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AćĘęėĆĈę

Incidence of breast cancer in the age group of 30 to 50 is increasing at an
alarming rate globally. Moreover, existing treatments are either marginally
effective or resistance developed, hence development of safe and potent phar-
macological agents is immediately required. However, establishment of a dis-
ease progression marker for early detection, development of safe and effec-
tive treatment agents requires identiϐication of key proteins that are exclu-
sively expressed in advanced malignant breast tumors. 2-Dimensional gel
electrophoresis (2-DGE) is one of the early methods used for the identiϐica-
tion of deregulated proteins in cancers. Therefore, the proteins of benign and
malignant tumors as well as breast cancer cell lines MCF-7, SKBR-3 and MDA-
MB-468, were subjected to 2-DGE and relative expression calculated. Analy-
sis of the data showed a signiϐicant increase in the intensity of 7 protein spots
compared to malignant tissues and benign ones. Further, comparison of cell
line proteins with tissue lysates revealed that SKBR-3 is much closer to malig-
nant tumors, hence, may be considered for screening drug targets as well as
for evaluating the efϐicacy of pharmacological agents. In conclusion, our 2-
DGE identiϐied key differences and similarities in the expression of proteins
between breast cancer cell lines, benign and malignant tissues.
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INTRODUCTION

Breast cancer is one of the leading causes of can-
cer related deaths in women (DeSantis et al., 2019).
The incidence of breast cancer has increased sig-
niϐicantly in the past 50years, with 1.7 million
new cases being added to the existing pool every
year (Dey et al., 2016). According to the 2018 report
by the World Health Organization (WHO), breast
cancer accounts for about 11.2 % of the total female
cancers (Bray et al., 2018; Martín-Sánchez et al.,
2018). Although breast cancer is more prevalent
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in women (1 in 8 women), it is also seen in men
(1 in 1000) (Arem et al., 2015). In India, 155,000
women were diagnosed with breast cancer (Ran-
garajan et al., 2016; Madhav et al., 2018). The more
alarming fact is that, in the year 2012, India had
the highest number of deaths (70,218 deaths) due
to breast cancer compared with any other coun-
tries (Donepudi et al., 2014). Analysis of recent
statistics has revealed that the incidence and mor-
tality rates of breast cancers are >20% and 14%
respectively, with more incidence rates in the devel-
oped countries, while mortality rates are signiϐi-
cantly high in the less developed countries (Youlden
et al., 2014; Ghoncheh et al., 2016).

Lack of facilities for early detection, the advent of
quadruple negative breast cancer types, and poor
access to various treatment methods are the major
contributors to increased mortality rates in devel-
oping countries (Angajala et al., 2019). Although
existing therapies are efϐicient, a number of draw-
backs and side effects were reported. For example,
chemotherapy and radiation treatment are not tar-
get speciϐic. Hence, they damage the normal cells
and cause systemic toxicity (Bhatt et al., 2010; Nur-
gali et al., 2018). For some breast cancers such as
TNBCs, no selective treatment agents exist as they
lack any hormone receptors. Moreover, recent stud-
ies have reported the development of resistance to
chemotherapeutic agents (Moiseenko et al., 2017;
Marquette and Nabell, 2012). Therefore, a search to
identify selective therapeutic targets still continues.
Proteomics is one tool to identify deregulated pro-
teins in cancers (Shruthi et al., 2016; Hanash et al.,
2012; Shukla, 2017)

While the identiϐication of early detection mark-
ers and therapeutic targets using tissue samples
helps in clinical diagnosis and treatment decisions,
it is not known whether a similar pattern of pro-
tein expression is also observed in established cell
lines representing benign and metastatic breast
tumors. This information is key as the cell lines, but
not tissues, are widely used in drug discovery and
development research (Malorni et al., 2006; Valle
et al., 2011). However, it is not currently known,
which among these cell lines better represent breast
cancer tumors (Xu et al., 2010; Dai et al., 2017).
Addressing this, a recent study ϐirst measured and
compared the expression of proteins among the
breast cancer cell lines T47D and MCF7 (Aka and
Lin, 2012). Analysis of the data showed upregu-
lation of (a) cell growth-stimulating G1/S-speciϐic
cyclin-D3 and prohibitin; (b) anti-apoptotic and car-
cinogenic proteins in T47D compared to MCF7 (Aka
and Lin, 2012). However, proteins involved in tran-
scription repression and apoptosis regulation such

as NF-X1, nitrilase homolog 2, and interleukin-10
reported to be heavily expressed inMCF7 compared
to T47D (Aka and Lin, 2012; Mooney et al., 2002).
Hence, cell lines widely vary in terms of their pro-
teome (Geiger et al., 2012). Knowing the expression
of proteins of cell lines is essential as the majority
of drug screening and target identiϐication experi-
ments are being carried out using cell lines. In addi-
tion, it is also important to identify the cell line that
better represents the malignant and benign tissues.
Therefore, in this present investigation, an attempt
is made to isolate and compare proteins from cell
lines widely used in breast cancer research with the
proteins collected from breast carcinoma tumors
using 2-dimensional gel electrophoresis.

