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Abstract: The diagnostic and therapeutic potential of
Maackia amurensis agglutinin (MAA) have been reported
in various malignancies. Earlier, we have found that MAA
specifically interacted with human non-small cell lung-
cancer (NSCLC) cells and induced apoptosis in these cells.
The present study was designed to identify M. amurensis
leukoagglutinin (MAL-I, one of the components of MAA,
having the same carbohydrate specificity as MAA) inter-
acting membrane sialoglycoprotein(s) of two subtypes
of human NSCLC cell lines. Nine proteins were identified
using two-dimensional (2D)-polyacrylamide gel electro-
phoresis (PAGE) followed by MAL-I-overlay transblotting
and matrix assisted laser desorption ionization-time of
flight mass spectrometry (MALDI-TOF-MS). Among these
proteins, HSP60 was selected for further characteriza-
tion. The sialoglycoprotein nature of membrane-HSP60 of
NSCLC cell lines was confirmed by its reduced reactivity
with MAL-I in Western blots in the presence of GM2 and
by dual staining of the cell lines with MAL-I and HSP60-
antibody. These findings were further substantiated
by enzymatic analysis of membrane-HSP60 as well as
in-silico evidence regarding this protein. Our observations
were validated by immunohistochemical analysis of both
subtypes of NSCLC tissue sections. Membrane-HSP60 was
found to be involved in the inhibition of MAL-I-induced
morphological alteration of NSCLC cells and also in the
proliferation and migration of these cells, indicating
the probable role of sialylated membrane-HSP60 in this
disease.
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Introduction

Lung cancer is one of the major causes of cancer-associated
deaths worldwide (Bray et al., 2018). The prevalence of
this disease is increasing in developing countries includ-
ing India (Parikh et al., 2016). Non-small cell lung-cancer
(NSCLC), the major sub-type, accounts for ~85% of all lung
cancer cases (Oser et al., 2015). Despite the advances in
cancer treatment strategies, the prognosis of lung cancer
patients has improved nominally. Thus, efforts are going
on to develop clinically-useful better treatment strategies
for this disease.

Altered glycosylation, specifically sialylation is a
hallmark of cancer cells. Aberrant sialylation of cellular
glycoconjugates were shown to modulate different cellu-
lar processes associated with tumorigenesis (Isaji et al.,
2019). Altered sialylation has been detected in various
epithelial cancers (Ma et al., 2016; Munkley and Scott,
2019). Neo-expression or overexpression of sialylated
epitopes, for example, sialyl-Tn, sialyl-T, sialyl-Le* and
sialyl-Le* was also noted on the surface of lung cancer
cells (Hauselmann and Borsig, 2014). Lectins, the carbo-
hydrate specific biomolecules, have been used to predict
such altered patterns of glycosylation in cancer (Singh
et al., 2019). Studies have revealed the diagnostic poten-
tial of various lectins in cancer of different origins (Syed
et al., 2016; Silva, 2018; Pearson and Gallagher, 2019).
Further, several lectins were shown to have anticancer
properties (Yau et al., 2015; Ribeiro et al., 2018).

MAA, the potentially important plant agglutinin is
known to be a mixture of MAL-I and MAL-II (Kawaguchi
et al., 1974; Wang and Cummings, 1988). MAA and MAL-I
have specificity for Neu5Aco2,3Galp1,4GlcNAc/Glc. MAA
revealed diagnostic potential in prostate cancer and cer-
vical cancer (Ohyama et al., 2004; Lopez-Morales et al.,
2010). MAL-I also showed diagnostic potential in cancer
of papilla of vater, thyroid cancer, colorectal cancer
and gastric cancer (Tang et al., 2005; Babal et al., 2006;
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Inagaki et al., 2007, 2008). In the previous study, we found
that MAA could recognize childhood-acute lymphoblas-
tic leukemic-cells and activate the mitochondrial apop-
totic pathway in these cells (Kapoor et al., 2008). We also
demonstrated strong reactivity of this agglutinin with
the NSCLC cells and found that it could interact with a
membrane-glycoprotein band (M, ~ 66 kDa) of NSCLC cell
lines (Mehta et al., 2010). Furthermore, we observed the
apoptotic activity of MAA in these cells as well as in the
drug-resistant NSCLC sublines (Mehta et al., 2013; Lalli
et al., 2019). We also reported the chemoadjuvant poten-
tial of this agglutinin in NSCLC (Lalli et al., 2015). More-
over, Ochoa-Alvarez et al. (2012) found that this agglutinin
could inhibit tumor cell growth and its migration in a
mouse model of melanoma. All this evidence clearly indi-
cated the possible therapeutic potential of MAA in cancer
of different origins.

Aberrant sialylation of cell surface glycoproteins has
also been found to be related to the poor prognosis of
various malignancies (Munkley and Scott, 2019). Thus,
exploration of disease-associated sialoglycoproteins and
study on their role in the disease progression is a relevant
approach to gain a deeper insight into the disease patho-
genesis. However, the MAA/MAL-I interacting membrane-
glycoprotein(s) of NSCLC cells of different subtypes have
not been identified so far. Thus, the aim of this study was to
identify MAL-I interacting membrane-sialoglycoprotein(s)
of the two major subtypes of NSCLC cell lines.

Results

NSCLC cell lines

The photomicrographs of two major subtypes of NSCLC cell
lines are shown in Figure 1. In all the experiments, expo-
nentially growing cultures were used. The average yield of
the membrane proteins (Adamo et al., 1992) of A549 and
NCI-H520 cells was 2.27 mg and 2.12 mg, respectively.

