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An attempt for the identification of potential biomarkers predictive of response to chemotherapy (CHT)
in breast cancer patients has been performed by the use of two-dimensional electrophoresis and mass
spectrometry analysis. Since growth and progression of tumor cells depend also on stromal factors in
the microenvironment, we choose to investigate the proteins secreted in Tumor Interstitial Fluid (TIF)
and in Normal Interstitial Fluids (NIF). One-hundred and twenty-two proteins have been analyzed and
a comparison was also made between the proteomic profile of responders versus nonresponders to
CHT. At baseline, proteins isolated in TIF and NIF of all the 28 patients show significant differences in
expression. Two clusters of proteins, differentially expressed in TIF with respect to NIF were found.
Most significant is the decreased expression in TIF of CRYAB. In the protein metabolism group, also
FIBB was found decreased. Some proteins involved in energy pathways were overexpressed (PGAM-
1, ALDO A, PGK1, G3Pcn), while some other were down-regulated (CAH2, G3Pdx, PRDX6, TPIS). The
same trend was observed for signal transduction proteins, with 14-3-3-Z overexpressed, and ANXA2
and PEBP 1 down-regulated. Moreover, an analysis has been conducted comparing protein expression
in interstitial fluids of responders and nonresponders, irrespective of TIF or NIF source. This analysis
lead us to identify two clusters of proteins with a modified expression, which might be predictive of
response to CHT. In responders, an increase in expression of LDHA, G3Pdx, PGK1sx (energy pathways),
VIME (cell growth and maintenance) and 14-3-3-Z (signal transduction), coupled with a decreased
expression of TPIS, CAH 2, G3Psx, PGK 1dx (energy pathways), TBB5 (cell growth and maintenance),
LDHB and FIBB (protein metabolism), was found. We observed that CHT modifies the expression of
these cluster proteins since, after treatment, their expression in TIF of responder is generally decreased.
Patients not responding to CHT show an unchanged expression pattern in TIF, with the exception of
protein 14-3-3-Z, which is overexpressed, and a decreased expression in NIF of several cluster proteins.
In conclusion, the identification of protein clusters associated with response to CHT might be important
for predicting the efficacy of a specific antineoplastic drug and for the development of less empiric
strategies in choosing the therapy to be prescribed to the single patient.
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Introduction
Breast cancer is the most frequent cancer affecting women

in Western countries. Accumulation of several, and often

unknown, molecular alterations is responsible for cell prolifera-
tion, genetic instability and acquisition of an increasingly
invasive and resistant phenotype. Survival of patients has
increased over the last decades in relation to earlier diagnosis
and more effective systemic therapies (hormonal therapy and
chemotherapy). However, the efficacy of combination chemo-
therapies is variable, and we do not know yet the underlying
mechanisms. In an attempt to improve the ability in choosing
the more appropriate antineoplastic drugs, we investigated the
proteomic profile of patients responding or not to the chemo-
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therapeutic agents epirubicin and docetaxel. This approach is
justified since, while some mechanisms of mammary onco-
genesis have been elucidated and key genes identified, the
heterogeneity of malignant cells and the variability of the host
background highlight molecularly distinct subgroups which
lead to different phenotypes and clinical outcomes. Moreover,
this heterogeneity is only partially apprehended by the clinical
and pathological parameters currently used by clinicians, and
this perplexes diagnosis and therapy for each case. Proteomics
has the potential to complement and further enlarge the wealth
of information generated by genomics, because mRNA levels
do not necessarily correlate with corresponding protein
abundance.1-5 Additional complexity is conferred by protein
post-translational modifications, including phosphorylation,
acetylation, glycosylation, and protein cleavage.6 These modi-
fications are not detectable at the mRNA level; however, they
play significant roles in protein stability, localization, interac-
tions, and functions. Moreover, proteins represent more ac-
cessible and relevant therapeutic targets than nucleic acids.
Several proteomic studies have compared normal and cancer-
ous breast cells.7 A hierarchical clustering analysis of proteomes
of normal and different stages of disease has shown that it is
possible to distinguish between normal, benign, and cancerous
breast tissues on the basis of the protein profile.8 Interestingly,
many proteins that have been identified by proteomic studies
are different from those found by nucleic acid-based studies.
During the last years, there have been numerous reports
indicating that growth and progression of breast, as well as
other tumor cells, depend not only on their malignant potential,
but also on stromal factors present in the tumor microenvi-
ronment, the insoluble extra cellular matrix, as well as cell-cell
interactions.9-14 The microenvironment is considered an active
contributor to tumor spreading, with the possibility of control-
ling the course of breast cancer progression: it has been recently
demonstrated that changes in gene expression profiling of the
tumor microenvironment occur during breast cancer progres-
sion from normal to preinvasive to invasive ductal carcinoma,
and that tumor microenvironment participates in tumorigen-
esis even before tumor cells invade into stroma.15 Recently, also
the tumor microenvironment of metastasis in breast cancer
patients has been studied with the aim to predict the develop-
ment of metastases.16