MATERIALS ANDMETHODS

Cell lines
MCF7 (ER+, PR+, HER2-), SKBR3 (ER-, PR-, HER2+),
MDA-MB-468 (ER-, PR-, and HER2 +/-), cells lines
were procured fromNational Center for Cell Science,
Pune, Maharashtra, India.

Benign and Malignant Tissues
Biopsies from benign and malignant tumors were
collected from patients after receiving the approval
from the Institutional Ethics Committee of JSSMedi-
cal College (Approval # JSSMC/IEC/14/1991/2017-
18, Dated 05.06.2017), JSS Academy of Higher Edu-
cation & Research, Mysuru, Karnataka, India

Reagents
Dulbecco’s Modiϐied Eagle’s Media (DMEM), Fetal
Bovine Serum (FBS), Glutamax, Dulbecco’s Phos-
phate Buffered Saline (DPBS), Trypsin-EDTA
(0.25%), Pen-Strep, reagents were from Thermo
Fisher Scientiϐic, Waltham, MA, USA. All cell cul-
ture plastics were from Techno Plastic Products
(TPP) Pvt Ltd, Bengaluru, Karnataka, India. Tris
HCl, sodium dodecyl sulfate (SDS), Bromophenol
blue, Dithiothreitol (DTT), Glycine, Urea, Thiourea,
CHAPS, Methanol, Acetic acid, Coomassie brilliant
blue R-250 were from Sisco Research Laboratories
Pvt. Ltd. Mumbai, Maharashtra, India.

IPG strips (Nonlinear pH: 3-10, Length: 11cms) and
IPG buffer were from Bio-Rad Laboratories India
Pvt. Ltd., EMAAR Digital Greens, Haryana, India.

5X running buffer (pH-8.3)was prepared by dissolv-
ing 0.18M Tris base and 1.44M Glycine and 0.75%
SDS

Rehydration buffer was prepared by 8M urea, 1M
Thiourea, 2% CHAPS, 15mM DTT, 2% IPG buffer,
traces of Bromophenol Blue (0.005%).

Equilibrium buffer was prepared by ϐirst making
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1. Equilibrium solution 1: 6M Urea, 50mM Tris
pH6.8, 30% Glycerol, 4% SDS, 20mM DTT

2. Equilibrium solution 2: 6M Urea, 50mM Tris
pH6.8, 30% Glycerol, 4% SDS, 4.5% Iodoac-
etamide

The staining solution was made by dissolving 20%
Acetic acid, 40% Methanol, and 0.2% Coomassie
brilliant blue R-250.

The distaining solutionwas prepared by 20%Acetic
acid and 20%Methanol.

Resolving gel (12%) for 2D-SDS-PAGEwas prepared
bymixing 15.0mL of 1.5M Tris HCl (pH-8.8), 24.0mL
30% acrylamide, 3.0mL 1.5% ammonium persul-
fate, 0.6mL 10% sodium dodecyl sulfate, 0.03mL
TEMED followed by adding 17.37mL water (Final
volume of the mixture is 60.0mL)

Collection of breast cancer tissues
First, Institutional Ethics Committee approval for
collecting tumor samples from patients suffering
from breast cancer (who had visited JSS Hospital
and referred for a pathological examination) was
obtained (JSSMC/IEC/1991/2017-2018, dated 5th
June 2017) to conduct this study. Next, the consent
for using the tumor tissues for research purposes
was obtained from each patient. The tumor tissue
was washed with PBS and processed for whole-cell
protein lysate isolation.

Preparation of whole-cell lysates
First, homogenization of the cells and tissues was
carried out by freeze-thawing method or by grind-
ing the samples using liquid nitrogen, respectively.
Next, 0.5ml lysis buffer was added to the homoge-
nized samples, and the sonication carried out by fol-
lowing a 3sec ON and 5sec OFF cycle (for 10 times).
Samples were centrifuged at 14500rpm for 1hr at
4oC and to the supernatant 20µl, DNase (1mg/ml
DNase I in a buffer, which contains Sodium chloride,
Magnesium chloride and Glycerol) was added to ini-
tiate the degradation of DNA. The reaction was car-
ried out for about 3.0h at 4oC.