MAL-I interacts with the membrane proteins
of NSCLC cell lines

A significantly high reactivity of MAL-I with the mem-
brane fraction of each cell type (A549: 11.9-fold; NCI-
H520: 6.5-fold) was noted, as assessed by an MAL-I
overlay enzyme linked assay (Figure 2A). The representa-
tive two-dimensional (2D)-polyacrylamide gel electro-
phoresis (PAGE) profiles of the membrane proteins of
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NSCLC cell lines are shown in Figure 2B (I and V). Several
MAL-I interacting proteins in the respective representa-
tive transblots were found to be highlighted in the mole-
cular weight (M ) range of 20-100 kDa and the isoelectric
point (pI) range of 4.5-6.8, as depicted in Figure 2B (II
and VI). Furthermore, the membrane proteins of each
subtype of the NSCLC cell line were enriched using a
Mem-PER™ Kit, the yield of the proteins in each case
was ~100 ug. Figure 2B (III and VII) shows the represent-
ative profile of the membrane proteins of each cell line
in 2D-PAGE. MAL-I interacting proteins in the respective
transblots (representative) are depicted in Figure 2B (IV
and VIII). Table 1 reveals that several highlighted pro-
teins of each cell line were identical to those, obtained
earlier in the case of the membrane proteins prepared by
the method of Adamo et al. (1992).

MAL-I interacting membrane proteins of
NSCLC cell lines have been identified by
MALDI-TOF-MS

MAL-I interacting all the membrane proteins, as indi-
cated in Figure 2B, were selected for matrix assisted
laser desorption ionization-time of flight mass spectro-
metry (MALDI-TOF-MS) analysis. Table 2 reveals the
result of the analysis of each spot in view of the name
of each most probable identified protein along with plI,
M, Mowse score, sequence coverage and number of
peptides matched, respectively, as obtained from MSDB
database. These probable proteins were glucose-regu-
lated protein 78 [GRP78 (GRP78_HUMAN)], 60 kDa heat
shock protein [HSP60 (CH60_HUMAN)], actin, cytoplas-
mic 1 (ACTB_HUMAN), prohibitin (PHB_HUMAN) and
heat shock cognate protein 71 kDa (HSP 71) in the case
of A549 cells. Whereas endoplasmin (ENPL_HUMAN),
HSP-60 (60 kDa heat shock protein), actin, cytoplas-
mic 1 (ACTB_HUMAN), tubulin alpha 1A chain (TBA1A_
HUMAN), alpha enolase (ENOA_HUMAN) and protein
disulfide isomerase A3 (PDIA3_HUMAN) were found in
the case of NCI-H520. Among these proteins, HSP60 and
actin, cytoplasmic 1 were common in the case of both
the NSCLC cell lines. HSP60 was selected for further
study because of its importance in human cancer of
different origins. The representative peptide mass fin-
gerprint (PMF) profile of HSP-60 is shown in Figure 3A.
Subsequent MS analysis of each selected peptide ion
of HSP-60 was done to obtain the peptide sequence
tag, which was used to substantiate the identification
of this protein (Figure 3B). This identified protein was



DE GRUYTER P. Singh et al.: Membrane-HSP60 in non-small cell lung cancer =——— 971

A549 NCI-H520

Figure 1: Photomicrographs of A549 and NCI-H520 cell lines under light microscope.
Original magnification was 100 x.
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Figure 2: Assessment of the reactivity of MAL-I with the membrane fractions of NSCLC cell lines.

(A) Lectin overlay-Enzyme linked assay; (B) Lectin overlay-Trans blotting. 2D-PAGE profile of the membrane proteins isolated by the method
of Adamo et al. (1992) [(I): A549 cells and (V): NCI-H520] and by using Mem-PER™ Eukaryotic protein extraction reagent kit [(IIl): A549 cells
and (VI1): NCI-H520]; the respective MAL-I overlay-trans blots [(II): A549 cells and (VI): NCI-H520; (IV): A549 cells and (VIII): NCI-H520]. The
M, and the pl of the proteins of interest were determined from the plot of relative electrophoretic mobility (R) of the markers against their
respective M and the plot of pl of the markers against their respective distance from the anode, respectively.

confirmed as HSP60 by Western immunoblotting using present in the membrane fractions of both the NSCLC
a commercially available antibody (Table 3) against cell lines following sodium dodecyl sulfate (SDS)-PAGE
HSP60, which could detect the band of M ~66 kDa, (Figure 4A, lane 1).
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Table 1: Detection of MAL-I interacting membrane proteins of NSCLC cell lines.

Spot No. Spots (pl and M) detected in trans-blots following 2D-PAGE of membrane proteins isolated by

Adamo et al. (1992) - method Mem-PER™ Eukaryotic protein extraction

reagent kit

A549 cells NCI-H520 cells A549 cells NCI-H520 cells
1 - - 5.1; 71.5 kDa 4.95; 100 kDa
2 5.5; 64.5 kDa 5.6; 65 kDa 5.5;62.5 kDa 5.55; 64.5 kDa
3 5.7; 42.5 kDa 5.7; 43.65 kDa 56; 42.75 kDa 5.5; 43.65 kDa
4 5.75; 31.5 kDa 5.3; 55.5 kDa - 5.3; 58.88 kDa
5 5.3; 65 kDa 5.5; 44.5 kDa 5.4; 62.5 kDa 5.3; 46.46 kDa
6 - 6.65; 43.65 kDa - -

Table 2: Identification of MAL-l interacting most probable membrane proteins of NSCLC cell lines by MALDI-TOF-MS analysis.