Protein composition of the microenvironment might well
reflects the physiological and pathological state of the breast
tissue and could provide a new and potentially rich resource
for diagnostic biomarker discovery and for identifying more
selective targets for therapeutic intervention. Moreover, the
study of the breast interstitial fluids clinical specimens, with
or without pharmacologic intervention, will stand to assist in
bridging the gap between respective tissue and serum samples
and will contribute in the discovery of drug efficacy markers.

Celis and colleagues have already used this approach17,18 and
characterized proteins released in the interstitial space by the
cells resident in the tumor microenvironment. They studied
the protein composition of the nipple aspirate fluid and of
tumor interstitial fluids in patients with breast cancer: several
proteins have been identified in the microenvironment, and
they might be responsible for the biological modification of
the neoplastic cell.

However, the identity of many proteins still remain to be
determined. On this basis, we chose to investigate the proteins
secreted in Tumor Interstitial Fluid (TIF) and in Normal
Interstitial Fluids (NIF) of breast cancer patients in the search

of a combination of biomarkers that will probably be more
sensitive and specific than a single molecular marker for
screening, diagnosis, prognosis, and prediction of therapeutic
response. This is of peculiar relevance since until now the FDA
(Food and Drug Administration) has not approved any cancer-
related biomarker assay that uses new genomics or proteomic
technologies, with the exception of a UGT1A1 genetic assay,
which is a biomarker for predicting colon cancer in patients at
risk for the toxic effect of the irinotecan. In this study, we
characterized 122 proteins by cLC-nESI QqTOF MS; subse-
quently, a comparison was made between the proteome of
patients responders to chemotherapy versus nonresponders,
with the aim to identify potential predictive biomarkers of
chemotherapy response. The main challenge, however, remains
the application of these technologies to clinically relevant
samples in a well-defined clinical and pathological framework
to suit the FDA biomarker guidelines.19

Experimental Procedures

Recruitment of Patients. Thirty-seven patients (age 17-86)
were recruited from the Department of Onco-Haematology of
the University Hospital of Modena, Italy. They had no previous
surgery to the breast and did not receive preoperative treat-
ment. Written informed consent was obtained from all re-
cruited subjects. We collected breast tissue samples during
vacuum assisted biopsy exam or surgery: 23 were ductal
carcinoma, 5 lobular carcinoma, and 9 benign disease. The
latter, after the histological analysis, where not further pro-
cessed. Twelve patients with ductal carcinoma and 2 patients
with the lobular histotype were treated with 4 courses of FEC90
every 3 weeks (F, fluorouracil 500 mg/mq; E, epirubicin 90 mg/
mq; C, cyclophosphamide 500 mg/mq) followed by 4 cycles of
docetaxel (T) 100 mg/mq every 3 weeks. Ultrasound and
mammographic exam were performed before and after the
treatment to evaluate the tumor size. Finally, surgery was
performed and further samples were collected at this time. All
tumor samples were histological grade 2 and 3 with dimensions
more than 10 mm; for each patient, we collected at least 200
mg of tumor and normal tissue.

