Histological grade

Well/moderate 16

Poor 4
T stage

Tl 3

T2 7

T3 7

T4a 3
Clinical N stage

cNO

cN1 2

cN2 11
Pathological N stage

pNO 12

pN1 2

pN2 6
Distant metastasis 0
Clinical stage

Early I-1I 6

Advanced II-IV 14
Neck dissection

Yes 13

No 7
Postoperative radiotherapy 20

components were removed by centrifugation for 30 min at
25,000 x g/min. The protein concentration of the supernatant
lysate was determined by the BCA method. Lysate aliquots
were mixed with 4X sample buffer containing 2-mercapto-
ethanol, and heated at 70°C for 10 min for western blotting.

Western blotting. For western blot analysis, protein samples
were loaded on prefabricated 10% NuPAGE Bris-Tris gel (Life
Technologies, Carlsbad, CA, USA). Following separation,
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Figure 1. LRGI gene expression analysis in HNSCC from the GEO datasets. Six datasets were retrieved from the GEO repository and further subjected to data
analysis, including GSE51985, GSE33205, GSE59102, GSE58911, GSE13399 and GSE39366. (A-E) Expression of the LRG1 gene was significantly higher
in non-tumor normal tissues compared with LSCC or HNSCC; “P<0.01 compared with LSCC or HNSCC. (A) GSE51985. (B) GSE33205. (C) GSE59102.
(D) GSES8911. (E) GSE13399. (F) Dataset GSE39366 was analyzed to confirm that there was no significant difference in LRG1 expression between different
tumor grades of HNSCC; P>0.05. (G) LRG1 gene expression in different T stages of HNSCC from series GSE39366. Analysis showed that the expression
rate of LRGI1 was not statistically different between each two T stage groups; P>0.05. (H) LRGI gene expression in different N stages of HNSCC from series
GSE39366. There was no statistical significance between NO and N+ groups; P>0.05.

proteins were transferred to a nitrocellulose membrane in
90 min for LRGI1 and GAPDH. After blocking with 5% (w/v)
BSA in Tris-buffer, membrane strips were incubated with a
different dilution of different antibodies according to their
descriptions. Anti-LRG1 and anti-GAPDH primary antibodies
(Sigma-Aldrich) were respectively diluted 1:200 and 1:1,000
in 1X TBS, 0.1% Tween-20 with 5% BSA. After three washes
with TBS with 0.1% Tween-20, the blots were incubated
1:2,000 with horseradish peroxidase-conjugated secondary
antibodies and detection was performed using enhanced
chemiluminescence.

Statistical analysis. Data and figures were mainly processed
using GraphPad Prism 6.0 software. Values are expressed as
the mean + SD except for the intensity values in western blot-
ting presented as the mean. Comparisons of LRGI expression
between groups were performed with independent samples
t-test, or using one-way of ANOVA and Bonferroni's multiple
comparison tests. A probability value <0.05 was considered to
indicate a statistically significant result.

Results

Analysis of the GEO database. To understand the expres-
sion pattern of LRG1 in HNSCC, we first utilized GSE51985
which included 10 paired LSCC samples and corresponding
adjacent non-neoplastic samples. As shown in Fig. 1A, LRG1
expression was lower in the cancer tissues compared to that
in the adjacent normal tissues (P=0.0006). Data of other five
series, containing more samples, were also analyzed, and the
results showed a similar trend (all P-values <0.01). Details are
shown in Fig. 1B-E. These data indicated that the LRGI1 gene
is downregulated in HNSCC. We further investigated whether
the expression of LRGI1 was related to the grade and stage of

HNSCC with series GSE39366. According to the analysis of
data extraction from series GSE39366, the expression rate
of LRG1 was not statistically different between tumor grade
(P>0.05) (Fig. 1F). In addition, there was no statistical signifi-
cance between each two T stage groups (P>0.05) (Fig. 1G) or
between the two N stage groups (P>0.05) (Fig. 1H). Taken
together, the LRGI1 expression status showed no correlation
with HNSCC tumor differentiation and progression.

Clinicopathological characteristics of the HNSCC patients.
Sixty-nine HNSCCs were included in the TMA. The location
of the HNSCCs was the larynx (31 cases), the tongue (31 cases)
and the nose (7 cases). The patient ages ranged from 32 to
90 years with a mean of 57.3 years. Fifty-seven were male,
occupying a predominant position and the rest were female.
Tumors categorized as T2 were the most commonly found in
the TMA. Most patients were found without local lymph node
metastasis (NO). The number of patients in the early stage was
nearly equal to that in the advanced stage. Other details of the
clinicopathological characteristics are shown in Table II.
There were 20 cases of HNSCC employed in the western
blotting, including 17 cases of larynx carcinoma and 3 cases of
hypopharynx carcinoma. The patient ages ranged from 41 to
72 years with a mean of 59.8 years. Nineteen patients were male,
only one case was female. Half of the number had a history of
smoking. T2 and T3 were frequently seen in this cohort. More
than half of patients were lymph node-negative and were in
the advanced stage. All patients underwent surgical therapy
and most were performed with neck dissection. Most of the
clinicopathological characteristics are listed in Table III.