Spot No. A549 Cell line NCI-H520 cell line

1. Glucose regulated protein 78 (GRP78_HUMAN) Endoplasmin (ENPL_HUMAN)
Mowse score: 68 Mowse Score: 118
Sequence coverage:25%; Peptide match: 14 Sequence coverage:31%; Peptide match: 25
pl: 5.07; M: 72.402 kDa pl: 4.76; M : 92.696 kDa

2. Heat shock protein 60 (CH60_HUMAN) Heat shock protein 60 (CH60_HUMAN)
Mowse score: 63 Mowse score: 253
Sequence coverage:19%; Peptide match: 11 Sequence coverage:56%; Peptide match: 33
pl: 5.7; M : 61.055 kDa pl: 5.7; M: 61.055 kDa

3. Actin, cytoplasmic 1 (ACTB_HUMAN) Actin, cytoplasmic 1 (ACTB_HUMAN)
Mowse score: 62 Mowse score: 82
Sequence coverage:29%; Peptide match: 7 Sequence coverage:49%; Peptide match: 12
pl: 5.3; M: 42.052 kDa pl: 5.3; M: 42.052 kDa

4, Prohibitin (PHB_HUMAN) Tubulin alpha 1A chain (TBA1A_HUMAN)
Mowse score: 90 Mowse score: 85
Sequence coverage:34%; Peptide match: 9 Sequence coverage:35%; Peptide match:13
pl: 5.57; M : 29.843 kDa pl: 4.95; M : 50.804 kDa

5. Heat shock cognate-71kDa (HSP7C_HUMAN); Protein disulfide isomerase A6 (PDIA6_HUMAN)
Mowse score: 63 Mowse score: 27
Sequence coverage:56%; Peptide match: 13 Sequence coverage:9%; Peptide match: 3
pl: 5.01; M: 71.082 kDa pl: 4.95; M : 48.490 kDa

6. - Alpha enolase (ENOA_HUMA)

Mowse score: 23
Sequence coverage:11%; Peptide match: 6
pl: 6.99; M: 47.038 kDa

HSP60 is a MAL-l interacting membrane-
sialoglycoprotein of NSCLC cell lines

We observed that the antibody against HSP60 interacted
with the same band of M_~ 66 kDa, to which MAL-I inter-
acted (Figure 4A, lane 2). The reactivity of MAL-I to mem-
brane-HSP60 (mHSP60) was inhibited in the presence of
GM2 [an inhibitor of MAA (Kapoor et al., 2008/MAL-I)] in
the case of both the cell lines (Figure 4A, lane 3), indicat-
ing the presence of GM2 type sialylated oligosaccharide(s)
in mHSP60 of the NSCLC cell lines. Moreover, it was seen
that the intensity of MAL-I interacting mHSP60 band was

reduced by ~65% and ~90%, following treatment of the
membrane proteins of A549 and NCI-H520 cells, respec-
tively, with neuraminidase (Figure 4A, lane 4; Figure
4B), confirming it to be a sialoglycoprotein in nature.
Further, an appreciable reduction in the band intensity of
mHSP60 was noted in case of O-glycanase (Figure 4A, lane
5; A549: ~99%, NCI-H520: ~92%) as well as N-glycanase
treatment (Figure 4A, lane 6; A549: ~79%, NCI-H520:
~85%) of the membrane proteins, as is also reflected in
the bar graphs (Figure 4B). The sialoglycoprotein nature
of mHSP60 was substantiated by fluorescence-based dual
staining of both subtypes of NSCLC cell lines (Figure 5A).
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(A) Representative PMF of spot no. 2 in the case of NCI-H520 cell line along with the respective Mowse score, sequence coverage, number
of peptide matched, pl and M, of the identified protein as obtained from MSDB database using Mascot search engine (Matrix Sciences);

(B) MS-MS analysis of the selected peptide ions.

Table 3: Antibody against HSP-60 used in different experiments.

Experiments Primary antibody

Secondary antibody

Antibody clone Dilution/ Incubation time/ Antibody Dilution Incubation time/
concentration temperature clone temperature

Western blotting PA5-34760 1:1000 2 h/37°C 5c2004 1:15 000 1 h/37°C
Immunocytochemistry PA5-34760 1:400 overnight/4°C $c2012 1:100 2 h/37°C
Immunohistochemistry PA5-34760 1:400 2h/37°C 52004 1:100 1h/37°C
Morphological alteration PA5-34760 1:250 24 h/37°C - - -
Cell proliferation assay B-9;s5c271215 10 ug/ml 48 h/37°C - - -
Cell migration assay PA5-34760 1:250 A549;72 h/37°C - - -

NCI-H520;

12 h/37°C

PA5-34760 was procured from (Thermo Fisher Scientific, Waltham, MA, USA). sc: Santa Cruz.

Prominent membrane positivity was seen in the case of
the cells, stained with biotinylated MAL-I [used as primary
probe; (I)] as well as the antibody against HSP60 [used as
primary antibody (Table 3); (II)]. Merging of the two pho-
tomicrographs (III) clearly revealed the co-localization
mHSP60 and MAL-I interacting protein, indicating
mHSP60 is MAL-I interacting sialoglycoprotein.

HSP60 is present in the tissues of NSCLC
patients

The presence of HSP60 in tissue sections of lung ade-
nocarcinoma patients (n=8) and squamous cell car-
cinoma patients (n=6) patients was assessed by
immunohistochemical analysis using antibody against
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(A) Confirmation of the presence of HSP-60 in membrane fractions of NSCLC cell lines by Western immunoblotting using antibody against
HSP-60 (lane 1). Characterization of mHSP60 of NSCLC cell lines as a MAL-1 interacting sialoglycoprotein. Interaction of HSP-60 with MAL-1
in absence (lane 2) and in the presence of GM2 (lane 3). Interaction of MAL-1 with the membrane proteins pre-treated with neuraminidase
(lane 4), O-glycanase (lane 5) and N-glycanase (lane 6) on the trans blots. M: molecular weight markers. (B) The bar graphs indicating the
intensity of mHSP60 before and after treatment of the membrane proteins with neuraminidase, O-glycanase and N-glycanase separately, as

analyzed using Image] software.