Reagents. Thirty percent Acrylamide/bis (Cat. No. 161-0156),
ampholines (Bio Lyte ampholyte pH 3-10, Cat. No. 163-1112),
Protein Assay Dye Reagent Concentrate (Cat. No. 500-0006),
DTT, Cat. No. 161-0611, iodoacetamide (Cat. No. 161-2109),
mineral oil (Cat. No. 163-2129), N,N,N,N′N′-tetramethylenedi-
amine (TEMED, Cat. No. 161-0801), overlay agarose 0.5% (Cat.
No. 163-2111), ready strip (IPG strips 17 cm pH3-10NL Cat.
No. 163-2009) and urea (Cat. No. 161-0731), tris/glycine/SDS
(TGS) as running buffer 10×, pH 8.3 (Cat. No. 161-0772) were
obtained from Bio-Rad. Ammonium persulfate (Cat. No. A3678),
ammonium bicarbonate (Cat. No. A6141), bromophenol blue
(BPB; Cat. No. B-6131), calcium chloride dihydrate (Cat. No.
C5080), CHAPS (Cat. No. C9426), formaldehyde (Cat. No.
F8775), glycerol (Cat. No. G8773), potassium carbonate (Cat.
No. P5833), potassium hexacyanoferrate III (Cat. No. P8131),
potassium tetrathionate (Cat. No. P2926), silver nitrate (Cat.
No. S8157), sodium thiosulfate (Cat. No. S7026), thiourea (Cat.
No. T8656), tributylphosphate (Cat. No. 158615) and tris (Cat.
No. 15456-3) were purchased from Sigma. Acetone (Cat. No.
8142), acetic acid (Cat. No. 6152), ethanol (Cat. No. 8462) and
methanol (Cat. No. 8402) were purchased from J.T.Baker.
Trypsin gold (Mass Spectrometry grade, Cat. No. V5280) was
purchased from Promega. Potassium acetate (Cat. No. 60035)
and SDS (Cat. No. 05030) were purchased from Fluka.
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TIF and NIF Collection. Breast tissue samples from vacuum-
assisted biopsy or surgery were collected from the University
Hospital of Modena and from the “Ramazzini” Hospital in
Carpi (Modena), placed in ice and rapidly delivered to the
“ProteoWork” laboratory of the Department of Biomedical
Sciences, for processing. Within 1 h from the collection, about
200 mg of clean tissue was cut into small pieces (3 × 3 mm),
washed carefully in 5 mL of PBS, and placed in a 15-mL conical
plastic tube, containing 0.8 mL of PBS. Samples were then
incubated at 37 °C in a humidified CO2 incubator. After 1-h
incubation, samples underwent to a two-step centrifugation:
1000g for 1 min, with the subsequent recovery of the super-
natant, followed by a further centrifugation at 2000g for 5 min
for recovering the residual supernatant. Immediately after, 14
vol of precipitation mix (12 vol of acetone, 1 vol of methanol,
1 vol of tributylphosphate) was added to the supernatant and
incubated at -20 °C overnight. The following day, samples were
centrifuged for 1 min at 2000g; the pellets were air-dried and
resuspended in rehydratation buffer (6 M urea, 2 M thiourea,
4% CHAPS, 25 mM DTT, 0.2% ampholine 40%). Samples
concentration was estimated by Protein Assay Dye Reagent
Concentrate (Bio-Rad): 80 µg aliquots were stored at -80 °C.

First Dimension. A total of 80 µg of proteins in rehydratation
buffer with a final volume of 300 µL and trace of BPB were
used for each IPG strips (17 cm pH 3-10 NL). After 12 h of
active rehydratation performed in Protean IEF Cell from Bio-
Rad (50 V and 20 °C), the isoelectric focusing was carried out
by rapidly increasing voltage until 250 V for 15 min, then
linearly increasing voltage from 250 to 10 000 V for the next
3 h; after that, focusing was continued at 10 000 V until 60 000
total Vh. Once IEF was finished, strips were either stored at
-80 °C for further use, or equilibrated and loaded in the second
dimension.