LRG]I expression is downregulated in the HNSCC TMA.
Decreased LRGI gene expression in the HNSCC cases from
the GEO dataset was found as described above. Then, we
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Figure 2. LRGI protein expression is downregulated in the HNSCC TMA. (A) Representative images of IHC staining for LRGI protein in tumor and normal
tissues (magnification, x400). (B) A graphical representation of the mean + SD data represents CES of LRGI protein staining presented in A; "P<0.01 compared

with the normal tissue group.
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Figure 3. LRGI protein expression in different T stages of HNSCC TMA. (A) Representative images of IHC staining in 4 T stage groups (magnification, x400).
In the top left corner are original microscopic images at a magnification of x100. (B) A graphical representation of the mean + SD data represents CES of LRG1
protein staining presented in A. There was no statistically significance between T stages; P>0.05.

examined LRGI protein expression in an independent cohort
of 80 cases including three types of HNSCC (tongue, larynx
and nose) and normal tissues on a TMA by IHC staining. CES
was used for the measurement. The staining density of LRG1
in the non-cancerous tissues had a more intense coloring and
broader distribution than that observed in the HNSCC tissues.
Representative images of LRGI in the tumor and normal
tissues are shown in Fig. 2A. Accordingly, a significantly
decrease in CES was present in the tumor tissues compared
to that in the normal tissues (Fig. 2B) (P<0.01). These results
were consistent with the analysis of the GEO dataset.

LRGI expression is not related to T and N stage, or differ-
entiation of HNSCC. To further understand the correlation
between LRGI1 protein expression and different stages or
grades, we also used IHC to analyze the specimens of the
tissue chips. Representative images of LRGI in different
T staged tissues are shown in Fig. 3A. There was no statistical
significance between T stage groups (P>0.05) (Fig. 3B). In
addition, we compared three N stage groups: NO, N1 and N2.

Typical images are shown in Fig. 4A, and there was no statis-
tical difference among the groups (P>0.05) (Fig. 4C). These
data above indicate that LRGI protein is not involved in the
development of HNSCC.

Finally, LRGI protein expression was analyzed in different
grades of tumor malignancy. Malignancy grade 1, 2 and 3
represent respectively well, moderate and poor differentiation.
LRGI staining is shown in Fig. 4B, and there was no significant
difference among the groups (P>0.05) (Fig. 4D). This result
reflected that LRG1 had no correlation with tumor grade,
which was consistent with the outcome of the GEO dataset
analysis.

Association of LRGI expression and other clinicopathological
characteristics in HNSCC. To further determine the clinical
significance of LRGI in HNSCC, the relationship between
expression of LRGI and other clinicopathological parameters
was analyzed. In the cohort analyzed by IHC and scored by
CES, there were no significant associations between LRG1
protein expression and clinicopathological parameters such as
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gender (P=0.2027), age (P=0.3387) and location (P=0.6628).
In addition, in regards to the clinical stages, LRGI1 expression
in the early stages was negatively different from that in the
advanced stages (P=0.1710). The results of the analysis are
summarized in Table II.

LRGI expression is reduced in the HNSCC tissues. The
above results were confirmed by IHC staining. In addition, we
examined the level of LRGI protein in 20 pairs of HNSCC
and adjacent non-cancerous tissues. The LRGI protein level
was downregulated in the HNSCC tissues compared with that
in the para-carcinoma tissues, and a representative portion of
the western blot findings are shown in Fig. 5A. Transformed
pillar and pie charts are presented in Fig. 5B and C, showing a
significant decrease in LRGI expression in 75% (15/20) of the
HNSCC patients.

Discussion

It has been reported that the expression of LRGI is dysregu-
lated in various types of malignant tumors, yet its role in
HNSCC has not been addressed. The present study found that
the LRGI1 gene was downregulated in HNSCC tissues first
based on analysis of the GEO database. Similar results were
demonstrated at the protein level from evaluation of the tissues
collected and the TMA. In addition, the expression level of
LRGI1 was negatively associated with several clinicopatho-
logical features. These findings uncovered that LRG1 may play
a role in HNSCC tumorigenesis and potentially offers clinical
value in early diagnosis.

