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Introduction: Breast cancer is the second most common cancer in women across the world.
Some of the patients who present in the early stage of disease are affected by metastasis to
the axillary group of lymph nodes. The first among this group that is affected is called as
sentinel lymph node, and its diagnosis is crucial for the staging of cancer thereby dictating
the type of surgical therapy. Therefore, the sentinel lymph node status provides the most
relevant information to the surgeon and patient prognosis. The expanded utilization of breast
conservation surgery has declined the morbidity associated with mastectomy and axillary
lymph node surgery. Recent interest is, therefore, centered on techniques that allow accurate
assessment of the sentinel lymph node metastasis. A current procedure such as sentinel
lymph node biopsy (SLNB) that is used to assess axillary lymph node metastasis is neither
specific nor sensitive, and besides, it is time-consuming.

Objective: To compare the protein profiles between metastatic and non-metastatic lymph
nodes to identify a biomarker that can flag lymph node metastasis.

Materials and Methods: Women with early breast cancer were screened using mammogra-
phy imaging and recruited to the study. Surgical resection was done to remove the breast tissue,
and sentinel lymph node was identified using fluorescein and methylene blue tracer. Lymph node
was sliced, and one set was sent for histopathology, which was considered the gold standard to
assess the metastatic status of the lymph node. One set of slices was taken for proteomic
experiments. Proteins were labelled with fluorescent cyanine tags and were subjected to differ-
ence gel electrophoresis experiment. Differentially expressed spots that had at least a twofold
relative ratio and consistent pattern across three sets of biological replicate experiments were
marked. Gel spots were trypsin digested and identified on mass spectrometry machine.
Validation study was done by Western blot experiment on the same set of samples.

Results: Thymidylate synthase has a twofold higher expression in the metastatic sentinel
lymph nodes as compared to non-metastatic lymph nodes in early breast cancer patients.
Conclusion: Differential in gel expression proteomics is an ideal platform for the identifica-
tion of potential protein biomarker candidates that can differentiate metastatic from non-
metastatic lymph nodes in early breast cancer. The identification of thymidylate synthase
offers a scope to develop an on-table diagnostic kit to assess the status of sentinel lymph
nodes during mastectomy procedure to guide surgical management of axillary lymph nodes
in early breast cancer.

Keywords: carly breast cancer, sentinel lymph node metastasis, gel-based proteomics,
difference gel expression, biomarkers, thymidylate synthase, surgical intervention
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Introduction

Breast cancer is the most common cancer in women world-
wide and distant metastasis is the main reason for patient
mortality." Worldwide, breast cancer remains the second
leading cause of cancer incidence and mortality, with
2,088,849 new breast cancer cases and 626,679 deaths in
2018, representing close to 1 in 4 (6.6%) cancer deaths.” The
incidence rate of breast cancer is estimated to reach
3.2 million by 2050.° Breast cancer ranks as the number
one cancer among Indian females with rate as high as
25.8 per 100,000 women and mortality of 12.7 per 100,000
women.* Incidence of metastatic breast cancer has been
reported to be approximately 5% to 25% from various cen-
tres in India.’

The TNM-based classification is used to categorize and
assign stages between 0 and IV, where stage 0 describes
the non-invasive; stage I, IIA and IIB describe early breast
cancer, which is confined to the breast with or without
axillary lymph node involvement; and stage IIIA, I1IB and
IV describe advanced breast tumor that has spread to
distant organs.®’ Early breast cancer depends on tumor
size and extent of its spread to axillary lymph nodes. Its
treatment includes mastectomy followed by evaluation of
axillary lymph nodes to know the lymphatic spread, and
a radical axillary lymph node excision is subsequently
done based on its metastatic state.”