Equilibration. IPG strips were shaken in glass tubes at room
temperature (RT) for 15 min in equilibration buffer (urea, 50
mM tris, pH 8.8, 30% glycerol, 2% SDS, trace of BPB) with 1%
DTT to reduce disulphuric bonds. The -SH groups were then
blocked by substituting the DTT with 2.5% iodoacetamide in
equilibration buffer and shaking in glass tubes for 15 min at
RT. The strips were soaked in running buffer just before the
second dimension.

Two-Dimensional Gel Electrophoresis. Strips were applied
on 10% polyacrylamide (30% acrylamide-bis, 3.3 mL; 1.5 M tris
pH 8.8, 2.5 mL; 10% SDS, 0.1 mL; 10% APS, 0.1 mL; TEMED
0.004 mL; water, 4 mL) 20 cm gels (SDS-PAGE) with hot overlay
agarose 0.5%. The electrophoresis was performed in PROTEAN
II xi 2-D cell (Bio-Rad), filled with running buffer (TGS 1× pH
8.3: 250 mM Tris, 1.92 M glycine, 1% SDS). The run was carried
out with a constant current of 40 mA/gel for 30 min, followed
by constant 500 V at 10 °C.

Silver Staining. All the staining procedures were performed
at room temperature, with ultrapure water (Millipore water
system), using an orbital shaker (IKA-KS260). After electro-
phoresis, the gel slab was fixed in 30% ethanol, 10% acetic acid
(4 times for 30 min). It was then washed 2 times for 20 min
with 30% ethanol. To remove the remaining acid, the gel was
washed overnight with water. The gel was sensitized for 45 min
with the Enhancer solution (30% ethanol, 0.3% K-tetrathionate,
0.5 M K-acetate); then it was rinsed with water 6 times for 5
min. The gel was stained in the dark with 0.2% silver nitrate
for 75 min. The silver nitrate was then discarded and the gel
slab rinsed with water for 1 min. It was incubated with
developer solution (3% K-carbonate, 0.03% formaldehyde,

0.03% Na-thiosulphate) for up to 45 min, until the desired
intensity was reached: the process was stopped by removing
the developer and adding the blocking solution (4% tris, 2%
acetic acid) for 30 min. Two more steps of washing with water
for 15 min were performed before storing the gel in 1% acetic
acid at 4 °C.

Imaging Capture and Analysis. All stained gels images were
captured with Epson Perfection V10 and then analyzed with
PD-Quest Software from Bio-Rad. All interesting spots resulted
from bioinformatics analysis have been processed and sent to
the mass spectrometry core for identification.

In-Gel Digestion. Protein spots were excised from the gel
with a sterile plastic pipet and in-gel digested with trypsin in
0.5 mL polypropylene tubes. A piece of gel was cut from
albumin region as control and processed in parallel with the
samples. Gel pieces were incubated with 150 µL of destaining
solution (100 mM Na-thiosulfate, 30 mM potassium hexacy-
anoferrate III) and mixed for 20 min in the dark at RT. The
solution was removed and a two-step wash with 100 µL of water
and shaking for 10 min at RT was performed. Gel pieces were
subjected to two-step dehydratation with 100 µL of acetonitrile
(ACN) and shaking for 5 s; ACN was then removed, the gel was
shrunk, and white gel pieces were obtained. Proteins were then
subjected to reduction and alkylation. The gel pieces were
incubated with 50 µL of 10 mM DTT, in 50 mM ammonium
bicarbonate (AmBic) and shaken for 30 min at 56 °C; the
solution was removed, 50 µL of 55 mM iodoacetamide (in 50
mM AmBic) was added, and the solution was shaken for 20
min at RT and in the dark. The solution was removed and gel
pieces were dried in Savant Speed-Vac System for 15-20 min.
Proteins were then digested with 30 µL of trypsin solution (for
each spot: 300 ng of trypsin, 10 µL of 50 mM AmBic, 1 µL of
120 mM CaCl2 ·2H2O and water up to 24 µL) on ice for 30 min;
the solution was removed and 30 µL of Incubation solution
(for each spot: 10 µL of 50 mM AmBic, 1 µL of 120 mM
CaCl2 ·2H2O and water up to 24 µL) was added. These samples
were shacked overnight at 37 °C.

