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Purpose: Glioma is the most common malignant brain tumor. The molecular mechanisms
underlying its malignancy are not fully understood. LAMCI1, which encodes extracellular
matrix protein laminin y1, has been implicated in some malignant tumors but has not been
systematically evaluated in glioma. The aim of this study was to evaluate the expression of
LAMCI and its clinical significance.

Patients and methods: LAMCI protein expression in 52 fresh-frozen specimens of
different pathological grade gliomas and 5 normal brain tissues was detected by Western
blotting. Immunohistochemistry was used to detect LAMC1 protein expression in another set
of 76 glioma tissues and 8 normal brain tissues. The associations between clinicopathological
factors and LAMCI1 expression were analyzed. A log-rank test and a multivariate Cox
proportional hazards model were used to determine the relationship between LAMCI
expression and patient prognosis. The expression of LAMCI at the mRNA level was
analyzed in the TCGA database.

Results: LAMC1 was highly expressed in high-grade glioma tissues, with moderate expres-
sion in low-grade gliomas, and weak or no expression in normal brain tissues, as detected by
Western blotting and immunohistochemistry. A chi-square test indicated that LAMCI
expression was associated with pathological grade but not with other clinicopathological
factors, such as age, sex, and tumor size. LAMCI1 expression at the mRNA level was
upregulated in high-grade gliomas compared with low-grade gliomas and normal brain tissue
in the TCGA database. The Kaplan—Meier plot and log-rank test in our patient series showed
that high LAMCI expression was significantly associated with shorter survival, which was
consistent with the TCGA database analysis. A multivariate Cox proportional hazards model
revealed that LAMCI expression, WHO grade, and surgery procedure were significantly
correlated with overall survival and progression-free survival.

Conclusion: These results demonstrated that LAMC1 may play an important role in glioma
progression and may be used in the diagnosis, prognosis, and targeted therapy of glioma
patients.
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Introduction

Gliomas are the most common brain neoplasms, accounting for approximately 80%
of the primary malignant brain tumors. According to the classification of the World
Health Organization (WHO), gliomas can be classified into low-grade gliomas
(grade I/I) and high-grade gliomas (grade III/IV). Grade I/Il astrocytomas are
slow-growing tumors without aggressive features, whereas grade III/IV gliomas
exhibit a malignant phenotype associated with high proliferative activity, potent
invasive ability, and neovascular formation.'? Although advances in glioma
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treatment, including surgery, chemotherapy, and radiother-
apy, have been achieved in the past decades, the effects of
still
unsatisfactory.>* For example, the median survival of

treatment on high-grade glioma patients are
glioblastoma (GBM, grade IV) remains less than 15
months after diagnosis.”® Despite investigations on the
alterations of oncogenes and tumor suppressors in glioma
in recent years, the molecular mechanisms of glioma
occurrence and progression remain largely unknown.

Basement membranes (BMs) are cell-adherent extracel-
lular matrices that separate neurons, glia, epithelial cells,
endothelial cells, and other cells from adjacent connective
tissues. BMs provide a physical barrier for cells and contri-
bute to cell adhesion, proliferation, migration, and survival.
The major structural components of BMs include laminins,
collagen IV, nidogens, and the heparan sulfate proteoglycans
perlecan and agrin. After being secreted in a soluble state,
these glycoproteins and proteoglycans become structurally
insoluble cellular scaffolds and then turn into complex mesh-
work proteins in multicellular organisms. Proteinases and
their inhibitors, regulatory macromolecules, and serum fac-
tors are closely associated with BMs. BMs provide collective
physical support and act as complex signaling pathway plat-
forms for cells and tissues.’

Laminins, a family of heterotrimers, each being com-
posed of a, aP, and ay subunits, are important components
of BMs. Five a, four B, and three y subunit chains have been
identified. Different combinations of these subunits assemble
16 different mammalian laminin isoforms. Most laminins
contain the y1 subunit encoded by the LAMCI gene, which
plays an essential role in both early and late morphogenesis.
The C-terminal laminin-type globular domains are the major
receptor-binding domains located at the C-terminal moiety of
the a-subunit, which interact with integrins (a3p1, a6f1,
a7B1, and a6p4), a-dystroglycan, heparin, sulfated glycoli-
pids, and the Lutheran receptor. Polymerization is carried out
through the interaction of N-terminal LN domains.”

