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Abstract. Objective: Association of altered growth factor receptors-mediated intracellular
pathways and biological processes associated with extracellular matrix composition and
structure in laryngeal squamous cell carcinoma (LSCC) were described previously. In
particular, the expression and glycosylation of important extracellular matrix molecules
(ECM) such as small leucine rich proteoglycan lumican, may be generally associated with
disrupted extracellular matrix integrity and inflammation processes which have a role in
tumour invasiveness. In this study, the relative expression of different lumican glycoforms
were evaluated in primary tumour and tumour-unaffected tissue samples of ten patients
with metastatic and ten non-metastatic LSCC by Western blot and 2D immunoblot analysis.
Materials and methods: Tissue samples from the primary tumours and paired adjacent non-
tumour tissues were surgically resected from ten untreated LSCC patients with non-
metastatic disease and ten LSCC patients with lymph nodes metastases. The relative
expression of different lumican glycoforms in primary tumours and paired adjacent non-
tumour tissues were evaluated by Western blot and 2D immunoblot analysis. Results: Results
of Western blot analysis have revealed elevated expression of the moderately glycosylated
lumican form in metastatic (p<0,05) and non-metastatic primary tumour tissues in
comparison with tumour unaffected tissues. In addition, moderately glycosylated form of
lumican with negatively charged oligosaccharide residues in the N-glycan molecule part was
exclusively determined in metastatic primary tumour tissues by 2D immunoblot analysis.
Conclusion: We demonstrated elevated expression of the moderately glycosylated lumican
form with negatively charged oligosaccharide residues in the N-glycan portion exclusively in
primary laryngeal squamous cell carcinoma from patients with metastatic disease.

Key words: biological function; glycosylation; laryngeal squamous cell carcinoma; lumican;
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SaZetak. Cilj: Prijasnje su studije opisale povezanost izmedu promijenjenih stanicnih signalnih
puteva posredovanih receptorima za faktore rasta i narusenog integriteta izvanstanicnog
matriksa u karcinomu plocastih stanica grkljana. Izrazaj i glikozilacija molekula izvanstani¢nog
matriksa, poput proteoglikana lumikana, moZe biti povezana s narudenim integritetom
izvanstani¢nog matriksa i upalnim procesima koji imaju vaznu ulogu prilikom invazije tumora.
U ovom smo radu pomocu Western blot i 2D imunoblot metoda ispitali relativni izraZaj
razlicitih glikoformi lumikana u uzorcima primarnog tumora i tumorom nezahvaéenog tkiva
10 pacijenata oboljelih od metastatskog i 10 od nemetastatskog karcinoma plocastih stanica
grkljana. Materijali i metode: Uzorci tkiva primarnih tumora i pripadajuc¢ih tumorom
nezahvacenih histoloski neizmijenjenih tkiva prikupljeni su tijekom kirurSke resekcije 10
pacijenata oboljelih od metastatskog karcinoma i 10 od nemetastatskog karcinoma. Razina
relativnog izrazaja glikoformi lumikana u tkivima primarnih tumora i pripadaju¢im tumorom
nezahvacenim tkivima ispitana je uz pomo¢ Western blot i 2D imunoblot metoda. Rezultati:
Rezultati Western blot analize pokazali su povecan izrazaj umjereno glikozilirane forme
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lumikana u tkivima primarnih tumora pacijenata oboljelih od
metastatske (p < 0,05) i nemetastatske bolesti u usporedbi s
pripadaju¢im tumorom nezahvacenim tkivima. Uz ovo,
umjereno glikozilirana forma lumikana s negativno nabijenim
ugljikohidratnim ostacima u N-glikanskom dijelu molekule
iskljuCivo je detektirana u tkivima metastatskog primarnih
tumora pomocu 2D imunoblot analize. Zakljuéci: Dokazali smo
povecan izrazaj umjereno glikozilirane forme lumikana s
negativno nabijenim oligosaharidnim ostacima u N-glikanskom
dijelu isklju¢ivo u primarnom karcinomu plocastih stanica
grkljana kod pacijenata s metastatskom bolesti.