Axillary lymph nodes receive the major share of lymphatic
drainage from the breast, and the first node in this group to be
affected is called as sentinel lymph node, and its involvement
is one of the main factors that dictates the extent of surgical
dissection and also the prognosis.”'® Sentinel lymph node
biopsy (SLNB) was first introduced as a technique of axillary
nodal staging for breast cancer, and is currently the standard of
care for axillary staging in clinically node-negative breast

cancer. 11,1

2 A properly performed SLNB identifies patients
who need further axillary clearance, while sparing others
a potentially morbid axillary lymph node dissection."
Sentinel lymph nodes are typically identified using tracers,
and it is excised and tissue is taken for the histopathological
evaluation which is the gold standard for lymph node
metastasis.'* The concept that the presence or absence of
malignant cells in the sentinel node can reflect the status of
tumor involvement in the entire lymph node region markedly
reduced the need for Axillary Lymph Node Dissection
(ALND) and its associated morbidity.'”'” There have been
a number of approaches including radiological techniques that

have been developed to evaluate sentinel lymph nodes.'® >

Also, protein-based biomarkers have been identified to diag-
nose axillary lymph node metastasis.>* >’ However, these
have not been translated into a diagnostic tool as desired by
the surgeons due to their poor sensitivity and poor specificity.
In the recent past, our team has been actively involved in
identifying potential protein biomarkers to understand various
clinical phenotypes.”®* > In this study, a 2-D fluorescence dif-
ference gel electrophoresis (DIGE) experiment has been car-
ried out using sentinel lymph node tissue to identify
a biomarker that can accurately reflect the metastatic lymph
node in early breast cancer.

Methodology

Ethics and Patient Recruitment

This study was conducted after approval was obtained from
the Institute Ethics committee of All India Institute Medical
Science, New Delhi, India (Ref. No. IECPG/77/11/2015).
The procedures followed were as per the ethical standards
formulated in the Helsinki declaration. Women patients with
palpable lumps underwent triple assessment that is com-
prised of clinical examination, imaging, and core biopsy.
Based on these findings, patients who had early breast were
recruited in the study and admitted at the Department of
Surgery after obtaining written informed consent.

Patient Inclusion and Exclusion Criteria
Staging of the breast cancer was determined as per the
American Joint Committee on Cancer (AJCC) cancer sta-
ging criteria. Women with early invasive intraductal breast
cancer, without prior therapy were recruited to the study.
Patients with advanced breast cancer and who had either
received chemotherapy or radiotherapy were excluded
from the study.

Identification and Excision of Sentinel
Lymph Node

The patients scheduled for surgery were injected with radio-
active isotope Tc99m-tagged sulphur colloid of 200-300
microcurie in 0.1-0.2 mL normal saline in sub-areolar region
1-3 h before surgery.®' Radiotracer was injected in the after-
noon, a day before surgery, if the patient was scheduled as
first case next day morning. A gamma-detecting probe was
used intra-operatively to identify radioactivity positive
nodes. Four millilitres of 1% methylene blue and 0.1 mL
fluorescein were injected in the sub-areolar region.>* A hot,
blue, fluorescent or palpable node was considered to be the

sentinel lymph node and was excised.****
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Sample Collection

The sentinel lymph node specimen was cleared of adherent
adipose tissues, and blood stains were washed thoroughly
with 1x PBS (pH 7.4). The nodes were longitudinally sec-
tioned to obtain 2mm thick slices. One set of alternate slices
were sent to the Department of Pathology for histopatholo-
gical assessment, and the remaining slices were taken to
clinical proteomics facility and stored at —80 °C to be used
at a later date for proteomic experiments. For example, slices
numbered 1,3,5,7,9 were taken for histopathology laboratory,
and slices numbered 2,4,6,8,10 were taken for proteomics
work.

Histopathology

Lymph node slices were fixed into formalin and then
embedded in paraffin blocks. These were further sectioned
into 4 pm poly-L-lysine-coated slides.*® These paraffin sec-
tions were de-paraffinized with three subsequent washes in
xylene and then rehydrated by washing them stepwise in
100% ethanol, 90% ethanol, 70% ethanol and distilled
water. The sections were stained with hematoxylin and
washed in running water for 5 minutes. The slides were
stained in eosin solution for two minutes and then rinsed
with 95% ethanol. The slides were then subjected to 95%
ethanol and 100% ethanol for two minutes, twice. The tissue
slice was mounted with a drop of Distyrene Plasticizer
Xylene (DPX) after exposure to xylene. The slides were
examined and sentinel lymph node tissue samples were
annotated as either metastatic sentinel lymph node (M) or
non-metastatic sentinel lymph node (NM). This histopatho-
logical evaluation was considered as the gold standard in the