Estimation of total protein by BCA
Total protein in the tissue and cell lysates was
estimated using a BCA kit from Pierce (Thermo
Fisher Scientiϐic, Rockford, IL). Experimentally, a
microplate procedure designed to estimate pro-
tein content in the 96-well plate, was followed as
detailed by Smith. et al. (Smith et al., 1985). First,
10µL of each standard (ranging from 125µg/ml to
2,000µg/ml) or samplewas added into amicroplate
well. Next, a 200µL reagent mixture (A and B solu-
tions mixed in 1:50 ratio) was added and incubated

at 37◦C for 30.0minutes. Absorbance was mea-
sured at 562nm using a multimode plate reader
from Perkin Elmer. A standard graph was plotted
and the concentration of samples estimated.

2-Dimensional Gel Electrophoresis

Iso-electric focusing: In isoelectric focusing, the sep-
aration of proteins occurs in the horizontal direction
based on pI values of the protein (1-12). The net
charge of the protein depends on the pH of the local
environment. When the total protein was placed
in the medium with a linear pH gradient and sub-
jected to an electric ϐield. The proteins migrated
to the opposite electrode. During migration, the
protein gains or lose a proton and reaches a point
where it becomes uncharged (pI value) and stops. In
this way, the proteins condense or focus into sharp
bands in the pH gradient based on their PI values.
This process was carried out using commercially
available IPG strips

First dimension separation by Iso Electric
Focusing-Cup loading

1. Using the rehydration buffer, the IPG strips
were rehydrated. Necessary care was taken to
avoid air bubbles, which otherwise may hinder
the distribution of the protein sample in the IPG
strip.

2. The plastic strip was peeled and the IEF strip
placed on the focusing tray in such a way that
the gel side is facing down. The ”+” and pH
range were marked on the IPG strip legibly

3. After 1h of absorption of rehydration buffer,
mineral oil was overlaid on each of the IPG
strips to prevent evaporation.

4. The tray was covered with the plastic lid and
left on the leveled ground for about 11-16h for
rehydration of strip to occur.

5. The rehydrated IPG strip was removed and
excess mineral oil blotted.

6. The rehydrated strip was kept on the cup load-
ing tray with the gel side up.

7. Connected the electrodes and protein samples
loaded. Each sample was overlaid with mineral
oil.

8. Next, the tray was carefully placed on the
PROTEAN IEF platform, and the run was
carried out using a protocol as detailed:
500V–Rapid→30min; 8000V Slow→1hr;
8000V-Rapid→20000Vh; 500V-→Hold
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Next, inter dimension equilibration (equilibration
buffer-1 & 2) was carried out (to coat the proteins
with SDS) before separating the proteins by SDS-
PAGE (O’Farrell PH, 1975). Next, proteins were sep-
arated by SDS-PAGE in a vertical direction based on
the mass-to-charge ratio.

Second dimension separation by SDS-PAGE

SDS-PAGE was carried out using a resolving gel
(12%) followedbyplacing the IEF strip carefully and
sealing the strip with embedding gel. The marker
was loaded and the run carried out at 100V till the
tracker dye reaches the edge of the plate

Staining and de-staining of the gel

After the electrophoretic run, the gel was sepa-
rated and stained overnight using staining solu-
tion as detailed by (Bovilla et al., 2016). The
stained gels were destained using the destaining
solution, and images captured using GelDoc. The
captured images were analyzed using PDQuest soft-
ware (Bovilla et al., 2016).

RESULTS AND DISCUSSION

Analysis of cell lines and tissue protein lysates
using 2-Dimensional gel electrophoresis identi-
ϐied key protein expression signatures in breast
cancers

To identify the breast cancer cell line(s) that best
represents the tumor tissue, proteomes of 3 breast
cancer cell lines (MCF7, SKBR and MDA-MB-468), a
benign tumor and 3 malignant tumors were com-
pared using 2-dimensional gel electrophoresis. The
protein lysates were collected from exponentially
growing cells (cultured in T75 ϐlasks) as well as
tissues using lysis buffer (1mM Tris, 1mM PMSF,
pH 8.0) as detailed in materials and methods.
The protein concentration was estimated using the
BCA method and lysates subjected to 1D gel elec-
trophoresis to check the quality of isolated proteins.
Once the quality is conϐirmed (no degradation; data
not shown), 250µg total proteinwas subjected to 2D
gel electrophoresis.