Kljucne rijeci: bioloska funkcija; glikozilacija; karcinom plocastih
stanica grkljana; lumikan; metastaze; povecdan izrazaj

tissues located >1 c¢cm distance from the site of
the primary tumour were surgically resected
from ten previously untreated LSCC patients with
non-metastatic disease and ten LSCC patients
with lymph nodes metastases. The main clinical
and pathological characteristics of patients are
shown in Table 1. All experiments were conduct-
ed with the approval of the Ethics committee of
General Hospital “Dr. Josip Bencevi¢”, Slavonski
Brod, Croatia, and the informed consent was
signed by the patients enrolled in this study.

We have for the first time to our knowledge demon-
strated the expression of the lumican glycoform with
negatively charged oligosaccharide residues in N-glycan
portion of the molecule exclusively in tumour tissues

INTRODUCTION

Laryngeal squamous cell carcinoma (LSCC) is a

multifactorial disease characterized by frequent
metastasis in lymph nodes early during disease
onset, and represents the most common form of
head and neck malignancies®. Recent evidence in-
dicates a clear association between altered growth
factor receptors-mediated intracellular pathways
and biological processes underlying LSCC that in-
duce changes in the extracellular matrix (ECM)3,
Lumican is an important ECM protein that belongs
to a class Il small leucine rich proteoglycans and
has four potential N-glycosylation sites®. Depend-
ing on the tissue type, it is expressed in different
structural forms, including the core protein with
MW approximately 40 kDa, the 70 kDa proteogly-
can substituted with keratane-sulphate or non-
sulphated polylactosamine chain and the 50 kDa
glycoprotein form®. Also, depending on its glyco-
sylation status, lumican bears different biological
functions or contributes to progression of malig-
nancies by stimulating cellular signalization, prolif-
eration and migration®’.

In this study, we hypothesized that expression of
different glycoforms of lumican might be impor-
tant for the LSCC pathogenesis. Herein, we present
data on lumican glycoforms expression in a set of
10 metastatic and 10 non-metastatic primary LSCC
tumours.

MATERIALS AND METHODS

Tissue Samples

Tumour tissue samples from the centre of the tu-
mour and paired adjacent non-tumour mucosa
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from metastatic disease patients.

Preparation of Tissue Homogenates for Western
Blot and 2D Immunoblot Analysis

Tumour and adjacent tumour-unaffected tissue
samples were mechanically grinded and homoge-
nized in a mortar with liquid nitrogen. Homoge-
nized tissue was dissolved in a lysis buffer [7M
urea/2M thiourea, 4% (w/v) CHAPS, 1% (w/v)
dithiothreitol,1x protease inhibitor cocktail; Sig-
maAldrich, USA] and subjected to sonication with
4mm probe, power of 6W, four times for 10 sec-
onds (Bandelin, Germany). After sonication,
samples were incubated for 1 hour at room tem-
perature. Samples were then centrifuged for 45
minutes at 14000 rpm, at 4°C. The supernatant
was collected and stored at -80°C. Protein concen-
trations were determined using the Qubit™ fluor-
ometric (Invitrogen, USA) quantitation platform.

Western Blot Analysis

For the Western blot procedure, a total of 50 ug
proteins from tumour and tumour-unaffected
surrounding tissues were resolved on 10 % SDS-
PAGE and transferred to PVDF membrane (Bio-
Rad, USA). Membranes were then incubated with
primary antibody raised against human lumican
(1:1000, rabbit mAb, Abcam, UK) at 4°C over-
night respectively. Signal intensities of particular
bands were normalized according to total protein
stain®, an alternative simple technique for accu-
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Table 1. Main clinical and pathological characteristics of patients.