The laminin y1 chain, which is encoded by the LAMC1
gene, is widely expressed in the laminin subunit, found
predominantly in BMs. Upregulated LAMCI1 expression
in meningiomas is positively related to tumor recurrence.
B16 melanoma cells may exert a stronger ability of pul-
monary metastasis by inducing the production of metallo-
proteinase-9 (MMP-9) when treated with specific LAMCI1
peptides. Some reports demonstrated that upregulated
LAMCI1 may promote metastasis and might be a novel
therapeutic target in the treatment of human cancer.®'°
The present study aimed to systematically evaluate

LAMCI1 expression and significance in glioma. The results
indicated that LAMCI1 expression was significantly upre-
gulated in high-grade glioma tissues compared with low-
grade glioma tissues and normal brain tissues and that high
LAMCI expression correlated with shorter overall survi-
val (OS) time and progression-free survival (PFS), which
shed light on the molecular mechanism underlying the
initiation and progression of glioma.

Material and methods

Patient tissue samples

A set of 52 confirmed different pathological grade glioma
samples were retrieved from the Human Glioma Bank of
the Xiangya Hospital (Central South University, China) as
fresh-frozen specimens. Patient clinical characteristics are
shown in Table 1. Another 76 confirmed glioma samples

Table | The expression of LAMCI/B-actin protein detected by
Western blot in 5 normal brain tissue and 52 astrocytoma

Clinical relevance | No. of LAMCI, mean | P
patients | £SD

Pathologic Grade
NBT 5 | <0.05
WHO | 5 2.15£1.05
WHO I 13 3.93%1.15
WHOIII I5 5.35%1.36
WHOIV 19 6.46%1.21

Age
<39 years 24 5.06£1.15 0.861
239 years 28 5.12+1.09

Sex
Male 29 5.16+0.99 0.622
Female 23 5.01£1.24

Tumor size
<35mm 27 4.751.60 0.100
235mm 25 5.46+1.40

IDHI mutation
Mutation 18 5.42+1.10 0.163
Wildtype 34 4.91%1.30

MGMT promoter

methylation
Methylated 20 4.80+1.42 0.235
Not methylated 32 5.27+1.33

Notes: Western blot analysis indicated that the LAMCI protein level was upregu-
lated in gliomas compared to that in normal brain tissues (P<0.05), with markedly
higher expression in higher grade gliomas . The differences in LAMCI expression
between WHO grade Il and grade Il and between grade Il and grade | were all
significant (P<0.05) , but not with patient sex, age, or tumor size and IDH| mutation
or MGMT promoter methylation.

Abbreviations: NBT, normal brain tissue; WHO, World Health Organization.
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Table 2 The expression of LAMCI tested by IHC in 8 normal
brain tissue and 76 astrocytoma

Clinical relevance No. of IRS of P
patien- LAMCI,
ts mean
*SD
Pathologic Grade
NBT 8 1.1240.68 <0.001
WHO | 10 2.02+1.02
WHO II 19 2.98+1.56
WHOIII 22 4.23+1.89
WHOIV 25 5.24+2.21
Age
<39ys 32 3.64+1.68 0.173
239ys 44 4.19£1.75
Sex
Male 35 3.72+1.81 0.274
Female 41 4.16x1.67
Tumor size
<35cm 44 3.75+1.89 0.245
235cm 32 4.25+1.76
IDHI mutation
Mutation 23 4.38+1.94 0.141
Wildtype 53 3.77£1.50
MGMT promoter methylation
Methylated 30 3.51+1.97 0.128
Not methylated 46 4.25%2.10

Notes: The results of immunohistochemistry (IHC) detection indicated that high
LAMCI expression was significantly associated with glioma WHO grade (P<0.05)
but not with patient sex, age, or tumor size and IDH| mutation or MGMT
promoter methylation.