2D Gel electrophoresis

After conϐirming the quality of protein prepara-
tion, the protein lysates (250µg) collected from cell
lines, benign and malignant tissues were subjected
for analysis using 2D gel electrophoresis using the
method described earlier. The data shown in Fig-
ure 1 indicate the presence of about 200 different
proteins in the pH range of 3 to 10 and the molecu-
lar mass range of 14-80kDa. Comparison of protein
spots among cell lines and tissues identiϐied (a) com-
mon proteins (169) as well as (b) unique proteins.

Comparative assessment of cell line Proteome
In order todetermine the cell line that closely resem-
bles the benign and or malignant tissue specimens,
ϐirst, cell lines representing carcinomas of breast
were analyzed by 2-dimensional electrophoresis
and the spots (based on position) compared. ER+ve,
PR+ve but HER2−ve (MCF-7) and ER−ve, PR−ve,
but HER2+ve (SKBR3), ER−ve, PR−ve and HER2−ve

(MDA-MB-468) cell lines were chosen for this study.

Comparison of protein spots based on fold change
differences identiϐied more similarities between
MCF7 and SKBR3 cell lines, despite differences in
their ER, PR and HER2 status (Figure 1 and Table 1).
For example, out of 169 proteins that are present in
MCF7 as well as in SKBR3 cell lines, 147 proteins
found <2 fold difference. However, only 125 pro-
teins showed <2 fold changewhen theMDA-MB-468
cell line was compared with SKBR3 (Table 1)

Comparison of these three cell lines with benign
and malignant tissues showed more similarities
between SKBR3 and the malignant tissues, indicat-
ing that SKBR3 might be a good representative cell
line to consider for in vitro cell-based assays (Fig-
ure 1 and Table 2). Between the two other cell lines,
MDA-MB-468 showed more similarities with malig-
nant tissue samples compared to MCF-7.

Analysis of the protein spots of cell lines and malig-
nant tissues compared to benign tissue proteins
showed that among the sevenup-regulatedproteins,
the spot numbers 7 (29.43fold to 54.39 fold), 29
(8.52 fold to 50.18 fold) and 62 (22.73 fold to 329.22
fold) showed maximum fold increase in metastatic
tumors (Figure 1 and Table 3). Hence, these pro-
teins may be considered to distinguish malignant
tissues from benign tissues. However, it is currently
unknown about the nature of these proteins. More-
over, it is also currently unknown whether a similar
expression pattern is observed with all the malig-
nant tissues. Therefore, further studies are war-
ranted.

Elucidation and analysis of the proteomes of breast
cancer cell lines and tissues are very key in devel-
oping effective markers as well as identifying key
therapeutic targets. The proteomic studies carried
out in breast cancer assisted in signiϐicantly improv-
ing tumor molecular proϐiling, grouping of patients,
diagnosis, screening and in the development of per-
sonalized therapeutics (Qin and Ling, 2012; Breuer
and Murph, 2011). For instance, a study con-
ducted on the post mitochondrial and cytosolic
polypeptides isolated from breast tumors and non-
malignant breast tissue demonstrated a general
increase in the polypeptide expression in malignant
tumors compared to normal tissues (Wirth et al.,
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Figure 1: 2D gel images of cell lines (B, C, D), benign (A) andmalignant tissues (E, F, G, H, I). Protein
spot numbers 7, 29, 41, 45, 57, 62 and 71 (marked with arrows) had shown elevated expression in
cell lines as well as malignant tissues when non-cancerous benign samples were considered as
reference.
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Table 1: Comparison of the number of proteins (spots) that have more than 2 fold variation in the
expression levels compared to (ref) reference cell line

MCF7 SKBR3 MDA-MB-468

MCF7 Ref 103 99
SKBR3 147 Ref 114
MDA-MB-468 144 125 Ref

Table 2: Comparison of the number of proteins (spots) with more than 2-fold variation in the
expression levels compared to the reference cell line

MCF-7 SKBR3 MDA-
MB-
468

Benign M1 M2 M3 M4 M5

MCF-7 ref 103 99 75 107 106 110 100 116
SKBR3 147 ref 114 88 122 122 143 107 146
MDA
MB 468

144 125 Ref 107 122 117 130 110 136

Benign 137 141 138 Ref 137 136 142 123 141
M1 155 135 126 137 Ref 127 148 110 139
M2 134 128 118 147 135 ref 133 120 145
M3 128 115 111 147 123 122 Ref 107 127
M4 133 132 127 135 133 132 151 ref 142
M5 126 118 101 141 115 115 116 95 Ref

Table 3: Comparison of the number of proteins (spots) that have more than 2 fold variation in the
expression levels compared to reference benign tissue
Spot
no