Clinical /Pathological parameters

Non metastatic tumour samples (No.) ‘ Metastatic tumour samples (No.)
Gender
Male 9 10
Female 1 0
Age (years)
< 64(median) 6 4
» 64 4 6
T-stage
T1 1 0
T2 2 5
T3 4 4
T4a 3 1
N-stage
NO 10 0
N1 0 2
N2b 0 7
N2c 0 1
Histological grade
Gl 2 2
Gll 6 1
Glll 2 7

Our findings implicate that LSCC progression could be
linked to changes in lumican relative expression and
glycosylation status. These alterations could be associa-
ted with disrupted ECM integrity and enhanced
inflammation, which are commonly encountered in
progression of malignant diseases.

rate determination of equivalent protein loading
within a gel and were compared in Quantity One
software (Bio-Rad, USA).

2D Immunoblot Analysis

For 2D immunoblot analysis of different lumican
glycoforms, a total of 75 pug of proteins from all
individual primary tumour and adjacent tumour
unaffected surrounding tissues that had a posi-
tive lumican immunoreactivity were redissolved
in sample rehydration buffer [7M urea/2M thiou-
rea, 4% (w/v) CHAPS, 0.2% (w/v) mixture of am-
pholytes pH 3-10, 1% (w/v) dithiothreitol;
SigmaAldrich, USA] and subjected to 2DE electro-
phoresis as described previously®. Isoelectric fo-
cusing was carried out on a Protean IEF Cell (Bio
Rad) by using broad range IPG strips (7 cm IPG

strips, pH 3.0-10.0). The IEF-separated proteins
were resolved on 10 % SDS-PAGE and transferred
to PVDF membrane. Membranes were then incu-
bated with primary lumican antibody at 4°C over-
night. The signal was visualized on the Image-
Quant LAS500 (GE Healthcare, USA).

PNGase F Removal of N-Glycans

A total of 75 pg of extracted proteins from tu-
mour- and tumour-unaffected tissue lysates that
have shown positive lumican immunoreactivity
were de-glycosylated by the treatment with
Peptide:N-glycosidase F (Promega, USA) at the
ratio of 50 units PNGase F per mg protein at 37°C
for 18 hours.

Statistical analysis

Normalised densitometric data obtained from
Western blot analysis of lumican relative expres-
sion were tested for normality by using Shapiro-
Wilk test. As data were not normally distributed,
a Wilcoxon-signed rank test (p<0,05) was used to
test differences in lumican relative expression be-
tween primary tumours and adjacent tumour-
unaffected tissues, separately for the metastatic
and the non-metastatic group of patients. All sta-
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tistical analyses were performed in Statistica soft-
ware package (v.12.0).

RESULTS

Western blot analysis of lumican relative expres-
sion revealed significant up-regulation (p=0.009)
of this proteoglycan in primary tumour tissues
with lymph node metastases in comparison with
matched adjacent non-tumour tissues (Figure
1A). Molecular weight of detected chemilumi-
nescent signals of lumican in all analysed tissue
samples (including metastatic primary tumours
and matched adjacent non-tumour tissues) was
approximately 50 kDa (Figure 1A). This is in line

METASTATIC PRIMARY

TUMORS
50 kDa Lumican
T11T12 T13T14T15 T16 T17T18 T19 720
50 kDa - Lumican
H11 H12 H13 H14 H15 H16 H17 H18 H19 H20
B
NON-METASTATIC PRIMARY
TUMORS
50 kDa T m———— Lumican
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
50 kDa — Lumican

TR

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10

with previous observations indicating that this
particular lumican form corresponds to the solu-
ble, moderately glycosylated form°. Also, an in-
teresting observation
lumican expression in adjacent non-tumour tis-

is substantial loss of
sues from metastatic disease patients. This unex-
pected finding could be attributed to loss of the
tumour underlying tissue integrity associated
with enhanced local invasion in LSCC.