HSP60 (Table 3) as the primary probe. The representative
photomicrographs revealed membrane as well as cytosolic
positivity in the case of both types of NSCLC tissue sec-
tions, but negligible reactivity with the adjacent normal
lung tissue sections (Figure 5B). The H-score (which takes
into account the percent positivity and the intensity)
ranged from O to 300. A significant (*p <0.05) difference
in the extent of immunoreactivity between squamous cell
carcinoma sections (P) and adenocarcinoma sections (Q)
was noted, as obtained by H-score analysis (Figure 5C).

Membrane-HSP60 has functional role in
NSCLC cell lines

The antibody against HSP60 (Table 3) was found to
inhibit MAL-I induced morphological alteration in both
subtypes of NSCLC cell lines (Figure 6A). A reduction
(***p<0.001) in the proliferation of A549 cells (2.9-fold)
and NCI-H520 cells (1.7-fold) was observed in the pres-
ence of HSP60-antibody at 48 h in comparison to the

respective control cells (Figure 6B). Analysis of the data of
the migration assays revealed that in presence of HSP60-
antibody (Table 3), the extent of migration was signifi-
cantly reduced by 1.3-fold and 1.6-fold in the case of A549
cells and NCI-H520 cells, respectively, as compared to
that of the respective controls (Figure 6C).

Discussion

Earlier studies have demonstrated the diagnostic and
prognostic potential of M. amurensis agglutinin and M.
amurensis leukoagglutinin (one of the pure components of
MAA) in cancers of different origins (Ohyama et al., 2004;
Tang et al., 2005; Babal et al., 2006; Inagaki et al., 2007,
2008; Kapoor et al., 2008; Lopez-Morales et al., 2010;
Mehta et al., 2010, 2013; Lalli et al., 2015, 2019). Except
for podoplanin, no other M. amurensis seed lectin inter-
acting protein of cancer cells has been reported to date.
In the present study, we have identified the MAA/MAL-I
interacting proteins of A549 and NCI-H520 cells, the two
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Figure 5: Fluorescence based dual staining of NSCLC cell lines and immunohistochemistry.

(A) Interaction of the cells with (I) HSP-60-Ab and FITC conjugated goat anti-rabbit 1gG; (Il) Biotinylated MAL-1 and Texas red conjugated
streptavidin; (111) merged | and Il (original magnification 1000 x). (B) Representative photomicrographs showing the Interaction of HSP-60-
Antibody with the tissue sections of lung adenocarcinoma patient, squamous cell carcinoma patient and adjacent healthy tissue section
(original magnification is 100 x; white scale bar represents 400 pum). (C) H score analysis using GraphPad Prism 6.0. P: Squamous cell

carcinoma and Q: adenocarcinoma; *p <0.05 (Q vs. P).

major subtypes of human NSCLC cell lines. As both MAL-I
and MAA are specific for Neu5Aco2,3Galp1,4GlcNAc/Glc,
the biotinylated MAL-I was used as a probe for the in vitro
experiments. Using a glycoproteomic approach based
on 2D-PAGE followed by MAL-I-overlay transblotting,
several MAL-I interacting proteins of both the NSCLC cell
lines were detected. Nine proteins were identified using a
Mascot search following MALDI-TOF-tandem mass spec-
trometric (MS/MS) analysis. All these proteins are known
to be related with cancer of different origins.
Endoplasmin (HSP90B1) is a glycoprotein (also
known as GRP 94), which is known to be located in the
endoplasmic reticulum (ER) of cells (Morales et al., 2009;
Marzec et al., 2012). Overexpression of endoplasmin in
human lung cancer tissues was found to be related to the
differentiation and progression of cancer (Wang et al.,
2005). High expression of HSP90B1 in breast cancer
tissues was shown to be associated with metastasis and
decreased survival (Cawthorn et al., 2012). Hou et al.
(2015) observed that high expression of plasma mem-
brane endoplasmin could enhance the invasion and
metastatic potential of liver cancer. Actin, cytoplasmic

1, a cytoskeletal glycoprotein was found to be overex-
pressed in the tissue biopsies of cervical cancer and
NSCLC patients (Linxweiler et al., 2014). The abnormal
expression and polymerization of this protein and the
resulting changes in the cytoskeleton were correlated
to the invasiveness and metastasis of cancer (Izdebska
et al., 2018). Tubulin alpha 1A is a cytoskeletal protein,
found to be localized in the cytoplasm. Expression of this
protein was shown to be associated with rectal cancer
development (Giarnieri et al., 2005). Protein disulfide
isomerase A6 is an enzyme in the ER. Studies have shown
that expression of this enzyme on the cell surface could
be related to the invasive properties of malignant glioma
(Goplen et al., 2006). It has been reported that protein
disulfide isomerase A6 could mediate resistance to cis-
platin-induced cell death in lung adenocarcinoma (Tufo
et al., 2014). Glucose regulated protein 78 (GRP78) has
been found to be present in ER, plasma membrane, cyto-
plasm, mitochondria, nucleus as well as cellular secre-
tions. The presence of this protein on the cell surface
led to increased proliferation and migration in breast
cancer (Yao et al., 2015). Overexpression of this protein
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Figure 6: Functional role of mMHSP60 in NSCLC cell lines.
Inhibition of (A) MAL-l induced morphological alteration, (B) proliferation and (C) migration of A549 and NCI-H520 cell lines in presence of
HSP60-antibody (Ab). Original magnification is 100 x; white scale bars represent 400 um.