Benign MCF-7 SKBR3 MDA MB
468

M1 M2 M3 M4 M5

7 Ref 13.52 43.23 15.47 54.39 35.06 29.43 39.44 33.61
29 Ref 5.01 5.19 8.75 50.18 45.17 18.28 11.12 8.52
41 Ref 53.81 35.08 57.63 64.14 17.25 37.15 23.6 1.16
45 Ref 33.98 89.17 36.46 19.44 28.8 0.02 20.08 13.93
57 Ref 41.36 11.66 29.87 15.04 29.56 25.84 24.8 11.44
62 Ref 33.18 23.22 18.03 182.26 27.69 22.73 329.22 239.35
71 Ref 10.96 20.87 26.97 11.73 13.95 12.92 8.32 8.3

1987). More predominantly six polypeptides were
expressed only in tumors. Further analysis showed
the absence of a polypeptide in tumor tissues (Wirth
et al., 1987). Likewise, another study identiϐied
the overexpression of 22 polypeptides and down-
regulation of a single peptide in tumors compared to
normal breast tissues (Liang et al., 2010). Similarly,
a comparative study analyzing 123 primary breast
tumors and matched normal tissues identiϐied the
up-regulation of a novel protein C7or F24 (Gromov
et al., 2010). In our study, we found overexpres-
sion of 7 proteins in cell lines MCF-7, MDA-MB-468
and SKBR3 as well as in metastatic tumor tissues
compared to benign tissues. Among 7 proteins, pro-

tein spots 7, 29 and 62 are more speciϐically overex-
pressed in malignant tissues.

Recent proteomic studies of biopsy tissues using 2D
gels and Mass Spectrometry have also reported the
identiϐication of novel and speciϐic proteins (Guo
et al., 2013). For instance, in HER2 positive breast
cancers, proteins such as PGRMC1, G3BP, and
hnRNP, CK19, FASN, HSP27, PGK1, and GLO1 were
overexpressedwhile GRP78 andRKIP proteinswere
down-regulated (Gromov et al., 2014) . Likewise, a
recent study used a microtissue array (TMA) pro-
teomic approach to analyze 98 breast cancer tumors
and 20 healthy specimens. Analysis of this study
data revealed the overexpression of GLO1 in 79%
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of advanced tumors (Fonseca-Sanchez et al., 2012).
A separate study using MALDI-TOF showed that
HER2 positive cell line SKBR3 expressed various
proteins associated with glycolysis, lipid synthesis,
stress-related chaperonage, and antioxidant and
detoxiϐication pathways (Zhang et al., 2005). For
example, proteins such as AKR (36 kDa/7.7), P4HB
(57.5 kDa/4.76), Haptoglobin (45.9 kDa/6.13),
FASN (276 kDa/6.0), PGK1 (45.0 kDa/8.3), ENO1
(47.5 kDa/7.01), GLO (21.0 kDa/5.12), TPI (26.6
kDa/6.4), Hsp27 (22.8kDa/5.98) were upregulated
in SKBr3 cell line (Zhang et al., 2005). But, whether
these proteins are also expressed in tumors har-
vested from patients is not known. Addressing
these lacunae, data from our study demonstrated
the overexpression of 7 proteins predominantly in
malignant tissues. However, currently, these pro-
teins were not identiϐied, hence, require additional
studies

2D-PAGE is one of the gel-based proteomic studies
where the separation of proteins takes place orthog-
onally based on their isoelectric point andmolecular
weight (Rabilloud and Lelong, 2011). 2-DE was ϐirst
introduced by O’Farrell and Klose in 1975 (Rabil-
loud and Lelong, 2011). The identiϐication of spots
on 2D Gels was developed by Edman sequenc-
ing (Komatsu, 2007). Although this method of iden-
tiϐicationof proteins ismore labor-intensive and less
sensitive than the Mass Spectroscopy method, the
2D-PAGE remains the method of choice to analyze
complex tissue samples as well as biological ϐluid.
One of the signiϐicant advantages of 2D-PAGE is
the ability to visualize protein isoforms (Magdeldin
et al., 2014; Naryzhny, 2016). In addition, post-
translational modiϐications that alter protein char-
acteristics, including the protein charge and molec-
ular masses (the parameters that affect the position
of any given protein on a gel), can also be observed
in the 2D gel system. Technical innovations in 2D-
PAGE, such as the immobilized pH gradient gels,
the 2D difference electrophoresis (2D-DIGE) sys-
tem, multiple differential staining for phosphopro-
teins, glycoproteins and radioactive multiplex imag-
ing, have made 2D gel electrophoresis a very pow-
erful tool to analyze complex proteins. Therefore,
in this study, we have used 2D gel electrophoresis
to analyze the complex proteins of cell lines, benign
and malignant tissues.