Similarly, increased lumican expression, albeit
without statistical significance (p=0.139), was ob-
served in primary tumours with non-metastatic
disease in comparison with matched adjacent
non-tumour tissues (Figure 1B). Again, in all ana-
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surrounding tissue

08 - @ Tumortissue

Relative expression

06 -

04

02

Figure 1. Representative Western blot and summary representation of lumican relative expression in samples
obtained from 10 different patients that suffer from metastatic (A) and non-metastatic (B) LSCC, respectively.
Results are presented as average relative expression values + standard error of chemiluminescent signals obtained
in three replicate experiments. Statistically significant change (Wilcoxon- signed rank test, p=0.009) of lumican
relative expression observed in the metastatic group of patients is marked with an asterisk. Abbreviations: T 1-10
— primary tumour tissue samples from 10 different patients with non-metastatic disease; H 1-10 - matched
tumour unaffected tissue samples from same patients. T11-20 — primary tumour tissue samples from 10 different
patients with metastatic disease; H 11-20 — matched tumour unaffected tissue samples from same patients.
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Figure 2. (A) Representative 2D immunoblots with lumican glycoforms signals in PNGase F untreated and treated tissue lysates of the
metastatic primary tumour and tumour unaffected tissues; (B) Representative 2D immunoblots with lumican glycoforms signals in
PNGase F untreated and treated tissue lysates of the non-metastatic primary tumour and tumour unaffected tissues.

lysed non-metastatic primary tumours and
matched adjacent non-tumour tissue samples,
observed signals for lumican were approximately
of 50 kDa (Figure 1B).

It is known that different post-translation modifi-
cations, i.e. negatively charged carbohydrate resi-
dues in glycan portion of glycoproteins, may
generally contribute to the shift in the protein
isoelectric point (pl)**2. In order to investigate
possible association between altered lumican
glycosylation and LSCC progression, all tissue
lysates that showed positive lumican immunore-
activity were further subjected to 2DE immunob-
lot analysis prior and upon enzymatic removal of
N-linked glycans. In all analysed individual prima-
ry tumour lysates from the metastatic group, ex-
pression of lumican glycoforms was visible in a
wide range of pls between pH 3-6 (Figure 2A).
This might be due to N-linked glycosylation and
may not correlate to other post-translational
modifications of lumican®3. Therefore, tissue
lysates were additionally subjected to PNGase F
enzymatic removal of N-linked glycans. In addi-
tion to a slight decrease in MW, a shift of the lu-
mican signal to an approximate pH value of 6.0
was detected (Figure 2A), which may be indica-
tive of the presence of negatively charged oli-
gosaccharide residues in the N-glycan portion of
the molecule. This observation is in line with pre-
vious studies that provided evidence to confirm
the contribution of negatively charged oligosac-
charide residues in N-glycan chains with de-
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creased protein pl values'®?. Furthermore, in
matched adjacent non-tumour tissues from the
metastatic group, that showed positive lumican
immunoreactivity, lumican signal was observed
around the pH 6.0 (Figure 2A).

Similarly, expression of lumican glycoforms signal
was observed at approximate pH value of 6.0 in
non-metastatic tumour and paired non-tumour
tissue lysates (Figure 2B). In addition, enzymatic
removal of N-glycans decreased lumican MW, but
without a shift in the protein pl value (Figure 2B).

DISCUSSION

Impaired structural and functional dynamics of
the ECM is an important factor that contributes
to a number of malignancies, including HNSCC®*.
Such major structural changes in the composition
and structure of the ECM often result in the acti-
vation of growth factor-mediated cellular signal-
ling pathways that play a role in malignant
transformation and invasion of tumour cells or in
the host stromal cells homeostasis. These molec-
ular events eventually contribute to formation of
a tumour-supportive microenvironment and pro-
mote processes associated with local invasion
and metastasis’>. Lumican is the ECM protein
that has an important role in maintaining struc-
tural tissue homeostasis. Altered lumican expres-
sion was previously associated with disrupted
extracellular matrix integrity and enhanced in-
flammation, which facilitates the progression of
various diseases including tumours'®. Important-
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ly, biological role of lumican is closely associated
with its glycosylation status'”*8. Indeed, our re-
sults clearly showed that moderately glycosylat-
ed form of lumican is upregulated in the all
analysed primary tumours in comparison with
matched adjacent non-tumour tissues. Also, it
should be noted that tumour surrounding tissue
used in this study may also be affected by altered
physiological processes associated with the tu-
mour promoting microenvironment. The tumour
microenvironment is a web of various cell types
and extracellular matrix components in the vicin-
ity of the tumor®®®, It is well known that deregu-
lated molecular crosstalk between tumour cells
and components of the tumour microenviron-
ment plays a pivotal role in tumour progression?.