was observed in lung cancer, pancreatic cancer and colon  to be over-expressed in the case of pancreatic cancer (Sun
cancer that makes this protein an attractive candidate to et al., 2017). Furthermore, an increased expression of this
be used for prognostic implications (Patel et al., 2008). protein was shown to be responsible for proliferation
Alpha enolase is a crucial glycolytic enzyme, it was found and metastasis in the case of NSCLC (Linxweiler et al.,
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2014). Prohibitin (PHB) is an evolutionarily conserved
pleiotropic protein, located on the cell membrane, inner
mitochondrial membrane and nucleus (Xu et al., 2019).
High expression of PHB was observed in various cancers,
including NSCLC, pancreatic ductal adenocarcinoma and
gallbladder cancer (Luan et al., 2014; Zhu et al., 2015;
Cao et al., 2016). This protein was found to be involved
in the proliferation and dedifferentiation of tumor cells
in the case of neuroblastoma (MacArthur et al., 2019).
Heat shock cognate 71 (HSC71) kDa protein is known to be
expressed in cytoplasm, the endomembrane system and
the nucleus. Matsuda et al. (2015) reported that stemness,
cell growth and invasion in glioblastoma cells could be
regulated by nestin through the alteration of HSC71. Over-
expression of this protein was noted in the case of liver
cancer and lung cancer (Takashima et al., 2003; Linx-
weiler et al., 2014). HSP60, the mammalian molecular
chaperone, has a crucial role in protein homeostasis via
regulating protein folding and assembly (Okamoto et al.,
2017). The level of HSP60 was found to be increased in
ovarian cancer, androgen-independent locally advanced
prostate cancer and lung cancer, in which its presence
was detected intracellularly, pericellularly and also in
circulation (Castilla et al., 2010; Bodzek et al., 2014;
Agababaoglu et al., 2017). Cytosolic HSP60 was shown
to have a prognostic association with cervical cancer and
colorectal cancer (Cappello et al., 2009; Hwang et al.,
2009). The diagnostic and prognostic potential of over-
expressed HSP60 was suggested in ovarian, liver, gastric,
head and neck and breast cancers (Desmetz et al., 2008;
Giaginis et al., 2009; Tsai et al., 2009; Abdalla et al., 2012;
Hjerpe et al., 2013). Further, the presence of a high level
of serum HSP60 antibodies has been shown to be appre-
ciably associated with the tumor grade of the patients
with breast carcinoma (Hamrita et al., 2008). HSP60 was
shown to play a vital role in transformation, angiogen-
esis and metastasis of tumor cells involving the activation
of an anti-apoptotic pathway (Wu et al., 2017). Tsai et al.
(2009) reported that the activation of B-catenin due to
overexpression of HSP60 might indicate a strong propen-
sity towards the tumorigenesis and metastasis in certain
tumors. The mechanism underlying the export of HSP60
to the extracellular space and the circulation involves
the participation of exosomes, lipid rafts and the classi-
cal ER/Golgi protein secretory pathway (Merendino et al.,
2010). The presence of HSP60, detected on the surface of
Chinese hamster ovary cells, Daudi Burkitt’s lymphoma
cells and aortic endothelial cells raised the possibility
that this chaperonin might also serve as a receptor (Khan
et al., 1998). Kamath et al. (2015) suggested the prob-
able involvement of HSP60, induced by EGFR mutants
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in lung tumor progression. Furthermore, the pro-sur-
vival and pro-proliferative activity of HSP60 was noted
in neuroblastoma cells (Chaiwatanasirikul and Sala,
2011). However, the role of membrane associated HSP60
(mHSP60) in cancers, including lung cancer has not been
reported to date.

The presence of HSP60 was reported in the plasma
membrane fraction of human lung adenocarcinoma cells
and human lung mucoepidermoid cells but not in the
normal human bronchial epithelial cells (Campanella
et al., 2012). In this study, we have also found the pres-
ence of mHSP60 in the case of the lung squamous cell
carcinoma cell line (NCI-H520) along with the adenocar-
cinoma cell line (A549). We have observed reduced reac-
tivity of MAL-I with mHSP60 on the transblots following
O-glycanase as well as N-glycanase treatment, which
clearly indicated the presence of both O-and N-linked
oligosaccharides in this protein. HSP60 was also found
to be post-translationally modified by N-glycosylation
in human fibrosarcoma tumor cells. It was proposed
that HSP60 might be transported through the ER/Golgi
protein secretory pathway in malignant cells, where it
could acquire N-glycans and thus could affect the immu-
nological properties of the proteins in the tumor microen-
vironment (Hayoun et al., 2012). Our observation was in
agreement with the in silico prediction of the potentially
glycosylated sites in HSP-60 protein sequence using
GlycoEP software (Chauhan et al., 2013), which revealed
the presence of three N-linked glycosylation sites at posi-
tion 103, 230 and 426 (confidence score >0.5) as well as
seven O-linked glycosylation sites at positions 6, 54, 74,
113, 115, 117 and 547 (confidence score > 0.1).

Binding of lectin to the glycoprotein in the presence of
specific inhibitor, is a method that has widely been used to
confirm the specific glycan-mediated binding of the lectin
(Cummings et al., 2015). In the present study, inhibition of
reactivity of MAL-I with mHSP60 on transblots in the pres-
ence of GM2 [an inhibitor of MAA (Kapoor etal.,2008)/MAL-],
clearly indicated the presence of Neu5Aco2,3Galp1,4GlcNAc/
Glc in the oligosaccharide portion of mHSP60. We have used
commercially available neuraminidase (Sigma-Aldrich,
St. Louis, MO, USA), isolated from Clostridium perfringens,
which is known to hydrolyze terminal N-acetyl-neuraminic
acid (sialic acid) residues which are 02,3-, 02,6- or 02,8-
linked (rate of hydrolysis: 02,3>02,6=02,8) in the oligo-
saccharides of various glycoproteins. Thus, the reduced
reactivity of MAL-I with mHSP60 after neuraminidase treat-
ment confirmed the presence of 02, 3-linked sialic acid in the
oligosaccharide portion of this glycoprotein.

