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Background

Head and neck squamous cell carcinoma (HNSC) is an invasive 
malignancy, which is the sixth most common global cancer and 
has an annual incidence of more than 685 000. Approximately 
50% of patients die annually within the frame of 5-year sur-
vival rate [1]. Most HNSC patients have a poor prognosis be-
cause of advanced cancer when diagnosed despite considerable 
advancements in diagnosis and treatment in recent years [2]. 
With intensive studies in the area of molecular mechanisms, 
precision oncology has become the focus for several types of 
cancers [3]. However, currently used biomarkers have certain 
limitations in predicting HNSC prognosis [4]. Therefore, it is es-
sential to determine effective therapeutic regimens and novel 
biomarkers. Laminin, mainly considered a structural protein, is 
the central component of subnuclear intermediate filaments 
and provides structural support and contact with chromatin, 
which plays a crucial role in the organization of DNA replica-
tion, transcription, and RNA splicing [5]. Laminin proteins are 
present in the extracellular matrix and cell membrane, and 
cancer occurs when neoplastic cells penetrate the basement 
membrane [6]. Lamin C (LAMC) is one major form of laminin, 
which is an important part of the nuclear membrane involved 
in development and regulation [7,8]. The LAMC gene plays an 
essential role in apoptosis and tissue differentiation [9]. There 
are 3 genes have been explored, including LAMC1, LAMC2, and 
LAMC3 [10]. LAMC1 is widely expressed in the basement mem-
brane of tissue, which may contribute to cancer development 
and progression [11], and it is involved in substantial patho-
logical and biological processes, including invasion and metas-
tasis of tumor cells in tissue development [11]. LAMC2 is over-
expressed in various types of cancer, and LAMC2 involvement 
in occurrence and development of multiple tumors has been 
verified [12–14]. LAMC2 overexpression in cancer cells appears 
to promote tumor progression [15]. An increasing number of 
studies suggest that the LAMC2-mediated signaling network 
plays an essential role in different cancers. When the basement 
membrane is damaged, LAMC2 is upregulated and provides 
a pathway for epithelial cell migration [16]. LAMC3 is similar 
to LAMC1, which contains structurally homologous domains 
and plays a different role as determined by the distinct pat-
tern of expression. It is found in many different tissues, such 
as skin, eye, heart, lung, brain, retina, reproductive tract, and 
placenta [17,18]. Although the function of LAMC in HNSC has 
been extensively studied, the expression and prognostic val-
ue of LAMC, the relationship between LAMC and tumor im-
mune infiltration, and the molecular regulatory mechanisms 
in HNSC are not well understood.

In this study, we conducted a systematic analysis of the ex-
pression and prognostic value of LAMC in HNSC patients. In 
addition, we systematically gained insight into the interac-
tion of the LAMC2 gene with immune response. Finally, using 

the publicly available drug sensitivity database, we discovered 
candidate drugs targeting this biomarker.

Material and Methods

ONCOMINE analysis

The ONCOMINE database, a public microarray and RNA-
sequence database, was used to analyze the mRNA expres-
sion level of the LAMC family in different cancers. Defining 
the threshold as P-value=0.0001 and fold change=2, tumor 
tissue was compared with the normal control for the LAMC 
family members.

GEPIA dataset analysis

The Gene Expression Profiling Interactive Analysis (GEPIA), 
a server for evaluating LAMC family mRNA expression and 
correlation in addition to conducting a patient survival analy-
sis was used to obtain information from The Cancer Genome 
Atlas (TCGA) and the Genotype-Tissue Expression (GTEx) [19].

CBioPortal analysis

The cBioPortal for cancer genomics was applied to analyze 
complicated cancer genomics data and provide visualization 
features [20]. The HNSC dataset was selected to further ana-
lyze LAMC family members. The genomic profiles were deter-
mined by mutations, putative copy number alterations from 
GISTIC (Genomic Identification of Significant Targets in Cancer), 
mRNA expression Z scores (RNA-seq v.2 RSEM), and protein 
expression Z scores (RPPA).

LinkedOmics dataset

LinkedOmics, a newly developed tool, used the preprocessing 
and normalizing data from TCGA and Clinical Proteomic Tumor 
Analysis Consortium (CPTAC), which could be used to dissem-
inate information from large-scale cancer genomics projects.

