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Objectives: Laminin subunit beta-3 (LAMB3) is a major component of the basement membrane zone. In
our study, we investigated the role of LAMB3 in head and neck squamous cell carcinoma (HNSCC)
progression and its clinical implication as a prognostic biomarker.
Materials and methods: A retrospective analysis of 100 patients with HNSCC who had undergone curative
surgery from 1999 to 2011 was performed. We evaluated LAMB3 expression by immunohistochemistry
and its associations with clinicopathological characteristics and survival. For functional in vitro analyses,
cell proliferation, migration, and invasion and western blot assays were performed following LAMB3
suppression. In addition, the role of LAMB3 in cisplatin-induced cytotoxicity was clarified by measuring
cell proliferation.
Results: LAMB3 expression was up-regulated in HNSCC cell lines and patient tissues. High LAMB3
expression was significantly associated with positive lymph node metastasis (odds ratio: 6.316;
P< 0.001) and poor prognosis in patients with HNSCC. LAMB3 suppression reduced cell migration/in-
vasion via down-regulation of epithelial-to-mesenchymal transition-associated proteins (Vimentin and
Slug). Moreover, LAMB3 suppression increased cisplatin cytotoxicity in HNSCC cells.
Conclusion: Our findings indicate that LAMB3 may be used as a prognostic biomarker in HNSCC and
support that LAMB3 silencing could induce the sensitivity of anti-cancer drugs such as cisplatin.
© 2018 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
Introduction

Head and neck squamous cell carcinoma (HNSCC) has the sixth
highest cancer incidence worldwide, representing approximately
6% of solid tumors [1], and approximately 650,000 new cases are
diagnosed every year [2]. Tobacco, alcohol, and high-risk human
papillomavirus are considered risk factors, leading to malignant
logy-Head and Neck Surgery,
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transformation [3,4]. Despite advances in multimodalities
involving surgery, radiotherapy, and chemoradiotherapy, HNSCC
has been associated with one of the lowest overall survival rates
among all cancer types in the last three decades [5]. This is likely
because of a lack of understanding of the specific molecular targets
and molecular regulatory pathways that predict HNSCC
progression.

Laminins are large extracellular glycoproteins composed of
three different polypeptide chains (a, b, and g), and different
combinations of these chains generate 15 different laminin iso-
forms [6]. Of the many laminin isoforms, laminin-332 (formerly
laminin-5) is distinctive in both structure and behavior [7].
Laminin-332, a major component of the basement membrane of
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skin and other epithelial tissues, regulates epithelial cell migration
in epithelial regeneration and repair processes [8]. Many reports
have indicated that laminin-332 is related to tumor invasiveness in
various cancer types [9e11]. LAMA3, LAMB3, and LAMC3 encode
the a3, b2, and g2 subunits, respectively, of the trimeric basement
membrane protein laminin-332 [12]. LAMB3, which is reported to
be resistant to proteolytic processing, is processed by both matri-
lysin and MT-1-MMP [13,14], and its cleavage increases carcinoma
cell migration. LAMB3 expression affects multiple malignant phe-
notypes of gastric cancer cell lines and may play an important role
in gastric carcinogenesis (8). An important role of LAMB3 in regu-
lating metastatic progression in lung adenocarcinoma was also
reported [7]. However, the clinical significance and molecular
mechanism of LAMB3 expression in HNSCC are not well
understood.

The aim of this study was to investigate the functional signifi-
cance of LAMB3 in HNSCC progression using in vitro functional
assays and tissue microarray expression analyses in different
HNSCC cell lines and patient cohorts. Furthermore, we investigated
whether targeting LAMB3 exerts a better effect with platinum-
based chemotherapy as a therapeutic strategy for HNSCC.

Materials and methods

HNSCC patients

We retrospectively evaluated 100 patients with HNSCC who had
undergone curative surgery (primary resection and appropriate
cervical lymph node dissection according to disease stage) at the
Department of Otolaryngology-Head and Neck Surgery of Chung-
nam National University Hospital from April 1999 to December
2011. The survival and biology of patients with HPV are very distinct
from thosewithout HPV. Therefore, we analyzed after patients with
HPV positive were excluded because very few patients were HPV
positive in our study population. A total of 100 patients were
eventually enrolled in this study. All patients in our study were
initially undergone curative surgery and post-operative radio-
therapy was performed according to NCCN guideline. This study
was approved by the Institutional Review Board of Chungnam
National University College of Medicine (Jung-gu Daejeon, Korea),
and the requirement to obtain informed consent was waived. All
experiments related to human tissue were performed in accor-
dance with our institutional guidelines.