assessment of lymph node metastasis.>*>*

Sample Phenotyping and Protein Isolation
The sentinel lymph node tissue sections were stored at —80
°C and labeled as either metastatic (M) or non-metastatic
(NM) based on histopathological reporting of the adjacent
slice sections. The tissue samples were minced and the
proteins were solubilized in 100 pL of lysis buffer contain-
ing 8M urea, 2M thiourea and 4% 3-[(3-cholamidopropyl)
dimethylammonio]1-propanesulfonate (CHAPS). The tis-
sue was homogenized by sonication for 10 cycles, fol-
lowed by vortexing for 2 minutes. The samples were
centrifuged at 12000 rpm for 15 minutes at 4 °C, and the
supernatant was collected. Tissue impurities such as salts
and lipids were minimized using in-house protocols.***°
Protein quantification was done by Bradford method using

bovine serum albumin as standard (GeNei, Bengaluru,
Karnataka, India)

DIGE

Fifty micrograms of protein from each of the three M and
NM tissues were labeled with cyanine dye flours according
to minimal labeling protocol provided by the manufacturer
(Amersham Biosciences, USA). Two of the metastatic
samples were labeled with Cy3 dye and two non-
metastatic samples were labeled with Cy5 dye. Dye swap-
ping was done for the third set wherein the metastatic
sample was labeled with Cy5 dye and non-metastatic
with Cy3 dye. Fifty micrograms of protein from each of
the six samples were mixed to generate an internal stan-
dard, and 50 pg of this protein was labeled with Cy2 dye
and used in each of the three gels for normalization.
Labeled samples from M, NM and internal standard were
pooled together, and final volume was made up to 250 pL
using rehydration solution (8M urea, 2M thiourea, 4%
CHAPS and 0.002% bromophenol blue). Dithiothreitol
(DTT) and Immobilized pH gradient (IPG) buffer (pH
3-10) were added at final concentrations of 0.003% and
0.5%, respectively. The samples were centrifuged at
4000 rpm for 2 minutes at 4°C to remove any particulate
matter. The solution was then loaded on a reswelling tray
USA). Plastic
Immobiline Dry Gel Strip (pH 3-10) of 13 cm was care-

(Amersham Biosciences, cover of
fully removed, and the gel surface was placed over the
sample in the tray with forceps. The gel strip was overlaid
with IEF cover fluid (Amersham Biosciences, USA) and
was kept overnight for 15 hours for optimum rehydration.
Rehydrated IPG strip was kept in a strip holder and sub-
jected for isoelectric focusing in an Ettan IPGphor 3 IEF
system (Amersham Biosciences, USA) as per the follow-
ing program. 1. Step mode, 150V for 30 minutes; 2. Step
mode, 500V for 30 minutes; 3. Step mode, 1000V for 30
minutes; 4. Gradient mode, 4000V for 2 hr; 5. Step mode,
4000V for 2 hr; 6. Gradient mode, 6000V for 2 hr; 7. Step
mode, 6000V till total volt-hours of 28,000 were achieved.
The electro-focused strip was equilibrated, first with 10mL
of SDS buffer containing 10 mg/mL DTT for 15 minutes,
and second with 10 mL of SDS buffer containing 25 mg/
mL iodoacetamide for 15 minutes. The strip was then
transferred onto 10% homogeneous polyacrylamide gels
cast on SE 600 Ruby gel apparatus (GE Healthcare,
Piscataway, NJ). The strip was overlaid with 0.5% agarose
sealing solution (0.5% agarose, 0.002% bromophenol blue
in Tris-glycine electrode buffer). Separation in SDS-PAGE
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was carried out with constant running current set at 15 mA
per gel at 20 °C for 30 minutes, followed by 30 mA per gel
at 20 °C until the bromophenol blue dye front ran off from
the bottom of the gel. Two more such gels were run as
biological replicate experiments.