TIMER database analysis

Tumor IMmune Estimation Resource (TIMER) was used to es-
timate the causes of tumor immunological heterogeneity and 
the correlation of LAMC expression with patient prognosis. 
According to the TIMER algorithm for performing deconvo-
lution calculations, we calculated immune cell components 
of abundance and analyzed LAMC expression and the corre-
lation of LAMC expression with the abundance of infiltrating 
immune cells in HNSC patients [21,22]; thus, negative genes 
with tumor purity were selected through correlation analysis, 
enabling analysis of the relationship between tumor immune 
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Figure 1. �The expression levels of Lamin C (LAMC) family members in different types of cancers based on (A) ONCOMINE and (B) GEPIA 
databases. GEPIA – Gene Expression Profiling Interactive Analysis.
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infiltration and disease sample visualization [22]. In addition, 
correlations were also explored between LAMC2 expression 
and gene biomarkers of infiltrating immune cells.

Functional enrichment analysis

Gene Ontology (GO) and the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analysis using the cluster Profiler R 
package were conducted on LAMC2 and its significantly corre-
lated genes [23]. The thresholds for analyses were determined 
by a P-value <0.05 indicating significantly enriched function-
al annotations.

Compounds therapeutic response prediction

To examine which target compounds might be useful, the Broad 
Institute’s Connectivity Map (CMap) was used to predict which 
compounds on the basis of LAMC2 and its significantly cor-
related genes [24].

Results

Expression levels of LAMC gene family in HNSC patients

Three LAMC members have been confirmed in mammalian cells. 
Using the ONCOMINE database, we compared the expression 

levels of LAMC family members in cancers with LAMC expression 
levels in normal tissues (Figure 1A). In addition, we also com-
pared the expression of LAMC family members in cancers with 
those in normal tissues using the GEPIA database (Figure 1B). 
The expression levels of LAMC1 were significantly upregulat-
ed in patients with HNSC in the 3 datasets. In the Ginos Head-
Neck dataset, LAMC1 was overexpressed in HNSC versus nor-
mal tissue with a fold change of 2.008 (Table 1). In the Pyeon 
Multi-cancer statistics, LAMC1 was also overexpressed in car-
cinoma in the floor of the mouth with a fold change of 2.205 
and in nasopharyngeal carcinoma with a fold change of 2.108. 
In the Ye Head-Neck statistics, LAMC2 was overexpressed in 
tongue squamous cell carcinoma with a fold change of 12.89. 
In the Estilo Head-Neck dataset, LAMC2 was overexpressed in 
tongue squamous cell carcinoma with a fold change of 13.822 
and oral cavity squamous cell carcinoma with a fold change 
of 8.426 over normal samples based on the Peng Head-Neck 
dataset. The Ginos Head-Neck dataset showed that LAMC2 was 
overexpressed in HNSC with a fold change of 14.306. Pyeon et al. 
reported that LAMC2 was overexpressed in tongue carcinoma 
with a fold change of 5.707, and in the Talbot Lung data, higher 
expression of LAMC2 was found in tongue squamous cell car-
cinoma with a fold change of 3.961. In the He Thyroid dataset, 
LAMC2 was overexpressed in thyroid gland papillary carcinoma 
with a fold change of 2.23 (Table 1). However, according to the 
ONCOMINE analysis, there was no significant difference in the 
expression of LAMC3 between HNSC and normal tissues (Table 1).

 
Type of head and neck cancer versus normal head 

and neck tissue
Fold 

change
t-test P-value References PMID

LAMC1 Head and neck squamous cell carcinoma vs. normal 2.008 7.9 5.1E-10
Ginos Head-Neck 
Statistics

14729608

Floor of the mouth carcinoma vs. normal 2.205 6.068 4.4E-06
Pyeon Multi-cancer 
Statistics

17510386

Nasopharyngeal carcinoma vs. normal 2.108 5.95 2E-06
Pyeon Multi-cancer 
Statistics

16912175

LAMC2 Tongue squamous cell carcinoma vs. normal 12.89 9.404 9.6E-11
Ye Head-Neck 
Statistics

18254958

Tongue squamous cell carcinoma vs. normal 13.822 9.558 1.4E-13
Estilo Head-Neck 
Statistics

19138406

Oral cavity squamous cell carcinoma vs. normal 8.426 16.181 1.4E-23
Peng Head-Neck 
Statistics

21853135

Head and neck squamous cell carcinoma vs. normal 14.306 12.277 8E-14
Ginos Head-Neck 
Statistics