PD Quest 2-D analysis software offers compre-
hensive and ϐlexible 2-D gel electrophoretic analy-
sis. Powerful auto-matching algorithms quickly and
accurately match gels with little or no manual inter-
vention. PD Quest software’s ϐlexible annotation
features make it a useful tool to establish a cen-
tralized information repository, which allows virtu-

ally any type of characterizing data to be linked to
each spot on a master gel image. It is easy to view
and share information associated with the identi-
ϐied protein. Key features of this software are that it
automatically detects the spots and matches them,
has sophisticated quantiϐication and statistical anal-
ysis tools and efϐicient spot cutting conϐigurations
for high accuracy, high throughput, and ϐlexibility
in protein identiϐication experiments. Hence, in this
study, we have used PDQuest software to analyze 2D
gels.

CONCLUSION

In conclusion, our study identiϐied protein spots that
are similar among breast cancer cell lines as well as
benign andmalignant tissues. In addition, our study
has detected exclusive protein spots expressed in
malignant tumors and cell lines compared to benign
tissue. In summary, the data presented in this study
provided key information pertaining to the relative
expression patterns of proteins in benign andmalig-
nant tissues in comparison with widely used breast
cancer cell lines.

Study limitations

1. Lack of normal breast cell line, and cell lines
representing triple-positive breast cancers

2. The over expressed proteins have not been
identiϐied in this study. Hence, future studies
should focus on identifying and characterizing
these proteins

3. Currently, only 5 metastatic breast tissues were
analyzed, but, analyzing more number of tis-
sues (at least 100) will provide more conϐident
data.

ACKNOWLEDGEMENT

Mr. Venugopal R. Bovilla andMr.Mahadevaswamy G.
Kuruburu, would like to thank the Indian Council of
Medical Research (ICMR), Government of India, for
the award of Senior Research Fellowships (SRF).

REFERENCES

Aka, J. A., Lin, S.-X. 2012. Comparison of Functional
Proteomic Analyses of Human Breast Cancer Cell
Lines T47D and MCF7. PLoS ONE, 7(2):e31532–
e31532.

Angajala, A., Mothershed, E., Davis, M. B., Tripathi,
S., He, Q., Bedi, D., Dean-Colomb, W., Yates, C.
2019. Quadruple Negative Breast Cancers (QNBC)
Demonstrate SubtypeConsistency amongPrimary

2300 © International Journal of Research in Pharmaceutical Sciences



Subbarao V. Madhunapantula et al., Int. J. Res. Pharm. Sci., 2020, 11(2), 2294-2302

and Recurrent or Metastatic Breast Cancer. Trans-
lational Oncology, 12(3):493–501.

Arem, H., Brinton, L. A., Moore, S. C., Gapstur, S. M.,
Habel, L. A., Johnson, K., Kolonel, L. N., McCormack,
V. A., Michels, K. B., Sesso, H. D., Ursin, G., Eeden, S.
K. V. D., Weiderpass, E., Cook, M. B., Matthews, C. E.
2015. Physical Activity and Risk of Male Breast
Cancer. Cancer Epidemiology Biomarkers & Preven-
tion, 24(12):1898–1901.

Bhatt, A. N., Mathur, R., Farooque, A., Verma, A.,
Dwarakanath, B. S. 2010. Cancer biomarkers - cur-
rent perspectives. Indian J Med Res, 132:129–149.

Bovilla, V. R., Padwal, M. K., Siripurapu, P., Basu, B.,
Mamillapalli, A. 2016. Developmental proteome
dynamics of silk glands in the 5th instar larval
stage of Bombyxmori L (CSR2×CSR4). Biochimica
et Biophysica Acta (BBA) - Proteins and Proteomics,
1864(7):860–868.

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L.,
Torre, L. A., Jemal, A. 2018. Global cancer statistics
2018: GLOBOCANestimates of incidence andmor-
tality worldwide for 36 cancers in 185 countries.
CA: A Cancer Journal for Clinicians, 68(6):394–424.

Breuer, E.-K. Y., Murph, M. M. 2011. The Role
of Proteomics in the Diagnosis and Treatment of
Women’s Cancers: Current Trends in Technology
and Future Opportunities. International Journal of
Proteomics, 2011:1–17.

Dai, X., Cheng, H., Bai, Z., Li, J. 2017. Breast
Cancer Cell Line Classiϐication and Its Relevance
with Breast Tumor Subtyping. Journal of Cancer,
8(16):3131–3141.