Tissue microarray construction

Formalin-fixed, paraffin-embedded tumor blocks were
collected, and tissue microarrays were generated as described
previously [15]. Sections were cut from each donor block and
stained with hematoxylin and eosin to identify the tumor area. A
small tissue core (two cylinders per patient, 2mm in diameter) was
removed from the donor block using a tissue chip microarray
(Beecher Instruments, Silver Spring, MD, USA) and was transferred
to a recipient paraffin block. Histologic sections (5 mm thickness)
were cut from the recipient paraffin block using standard
techniques.

Immunohistochemistry (IHC) and scoring system

IHC staining using an anti-LAMB3 antibody was performed us-
ing a 3,30-diaminobenzidine peroxidase substrate kit according to
themanufacturer's instructions (Sigma-Aldrich, St. Louis, MO, USA).
At least two experienced pathologists analyzed the slides under a
light microscope (100�magnification) while blinded to the clinical
patient information. The results were classified using two
parameters according to a modified method described previously
[16]: LAMB3 staining extent score (0, no staining; 1, <35%; 2,
35e75%; 3, >75% positive cells) and staining intensity score (0, no
staining; 1, weak; 2, moderate; 3, strong staining). By multiplying
the staining extent score by the staining intensity score, we ob-
tained the IHC staining grade (range: 0e9). For statistical compar-
isons, specimens with an IHC staining grade <3 versus �3 were
included in the low versus high LAMB3 groups, respectively.

Cell lines and reagents

The human HNSCC cell lines SNU1041 (hypopharynx), SNU1076
(larynx), and FaDu (hypopharynx) were purchased from the Korean
Cell Line Bank (Seoul, South Korea). Primary human fibroblast
cultures, kindly donated by Professor J.H. Lee (Chungnam National
University, Daejeon, South Korea) was used as normal epithelial
cells. The SNU1041, SNU1076, and FaDu cell lines were cultured in
RPMI 1640 medium (Gibco, Grand Island, NY, USA). All cell lines
were supplemented with 10% fetal bovine serum and 100 U/mL
penicillinestreptomycin (Gibco). All cell lines were routinely
maintained at 37 �C under an atmosphere of humidified air with 5%
CO2. Cisplatin was purchased from Sigma-Aldrich.

RNA isolation and reverse-transcription PCR

Total cellular RNA was extracted from lysed cells using Trizol
reagent (Invitrogen, Carlsbad, CA, USA) following the manufac-
turer's instructions. The total RNAwas then reverse transcribed and
amplified using primers specific for LAMB3 and glyceraldehyde 3-
phosphate dehydrogenase, as described previously [17]. The
primer sequences were as follows: LAMB3-F: 50-CCA AGC CTG AGA
CCT ACT GC-30/LAMB3-R: AAG CTG GAA TCT CCT GTC CA-30, and
GAPDH-F: 50-ACC CAG AAG ACT GTG GAT GG-30/GAPDH-R:F: 50-TTC
TAG ACG GCA GGT CAG GT-30.The PCR products were separated by
electrophoresis on a 2% agarose gel containing ethidium bromide.

Transient transfection

Cells were seeded at 2� 105/well in six-well plates and then
cultured overnight to achieve 60e70% confluence. Transient
transfectionwas performed using Lipofectamine RNAiMAX reagent
(Invitrogen) following the manufacturer's standard protocol.
LAMB3 siRNA (sense: 50-GUG UGU GCA AGG AGC AUG U(dTdT)-30;
antisense: 50-ACA UGC UCC UUG CAC ACA C(dTdT)-30, or negative
control siRNAs (#SN-1003, Bioneer) were acquired from Bioneer
(Daejeon, Korea).

Cell proliferation assay

Cells were seeded at 1� 104/well in 96-well plates. After 24 h,
the cells were treated with control or LAMB3 siRNA for 48 h and
72 h, and SNU1041 and SNU1076 cell viabilities were measured
using the cell proliferation reagent WST-1 (Roche Diagnostics
Corporation, Indianapolis, IN, USA) as described previously [18].
The formazan product was measured quantitatively at 450 nm us-
ing an enzyme-linked immunosorbent assay reader.