14729608

Tongue carcinoma vs. normal 5.707 7.861 1.1E-07
Pyeon Multi-cancer 
Statistics

17510386

Tongue squamous cell carcinoma vs. normal 3.961 8.931 5E-11 Talbot Lung Statistics 15833835

Thyroid gland papillary carcinoma vs. normal 2.23 5.173 5.2E-05 He Thyroid Statistics 16365291

LAMC3 Nasopharyngeal carcinoma vs. normal NA NA NA NA NA

Table 1. The significant changes of LAMCs expression in different types of head and neck cancer and normal head and neck tissue.

e925735-4
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Jiang P. et al.: 
Identification of therapeutic and prognostic biomarkers…

© Med Sci Monit, 2020; 26: e925735

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

DATABASE ANALYSIS



According to GEPIA and TCGA datasets, the expression levels 
of LAMC1 and LAMC2 were higher in HNSC patients than in 
normal samples; however, no significant difference in LAMC3 
expression was found between HNSC patients and normal 
samples (Figures 2, 3). LAMCs were divided into 4 subtypes: 
1) atypical; 2) basal; 3) classical; and 4) mesenchymal. Levels 
of the LAMC1 and C2 subtypes were expressed at a higher 
level in HNSC patients than in controls. However, compared 
to normal samples, there was no significant difference in ex-
pression levels in LAMC3 subtypes in HNSC patients (Figure 3).

LAMC genetic alteration and the clinicopathological 
parameters of patients with HNSC

Genetic mutations of LAMC family members were analyzed 
for HNSC patients through the cBioPortal online tool and were 
altered in 522 samples of 520 patients with HNSC (20%) as 
shown in Figure 4A and 4B. We analyzed the LAMC gene family 
expressions using clinical specimens from the Human Protein 
Profiles to further evaluate the clinical relevance of the ex-
pression of these 3 genes [25]. LAMC1 and C2 were strongly 
positive in HNSC patients, relative to their expression levels in 

normal tissues (Figure 5A, 5B). However, no reports address-
ing LAMC3 were found on the website.

Co-expressed genes of LAMC and the correlation with the 
mRNA expression in HNSC patients

We utilized Oncomine database to analyze gene co-expres-
sion with LAMC family members. LAMC1 was analyzed in 
Schlingemann Head-Neck database [26], and showed positive 
correlation with COL18A1, APBB2, COL4A1, MICAL2, MFAP2, 
COL16A1, LOXL2, ITGAV, COL6A1 COL5A1, and COL5A2. Gene 
co-expression with LAMC2 were analyzed in the Peng Head-
Neck dataset [27], and LAMC2 was shown to be positively cor-
related with PTHLH, TGFBI, SERPINE1, PDPN, MMP10, INHBA, 
PLAU, MMP1, SEMA3C, TNC, and ABL2. Gene co-expression 
with LAMC3 were analyzed in the Rickman Head-Neck data-
base [28], and LAMC3 was positively correlated with ZFP41, 
EFNB3, DPYSL4, GJC1, HOXB7, LOC440173, CHRM3, C16orf87, 
FAM90A1, ADD2, and HOXA9 as shown in Figure 6A. We per-
formed Pearson’s correlation analysis through the LinkedOmics 
database (Figure 6B). The results demonstrated significant and 
positive correlations among LAMC members.

LA
M

C1

LA
M

C1
 ex

pr
es

ssi
on

100

80

60

40

20

0

7.5

5.0

2.5

0.0

Tra
ns

cri
pt

s p
er

 m
ilio

n (
TP

M
)

Tumor
Normal

Type

Tumor
Normal

AC
C

BL
CA

BR
CA

CE
SC

CH
OL

CC
LA

D
DL

BC
ES

CA
GB

M
HN

SC
KI

CH KI
RC

KI
RP

LA
M

L
LG

G
LIH

C
LU

AD
LU

SC
M

ES
O OV

PA
AD

PC
PG

PR
AD

SA
RC

SK
CM ST
AD

TG
CT

TH
CA

TH
YM UC
EC UC

S

AC
C

BL
CA

BR
CA

CE
SC

CH
OL

CC
LA

D

DL
BC

ES
CA

GB
M

HN
SC

KI
CH KI
RC

KI
RP

LA
M

L

LG
G

LIH
C

LU
AD

LU
SC

M
ES

O OV

PA
AD

PC
PG

PR
AD

SA
RC

SK
CM ST
AD

TG
CT

TH
CA

TH
YM UC
EC UC

S

UV
M

LA
M

C2

LA
M

C2
 ex

pr
es

ssi
on

250

200

150

100

50

0

9

6

3

0

Tra
ns

cri
pt

s p
er

 m
ilio

n (
TP

M
)