Abbreviations: IHC, immunohistochemistry; IRS, immunohistochemistry scores;
NBT, normal brain tissue; WHO, World Health Organization.

of different pathological grades were retrieved from the
same Human Glioma Bank as paraffin-embedded sections.
Patient clinical characteristics for these samples are shown
in Table 2. All patients provided written informed consent,
and the study conducted in accordance with the
Declaration of Helsinki. Both clinical data and detailed
follow-up data were obtained for all patients. MRI evalua-
tion and neurological tests were performed to confirm
tumor recurrence. PFS was calculated from the time of
tumor diagnosis to the documented tumor recurrence or
the progression of residual tumor. OS was calculated from
the time of tumor diagnosis to the patient’s death or last
follow-up. Normal brain tissue specimens were obtained
from patients suffering traumatic cerebral injury who were
treated with internal decompression surgery. All the

specimens collected were handled based on the protocols
approved by the Ethics Committee of Central South
University.

Immunohistochemistry

Five-micron sections were cut from embedded paraffin block
tissues that were fixed with formalin. After dewaxing in xylene
and rehydration, the sections were peroxidase blocked with
3% H,0, incubation. Microwave heating antigen retrieval was
performed in 1 mM ethylenediaminetetraacetic acid.
Five percent fetal bovine serum (FBS) was used to block the
nonspecific binding sites. Then, the sections were incubated
overnight at 4°C with the primary antibody, a mouse anti-
LAMCI1 antibody (anti-LAMCI1, Abcam,

Cambridge, UK). A streptavidin-peroxidase system (Thermo

polyclonal

Scientific, USA) was used to detect immunoreactive com-
plexes, and peroxidase substrate was used for visualization.
Sections not incubated with primary antibody were used as
negative controls. Staining data were evaluated from more
than two sections per tissue and examined by two pathologists
who were blinded to the patients’ clinical data.

A semiquantitative approach was based on the intensity
and percentage of positively stained malignant cells. The
scoring standard was as follows: intensity was scored as 0
(negative), 1 (weak) or 2 (strong), and percentage of
positive staining in malignant cells was scored as 0
(04%), 1 (5-24%), 2 (25-49%), 3 (50-74%), or 4
(75-100%). The final
(IRS) were the multiplication of intensity scores and posi-

immunohistochemistry scores

tive cell percentage scores.

Western blot analysis
Western blot analysis was performed according to our

1.'" Briefly, total proteins were obtained

previous manua
by lysing cells with RIPA buffer. After centrifugation,
the proteins were denatured. Forty micrograms of pro-
tein were loaded and separated by sodium dodecyl sul-
fate polyacrylamide gel electrophoresis. The samples
were transferred to polyvinylidene fluoride membranes
(Millipore) followed by immunoblotting with anti-
LAMCI1 (Abcam,
Cambridge, UK) and anti-B-actin mouse monoclonal
antibody (Abcam, Cambridge, UK). A Gel Imaging
System (Bio-Rad) was used to visualize the protein

mouse  polyclonal  antibody

bands after incubation with horseradish peroxidase-
conjugated anti-IgG antibody.
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Analysis of the TCGA dataset

Analysis of the TCGA dataset was performed as
described previously.” Briefly, level 3 TCGA data for
gliomas were obtained from the Broad Institute GDAC
Firechose (http://gdac.broadinstitute.org/). RNA-Seq ver-
sion 2 data (gene-level normalized RSEM estimates)
and clinical information were available for 197 astrocy-
tomas, 198 oligodendrogliomas, 166 GBMs, and 5 nor-
mal brain tissues. To analyze RNA-Seq data, the software
package RSEM was used by estimating the expression of
genes and isoforms. The mRNA expression was repre-
sented by “normalized RSEM count estimates” and
downloaded. The RSEM count estimates were normalized
to the 75th percentile for each sample. Student’s #-test
was employed to compare the LAMCI expression
between gliomas and normal brain tissues. One-way ana-
lysis of variance (ANOVA) was used to compare the
LAMCI expression between histological grades of glio-
mas, with Tukey’s procedure used for post hoc pairwise
comparisons. A log-rank test was employed to compare
the survival between patients with GBMs with high
LAMCI expression and those with low LAMCI1 expres-
sion. R version 3.1.3 was employed for statistical
analysis.

Statistical analysis

The data were analyzed by SPSS software (version
18.0). Data are expressed as the mean+SD. To test for
differences among the grades of gliomas and normal
brain tissues, one-way ANOVA was used in all groups,

and Tukey’s procedure for post hoc pairwise
A
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comparisons was used to obtain individual P values
followed by ANOVA. The
LAMCI1 expression and the clinicopathological para-

relationship  between

meters was analyzed by the chi-square test. Survival
analysis was performed by the Kaplan—Meier method
and compared by the log-rank test. To analyze the sig-
nificance of survival variables, multivariate Cox propor-
tional hazards regression was performed. P<0.05 was
considered statistically significant.