METASTATIC PRIMARY TUMOR TISSUES

NON-METASTATIC PRIMARY TUMOR TISSUES

In addition, these molecular interactions are
largely mediated by the inflammatory response,
which represents a fundamental component of
the tumour microenvironment??2, Considering
this, it is reasonable to assume that detected lu-
mican glycoforms in adjacent non- tumour tis-
sues may also be involved in LSCC pathogenesis.
This hypothesis is supported with the results of
previous studies which have demonstrated that
soluble, poorly glycosylated lumican form acts as
an endogenous ligand for various immune cells
receptors, including CD14 on neutrophils and
macrophages®?4. It’s binding to the receptor re-
sults in recruitment of immune cells on the site
of inflammation, activation of NfkB intracellular
signalling and production of pro-inflammatory

METASTATIC PRIMARY TUMOR UNAFFECTED
TISSUES

NON-METASTATIC PRIMARY TUMOR
UNAFFECTED TISSUES

Supplementary figure: Representative total protein stain of PVDF membranes transferred proteins isolated from
the metastatic primary tumours, metastatic primary tumour unaffected tissues, non-metastatic primary tumours,

and non-metastatic primary tumour unaffected tissues.
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cytokines. Moreover, our previous study showed
elevated expression of CD14 receptors and com-
ponents of NfkB cellular signaling pathway in
both primary LSCC and adjacent non-tumour
tissues®, which further suggests the possible
involvement of lumican in LSCC associated in-
flammation.

Furthermore, 2D immunoblot analysis revealed
presence of the 50 kDa lumican glycoform with
negatively charged oligosaccharide residues in N-
glycan portion of the molecule exclusively in tu-
mour tissues from metastatic disease patients.
This finding implicates that LSCC progression
could be associated with changes in lumican rela-
tive expression concomitant with alternation in
its glycosylation status, which was previously re-
ported in various cancer cell lines*?, Interesting-
ly, similar lumican 50 kDa glycoprotein form with
negatively charged oligosaccharide residues in N-
glycan portion was previously isolated from hu-
man amniotic membrane. Its effect was tested
on corneal epithelial cells that showed to have an
enhanced proliferation rate upon treatment with
the 50 kDa glycoprotein lumican form in an organ
culture, which was speculated to be a conse-
quence of binding and presenting growth factors
and cytokines to various membrane receptors?®.
It was shown that overexpression of growth fac-
tor receptors and their ligands is associated with
LSCC progression and metastasis?*?2.Thus, it is
reasonable to assume that soluble lumican might
also contribute to LSCC progression in a similar
manner. However, this hypothesis requires fur-
ther investigation.

Also, the findings of this study have to be seen in
light of some limitations. To gain a more compre-
hensive understanding of lumican expression
changes in LSCC, further research should include
immunohistochemical analyses of lumican rela-
tive expression and its exact spatial distribution
in a larger number of LSCC tissue samples. Also,
to further clarify the role of lumican in complex
molecular signalling networks associated with
LSCC progression, additional immunoprecipita-
tion experiments of protein complexes contain-
ing lumican followed by their mass spectrometry
identification are also recommended. In addition,
a detailed mass spectrometric structural charac-
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terization of lumican N-glycans would further
elucidate the biological role of its differential gly-
cosylation in LSCC pathogenesis.

CONCLUSIONS

In conclusion, we demonstrated elevated expres-
sion of the moderately glycosylated lumican form
with negatively charged oligosaccharide residues
in the N-glycan portion exclusively in primary la-
ryngeal squamous cell carcinoma from metastat-
ic patients.
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