Tumor
Normal

Type

Tumor
Normal

AC
C

BL
CA

BR
CA

CE
SC

CH
OL

CC
LA

D
DL

BC
ES

CA
GB

M
HN

SC
KI

CH KI
RC

KI
RP

LA
M

L
LG

G
LIH

C
LU

AD
LU

SC
M

ES
O OV

PA
AD

PC
PG

PR
AD

SA
RC

SK
CM ST
AD

TG
CT

TH
CA

TH
YM UC
EC UC

S

AC
C

BL
CA

BR
CA

CE
SC

CH
OL

CC
LA

D

DL
BC

ES
CA

GB
M

HN
SC

KI
CH KI
RC

KI
RP

LA
M

L

LG
G

LIH
C

LU
AD

LU
SC

M
ES

O OV

PA
AD

PC
PG

PR
AD

SA
RC

SK
CM ST
AD

TG
CT

TH
CA

TH
YM UC
EC UC

S

UV
M

LA
M

C3

LA
M

C3
 ex

pr
es

ssi
on

60

50

40

30

20

10

0

6

4

2

0

Tra
ns

cri
pt

s p
er

 m
ilio

n (
TP

M
)

AC
C

BL
CA

BR
CA

CE
SC

CH
OL

CC
LA

D
DL

BC
ES

CA
GB

M
HN

SC
KI

CH KI
RC

KI
RP

LA
M

L
LG

G
LIH

C
LU

AD
LU

SC
M

ES
O OV

PA
AD

PC
PG

PR
AD

SA
RC

SK
CM ST
AD

TG
CT

TH
CA

TH
YM UC
EC UC

S

AC
C

BL
CA

BR
CA

CE
SC

CH
OL

CC
LA

D

DL
BC

ES
CA

GB
M

HN
SC

KI
CH KI
RC

KI
RP

LA
M

L

LG
G

LIH
C

LU
AD

LU
SC

M
ES

O OV

PA
AD

PC
PG

PR
AD

SA
RC

SK
CM ST
AD

TG
CT

TH
CA

TH
YM UC
EC UC

S

UV
M

A B

Figure 2. �The expressions of LAMC1, LAMC2, and LAMC3 in pan-cancer based on (A) GEPIA and (B) TCGA databases. GEPIA – Gene 
Expression Profiling Interactive Analysis; TCGA – The Cancer Genome Atlas.
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Prognostic values of LAMC family members in HNSC 
patients

To further elucidate the prognostic value of individual LAMC 
member in HNSC patients, we used TIMER, LinkedOmics, and 
GEPIA databases to analyze overall survival (OS) of patients 
(Figure 7). HNSC patients with elevated levels of LAMC2 showed 
poor OS, and there were no differences for LAMC1 and C3 in 
prognostic analysis (Figure 7A–7C). These results indicated 
that highly expressed LAMC2 is a prognostic factor for HNSC.

Correlation analysis of LAMC2 expression with immune 
regulatory markers

LAMC2 expression had a significant prognostic value in sur-
vival analysis. Thus, the correlation of LAMC2 expression with 
infiltrating immune cells and immune regulatory molecules 
were further analyzed. The results showed that LAMC2 expres-
sion levels had a significant correlation with infiltrating lev-
els of B cells, CD8+T cells, and macrophages in HNSC but not 
with CD4+T cells, neutrophils, and dendritic cells as shown in 
Figure 8A. We also analyzed the associations between LAMC2 
expression and immune marker genes of diverse infiltrating 
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Figure 3. �(A–C) The Expression of LAMC1, LAMC2, and LAMC3 in HNSC patients based on the GEPIA database. HNSC – head and neck 
squamous cell carcinoma; GEPIA – Gene Expression Profiling Interactive Analysis.
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immune cells. We found significant correlations between LAMC2 
expression and most gene markers in HNSC after adjustment 
by tumor purity (Table 2). Relative to immune regulatory mol-
ecules, including programmed cell death 1 (PDCD1), cytotoxic 
T-lymphocyte-associated protein 4 (CTLA4), hepatitis A virus cel-
lular receptor 2 (HAVCR2), lymphocyte activating 3 (LAG3), and 
T-cell immune receptor with immunoglobulin and ITIM domain 
(TIGIT), the results showed that LAMC2 expression levels had 
a significant correlation with the previously described immune 
molecules. The expression levels of the previously described 
immune molecules are listed: 1) PDCD1; 2) CTLA4; 3) HAVCR2; 
4) LAG3, and 5) TIGIT as shown in Figure 8B. Moreover, signifi-
cant correlations were found between LAMC2 expression and 
tumor immune microenvironment by immune score and stro-
mal score in HNSC (Figure 8C).