Cell migration and invasion (transwell) assay

Transwell chambers (24-well; Costar, Cambridge, MA, USA) were
used to examine cell migration and invasion as described previously
[18]. Briefly, transwell membranes were coated with Matrigel for
6 h at 37 �C for the invasion assay and without Matrigel for the
migration assay. Control or LAMB3 siRNA-transfected cells (5� 105

in 100 mL serum-free medium) were added to the upper chamber.
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Next, 700 ml medium containing 10% fetal bovine serumwere added
to the lower chamber. The chamber was incubated for 48 h in 5% CO2
at 37 �C. Finally, non-attached cells were removed using a cotton
swab, and the cells attached in the lower chamber (invading cells)
were stained with crystal violet and counted in four representative
fields under a light microscope (200�magnification).

Western blot analysis

Cells were lysed in lysis buffer containing 150mM NaCl, 1.0%
Nonidet P-40 (NP40), 0.5% sodium deoxycholate, 0.1% sodium
dodecyl sulfate, 50mM Tris, pH 8.0, and a protease inhibitor cock-
tail (Roche Applied Science, Vienna, Austria, pH 7.4). Electropho-
resis was performed as described previously [19]. The following
primary anti-human antibodies were used for Western blot anal-
ysis: anti-LAMB3(1:1000; OriGene Technologies Inc. Rockville, MD,
USA) anti-Slug, anti-Vimentin, anti-b-actin (1:1000; Cell Signaling
Technology Inc, Danvers, MA, USA), and anti-E-cadherin, (1:1000;
Santa Cruz Biotechnology, Santa Cruz, CA, USA). Following incu-
bation with the corresponding horseradish peroxidase-conjugated
secondary antibodies (1:5000; Santa Cruz Biotechnology), immu-
noreactive bands were visualized by enhanced chemilumi-
nescence(ECL) detection.

Cisplatin treatment and cell viability assay

Cells were seeded at 1� 104/well in 96-well plates. The
following day, cells were treated with negative control or LAMB3
siRNA for 48 h and then with cisplatin at different concentrations
(0, 5, 10, 30, and 50 mM). After 48 h, cell viability was measured
using the cell proliferation reagent WST-1 (Roche Diagnostics
Corporation). The formazan product was quantitatively measured
at 450 nm using an enzyme-linked immunosorbent assay reader.

Statistical analysis

All statistical analyses were performed using SPSS for Windows
statistical software (ver. 20.0; SPSS Inc., Chicago, IL, USA). Pearson's
chi-squared or Fisher's exact test was used to analyze the re-
lationships between LAMB3 expression and clinicopathologic pa-
rameters. Factors determined to be significant in the univariate
analyses were evaluated together in multivariate logistic regression
analyses to adjust for other factors. Survival curves were con-
structed using the KaplaneMeier method and compared using the
log-rank test. All in vitro experiments were repeated three times,
and statistical significance was analyzed using two-sided Student's
t-tests. The data are presented asmeans± standard deviation, and a
P value < 0.05 was deemed to indicate statistical significance
(*P < 0.05; **P < 0.01; ***P< 0.001).

Results

LAMB3 expression in HNSCC tissues

To determine the clinical relevance of LAMB3 expression in
human HNSCC, IHC staining of LAMB3 was performed on 100
paraffin-embedded samples harvested from patients with histo-
logically confirmed HNSCC. Representative IHC images are
demonstrated in Fig. 1A. LAMB3 was mostly expressed in the
cytoplasm of cancer cells. LAMB3 staining was detected in 65 of 100
(65%) HNSCC specimens but was variable. LAMB3 staining was
classified as low in 43 cases (43%) and high in 57 cases (57%).

In addition, we assessed whether there was a difference in
LAMB3 expression between normal and tumor tissues derived from
the same HNSCC patient. As shown in Fig. 1B, tumor tissues had
markedly higher LAMB3 protein levels than did normal tissues. The
results indicated that LAMB3 overexpression may be related to
carcinogenesis in HNSCC.

LAMB3 expression is independently correlated with lymph node
metastasis in HNSCC patients

The demographic data of our study population are shown in
Supplementary Table 1. We evaluated the correlations between
LAMB3 expression and clinicopathological characteristics. Among
the various parameters described in Table 1, lymph node metas-
tasis, American Joint Committee on Cancer stage, and tumor site
were significantly associated with the LAMB3 expression status.
Then, the above-mentioned covariates of interest were modeled
together usingmultivariate logistic regression analyses to adjust for
other factors. As revealed in Table 2, tumors with high LAMB3
expression showed a significantly increased odds of lymph node
metastasis, of more than six-fold (odds ratio¼ 6.316; 95% confi-
dence interval 2.420e16.483; P< 0.001).