Gel Imaging, Spot Detection, and

Statistical Analysis

DIGE gels were scanned using a Typhoon TRIO Variable
Mode Imager (GE Healthcare). Cy2 images were scanned
with 488 nm/520 nm band pass, Cy3 images were scanned
with 532 nm/580 nm band pass, and Cy5 images were
scanned with 633 nm/670 nm band pass. All gels were
scanned with a photon multiplier tube setting of 700 V with
100 um/pixel resolution and high sensitivity. Three images
were acquired from each gel corresponding to metastatic
lymph node, non-metastatic lymph node, and internal stan-
dard. 2D-DIGE gels images we reanalyzed using Progenesis
Same Spots software (Non-Linear Dynamics, UK). Image
quality evaluation was done. Reference image gel was
selected automatically, and image area was chosen manually
for analyses. All gels were automatically aligned onto one
reference gel. Cy3 dye and Cy5 dye gel images were selected
into either M or NM. Statistical analysis of protein expres-
sion levels was determined for every spot based on log
normalized spot volume, and differences in protein expres-
sion between two groups were assessed by analysis of var-
iance (ANOVA). Spots with ANOVA p-value < 0.05 and
maximum fold change >2 were selected as spots of interest.
Correlation analysis was performed on log normalized
volume spot expression levels between two group spots
together according to similarities in their expression profiles.
A final report was created showing analyzed spots on the gel
together with chosen ANOVA p-value, ranks, and expression
profiles and log normalized volume graphs for each spot.

Mass Spectrometric Analysis and Protein

|dentification

Gels were stained with colloidal coomassie blue-G250 stain.
Spots of interest were picked manually from the gel. These
spots were subjected to in-gel trypsinization according to the
manufacturer’s protocol (Promega Corporation, Fitchburg,
WI, USA). After overnight digestion, buffer containing the
peptides was collected. Additional extraction of peptides was
carried out with 100uL of 50% acetonitrile in 1% formic
acid. The extracts were pooled, vacuum-dried and stored in
4°C refrigerator. At the time of analysis, the peptide extract

was reconstituted in the 10puL of 60% acetonitrile and 0.1%
formic acid (TFA). The peptides were mixed with the a-
cyano-4-hydroxycinnamic acid matrix in a ratio of 1:1 and
spotted on the Matrix-assisted laser desorption/ionization
(MALDI) plate. MALDI-MS data were acquired over
a mass range of 800-3500 Da in the reflector ion mode on
a 4800 MALDI-TOF/TOF Analyzer (Applied Biosystems,
Foster City, CA, USA) with 4000 Series Explorer v3.5 soft-
ware, using a fixed laser intensity for 1500 shots/spectrum,
with a uniformly random spot search pattern. The potential
difference between acceleration voltage and floating colli-
sion cell defines the collision energy, which was 1keV in all
instrument
employed to achieve optimal sensitivity. The air was used

experiments. Re-optimized settings  were
as the collision gas such that nominally single collision
conditions were achieved. In each MS spectrum, the 10
most abundant MS peaks were selected for MS/MS using
an acquisition method that excluded ions with S/N less than
50, and which filtered out identical peaks detected in nearby
spots, selecting only the strongest precursor. The precursor
ions with the weakest S/N were acquired first to achieve the
maximum signal intensity for low-abundance peptides.
A 1kV MS/MS operating mode was used, the relative pre-
cursor mass window was set at 250 (full-width half mass),
with metastable suppression enabled. MS/MS acquisition of
selected precursors was set to a maximum of 1250 shots with
50 shots per sub-spectrum using fixed laser intensity. The
stop condition criteria were established to a minimum of 100
S/N on more than seven peaks within the spectrum of the
minimum 1000 shots. Obtained masses of the peptide from
the mass spectrometric analysis were searched in MASCOT
search engine with NCBI database for the identification of
proteins. Detected protein threshold was fixed at a confidence

score of 99.9%.