Functional enrichment and pathway analysis of co-
expression genes correlated with LAMC2 in HNSC

Because of the significance of LAMC2 in HNSC, we then ex-
plored co-expression genes correlated with LAMC2. The results 
showed that 12 142 genes (dark red dots) positively correlat-
ed with LAMC2 and 8022 genes (dark green dots) negatively 
correlated with LAMC2 in HNSC (Figure 9A). Besides, the top 
50 significant genes positively and negatively correlated with 
LAMC2 in HNSC were present in Figure 9B and 9C, respectively.

GO enrichment analysis according to GSEA analysis documented 
that LAMC2 and its significantly correlated genes were main-
ly link to gene silencing, gene silencing by RNA, and mRNA 
binding (Figure 10A). KEGG pathway enrichment analysis re-
vealed that they were significantly involved in PI3K−Akt sig-
naling pathway, neuroactive ligand−receptor interaction, and 
human papilloma virus infection (Figure 10B).
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CMap database analysis identifies novel candidate drugs

We also sought to examine potential drugs that capable of 
targeting LAMC2 and its significantly correlated genes in the 
CMap database. As consequence, CMap mode-of-action (MoA) 
analysis of 55 compounds indicated 37 mechanisms of action 
shared by the above drugs (Figure 11). According to CMap data-
base analysis, 5 drugs (helveticoside, digoxin, proscillaridin, 

digitoxigenin, and ouabain) shared the MoA of ATPase in-
hibitor, 4 drugs (albendazole, fenbendazole, nocodazole, and 
mebendazole) shared the MoA of Tubulin inhibitor, 3 drugs (tri-
fluoperazine, thioridazine, and promazine) shared the MoA of 
Dopamine receptor antagonist, and 3 drugs (emetine, dilox-
anide, and rifabutin) shared Protein synthesis inhibitor. In our 
study, we identified drugs targeting LAMC2 in HNSC, which 
might provide therapeutic targets for further analysis.
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Figure 7. �The prognostic value of mRNA level of LAMC family members in HNSC patients based on (A) TIMER, (B) LinkedOmics, and 
(C) GEPIA. HNSC – head and neck squamous cell carcinoma; TIMER – Tumor IMmune Estimation Resource; GEPIA – Gene 
Expression Profiling Interactive Analysis.
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Figure 8. �Correlation of LAMC2 expression with levels of immune infiltration and the immune checkpoint molecules in HNSC patients. 
(A) Correlation of LAMC2 expression with the levels of immune infiltration, (B) immune checkpoint molecules, (C) immune 
score and stromal score. HNSC – head and neck squamous cell carcinoma.

Discussion

LAMC1 is expressed most extensively and predominantly in 
basement membranes [29] and is involved in several biolog-
ical and pathological progression, including adhesion, inva-
sion, and migration [30]. High expression levels of LAMC1 is 
associated with angiogenesis and tumor progression. LAMC1 
is involved in formation of blood vessels, which provide ox-
ygen to the tumor to accelerate its growth [31]. Moreover, 
LAMC1 could be involved in some signaling pathways that af-
fect cell proliferation and migration by activating intracellular 
downstream effectors [29]. Some studies reported the contri-
butions of LAMC1 expression in the aggressiveness of carci-
nomas, including carcinogenesis of the liver, endometrial ep-
ithelial cell carcinoma and tubal intraepithelial carcinomas, 
and melanoma cell migration [11]. In our study, we observed 
an increased expression of LAMC1 in HNSC compared to nor-
mal tissue. However, there was no significant difference in OS 
between the 2 previously described cell types. Future studies 
should aim at exploring upregulation processes/pathways in-
volved with the LAMC1 gene, and during tumor progression, 
how these molecular pathways are altered to affect LAMC1 

expression [32]. The detailed mechanisms of LAMC1 promot-
ing tumor progression remain unclear.