To substantiate our finding regarding the sialogly-
coprotein nature of mHSP60, the localization of this
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glycoprotein along with their sialylation status in both
subtypes of NSCLC cell lines was assessed under confo-
cal microscope by fluorescence-based dual staining,
using specific antibody against HSP60 and biotinylated
MAL-I as the primary probes. A similar strategy was used
by Rambaruth et al. (2012) to prove the glycan specific
binding of Helix pomatia agglutinin (HPA) to integrin a6.
Our findings have revealed the distribution of a2, 3 linked
sialic acid containing HSP60 mainly on the membrane of
both the cell lines, which was more prominent in the case
of NCI-H520 cells. Our observations were further validated
by immunohistochemical analysis of the adenocarcinoma
and squamous cell carcinoma tissue sections, which
showed prominent membrane positivity in the presence
of HSP60-antibody and the extent of immunoreactivity
in the case of adenocarcinoma tissue sections was more
in comparison to the squamous cell carcinoma tissue
sections.

Previously, we reported that MAA could induce dis-
tinct morphological changes as well as apoptosis in
NSCLC cell lines (Mehta et al., 2013). As HSP60 is a MAA/
MAL-I interacting membrane sialoglycoprotein of NSCLC
cells and the antibody against HSP60 could appreciably
inhibit MAL-I-induced morphological alteration in two
major subtypes of NSCLC cell lines, as the antibody-
binding site and MAL-I binding site in mHSP60 may be
overlapping. Uncontrolled proliferation is one of the char-
acteristics of cancer cells and the role of aberrant sialyla-
tion in the proliferation of cancer cells is well-established
(Ma et al., 2016). The findings of our present study have
clearly revealed the involvement of sialylated mHSP60 in
the proliferation of both the subtypes of NSCLC cell lines,
as the specific antibody against HSP60 could significantly
inhibit the proliferation of these cells. The metastatic
cascade is a complex process, comprising the movement
of tumor cells away from the primary site of the tumor,
their invasion into the bloodstream or lymphatic system,
passage via-circulation, evasion at secondary tissues site
and the formation of distant metastatic tumor colonies
(van Zijl et al., 2011). It was observed that sialylation has
significant impact on the functionality of integrins and
ECM protein (e.g. fibronectin) involved in cell migration
(Schultz et al., 2012). Thus, in this study the functional
role of sialylated mHSP60 was assessed in view of migra-
tion of both subtypes of NSCLC cell lines. Our findings
clearly indicated the involvement of sialylated mHSP60
in the migration of both the NSCLC cell lines, as this
process could be inhibited in the presence of HSP60-anti-
body. In this context, it can be mentioned that annexin-II
and HSP60 have been reported as the important future
biomarkers for NSCLC, which may have a decisive role
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in assessment of metastatic potential, response to cure
and in the establishment of differential diagnosis for
adenocarcinoma and squamous cell carcinoma patients
(Agababaoglu et al., 2017).

Taken together, our findings have suggested that
02,3 sialylated HSP60 may be a disease associated
membrane-sialoglycoprotein in the case of NSCLC. As,
sialylation and the progression of cancer is a correlated
fact, it is possible that 02,3 sialylation might mediate the
conformational alteration of mHSP60, involved in the
proliferation and migration of the two major subtypes of
NSCLC cell lines, indicating a probable role of sialylated
mHSP60 in the disease process. All these findings have
suggested the potential of the sialylated mHSP60 to be
used as a target for the development of clinically useful
strategies of better diagnostic and therapeutic potential
for NSCLC.

Material and methods
Cell lines

A549 and NCI-H520 (Human NSCLC cell lines), obtained from NCCS
(Pune, India), were propagated in RPMI 1640 medium supplemented
with 10 mm HEPES (pH 7.4)/L-glutamine (2 mm)/sodium bicarbonate
(1.5g/1)/glucose(4.5 g/1)/sodium pyruvate (1 mm)/penicillin (50 U/ml)
/streptomycin (50 ug/ml)/10% fetal bovine serum (FBS) (Thermo
Fisher Scientific, Waltham, MA, USA).

Detection of MAL-Il interacting membrane proteins of
NSCLC cell lines

The membrane proteins of the two subtypes of NSCLC cell lines were
isolated (Adamo et al., 1992) and the proteins were estimated using
an RC-DC Kit (Bio-Rad, Hercules, CA, USA). The reactivity of MAL-I
with the membrane fractions of each NSCLC cell line was assessed by
a lectin overlay enzyme-linked assay using biotinylated MAL-I (Vec-
tor laboratory, Burlingame, CA, USA) as the primary probe. Briefly, a
96-well flat-bottomed enzyme immunoassay plate (Nunc, Roskilde,
Denmark) was coated overnight with membrane fraction (protein
content: 50 pg/ml) of each cell type in 50 mm carbonate/bicarbonate
buffer (pH 9.6). Each well was washed with Tris-buffered saline (TBS)
[20 mm TRIS hydrochloride (Tris/HCl) (pH 7.2)/150 mm sodium chlo-
ride (NaCl)] and treated (37°C, 2 h) with TBS 0.1% Tween 20 (TBSTO.S%)
[125 mm Tris/HCI (pH 7.5)/150 mM NaCl/0.5%Tween-20] to block the
residual binding sites. Subsequently, each well of the plate was incu-
bated (37°C, 2 h) with biotinylated MAL-I (2.5 ug/ml), washed with
TBST, 40, and treated (37°C, 1 h) with Streptavidin-Horse Radish
Peroxidase (HRP) (1:5000; S911; Thermo Fisher Scientific, Waltham,
MA, USA). After washing, the color was developed with 0.05% ortho-
phenylenediamine in 0.15 M citrate/phosphate buffer (pH 5.0)/1 ul/
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ml hydrogen peroxide. The reaction was stopped by the addition of
2 N sulfuric acid (H,SO,) to each well and quantitated in an enzyme-
linked immunosorbent assay (ELISA) reader (Bio-Rad, Hercules, CA,
USA) at 490 nm. Cells without biotinylated MAL-I (controls) were run
in parallel.