The term head and neck carcinoma covers all malignant
tumors arising in the nasal and oral cavities, pharynx, larynx
and the paranasal sinuses. Most are squamous cell carci-
nomas. Compared with other cancers such as breast, cervix
and colorectal, patients with HNSCC have relatively poor
prognosis after diagnosis (3,21). The reason is related to a
failure in identifying effective measurements for diagnosis at
the early stage. According to tumor-node-metastasis (TNM)
classification and clinical staging, treatment procedures differ
substantially between early- and late-stage HNSCC. Early-
stage HNSCC patients receive minimally invasive surgery
or irradiation alone due to the small tumor size with least
lymphatic and hematogenous spread, and benefit from removal
of the neoplasia. However, lack of appropriate screening
biomarkers leads to difficulty in early diagnosis. Biomarkers
with promising potential reflecting physical changes are in
urgent need for clinical application.

LRGI is considered as a candidate biomarker of tumor
detection as it was found aberrantly (particularly elevated)
expressed in different types of cancers or other body fluids vs.
normal unmutated cells. Wu ef al (22) found that expression of
LRGI was elevated in serum and other histological subtypes of
early and late stage epithelial ovarian cancer cases. Thus, LRG1
is a potential biomarker alone or in combination with CA125
for the diagnosis of ovarian cancer. LRG1 was also found to be
expressed at higher levels in urinary exosomes and lung tissue
of non-small cell lung cancer patients (23). Overexpression
of LRGI was interpreted as its auxo-action on angiogenesis,
cell migration and invasion (12,24,25). It was found to bind to
the accessory receptor endoglin, causing a switch in TGF-3
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signaling in endothelial cells via the ALK-1/Smad1/5/8
pathway, which led to the promotion of neovascularization (12).
Moreover, LRG activated TGF-f signaling by upregulating
TGF-p1 and promoting the phosphorylation of its downstream
smad proteins, which was associated with enhanced migration
and invasion of glioma cells (26).

However, contrary to the above mentioned studies, in our
research LRGI1 expression was decreased at both the gene and
protein level tested in the GEO database analysis, IHC and
immunoblotting in HNSCC tissues, implying LRG1 as a tumor
suppressor. Similar results were found in hepatocellular carci-
noma, endometrial carcinoma and Lewis lung carcinoma cell
lines (15,27,28). We may attribute the discrepancy of LRG1
function in certain types of cancers to its tissue specificity, while
the underlying mechanism needs to be understood. A recent
study showed that LRG1 enhanced TGF-f1-smad2-induced
growth inhibition and apoptosis in Lewis lung carcinoma and
Hep3B cells which lacked endoglin (28). However, the func-
tion of LRG1 in the tumorigenesis of HNSCC needs further
investigation.

The degree of tumor malignancy is determined by several
factors such as proliferation, cell cycle and microvessels in
neoplasms (29-31). It has been reported that LRG1 is expressed
higher in grade IV glioma cell lines than that in grade III
glioma cells and LRGI silencing was found to lead to cell
cycle arrest with the accumulation of cells in the GO/G1 phase
and reduced cell numbers in the S and G2/M phases (32).
Moreover, downregulation of cell cycle genes including
cyclin B, D1 and E by LRGI silencing was observed, implying
that LRG1 may regulate the cell cycle of glioblastoma cells
through these cyclins. However, in the present study, we found
that LRGI expression had no significant difference among the
three grades of HNSCC by GEO database analysis. Then we
observed the LRGI protein staining in different tumor grades,
and the same trend was noted. Low expression of LRG1 was
observed in HNSCC due to the fact that its tissue charac-
teristics are different from glioblastoma as referred above.
However, it is perplexing that lower LRG1 expression was not
present in a higher grade of HNSCC. This is a focus in our
following experiments.

It has been referred in various studies that LRG is involved
in the suppression of tumor invasion and migration. In hepa-
tocellular carcinoma cells, overexpression and knockdown of
LRGl, respectively, weakened and strengthened the capability
of tumor cell migration and invasion (27), which can also
explain the downregulated expression of LRG1 in HNSCC
in the present study. However, the LRGI1 expression level
was negatively associated with HNSCC stage and lymphatic
metastasis. In our observation, GEO database analysis and
IHC staining showed that there was no significant difference
in LRGI expression between T or N stages. This implies that
LRGI in HNSCC is involved in tumorigenesis only, not in
progression.

In conclusion, our findings first demonstrated that LRGI
expression is downregulated in HNSCC, and this suppressed
expression was negatively associated with tumor differentia-
tion, tumor stage and local lymph node metastasis, implying
that LRGI is involved in tumorigenesis, but not in the develop-
ment of HNSCC. These findings may provide potential clinical
value for the early diagnosis of HNSCC.
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