Although the role of LAMC2 in development and prognosis of 
several cancers has been determined [13,33,34], further bio-
informatic analyses of HNSC has yet to be performed. High 
expression of LAMC2 might provide a scaffold for invasion of 
cancer cells as a general feature of migration [16]. In recent 
years, as the development of immune checkpoint inhibitors 
(ICIs), the therapies of advanced and metastatic malignan-
cies have significantly changed. Immunotherapy involves ac-
tivation of anti-tumor immune responses to cancer cells by se-
lectively identifying and binding immunosuppressive proteins 
that are expressed on tumor cells, macrophages, activation of 
T and B cells, and regulatory T cells, thereby altering the tumor 
microenvironment [35]. These responses play a crucial role in 
tumorigenesis and cancer progression, and metastasis [36]. 
The high activity of mitogen-activated protein kinase (MAPK) 
and phosphoinositide kinase 3/protein kinase B/mammalian 
target of rapamycin (PI3K/AKT/mTOR) pathways were com-
mon in advanced oral and oropharyngeal squamous cell car-
cinoma, and through these pathways neoplastic cells promote 
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Immune cells Biomarkers
None Purity

Cor P-value Cor P-value

CD8+ T cell CD8A –0.21 *** –0.226 ***

CD8B –0.255 *** –0.271 ***

T cell (general) CD3D –0.213 *** –0.234 ***

CD3E –0.163 *** –0.179 ***

CD2 –0.176 *** –0.193 ***

B cell CD19 –0.253 *** –0.281 ***

CD79A –0.206 *** –0.221 ***

Monocyte CD86 0.153 *** 0.158 ***

CD115 (CSF1R) 0.034 NS 0.029 NS

TAM CCL2 0.058 NS 0.062 NS

CD68 0.235 *** 0.237 ***

IL10 0.198 *** O.202 ***

M1 Macrophage INOS (NOS2) –0.164 *** –0.15 ***

IRF5 –0.2 *** –0.19 ***

COX2 (PTGS2) 0.299 *** 0.326 ***

Neutrophils CD66b (CEACAM8) –0.147 *** –0.125 **

CD11b (ITGAM) –0.119 ** –0.117 **

CCR7 –0.115 ** –0.133 **

Natural killer cell KIR2DL1 –0.05 NS –0.053 NS

KIR2DL3 –0.15 *** –0.165 ***

KIR2DL4 –0.096 * –0.113 *

KIR3DL1 –0.144 *** –0.166 ***

KIR3DL2 –0.101 * –0.111 *

KIR3DL3 –0.112 * –0.107 *

KIR2DS4 –0.096 * –0.096 *

Dendritic cell HLA-DPB1 –0.134 ** –0.152 ***

HLA-DQB1 –0.085 NS –0.094 *

HLA-DRA –0.066 NS –0.077 NS

HLA-DPA1 –0.071 NS –0.081 NS

BDCA-1 (CD1C) –0.047 NS –0.049 NS

BDCA-4 (NRP1) 0.349 *** 0.347 ***

CD11c (ITGAX) –0.028 NS –0.046 NS

Table 2. Correlation analysis between LAMC2 and gene biomarkers of immune cells in HNSC (TIMER).
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overexpression of LAMC2 levels [37]. MAPK was activated by 
various growth factors or cytokines that regulate cell survival, 
proliferation, apoptosis, and differentiation [38]. Some stud-
ies suggested that the inhibition of MAPK pathways contrib-
utes to enhanced host antitumor immunity [39]. Programmed 
cell death 1 (PD-1) was an immune checkpoint receptor that 
expressed on activated T and B cells and binds to PD-L1 or 

Table 2 continued. Correlation analysis between LAMC2 and gene biomarkers of immune cells in HNSC (TIMER).