DeSantis, C. E., Ma, J., Gaudet, M. M., Newman, L. A.,
Miller, K. D., Sauer, A. G., Jemal, A., Siegel, R. L. 2019.
Breast cancer statistics, 2019. CA: A Cancer Journal
for Clinicians, 69(6):438–451.

Dey, S., Sharma, S., Mishra, A., Krishnan, S., Govil,
J., Dhillon, P. K. 2016. Breast Cancer Aware-
ness and Prevention Behavior among Women of
Delhi, India: Identifying Barriers to Early Detec-
tion. Breast Cancer, 10:147–156.

Donepudi, M. S., Kondapalli, K., Amos, S. J., Venkan-
teshan, P. 2014. Breast cancer statistics andmark-
ers. J Cancer Res Ther, 10(3):506–511.

Fonseca-Sanchez, M. A., Rodriguez Cuevas, S.,
Mendoza-Hernandez, G., Bautista-Pina, V.,
Arechaga Ocampo, E., Hidalgo Miranda, A., Quin-
tanar Jurado, V., Marchat, L. A., Alvarez-Sanchez,
E., Perez Plasencia, C., Lopez-Camarillo, C. 2012.
Breast cancer proteomics reveals a positive corre-
lation between glyoxalase 1 expression and high
tumor grade. International Journal of Oncology,
41(2):670–680.

Geiger, T., Wehner, A., Schaab, C., Cox, J., Mann, M.
2012. Comparative Proteomic Analysis of Eleven
Common Cell Lines Reveals Ubiquitous but Vary-
ing Expression of Most Proteins. Molecular & Cel-
lular Proteomics, 11(3).

Ghoncheh, M., Pournamdar, Z., Salehiniya, H. 2016.
Incidence and Mortality and Epidemiology of
Breast Cancer in the World. Asian Paciϔic Journal
of Cancer Prevention, 17(sup3):43–46.

Gromov, P., Gromova, I., Bunkenborg, J., Cabezon, T.,
Moreira, J. M., Timmermans-Wielenga, V., Roep-
storff, P., Rank, F., Celis, J. E. 2010. Up-regulated
Proteins in the Fluid Bathing the Tumour Cell
Microenvironment as Potential Serological Mark-
ers for Early Detection of Cancer of the Breast.
Molecular Oncology, 4(1):65–89.

Gromov, P., Moreira, J. M., Gromova, I. 2014. Pro-
teomic analysis of tissue samples in translational
breast cancer research. Expert Review of Pro-
teomics, 11(3):285–302.

Guo, S., Zou, J., Wang, G. 2013. Advances in the pro-
teomic discovery of novel therapeutic targets in
cancer. Drug Design, Development and Therapy,
7:1259–1271.

Hanash, S., Schliekelman, M., Zhang, Q., Taguchi, A.
2012. Integration of proteomics into systems biol-
ogy of cancer. Wiley Interdisciplinary Reviews: Sys-
tems Biology and Medicine, 4(4):327–337.

Komatsu, S. 2007. Edman sequencing of proteins
from 2D gels. Methods Mol Biol, 355:211–217.

Liang, S., Singh, M., Gam, L. H. 2010. The differential
expression of aqueous soluble proteins in breast
normal and cancerous tissues in relation to stage
and grade of patients. J Biomed Biotechnol, pages
516469–516469.

Madhav, M. R., Nayagam, S. G., Biyani, K., Pandey,
V., Kamal, D. G., Sabarimurugan, S., Ramesh, N.,
Gothandam, K. M., Jayaraj, R. 2018. Epidemiologic
analysis of breast cancer incidence, prevalence,
and mortality in India. Medicine, 97(52):e13680–
e13680.

Magdeldin, S., Enany, S., Yoshida, Y., Xu, B., Zhang,
Y., Zureena, Z., Lokamani, I., Yaoita, E., Yamamoto,
T. 2014. Basics and recent advances of two
dimensional- polyacrylamide gel electrophoresis.
Clinical Proteomics, 11(1):16–16.

Malorni, L., Cacace, G., Cuccurullo, M., Pocsfalvi, G.,
Chambery, A., Farina, A., Maro, A. D., Parente, A.,
Malorni, A. 2006. Proteomic analysis of MCF-
7 breast cancer cell line exposed to mitogenic
concentration of 17β-estradiol. PROTEOMICS,
6(22):5973–5982.

Marquette, C., Nabell, L. 2012. Chemotherapy-

© International Journal of Research in Pharmaceutical Sciences 2301



Subbarao V. Madhunapantula et al., Int. J. Res. Pharm. Sci., 2020, 11(2), 2294-2302

Resistant Metastatic Breast Cancer. Current Treat-
ment Options in Oncology, 13(2):263–275.