The next day, supernatant from each tube was collected and
the gel pieces were added with 15 µL of 25 mM AmBic and 15
µL ACN: each step was followed by 15 min of mixing at 37 °C.
The supernatant was collected and the gel pieces were added
with 50 µL of 5% formic acid and 15 µL of ACN: each step was
followed by 15 min of mixing at 37 °C. The final supernatant
was collected and added to the previous for each spot and dried
in Speed Vac for 2 h. Samples were stored in -80 °C until MASS
SPEC analysis.

Capillary High-Performance Liquid Chromatography
(Capillary LC). Nano electrospray experiments were conducted
on a Q-TOF Ultima Global (MICROMASS) equipped with a
nano electrospray Z spray source and coupled with HPLC
CapLC (Waters). The instrument was operated in the V mode
to achieve a mass resolution of 8-10 000.

Dried peptide mixtures from the trypsin digest were resus-
pended in 5% formic acid to a final concentration of 1 pM/µL;
a binary gradient was generated using the binary pump.
Peptides were eluted from the trap column with increasing
organic phase (ACN), refocused, and separated on a Waters
Nano Ease Atlantis dC18 nano column (75 µm i.d., 150 mm
length, 3 µm particle size, 100 Å porosity). The peptides were
eluted using an elution gradient with buffer A (Milli-Q water/
ACN/formic acid, 97.9/2/0.1) and B (Milli-Q water/ACN/formic
acid, 4.9/95/0.1). HPLC program was 95% buffer A and 5%
buffer B for the first 3 min. After, buffer B was increased to
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28% in 24 min, then to 85% in 6 min and maintained constant
for 3 min. Finally, buffer B was decreased to 5% and kept
constant until the end of the run. During the run, flow was
always 5 µL/min. Samples were transported inside the column
by an auxiliary solution, with buffer A. Flow was 30 µL/min for
the first 3 min, during which samples were carried on the
precolumn (Dionex, 5 mm × 300 µm i.d., packed with C18
PepMap100). After that, flow was decreased to 1 µL/min for
all the remaining time. All solvents were HPLC grade.

Databank Search and Sequence Analysis. The MASCOT MS/
MS ion search program (www.matrixscience.com) was used for
peptide sequence searching. Some restrictions were selected
for searching the SWISS-PROT database: species, Homo sapiens
(Human); one missed trypsin cleavage; peptide tolerance (0.8
Da; and a MS/MS tolerance error of (0.4 Da. The mowse score
cutoff for 95% protein identification was set to 37. Moreover,
search parameters allowed for carbamidomethylation of cys-
teine in fixed modifications.

The highest score hits among MASCOT search results were
selected. The Micromass software (MassLynx) allows for the
automated selection of peptides for fragmentation (and there-
fore primary structure determination) when peptide ions above
a certain detection level are recorded. Since ESI normally
produces multiply charged peptide ions, parameters were
chosen so that only multiply charged ions were selected for
sequencing by MS/MS.

Immunohistochemistry. The immunohistochemical analysis
was performed to evaluate the receptor status and the ampli-
fication status of c-ERB gene. Tumour specimens were fixed
in 10% neutral-buffered formalin for 20-28 h before processing
and embedding in paraffin wax blocks.

The antibodies used were Estrogen Receptor clone 6F11,
Ventana; Progesterone Receptor clone 1E2, Ventana; HER2/
neu clone CB11, Novocastra, diluted at 1:120; Ki 67 clone mib-1
diluted at 1:200.

Immunohistochemical staining was performed according to
the avidin-biotin method, using tissue sections of 3 µm
thickness. After deparaffinization in xylene and graded alcohols,
epitope retrieval was performed. Antigene retrieval was made
in 10 mM EDTA buffer (pH 8) in microwave.