Bioinformatics Pathway Analysis

The entire raw interaction information of genes correspond-
ing to the identified proteins, their related functions were
obtained from UniProt, BioGrid, Kyoto Encyclopedia of
Genes and Genomes (KEGG) and from published literature
in PubMed. Using this information, proteins were analysed
for their biological interactions in lymph node metastasis in
breast cancer. Cytoscape v3.2.0 software was used for con-
structing an integrated model of protein—protein interaction
network and visualizing the interaction of identified proteins
with its interactors.*’** Michigan Molecular Interactions
plugin was used to collect the human gene regulatory inter-
actome obtained from the public databases including
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STRING, Uniprot, IntAct, and IMEx and merge the

information.***®  From this complete network, sub-
networks for breast cancer were obtained up to the first
neighboring nodes using the plugin BiNoM v2.5. The result-
ing PPI network was analysed and the interactions of the

identified proteins were noted.

Western Blot

Isolated protein samples from three metastatic (M1, M2,
M3) and three non-metastatic (NM1, NM2, NM3) sentinel
lymph nodes were quantified by the Bradford method
(Bio-Rad Laboratories) with bovine serum albumin as
a standard (Bradford assay). A total of 10 pg/lane protein
were electrophoresed in 12% sodium dodecyl sulfate-
polyacrylamide gels and transferred onto a nitrocellulose
membrane. After transfer, the blot was blocked with 3%
BSA in Tris-buffered saline, and blots were incubated with
the anti-thymidylate synthase antibody (Elabsciences;
1:10,000)
1:10,000), at 4 °C overnight. Membranes were incubated

and anti-B-actin antibody (Elabsciences;
with HRP-conjugated secondary antibodies (rabbit and
mouse from Thermo Fisher Scientific) (1:10,000) in
1.5% BSA for 2 hrs at room temperature. Protein bands
were visualized using an enhanced chemiluminescence
system with ECL Western blot detection reagents
(GBiosciences). A semi-quantitative analysis was per-
formed to quantify the thymidylate synthase and B-actin
bands intensity in blot images using ImageJ software. Data
analysis was carried out by using Graph Pad Prism 7
software and P value was calculated. An unpaired #-test
was performed to compare the band intensity ratios of
thymidylate synthase and B- actin proteins among both
the groups. All the data were represented as median +
standard error of mean. A P-value of less than 0.05 was
considered statistically significant.

Results

Clinical Profile

The clinical data of six patients in the study group are
provided in Table 1. All patients had early breast invasive
carcinoma as documented by mammography (Figure 1).
Patients’ progesterone receptor and estrogen receptor and
human epidermal growth factor receptor 2 (HER2) sta-
tuses are also provided. However, progesterone, estrogen
and Her2 status had no correlation with either the type,

staging or lymph node status of the breast cancer.

Histopathology

Once the patients were confirmed to be having early-stage
invasive intraductal breast carcinoma, it was mandatory to
assess the sentinel lymph node in the axilla of the side
affected by disease. Using the method of methylene and
fluorescein-based imaging technique developed by
Srivastava and his group, sentinel lymph nodes were identi-
fied, excised and sent for histopathological analysis.
Hematoxylin and Eosin stained sections of the sentinel
lymph nodes are shown in Figure 2. Sentinel lymph nodes
of SR42, PD45, and SD42 showed classical features of
metastasis like either complete effacement of architecture,
reactive lymphoid tissue or infiltration by metastatic cancer
cells. On the other hand, sentinel lymph nodes of FJ30, SP49
and KK49 showed features of inflammation like reactive
changes of reactive follicular hyperplasia, sinus histiocytosis
and reactive lymphadenitis confirming the absence of metas-
tasis. The reactive changes represent local immunological

response in lymph nodes that are benign in nature.