Martín-Sánchez, J. C., Lunet, N., González-Marrón, A.,
Lidón-Moyano, C., Matilla-Santander, N., Clèries,
R., Malvezzi, M., Negri, E., Morais, S., Costa,
A. R., Ferro, A., Lopes-Conceição, L., Vecchia, C. L.,
Martínez-Sánchez, J. M. 2018. Projections in
Breast and Lung Cancer Mortality amongWomen:
A Bayesian Analysis of 52 Countries Worldwide.
Cancer Research, 78(15):4436–4442.

Moiseenko, F., Volkov, N., Bogdanov, A., Dubina, M.,
Moiseyenko, V. 2017. Resistance mechanisms
to drug therapy in breast cancer and other solid
tumors: An opinion. F1000Res, 6:288.

Mooney, L. M., Al-Sakkaf, K. A., Brown, B. L., Dobson,
P. R. M. 2002. Apoptotic mechanisms in T47D and
MCF-7 human breast cancer cells. British Journal
of Cancer, 87(8):909–917.

Naryzhny, S. 2016. Towards the Full Realization of
2DE Power. Proteomes, 4(4):33–33.

Nurgali, K., Jagoe, R. T., Abalo, R. 2018. Edito-
rial: Adverse Effects of Cancer Chemotherapy:
Anything New to Improve Tolerance and Reduce
Sequelae? Frontiers in Pharmacology, 9:245.

O’Farrell PH 1975. High-resolution two-
dimensional electrophoresis of proteins. J
Biol Chem, 250(10):4007–4021.

Qin, X. J., Ling, B. X. 2012. Proteomic studies in breast
cancer (Review). Oncol Lett, 3(4):735–743.

Rabilloud, T., Lelong, C. 2011. Two-dimensional gel
electrophoresis in proteomics: A tutorial. Journal
of Proteomics, 74(10):1829–1841.

Rangarajan, B., Shet, T., Wadasadawala, T., Nair, N.,
Sairam, R., Hingmire, S., Bajpai, J. 2016. Breast can-
cer: An overview of published Indian data. South
Asian Journal of Cancer, 5(3):86–92.

Shruthi, B., Vinodhkumar, P., Selvamani, M. 2016.
Proteomics: A new perspective for cancer.
Advanced Biomedical Research, 5(1):67–67.

Shukla, H. D. 2017. Comprehensive Analysis of
Cancer-Proteogenome to Identify Biomarkers for
the Early Diagnosis and Prognosis of Cancer. Pro-
teomes, 5(4):28–28.

Smith, P. K., Krohn, R. I., Hermanson, G. T., Mallia,
A. K., Gartner, F. H., Provenzano, M. D., Fujimoto,
E. K., Goeke, N. M., Olson, B. J., Klenk, D. C. 1985.
Measurement of protein using bicinchoninic acid.
Analytical Biochemistry, 150(1):76–85.

Valle, A., Sastre-Serra, J., Pol, C., Miró, A. M., Oliver, J.,
Roca, P. 2011. Proteomic Analysis of MCF-7 Breast
Cancer Cell Line Exposed To Leptin. Analytical Cel-
lular Pathology, 34(3):147–157.

Wirth, P. J., Egilsson, V., Gudnason, V., Ingvarsson,
S., Thorgeirsson, S. S. 1987. Speciϐic polypeptide
differences in normal versus malignant human
breast tissues by two-dimensional electrophore-
sis. Breast Cancer Research and Treatment,
10(2):177–189.

Xu, X., Qiao, M., Zhang, Y., Jiang, Y., Wei, P., Yao, J., Gu,
B., Wang, Y., Lu, J., Wang, Z., Tang, Z., Sun, Y., Wu,
W., Shi, Q. 2010. Quantitative proteomics study
of breast cancer cell lines isolated from a single
patient: discovery of TIMM17A as a marker for
breast cancer. Proteomics, 10(7):1374–1390.

Youlden, D. R., Cramb, S. M., Yip, C. H., Baade, P. D.
2014. Incidence and mortality of female breast
cancer in the Asia-Paciϐic region. Cancer Biol Med,
11(2):101–115.

Zhang, D., Tai, L. K., Wong, L. L., Chiu, L.-L., Sethi,
S. K., Koay, E. S. C. 2005. Proteomic Study Reveals
That Proteins Involved in Metabolic and Detoxi-
ϐication Pathways Are Highly Expressed in HER-
2/neu-positive Breast Cancer.Molecular & Cellular
Proteomics, 4(11):1686–1696.

2302 © International Journal of Research in Pharmaceutical Sciences


	Introduction
	Materials and Methods
	Results and Discussion
	Conclusion