Subsequently, endogenous peroxidase was blocked by 0.3%
hydrogen peroxide for 15 min. Sections were incubated with
primary antibody for 30 min at 37 °C, then with the biotinylated
secondary antibody for 20 min at 37 °C and then in avidin-biotin
complex for a further 45 min. Diaminobenzidine tetrahydro-
chloride (DAB) was used as chromogen. Immunohistochemical
staining was performed on Ventana Benchmark autostainer.

The scoring for HER2 results assessed by immunohis-
tochemistry has been divided into the following categories:
samples with no membrane staining are scored 0, samples with
a partial membrane staining in more than 10% of tumor cells
are scored 1+; samples with weak complete staining in more
than 10% of tumor cells are scored 2+; samples showing
intense complete staining of the membrane in more than 10%
of tumor cells are scored 3+.

Fluorescence in situ hybridization (FISH) analysis was
performed only in the four cases scored as 2+. It has been
performed using the PathVysion (Vysis, Inc., Downers Grove,
IL).

ER and PGR receptor status has been tested by evaluating
the percentage (%) of nuclear immunoreactivity with respect

Table 1. Cancer Associated Characteristicsa

receptor status (%)

sample no. age istological type istological grade Her2/neu Er PGR Ki-67

1 59 IDC 3 1+ neg 90 10 35
2 46 IDC 3 1+ neg 60 40 50
5 37 IDC 3 1+ neg 20 0 40
7 67 ILC + LCIS 2 2+ neg (FISH n.a.) 90 10 25
8 52 IDC 3 2+ neg (FISH n.a.) 0 0 80
9 64 IDC + DCIS 3 1+ neg 60 70 20

10 86 ILC 2 1+ neg 0 0 65
11 58 LCIS 2 2+ neg (FISH n.a.) 95 80 30
12 83 ILC 2 1+ neg 95 80 8
13 38 IDC + DCIS 2 2+ neg (FISH n.a.) 90 60 8
14 84 IDC 2 1+ neg 95 95 12
15 67 IDC 2 0 neg 100 100 10
16 54 IDC 3 1+ neg 90 60 35
17 38 IDC 3 0 neg 0 0 50
18 52 IDC 3 1+ neg 50 5 25
19 76 IDC 3 1+ neg 80 50 40
20 59 IDC 3 1+ neg 90 70 25
22 55 IDC 2 0 neg 95 90 6
23 75 DCIS 2 0 neg 90 80 25
24 34 IDC 3 1+ neg 1 1 40
25 67 IDC 3 3+ pos 95 15 35
27 77 IDC + ILC 2 0 neg 80 70 20
28 69 ILC + LCIS 2 0 neg 80 80 20
29 52 IDC 3 3+ pos 95 95 35
30 50 IDC + DCIS 2 0 neg 90 90 5
32 50 IDC 3 3+ pos 0 0 30
38 67 IDC 3 0 neg 2 2 35
39 57 IDC 3 3+ pos 10 0 40

a IDC, infiltrating ductal carcinoma; DCIS, in-situ ductal carcinoma; ILC, infiltrating lobular carcinoma; LCIS, in-situ lobular carcinoma; ER, Estrogen
Receptor; PGR, Progesteron Receptor; Ki67, Proliferative index; Her2/neu, amplification status of c-ERB gene; FISH, Fluorescence in situ hybridization.
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to all the nuclei of the neoplastic cells, independently from the
staining intensity.

Statistics. To avoid including in the data analysis proteins
with no real changing in the expression, we selected only spots
with a fold-change higher than 1.5 to be considered for
statistical analysis. A supervised cluster analysis was performed.
Following this procedure, the proteins were clustered depend-
ing on their expression and on the degree of cluster association
considering the type of tissue (TIF or NIF), or on the degree of
cluster association considering the response to therapy (re-
sponders and nonresponders). Clustering and relevance of
selected proteins were disciplined by “PEnalized LOgistic
Regression Analysis” (PELORA).