LAMB3 expression is associated with a poor prognosis in HNSCC

To examine the potential correlation between high LAMB3
expression and survival of HNSCC patients, disease-free survival
(DFS) and overall survival (OS) curves were calculated using the
KaplaneMeier method and compared using the log-rank test. As
shown in Fig. 2A and B, patients with high LAMB3 expression
showed significantly lower DFS and OS rates than did those with
low LAMB3 expression (P < 0.001). The 5-year DFS rate was 40.7%
for patients with high LAMB3 expression and 87.3% for those with
low LAMB3 expression. The 5-year OS rate was 43.9% for patients
with high LAMB3 expression and 82.0% for those with low LAMB3
expression. We also analyzed the correlation between LN stage and
survival of HNSCC patients, that showing significant association
(Supplementary Fig. 2). In addition, as shown in Supplementary
Fig. 3, patients with both high LAMB3 expression and positive LN
status showed significantly lower 5-year DFS (35.5% vs 49.5% vs
93.8%) and OS (32.7% vs 67.3% vs 88.1%) rate than did those with
high LAMB3 expression or positive LN only or those with both low
LAMB3 expression and negative LN (P < 0.001). This result suggests
that LAMB3may have an effect in the survival of LN positive HNSCC
patinets. Collectively, these data suggest that LAMB3 represents a
potential molecular biomarker for the prediction of HNSCC
aggressiveness and prognosis.

LAMB3 expression in HNSCC cell lines

We performed in vitro functional studies to investigate the role
of LAMB3 in HNSCC cell lines. We examined the LAMB3 mRNA and
protein levels in a panel of HNSCC cell lines (FaDu, SNU1041, and
SNU1076) and in normal human fibroblasts and human keratino-
cytes (HaCaT) for comparison. The expression levels of LAMB3were
significantly up-regulated in all three HNSCC cell lines compared
with the fibroblasts and HaCaT cell (Fig. 3A and B). The results
indicate that overexpression of LAMB3 is correlated with tumori-
genesis in HNSCC cell lines.

LAMB3 promotes migration and invasion, but not proliferation, of
HNSCC cells

To investigate the functional significance and mechanism of
action of LAMB3 in HNSCC, we first examined the effect of LAMB3
on cell proliferation. SNU1041 and SNU1076 cell lines were tran-
siently transfected with negative control siRNA and LAMB3 siRNA
for 0 h, 24 h, 48 h and 72 h, and cell proliferation was detected by



Fig. 1. LAMB3 expression in head and neck squamous cell carcinoma (HNSCC) clinical specimens. (A) LAMB3 expression as determined by immunohistochemistry. Representative
immunohistochemical images representing (a) no staining, (b) weak staining, (c) moderate staining, and (d) strong staining intensities in cancer tissues from 104 HNSCC patients
(100�magnification). (B) The tissue samples obtained from HNSCC patients were examined by Western blot analysis using an anti-LAMB3 antibody.

Table 1
Association between LAMB3 expression and various clinicopathological features of
100 HNSCC patients.

Variables No. of patients LAMB3 expression

Low High P

Age (year) 1.000
<65 50 22 28
�65 50 21 29

Gender 0.229
Male 87 35 52
Female 13 8 5

T stage 0.102
I þ II 57 29 28
III þ IV 43 14 29

LN metastasis 0.000*
No 50 33 17
Yes 50 10 40

AJCC stage 0.000*
I þ II 37 26 11
III þ IV 63 17 46

Histological grade 0.228
Well 30 17 13
Moderate 50 19 31
Poor 20 7 13

Tumor site 0.044*
Oral cavity 39 22 17
Oropharynx 12 3 9
Hypopharynx 9 1 8
Larynx 40 17 23

LN, lymph node; AJCC, American Joint Committee on Cancer.
*P< 0.05 between the two categories for a given variable.

Table 2
Multinomial logistic regression for the association of LAMB3 expression with T
classification, lymph node metastasis, and AJCC stage.