Immune cells Biomarkers
None Purity

Cor P-value Cor P-value

Th1 T-bet (TBX21) –0.198 *** –0.211 ***

STAT4 0.09 * 0.077 NS

STAT1 0.163 *** 0.146 **

IFN-g (IFNG) –0.184 *** –0.194 ***

TNF-a (TNF) 0.288 *** 0.305 ***

Treg FOXP3 0.031 NS 0.031 NS

CCR8 0.128 ** 0.137 **

STAT5B 0.15 *** 0.162 ***

TGFb (TGFB1) 0.554 *** 0.541 ***

T cell exhaustion PD-1 (PDCD1) –0.191 *** –0.21 ***

CTLA4 –0.04 NS –0.062 NS

LAG3 –0.129 ** –0.143 **

TIM-3 (HAVCR2) –0.019 NS –0.028 NS

GZMB –0.138 ** –0.157 ***

* P<0.05; ** P<0.01; *** P<0.001; NS P>0.05. HNSC – head and neck squamous cell carcinoma; TIMER – Tumor IMmune Estimation 
Resource.

PD-L2 [40] and transfers a signal to T cells through the PI3K 
pathway to attenuate downstream signals, thus inhibiting 
the activation and proliferation of T cells. Tumor cells could 
avoid immune attack more effectively within the tumor mi-
croenvironment [41]. CTLA-4 binding to cluster of differenti-
ation CD80/B7-1 or CD86/B7-2 on antigen-presenting cells 
(APCs) had a regulatory and inhibitory function that inhibits 
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Figure 9. �LAMC2 and its significantly correlated genes in HNSC (LinkedOmics). (A) The genes positively and negatively correlated with 
LAMC2 in HNSC. (B) Heatmaps of the top 50 genes positively correlated with LAMC2 in HNSC. (C) Heatmaps of the top 50 
genes negatively correlated with LAMC2 in HNSC. HNSC – head and neck squamous cell carcinoma.
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Figure 11. �CMap database analysis identifies novel candidate drugs targeting LAMC2 in HNSC. HNSC – head and neck squamous cell 
carcinoma; CMap – Connectivity Map.
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early T cell activation via this pathway [42]. The interacting 
function of this receptor caused downregulation of the acti-
vation of T regulatory cells and inhibited proliferation of an-
tigen-specific immune cells in lymph nodes to evade immune 
detection [43]. Cancer immunotherapy has become a new ef-
fective treatment strategy [42]. In our study, elevated levels of 
LAMC2 was correlated with poor OS, and this elevated LAMC2 
expression was significantly associated with immune infiltrat-
ing cells and immunosuppressive molecules. Overall, the ex-
pression level of LAMC2 was identified as a new prognostic 
biomarker and potential therapeutic target in HNSC. Then, uti-
lizing CMap database, we identified 55 compounds that re-
vealed 37 mechanisms of action. These observed candidate 
drugs might ultimately pave the way for implementation of 
treatments for HNSC patients.

Some evidences have pointed to a role for extensive LAMC3 
expression in skin, heart, lung, brain, retina, and the repro-
ductive tracts [17,18]. In skin, LAMC3 was expressed in the 
basement membrane at the dermal-epidermal junction of the 
nerve penetration points [17]. Some studies have demonstrat-
ed that LAMC3 mutation is linked to changes in the structure 
and function of the visual attention network [44], which modu-
lates astrocyte migration and angiogenesis by modulating the 
activation of retinal microglia. LAMC3 was essential for retinal 
layered photoreceptor organization, and synaptic stability [45]. 
Cserhalmi-Friedman et al. [46] showed that LAMC3 could be 
associated with a disease known as whirler deafness (individu-
als present with deafness and vestibular dysfunction) and may 

be a valid candidate gene. In addition, Barak et al. [47] report-
ed that LAMC3 mutations result in malformations of occipital 
cortical development. In our report, the expression levels of 
LAMC3 were slightly higher (but not significantly) in HNSC tis-
sues than that in normal ones, and the expression of LAMC3 
was not correlated with OS in HNSC patients.

Nevertheless, we should acknowledge the limitations of our 
study. First, our study had a potential bias due to its retrospec-
tive nature; a prospective cohort is needed to validate the re-
sults. Second, this study was completely based on public data-
bases, and further experimental results should be evaluated 
through experiments such as real-time polymerase chain reac-
tions or immunohistochemsitry. Finally, further functional stud-
ies are needed to explore the molecular functions of LAMC2 
during HNSC progression.

Conclusions

In summary, our study systematically analyzes the expression 
and prognostic value of LAMCs in HNSC for the first time, which 
suggests that the increase in LAMC2 expression is correlated 
with immune response in HNSC and could be a potential tar-
get biomarker in HNSC oncogenesis.
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