Results

Characterization of Protein in TIF and NIF. Data concern-
ing age of the patients, histological type, histological grade,
HER-2/neu amplification status, estrogen and progesterone
receptors status, and proliferative index (Ki-67) are given in
Table 1. TIF and NIF collected from mammary tissue samples
were analyzed by 2-DE as described Experimental Procedures.
Figure 1 shows the 2-DE gel obtained by mixing together TIF
of all patients, to give a representative picture of proteins spots
obtained (for statistical analysis, each sample was analyzed by
2-DE and every single gel is shown in Supplementary Figure 1S
in Supporting Information). A large number of protein spots

was separated on each 2-DE gel, and out of these visualized
protein spots, 140 spots were excised and subjected to ESI-Q-
TOF-MS/MS analysis. Keratin spots were present in a moderate
amount in all samples. A total of 122 proteins were identified
in both TIF and NIF proteome map as representing 55 unique
proteins. These are described in Table 2, where panel 1 denotes
the 2-DE gel image spot number as illustrated in Figure 1,
associated with a commonly used protein name (panel 2) and
entry name (panel 3) and SWISS-PROT primary protein acces-
sion numbers (panel 4), as identified by MS analysis. Panel 5
lists the appropriate function for each protein as a result of an
extensive literature search, utilizing literature references of
Swiss-Prot/TrEMBL (http://www.expasy.org) and the SWISS-
PROT annotation. Panel 6 indicates the protein localization in
the cell; panel 7 represents the theoretical MW of the unproc-
essed protein, in terms of primary sequence, and panel 8 the
pI of the protein. Panel 9 reports the highest scores, where score
is [-10 log(P)] and P is the absolute probability that the
observed match between the experimental data and the
database sequence is a random event, obtained with MASCOT
for all proteins listed. Finally, panel 10 refers to the number of
peptides matched, and panel 11 shows the sequence coverage,
that is, the percentage of amino acids sequenced for the
identified protein. Supplementary Table 1S in Supporting
Information shows the amino acid sequence of all the identified
proteins.

Figure 1. Differentially expressed proteins in TIF of breast cancer biopsies, obtained before chemotherapy. The 2D-electrophoresis gel
is representative of all the TIF samples, since it has been obtained by pooling TIF of all patients. Spot number reflects the number
listed for the specific protein in Table 2. Molecular weight (kDa) and isoelectric values (pI) are shown on the image.
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Table 3 indicates proteins with a different expression in TIF
with respect to NIF, as resulted from PD-Quest analysis. In the
group of proteins involved in nucleic acid metabolism, we
found only a slight increase in TIF of PARK 7 expression.
Proteins belonging to the energy pathways group show different
expression profile: ADH-1B, CAH 1, PRDX 2, LDHA, LDHB, APO
E, PRDX 6, PGAM 1, CAH 2, BLVRB and PGK 1 sx have a
variable degree of reduced expression in TIF; ALDO-A, G3P,
PGK1 dx, TPIS and show an increased expression. In the cell
growth and/or maintenance group, we found that 14-3-3-G
was increased 3.37-fold, tubulin � polypeptide (TBB 5) 2.11-
fold, tropomyiosin 3 and 4 (TPM 3 and 4) 1.01- and 1.21-fold,
vimentines (VIME) 1.05- and 1.18-fold, and glutathione-S
transferase-P (GSTP1) 1.52-fold. In protein metabolism group,
we found an increased expression (3.10-fold) of PSA 5, while

all the other proteins show a reduced expression, especially
CRYAB, which expression is reduced 17.74-fold. Among the
signal transduction proteins, we found a general decrease of
the APO A1, PEBP 1 and ANXA 2, while ANXA 5 and the
enzymatic proteins, 14-3-3 E and 14-3-3 Z, were enhanced.
The subsequent hierarchical cluster analysis indicated the
presence of two clusters of significantly differentially expressed
proteins. Figure 2 shows the supervised cluster analysis,
conducted comparing protein differentially expressed in TIF
with respect to NIF (different colors represent differentially
expressed proteins). This allowed the identification of two
clusters containing, respectively, one and 14 proteins. Cluster
1 contains CRYAB protein (final criterion 11.900), which shows
a reduced expression in TIF respect to NIF. Cluster 2 (final
criterion 6.842) contains CRYAB and also ANXA2, FIBBdx, CAH
2, PEBP 1, G3Pdx, PRDX 6 and TPIS, all showing a reduced
expression. Proteins with an increased expression were PGAM
1, G3Pcn, PGK1, 14-3-3-Z, and ALDO A.