Factor b P value Exp(b) 95% CI

Positive LN metastasis 1.843 0.000* 6.316 (2.420, 16.483)
Tumor site (reference: oral cavity) 0.625
Oropharynx 0.633 0.441 1.883 (0.377, 9.400)
Hypopharynx 1.370 0.246 3.934 (0.390, 39.724)
Larynx 0.120 0.814 1.128 (0.414, 3.072)

Constant �0.777 0.037 0.460

Exp (b) indicates odd ratio; CI, confidence interval; LN, lymph node.
*P< 0.05 between the two categories for a given variable.

L. Liu et al. / European Journal of Surgical Oncology 45 (2019) 359e365362
the WST-1 assay. As shown in Supplementary Fig. 1, LAMB3
knockdown had no significant effect on the proliferation of HNSCC
cell lines. To determine the effects of LAMB3 on cell migration and
invasion, which have been recognized as key steps in tumor
metastasis, SNU1041 and SNU1076 cells were transiently trans-
fected with LAMB3 siRNA or with negative control siRNA for 48 h.
The cells were then allowed to migrate in Transwell chambers (cell
migration) or in chambers coated with Matrigel (cell invasion).
Despite no effect on cell proliferation, LAMB3 knockdown consid-
erably suppressed the migration and invasion of SNU1041 and
SNU1076 cells (Fig. 3CeF). These results suggest that LAMB3 posi-
tively affected the migration and invasion of the HNSCC cells.
LAMB3 promotes epithelial-to-mesenchymal transition (EMT)-
related protein expression

An association between EMT and cell invasion has been
demonstrated in cancer progression. We examined epithelial and
mesenchymal markers, including E-cadherin, Vimentin, and Slug,
by Western blot analysis. LAMB3 knockdown induced a significant
increase in E-cadherin and decrease in Vimentin and Slug levels in
SNU1041 and SNU1076 cells (Fig. 3G). These findings suggest that
LAMB3 induces the migration and invasion of HNSCC cells via EMT
activation.
LAMB3 suppression increases cisplatin cytotoxicity in HNSCC cells

Cells that undergo EMT acquire properties associated with
cancer stem cells, which are related to chemoresistance [20]. We
hypothesized that LAMB3 affects chemoresistance and aimed to
determine the role of LAMB3 silencing in cisplatin efficacy in
SNU1041 and SNU1076 cells. Both cell lines were treated with
various concentrations of cisplatin for 48 h, and cell viability was
assessed by the WST-1 assay. As shown in Fig. 4A and B, LAMB3
suppression showed more marked cisplatin-induced cytotoxic ef-
fects compared with the negative control siRNA. These data suggest
that LAMB3 acts as an oncogenic driver in HNSCC by promoting
EMT-associated invasion, and LAMB3 suppression increases
chemosensitivity.



Fig. 2. KaplaneMeier curves for (A) disease-free survival (DFS) and (B) overall survival (OS) based on the LAMB3 protein level in tumor tissues as determined by Western blot
analysis.
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Discussion

Tumor initiation and progression may involve an array of mo-
lecular mechanisms that underlie the complexity and heteroge-
neity of cancer. At least three important classes of genes play key
roles in tumor initiation: proto-oncogenes, tumor suppressor
genes, and genes involved in DNA repair mechanisms [21]. Cancer
Fig. 3. LAMB3 expression and migration, invasion and EMT-related protein expression by LA
and three HNSCC cell lines (FaDu, SNU1041, and SNU1076) were examined by reverse-transc
(C, E) and SNU1076 (D, F) cell lines were transiently transfected with LAMB3 siRNA or negati
(cell migration) or in chambers coated with Matrigel (cell invasion). To quantify migration an
means ± standard deviation of three independent experiments. *P< 0.05. (G) SNU1041 and
siRNA for 48 h. After transfection, the expression of LAMB3 and EMT-related proteins, includ
is representative of three independent experiments.
metastasis requires multiple cellular events, including cytoskeletal
alterations, disruption of cell-to-cell adhesive contacts, increased
motility and invasiveness, entry and survival in the circulation, and
spread into new tissue [22]. To identify genes involved in HNSCC
carcinogenesis, we analyzed transcriptomic profiles in non-tumor
and tumor tissues from HNSCC patients using next-generation
sequencing technology. One of the validated hits was LAMB3.
MB3 in HNSCC cell lines. (A) Cell lysates were prepared from human fibroblasts (hFBs)
ription PCR analysis (B) Western blot analysis using an anti-LAMB3 antibody. SNU1041
ve control siRNA for 48 h. Cells were allowed to migrate for 48 h in Transwell chambers
d invasion, stained cells were counted under a light microscope. The data represent the
SNU1076 cell lines were transiently transfected with LAMB3 siRNA or negative control
ing E-cadherin, Vimentin, and Slug, was evaluated by Western blot analysis. Each figure