MAL-I interacting membrane proteins of the cells were detected
in lectin overlay transblots following 2D-PAGE (O’Farrell, 1975) of the
membrane proteins isolated by the method of Adamo et al. (1992) as
well as by using Mem-PER™ kit (Pierce, Rockford, IL, USA) as per the
manufacturer’s instructions. Briefly, after electrophoretic transfer of
the proteins (Towbin et al., 1979) to the nitrocellulose membranes
(GE Healthcare, Chicago, IL, USA), the membranes were placed in
TBST,,, overnight at 4°C, washed and incubated (37°C, 2 h) with
biotinylated MAL-I (1.3 pug/ml). After washing, the membranes were
treated with Streptavidin-HRP (1:15 000; 37°C, 1 h). Finally, the mem-
branes containing protein spots were developed using Super Signal®
West Pico Chemiluminiscence Substrate (Thermo Fisher Scientific,
Waltham, MA, USA) and photographed in Fluor-Chem M system (Pro-
tein Simple, San Jose, CA, USA). The M, and the pI of the proteins of
interest (Figure 2B) were determined from the plot of relative electro-
phoretic mobility (R,) of the markers against their respective molecu-
lar weight and the plot of pI of the markers against their respective
distance from the anode, respectively.

Identification of the proteins

MAL-I interacting membrane proteins of NSCLC cells were identi-
fied by MALDI-TOF-MS analysis (Shevchenko et al., 1996). Briefly,
membrane proteins of each cell line were subjected to 2D-PAGE.
After staining the gels with a MALDI compatible silver staining kit
(Sigma-Aldrich, St. Louis, MO, USA), each gel slice containing the
stained MAL-I interacting protein spot was destained and washed.
This was followed by dehydration with acetonitrile and digestion
with trypsin [Trypsin Singles, Proteomics Grade (Sigma-Aldrich,
St. Louis, MO, USA); 20 ul (20 pug/ml as per manufacturer’s instruc-
tions)], incubated at 37°C in a water bath overnight. After centrifu-
gation, the supernatant containing peptides was collected and 0.1%
trifluoroacetic acid (TFA) was added to each sample. Subsequently,
each supernatant (1 pl) was mixed with 1 pl of the matrix solution
[o-Cyano-4-hydroxycinnamic acid (Bruker Daltonics, Billerica,
MA, USA), 10 mg/ml prepared in 50% acetonitrile (ACN)/0.1% TFA
(aqueous)] and spotted (1 ul) separately on the grids of ground
steel target plate (600/384F, Bruker Daltonics, Billerica, MA, USA)
following the dried-droplet method (Kumarathasan et al., 2005).
For the best possible calibration and mass accuracy enhancement
a Peptide Calibration Standard II (Bruker Daltonics, Billerica, MA,
USA) with the matrix solution was spotted adjacent to the samples.
The PMF of each in-gel digested sample was obtained using MALDI-
TOF-MS (Bruker Daltonics, Billerica, MA, USA) and matched against
the MSDB database (Matrix Sciences) to identify MAL-I interacting
membrane proteins. The identification of the selected protein was
further substantiated by MS/MS analysis.

Confirmation of the identified protein

Western immunoblotting of membrane proteins of each cell line
was performed to confirm the presence of the identified protein
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of interest, using the commercially available specific antibody
against the selected identified protein as the primary probe.
Briefly, after transferring the proteins (Towbin et al., 1979) to
Hybond-ECL membranes following SDS-PAGE (Laemmli, 1970), the
membranes were incubated in TBS containing 5% skimmed milk
(SM,,,-TBS) for 2 h at 37°C and treated with the primary antibody (at
a required dilution). After washing, membranes were incubated in
HRP-conjugated secondary antibody (at a required dilution). The
membranes were washed and the protein bands on the membranes
were developed with enhanced chemiluminiscence as mentioned
earlier.

Characterization of the identified protein

The reactivity of the membrane protein with MAL-I was assessed in
a lectin overlay transblot using biotinylated MAL-I (primary probe),
as mentioned earlier. To check the carbohydrate specific interaction
of MAL-I with the identified protein, MAL-I overlay transblotting was
done in the presence of the specific inhibitor of the lectin. Briefly,
after transferring the membrane proteins, the ECL-membranes were
placed in TBST ,, overnight at 4°C, washed and treated with bioti-
nylated MAL-I (1.3 ug/ml), pre-incubated (37°C for 3 h) with GM,
[0.4 ug/ml (Sigma-Aldrich, St. Louis, MO, USA); a specific inhibi-
tor of MAA (Kapoor et al., 2008)/MAL-1. After washing, membranes
were treated with streptavidin-HRP (1:15 000; 37°C, 1 h). Finally, the
protein was developed as mentioned earlier. Characterization of
the identified protein was also done by enzymatic deglycosylation
(Hino et al., 2003) using Neuraminidase (Sigma-Aldrich, St. Louis,
MO, USA), O-glycanase and N-glycanase (Boehringer Mannheim,
USA) separately followed by its interaction with MAL-I. For this, the
membrane proteins were transferred to nitrocellulose membranes
following SDS-PAGE. Proteins on the trans-blots were treated with
Neuraminidase (2 U/ml) in 10 mm TBS (pH 6.5). For O- and N-gly-
canase treatment, the proteins on the membranes were incubated
(24 h, 37°C) with O-glycanase (10 mU/ml) and N-glycanase (5 mU/
ml) separately in 66 mm sodium acetate buffer (pH 5.0)/1.3 mm
CaCl,. Subsequently, the protein band was developed using bioti-
nylated MAL-I as the primary probe and the intensity of the band
was analyzed using Image] software (National Institutes of Health,
Bethesda, MD, USA).