2D-DIGE

Proteins were isolated from M and NM tissues for comparative
gel-based proteomic experiments. The experimental design for
cyanine-based fluorescent label DIGE is shown in Table 2. The
proteins isolated from six samples were run on three biological
replicate gels. Nine images corresponding to three colored
channels representing M, NM and internal standard generated
for each of the three gels are shown in Figure 3. The images
show a uniform and comparable distribution of spots consis-
tently present across three gels. Number of spots ranged
between 300 and 500 in each of the three gels. Twenty signals
were marked by the software as shown in Figure 4. Based on
the criteria for selection only spot #790 was chosen for detailed
analysis. Differential expression, spot volume comparison and
log normalized volume graph clearly showed a statistically
significant twofold higher expression in M as compared NM.
The spot was manually picked, subjected to trypsin digestion
and mass spectrometric analysis to identify the protein on
MASCOT software. A snapshot of mass spectrometric data is
shown in Supplementary Figure 1, and identification profile is

presented in Table 3.

Western Blot

Expression of thymidylate synthase was validated by Western
blot experiment using metastatic and non-metastatic sentinel
lymph node tissue samples from early invasive breast cancer
patients. 3-Actin, a housekeeping protein was used for the sake
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Table | Clinical Profile of Early Breast Cancer Patients Recruited in the Study

Patient ID SR42 FJ30 PD45 SP49 SD42 KK50

Age in years 42 30 45 49 42 50

Breast Left Left Right Left Right Right

Mammography Invasive ductal carcinoma Invasive ductal Invasive ductal Invasive ductal Invasive ductal Invasive ductal
carcinoma carcinoma carcinoma carcinoma carcinoma

Size 2.5cm * 2.5cm 84 x75cm 2.9cm % 2.5cm 3.7cm x 42cm 3.9cm x 3.6cm 22 %x2cm

Stage 1B 1B 1IB A 1133 A

Histopathology | 6 Lymph nodes; 5 of which are

Single lymph node

5 Lymph nodes

2 Lymph nodes

3 Lymph nodes that

3 Lymph nodes

SLNB free of tumor and | shows with no evidence which show with no evidence show features of with no evidence
metastatic deposits of metastasis metastatic of metastasis invasive carcinoma. of metastasis
deposits.
Phenotype Early breast cancer with lymph | Early breast cancer | Early breast cancer | Early breast cancer | Early breast cancer Early breast cancer
node metastasis with no lymph with lymph node with no lymph with lymph node without lymph
node metastasis metastasis node metastasis metastasis node metastasis
ER/PR/Her2 - - - ot -

Notes: +, positive; —, negative.

Abbreviations: SLNB, sentinel lymph node biopsy; ER, oestrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.

of normalization. The expression of thymidylate synthase was  metastasis in early invasive breast cancer. The thymidylate

found significantly higher (p=0.015) in patients with lymph  synthase expression is 2.41 times up-regulated in positive

node metastasis as compared to patients without lymph node  samples as compared to negative samples as shown in Figure 5.

Figure | Medio-lateral oblique and craniocaudal images of six patients showing features of intraductal breast carcinoma.
Notes: (A) Irregular mass with speculated margins; (B) irregular mass; (C) micro-calcifications: (D) calcification and enlarged lymph node; (E) pleomorphic calcifications,
and (F) mass calcification.
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Figure 2 Hematoxylin and eosin stained sections of sentinel lymph nodes surgically excised from six patients with intraductal early breast carcinoma.
Notes: Panels (A—-C) show features of cancer metastasis like (1) complete efficement of architecture by a metastatic cancer cells; (2) reactive lymphoid tissue; (3)
infiltration by metastatic cancer cells; (4) lymphoid tissue; Panels (D—F) show features of inflammation like (5) reactive changes with sinus histiocytosis, and (6) reactive

lymphadenitis.

Bioinformatic Analysis

Bioinformatic analysis was done to get a detailed under-
standing of the various pathways in cancer metastasis and
the interactions between the molecules (Figure 6). Based
on these results, the plausible hypothesis relating the up-
regulation of thymidylate synthase with clinical phenotype
of sentinel lymph node metastasis is explained below and
its pictorial representation is shown in Figure 7.