Results

We retrieved 52 glioma samples of different pathological
grades. As shown in Table 1, these glioma patients
included 29 men (55.8%) and 23 women (44.2%). The
age ranged from 21 to 65 years old. Most of the patients
presented tumors with a size of less than 5 cm. For the
pathological grade, 18 patients suffered from WHO I/II
glioma, 15 patients suffered from WHO grade III, and 19
patients suffered from WHO grade IV (GBM).

We detected LAMCI proteins in the above glioma tis-
sues and in another 5 normal brain tissues. Western blot
analysis indicated that the LAMCI protein level was upre-
gulated in gliomas compared to that in normal brain tissues
(P<0.05), with markedly higher expression in higher grade
gliomas (Table 1). The differences in LAMCI expression
between WHO grade III and grade II and between grade 11
and grade I were all significant (P<0.05) (Figure 1) but not
with patient sex, age, or tumor size and IDHI1 mutation or
MGMT promoter methylation. We compared the LAMCI1
mRNA expression levels of different GBMs by analyzing
the high-throughput data in TCGA (Figure 2). The highest
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Figure | The expression of LAMCI/B-actin protein detected by Western blot in 5 normal brain tissue and 52 astrocytoma samples. (A) The differences in LAMCI
expression between WHO grade Il and grade Il and between grade Il and grade | were all significant (P<0.05). Each bar represents the mean value and SEM of at least 3
independent experiments (ANOVA and Tukey HSD post hoc test; *P<0.05; **P<0.01; #P<0.05, compare with the NBT group). (B) Western blot analysis of LAMCI/B-actin
protein expression in different groups.

Abbreviations: NBT, normal brain tissue; WHO, World Health Organization.
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Figure 2 The LAMCI mRNA expression level of different GBMs by analyzing high-throughput data from TCGA. (A) The highest LAMCI expression was found in GBM. We
also compared the LAMCI mRNA expression levels of different gliomas by analyzing high-throughput data from REMBRANDT. Oligodendroglioma and astrocytoma
exhibited low LAMCI expression, and the difference in LAMCI expression between these gliomas and normal brain tissues was significant (*P<0.05, ****P<0.001, compare
with the Normal group). (B) Among different kinds of GBMs, classical and mesenchymal GBMs showed the highest expression of LAMCI. Relatively lower LAMC| mRNA
was expressed in neural and proneural GBMs, which was still apparently higher than that in normal brain tissues (*P<0.05, ***P<0.005, ****P<0.001, compare with the

Normal group).

LAMCI expression was found in GBM. We also compared
the LAMC1 mRNA expression levels of different gliomas
by analyzing high-throughput data from the REpository for
Molecular BRAin Neoplasia DaTa (REMBRANDT) data-
base. Oligodendroglioma and astrocytoma exhibited low
LAMCI expression, and the difference in LAMCI1 expres-
sion between these gliomas and normal brain tissues was
significant (P<0.05). Among the different kinds of GBMs,
classical and mesenchymal GBMs showed the highest
expression of LAMCI. Relatively lower LAMC1 mRNA
was expressed in neural and proneural GBMs, which was
still apparently higher than that in normal brain tissues
(P<0.05). Survival analysis was performed with a Kaplan—
Meier plot and log-rank test. As shown in Figure 3, glioma
patients with high LAMCI1 expression had apparently
shorter survival times.
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Figure 3 Survival analysis was performed for glioblastoma patients with low or high
LAMCI expression. Kaplan—Meier curves of overall survival for glioblastoma
patients with low LAMCI expression (blue, n=337) or high LAMCI expression
(red, n=337), determined with the TCGA database. Log-rank P-value (downregu-
lated versus upregulated) <0.0001.