Further, MAL-I reactivity and thus the sialoglycoprotein nature of
the identified membrane protein on the two major subtypes of NSCLC
cell lines was assessed by fluorescence-based dual staining. Briefly, the
cells (7x10%) grown on cover slips in 24-well plates (500 ul medium/
well) were washed 3 times in PBS followed by fixation for 20 min in
4% paraformaldehyde in PBS. The residual binding sites were blocked
by 1% desialylated-BSA (prepared by incubation of 1% BSA solution
in 50 mM H,SO, at 80°C for 2 h followed by dialysis against distilled
water) at 37°C for 1 h in a moistened chamber. Cells were kept overnight
at 4°C with antibody (at a required dilution) against the identified pro-
tein. After washing, the cells were incubated with biotinylated MAL-I
(2.5 pg/ml) at 37°C for 3 h. After washing, FITC-labeled secondary
antibody (at a required dilution) and Texas-Red labeled-Streptavidin
(1:100; RPN1233V, Amersham Biosciences, UK) were added simulta-
neously. Following incubation (2 h, 37°C), the cells were washed and
stained with diamidino-2-phenylindole (DAPI, 0.1%) for 2-3 min. After
extensive washing, the cover slips with the stained cells were kept on
slides with glycerol for proper mounting and the cells were observed
under confocal microscope (Olympus-1X81, Fluoview).
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Validation of the identified protein on the tissue samples

Immunohistochemical analysis was done to assess the presence of
the identified protein in the tissue sections of biopsy samples from
NSCLC patients [adenocarcinoma patients (n=8), squamous cell car-
cinoma patients (n=6)] and adjacent normal lung biopsy samples,
obtained from the Department of Histopathology (PGIMER, Chandi-
garh, India). Sections (4 um) obtained from each biopsy sample were
taken on coated slides (poly-L-lysine). Then, the sections were depar-
affinized in xylene, hydrated with a series of graded ethanol and
kept in tri-sodium citrate buffer (pH 6.0) for antigen retrieval. Subse-
quently, for removal of endogenous peroxidase, sections were incu-
bated in 0.3% H,0,/methanol for 20 min, followed by the addition of
the antibody (at a required dilution) against the identified protein.
Further, the sections were washed with PBS and incubated in HRP
conjugated secondary antibody (at a required dilution). Finally, the
sections were developed with 0.05% 3,3’-diaminobenzidine tetrahy-
drochloride/1 pul/ml H,0, and stained with hematoxylin. The H-score
analysis was done using GraphPad Prism 6.0.

Functional characterization of the identified protein

Morphological alteration

The role of the identified protein on MAL-I induced morphological
alteration of the two major subtypes of NSCLC cell lines was assessed.
Briefly, cells (5x10%/500 ul media/well) were seeded in 24-well cell
culture plates (Greiner Bio-One, Germany) at 37°C and grown up to
70-80% confluency. Furthermore, cells were treated with MAL-I (0.5
ug/ml and 1 ug/ml in case of NCI-H520 and A549 cells, respectively)
in the absence and presence of the antibody (at a required dilution)
against the identified protein for 24 h at 37°C. The morphological
changes in the cells were observed under an inverted microscope.

Cell proliferation assay

Cell proliferation assay was done using the method of Mos-
mann (1983). Briefly, 5x10° cells were inoculated in 200 ul RPMI
1640 media/10% FBS into the wells of 96-well plates (Greiner Bio-
One, Germany) and incubated until 85-90% confluency at 37°C.
After washing, the cells were cultured for 48 h in RPMI 1640 media/
FBS (0.2%) with and without the antibody (at a required dilution)
the against the identified protein. This was followed by the addi-
tion of 10 ul of MTT (5 mg/ml, Sigma-Aldrich, St. Louis, MO, USA) to
each well 4 h before the completion of the incubation period. After
removal of the medium, DMSO (100 ul) was added to dissolve the
formazan crystals formed by the viable cells in each well. The optical
density of each well was noted at 570 nm in Multimode Microplate
Reader (Infinite M200 PRO Tecan Life Science, Switzerland).

Cell migration assay

The method of Cai et al. (2010) was followed to assess the role of
the identified protein on migration of NSCLC cells. Briefly, the cells
(5x10%/500 ul media/well) were seeded into the wells of the 24-well
plates and incubated at 37°C till 85-90% confluency. A scratch was
made through the confluent monolayer using a sterile tip (P200
pipette tip). The cells were washed and cultured in RPMI 1640 media/
FBS (0.2%) in the absence and presence of the antibody (at a required
dilution) against the identified protein. The cells were incubated for
different time intervals to assess cell migration. The images of the cells
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that migrated into the scratched area of the wells were captured at
12-h interval under an inverted microscope. Markings were created to
obtain the same field during the image acquisition. Analysis was per-
formed using T-scratch [CSE Lab, Zurich; Geback et al. (2009)] software
to calculate the percentage of the area filled at different time intervals.
Each set of the experiment was performed twice in triplicates.

Statistical analysis
Data were analyzed by using analysis of variance (ANOVA) and an
unpaired ‘t’ test as per need.
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