Discussion

We have shown that thymidylate synthase has a twofold
expression in metastatic state as compared to non-metastatic
state of the sentinel lymph nodes. Thymidylate synthase

belongs to the ThyA family of enzymes which is located on
18p11.32. It catalyzes the first step in the de novo biosynthesis
of thymine, and an essential enzyme for DNA synthesis.***
This enzyme catalyzes the conversion of 2-deoxyuridine-

S-monophosphate in conjunction with its cofactor 5,10-

Table 2 Difference Gel Electrophoresis Experimental Design
Showing Labeling of Clinical Phenotypes

Gel Metastatic (M) Non-Metastatic (NM) Internal Standard

| PD: Cy5 SP: Cy3 Cy2
2 SD: Cy3 FJ: Cy5 Cy2
3 SR: Cy5 KK: Cy3 Cy2

Abbreviation: Cy, cyanine dyes.
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Gel combined

internal standard

lymph node (+)

lymph node (-)

Figure 3 DIGE profile scans showing protein spots as a combined image, and individual images of metastatic sentinel lymph node (M), non-metastatic sentinel lymph node-

negative (NM), and internal standard.

Notes: Lymph node metastatic and non-metastatic samples were labeled with Cy3 and Cy5 in experiments | and 3, and were labeled with Cy5 and Cy3 in experiment 2.

Gel

Cy5

log normalized value

Figure 4 Progenesis spot analysis of spot number #790.

Positive

Negative

N

0.17(+9.74e-002)

-1.73e-001(+0.34)

L c

Notes: (A) Magnified view of difference in expression between metastatic (M) and non-metastatic (NM) gel pictures; (B) 3D montage peak of M and NM; (C) Log

normalized volume graph showing average ratio between M and NM.

methylenetetrahydrofolate to thymidine monophosphate and
dihydrofolate through reductive methylation.*’

There are many biochemical pathways at play in the
phenomenon of metastasis. They are 1) Erb-B2 receptor
tyrosine kinase 2 (ERBB2), a cell surface-bound protein
receptor tyrosine kinase (RTK) activates PI3 kinase and
PI(3,4,5)Pswhichsubsequently causes phosphorylation of

Akt and mTOR that is responsible for cell proliferation,
survival and metastasis°’; 2) activated AKT kinase phosphor-
ylates and inactivates BAD protein freeing BCL2 to sup-
presses apoptosis°'°%; 3) activated Akt also phosphorylates
Bax protein and inactivates it, causing inhibition of apoptosis
and leading to cell survival.**** 4) MCL-1 is a pivotal pro-
survival BCL2 family protein which further inhibits Bax and
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Table 3 Identification Profile of Differentially Expressed Protein

No. | Spot Protein Uniprot | Accession Experimental Theoretical Average | Appearance Mascot Peptides
no. Id No. Mass (Da)/pl Mass (Da)/pl Ratio in Gel Score Identified
M/NM
| 790 Thymidylate | Q8TAII Gl:294862427 | 11,934/7.5 13402/12 2.1 9(9) 58 12
synthase

Abbreviations: Da, dalton; pl, isoelectric point.

causes anti-apoptosis and cell-survival®”; 5) MAPK pathway
increases the expression of transcriptional regulatory protein
Myec that is responsible for the phosphorylation of Rb family
of proteins and subsequently activation of the G1/S genes
responsible for cell proliferation®®’; 6) Overexpression of
SUMO-activating enzyme (SAE1) induces an increase of the
SUMOylation and phosphorylation of AKT that causes
tumour progression, metastasis, and is associated with poor
survival®®; 7) Activated ribosomal protein S6 kinase 2
(RPS6K) promotes cell proliferation, cell growth, cell cycle
and 8)
integrin subunit alpha 4 (ITGA4) is also activated by critical
pathways like Src, FAK, Akt and ERK which promotes

cancer cell metastasis and survival.®' The cells in metastatic

progression and survival. Akt protein pathway’”®’;

lymph nodes are in a state of multiplication necessitating an
increased DNA turnover and in turn its synthesis. For DNA
synthesis to proceed normally, a balanced pool of the four
deoxyribonucleotides, dCMP, dGMP, dAMP and dTMP is an
essential requirement.®* These four deoxyribonucleotides are
synthesised from ribonucleotides (AMP, GMP, CMP and
UMP) by a same enzyme called ribonucleotide reductase
that catalyzes the reduction of these four ribonucleotides to

their corresponding deoxyribonucleotides.®> Of these four

M1 M2 M3 NM1 NM2 NM3
Thymidylate
— e e - -
synthase
M1 M2 M3 NM1 NM2 NM3

Figure 5 Western blot analysis of thymidylate synthase.