To define the significance of LAMCI1 expression in
glioma, we investigated another 76 glioma tissue samples
of different grades and 8 normal brain tissues from paraf-
fin-embedded sections. The representative results of
immunohistochemistry (IHC) detection are shown in
Figure 4. LAMCI1 was highly expressed in tumor cells of
high-grade glioma tissues, with lower expression levels in
low-grade glioma tissues and weak or no expression in the
nervous cells of normal brain tissues. Eighty-five percent
of high-grade glioma tissues robustly expressed LAMCI1
(IRS >4), while only 10% of the low-grade glioma tissues
expressed LAMC1 with IRS >4. Chi-square test analysis
indicated that high LAMCI1 expression was significantly
associated with glioma WHO grade (P<0.05) but not with
patient sex, age, or tumor size and IDHI mutation or
MGMT promoter methylation (Table 2). These results
suggest that LAMC1 may play a role in the recurrence
and progression of glioma. These data were largely con-
sistent with the above results, the results of Western blot
detection and the TCGA database analysis.

Finally, survival analyses were carried out with
a Kaplan-Meier plot and log-rank test. As shown in
Figure 5, glioma patients with high LAMC1 expression
(IRS >4) had apparently shorter recurrence-free survival
(RFS) and OS times. The differences in RFS and OS
times between glioma patients with high LAMCI1 expres-
sion (IRS >4) and those with low LAMCI expression
(IRS<4) were significant (P<0.05). Cox proportional
hazards regression analysis showed that both LAMCI
expression and WHO grade were associated with PFS and
OS (P<0.05 and P<0.000, respectively) (Tables 3 and 4).
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Figure 4 Representative results of IHC detection. (A) Normal brain tissue; (B) WHO grade | glioma tissue; (C) WHO grade Il glioma tissue; (D) WHO grade lll glioma

tissue; and (E) WHO grade IV glioma tissue. The scale length is 50 pm.
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Figure 5 The differences in recurrence-free survival time and overall survival time between glioma patients with high LAMCI expression (IRS 24) and those with low
LAMCI expression (IRS<4) were significant (P<0.05). (A) Recurrence-free survival analysis for glioblastoma patients with low LAMCI expression (blue, IRS<4) or high
expression (red, IRS 24), performed with Kaplan—Meier plot and log-rank test. Log-rank P-value<0.05. (B) Overall survival analysis for glioblastoma patients with low
LAMCI expression (blue, IRS<4) or high expression (red, IRS 24), performed with Kaplan-Meier plot and log-rank test. Log-rank P-value<0.05.

Abbreviation: IRS, immunohistochemistry scores.

These results indicated that LAMC1 may be an effective
prognostic marker.

Discussion

In the present study, we systematically evaluated the expres-
sion and clinical significance of LAMCI in glioma tissues.
Our results demonstrated that in glioma tissues, LAMCI1
expression was upregulated at both the mRNA and protein
levels. The relationship between the LAMCI1 expression
level and the clinicopathological parameters was examined
by a Chi-square test. OS and RFS analyses were carried out

using the Kaplan—Meier method and log-rank test. Cox
proportional hazards regression was performed to analyze
the significance of survival variables. These analyses
revealed that LAMCI1 expression was positively related to
the WHO grade of glioma and that increased LAMCI
expression correlated with poor prognosis.

Gliomas, which arise from glial cells that provide
protection and support for neurons, are the most universal
malignant tumors in the central nervous system. Despite
the development of therapies combining surgery resection,
radiotherapy, and chemotherapy, GBMs are one of the
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Table 3 Univariate analysis of the variables in recurrence-free
survival (n=76)

Variable Hazard 95% CI P

ratio

Lower | Upper

LAMCI 1.647 1.105 2.454 0.014
Pathological 11.663 6.114 22.245 0.000
Grade
Extent of removal | 6.949 3.042 15.876 0.000
Age 1.020 0.996 1.044 0.107
Gender 1.023 0.554 1.888 0.943
Tumor size 1.016 0.981 1.052 0.377
IDHI| mutation 0.425 0.221 0.762 0.001
MGMT 0.634 0.456 0.865 0.032
methylation

Abbreviation: Cl, confidence interval.