Fig. 4. LAMB3 suppression increases cisplatin cytotoxicity in HNSCC cells. Following exposure of the indicated cell lines to various concentrations of cisplatin for 48 h, cell viability
was measured by the WST-1 proliferation assay. LAMB3 siRNA-transfected cells demonstrated marked cisplatin-induced cytotoxic effects compared with control siRNA-transfected
cells in SNU1041(A) and SNU1076(B). The data represent the means ± standard deviation of three independent experiments. NS, not significant; *P < 0.05; * *P < 0.01; * * *P < 0.001.

L. Liu et al. / European Journal of Surgical Oncology 45 (2019) 359e365364
LAMB3 encodes one of the three subunits of laminin-332, a protein
component of the extracellular matrix. Laminin-332 has been well
studied in tumorigenesis at the biological and molecular signaling
levels [12,23]. In squamous cell carcinoma, laminin-332 promotes
tumorigenesis via interactions with cell surface receptors such as
epidermal growth factor receptor, integrins, and syndecan 1 [24].
LAMB3, belonging to the laminin family of basement membrane
proteins, was previously found overexpressed in papillary thyroid
carcinoma [25]. However, the molecular mechanism of aberrant
LAMB3 expression in HNSCC is not well understood. To determine
the clinical relevance of LAMB3 expression in HNSCC, we evaluated
all parts of the head and neck in our study cohort and demonstrated
a correlation between high LAMB3 expression and lymph node
metastasis in HNSCC patients. Furthermore, we found that LAMB3
expression is associated with a poor prognosis in HNSCC patients.
The above results indicate that LAMB3 expression represents a
promising marker predictive of prognosis in patients with HNSCC.

Kwon et al. found that LAMB3 was overexpressed in many
cancer types [8]. In our study, we found that both the mRNA and
protein levels of LAMB3 were overexpressed in HNSCC cell lines.
We hypothesized that LAMB3 overexpression may be involved in
HNSCC tumorigenesis. A previous study demonstrated that LAMB3
functions as an oncogene to influence cell proliferation [26,27].

However, in our study, LAMB3 suppression has no effect on the
proliferation of HNSCC cells, in contrast to a finding from a previous
report. These results suggest that LAMB3 participates in cellular
events other than proliferation in HNSCC. We also reported evi-
dence supporting a biological link between LAMB3 and cell
migration/invasion, which are essential for HNSCC tumor pro-
gression and metastasis. In our study, LAMB3 down-regulation
increased E-cadherin expression and decreased the expression of
Vimentin and Slug, suggesting Slug-dependent E-cadherin regula-
tion and EMT induction in HNSCC cells. This evidence was accom-
panied by reductions in migration and invasion induced by LAMB3
suppression, in agreement with the findings by Kinoshita et al. that
LAMB3 is directly regulated by miR-218, while LAMB3 silencing
significantly inhibits cell migration and invasion [5].

Drug resistance is a major obstacle in cancer chemotherapy.
Many solid tumors initially respond to chemotherapeutic drugs, but
most will recur as a result of drug resistance [28]. Cisplatin, one of
the most well-known chemotherapeutic drugs, is currently used
for the treatment of numerous cancers including head and neck,
lung, bladder, and testicular cancers [29]. It is a cytotoxic drug that
kills cancer cells by damaging DNA, inhibiting DNA synthesis and
mitosis, and inducing apoptosis. Intriguingly, we found that LAMB3
silencing increased the chemosensitivity of HNSCC cell lines to
cisplatin, although LAMB3 silencing alone did not have an effect on
cell viability.

Heterogeneity of the study cohort is one of the limitations of this
study. In addition, we excluded the patients infected by HPV due to
their rarity. Further robust studies using homogenous large cohort
are mandatory.

In conclusion, our findings suggest that LAMB3 may be an in-
dependent predictor of clinical prognosis that is associated with
responses to platinum-based chemotherapy in HNSCC. In the
future, the combination of a LAMB3-targeting drug with conven-
tional treatment modalities may be an effective strategy to over-
come drug resistance, leading to improved therapies for HNSCC
patients with a better and more durable clinical response.
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