deoxyribonucleotides, only dUMP requires further metabo-
lism for its conversion to dTMP. This methylation step is done
by thymidylate synthase, which is the sole cellular enzyme
capable of de novo synthesis of dTMP, and is, therefore, the
rate-limiting step in thymidine biosynthesis.®*> It implies
that: 1) suppression of thymidylate synthase expression in
cells causes a deficiency in the intracellular concentration of
thymidylate, bringing DNA reproduction to a halt and thus
causing death to cells®; 2) inhibition of thymidylate synthase
will result in both a depletion of dTTP and an accumulation of
dUTP which can be mis-incorporated into DNA resulting in
DNA breakage and cell death.®”-°® Thymidylate synthase is
a S-phase-dependent enzyme undergoing a 5- to 10-fold
increase as cells progress from G1- to S-phase.®**” The over-
expression of thymidylate synthase in metastatic lymph node
cells is significantly related to the cell doubling time and can
therefore be regarded as an important parameter for cell
metastasis and proliferation.”®’! The increased expression
of thymidylate synthase in the metastatic sentinel lymph
node cells in our experiments complements the above obser-
vations and places them in the right perspective. Till date,
there have been several studies that have shown the signifi-

cant correlation between high expression of thymidylate
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Notes: (A) Bands corresponding to thymidylate synthase and (B) bands corresponding to B-actin in sentinel lymph node metastasis (M|, M2, M3) and sentinel lymph node
non-metastasis (NMI, NM2, NM3). (C) Bar diagram showing the ratio of thymidylate synthase and B-actin in metastatic patients (black) and non-metastatic patients (grey),

respectively. *Statistical significance (p<0.05).
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Figure 6 Protein interaction pathway analysis in metastasis.

synthase and cancer. It has been the most extensively inves-  results of this study therefore complement the previous obser-
tigated as a biomarker for the detection of metastasis in color-  vations that advocate thymidylate synthase as a biomarker for

ectal cancer, glioma, pancreatic, breast, melanoma.”>”’® The  cancer metastasis.
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Figure 7 Diagrammatic representation showing integrated signalling biochemical pathways in breast cancer metastasis.

Abbreviations: ErbB2, Erb-B2 receptor tyrosine kinase 2; Bcl2, B cell lymphoma/leukaemia type 2; Bax, Bcl2-associated X protein; MCLI, myeloid leukemia cell
differentiation protein; MAPK14, mitogen-activated protein kinase 14; SAEI, SUMO-activating enzyme subunit |; RPS6K, ribosomal protein Sé kinase beta |; ITGA4,
integrin subunit alpha 4; PDK, protein 3-phosphoinositide-dependent protein kinase; AKT, serine/threonine-protein kinase; PI3K, phosphoinositide 3-kinase; TSC2, tuberous
sclerosis complex 2; RHEB, Ras homolog enriched in brain; mTOR, mammalian target of rapamycin; Rb, retinoblastoma; E2FI, E2 transcription factor; EIF5A, eukaryotic
translation initiation factor 5A; dUMP, deoxyuridine monophosphate; dUTP, deoxyuridine triphosphate; dTDP, deoxythymidine diphosphate; dTTP, deoxythymidine tripho-
sphate; dATP, deoxyadinine triphosphate; dGTP, deoxyguanine triphosphate; dCTP, deoxycytidine triphosphate.

Conclusions

Differential in gel expression proteomics is an ideal platform
for the identification of potential protein biomarker candidates
for metastasis of early breast cancer to axillary sentinel lymph
nodes. Thymidylate synthase has a twofold higher expression
in metastatic lymph nodes as compared to non-metastatic
lymph nodes in early breast cancer. This study offers scope
for the design of an 'on-table diagnostic kit' to assess the status
of axillary sentinel lymph nodes during mastectomy procedure
to guide surgical management of early breast cancer.
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