Table 4 Univariate analysis of the variables in overall survival
(n=76)

Variable Hazard 95% ClI P

ratio

Lower | Upper

LAMCI 1.824 1.136 2.929 0.013
Pathological 13.807 6.573 29.003 0.000
Grade
Extent of Removal | 2.751 1.191 6.351 0.018
Age 1.003 0.974 1.032 0.845
Gender 0.925 0.452 1.890 0.830
Tumor size 1.044 1.005 1.085 0.027
IDHI| mutation 0.521 0.261 0.812 0.001
MGMT 0.603 0.431 0.872 0.041
methylation

Abbreviation: Cl, confidence interval.

most lethal human cancers, and less than 5% of the
patients survive more than 5 years. Ninety percent of
GBMs developed de novo (primary GBM), which is typi-
cally characterized by rapid progression. The others (10%)
arise from low-grade gliomas and progress more slowly.
The most common molecular changes in primary GBMs
include p53 and pRB pathway deactivation, telomerase
reactivation, EGFR amplification, and PTEN loss.'? To
date, the intimate molecular mechanisms of gliomas and
useful molecular targets remain to be defined.

LAMCI encodes the laminin y1 chain, which is the most
common Y subunit of laminins, and has been implicated in
various malignant tumors. An unbiased random survival forest
analysis on a transcriptomic dataset of 247 patients with
hepatocellular carcinoma revealed that upregulated LAMCI1
expression was positively related to advanced tumor staging
and short overall and tumor-free survival.” In a study on

multiple myeloma by microarray analysis, different types of
ECM content were found to be altered in different RPMI-8226
sublines of drug resistance. The LAMCI1 gene was drastically
overexpressed in a prednisone-resistant subline, whereas it
was downregulated in its melphalan-resistant variant.'?
Nicola Whiffin et al performed a meta-analysis of five gen-
ome-wide association studies including 5,626 cases and 7,817
controls to identify common characteristics influencing color-
ectal cancer (CRC) risk. They found that SNP rs10911251
near LAMCI (1¢25.3) was associated with CRC (OR 5 1.09,
P 5 1.75 3 1028).'"* Hiroyasu Kashima et al showed that
laminin y1 was related to different subtypes of uterine carci-
noma and its clinical stages. Compared with normal prolifera-
tive and secretory endometrium, in which LAMCI] is almost
undetectable, increasing LAMCI expression was observed in
epithelial cells from atypical hyperplasia to low-grade and
high-grade endometrioid carcinoma. LAMCI1 expression was
significantly positively related to myometrial invasion, cervi-
cal/adnexal involvement and lymph node metastasis. Hiroyasu
Kashima et al also found that silencing LAMC1 expression in
high-grade endometrioid carcinoma cell lines in vitro did not
affect cell proliferation but suppressed cell motility and
invasion.'”

Despite the clarified biological significance of LAMCI1
in tumors, its regulatory mechanism underlying abnormal
expression and the mechanism underlying its function
remain to be investigated. Previous studies have provided
clues for exploring these aspects. Pasqualini L et al iden-
tified that in prostate cancer, LAMCI is a direct target of
miR-22."> In GBM, miR-124a directly regulates the
expression of LAMC1.'*'” In human hepatocellular carci-
noma (HCC), SP1 transactivates the LAMCI promoter.'®
Another study indicated that in HCC, LAMCI expression
is modulated by the Wnt signaling pathway.'® Ma NKL
et al observed a collaboration between laminins and 3D
contexts promoting astrocytoma stemness. Depending on
the different laminin isoforms presented, the cells of GBM
cell lines cultured on 3D ESPS scaffolds had increased
stemness marker expression compared to those cultured on
2D culture polystyrene. The cells exhibited enhanced clo-
nogenicity when cultured on 3D ESPS scaffolds with
laminin isoforms of 411, 421, 511, and 521.2° The study
of Sun S et al showed that COL1A1 and LAMCI are the
major genes for malignant astrocytoma invasiveness. In
addition, the PI3K/AKT, NF-kB, and JAK/STAT3 signaling
pathways may be closely related to COL1Al-mediated
invasion. These studies provide new research directions
for the regulatory mechanism of LAMCI in glioma cells.”'
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Conclusion

In conclusion, the results of this research indicate that
LAMCI1 may play an important role in the progression
of gliomas and may be used in the diagnosis, prognosis
and targeted therapy of glioma patients; however, its reg-
ulatory mechanism underlying abnormal expression and
the mechanism underlying its function remain to be inves-
tigated. Further investigation of the expression regulation,
function, and underlying mechanism of LAMCI1 will
strengthen our understanding of its role in tumors.
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