Proteins Expressed in NIF and TIF before CHT:
Comparison between Responders and Nonresponder
Patients. Fourteen patients out of the 28 considered for the
2-DE analysis of TIF and NIF underwent chemotherapy. Not
all the patients had a satisfactory response to the chemo-
therapy, evaluated as tumor size reduction: 10 had more than
50% of reduction in size, measured at the ultrasound and
mammographic examinations, indicating a good response to
therapy, and four had no reduction of tumor size. Proteins
isolated in TIF and NIF of both group of these patients (10
responders and 4 nonresponders, as illustrated in Supplemen-
tary Figure 1S) before chemotherapy were pooled and pro-
cessed by 2-DE to have a representative picture of the expres-
sion patterns (Figure 3). Analysis of spots intensity by PD-
QUEST software shows changes in protein expression in TIF
respect to NIF, in both groups of patients (responders and
nonresponders). Referring to Table 4, column A, we can
appreciate that the antiapoptotic protein CRYAB is down-

Figure 2. Proteins expression level in supervised cluster analysis.
Fourteen proteins were clustered in two groups (cluster 1 and
cluster 2, each including, respectively, 1 and 14 proteins).
Different colors indicate different expression level.

Table 3. Changes in Protein Expression in TIF Compared to
NIF

protein name fold change

Nucleic Acid Metabolism
PARK 7 1.32

Signal Transduction; Cell Communication
14-3-3-E 1.52
14-3-3-Z 1.58
APO A1 sx -2.40
ANXA 5 1.52
APO A1 dx -1.33
PEBP 1 -1.33
ANXA 2 -2.89

Energy Pathways
PRDX 2 -2.97
APO E -1.51
TPIS (spot no. 212) 1.40
PRDX 6 -1.77
TPIS (spot no. 331) 2.05
PGAM 1 -2.81
CAH 1 -2.51
CAH 2 -1.73
BLVRB -2.02
LDHA sx -1.75
G3P sx 2.01
ALDO A sx 1.28
PGK 1 sx -2.83
LDHA dx -1.79
G3P cn 1.85
G3P dx 1.08
PGK 1 dx 3.47
ALDO A dx 2.06
ADH 1B -4.66

Cell Growth and/or Maintenance
14-3-3-G 3.37
TPM 4 1.21
TPM 3 1.01
VIME (spot no. 311) 1.05
VIME (spot no. 316) 1.18
TBB 5 2.11
GSTP 1 1.52

Protein Metabolism
PSA 5 3.10
LDHB -1.80
FIBB sx -4.08
FIBB dx -3.05
HSPB 1 -3.61
CRYAB -17.74
EF 1a -1.09
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regulated in TIF with respect to NIF in both responders and
nonresponders, even though the degree of down-regulation is
higher in this latter group. Almost same behavior is seen for
FIBB sx, HSPB 1, ANXA 2 and ADH 1B, while several others
are down-regulated in TIF with respect to NIF at almost the
same extent in both groups of patients. A certain number of
proteins are overexpressed in TIF of both groups: 14-3-3-E,
14-3-3-Z, TPIS, G3P sx and cn, PGK 1 dx, ALDO A dx, 14-3-3-
G, TBB 5, and GSTP 1. Among these, PGK 1dx and ALDO A dx
show a more relevant level of overexpression in TIF respect to
NIF in patients nonresponders to CHT. Proteins down-
regulated in TIF of responders and overexpressed in TIF of
nonresponders are: PARK 7, ANXA 5, G3P dx, TPM 3, EF 1A. In
contrast, proteins overexpressed in TIF of responders and

down-regulated in TIF of nonresponders are APO A1 dx and
sx, PEP 1, PRDX 6, PGAM 6, ALDO A sx, TPM 4, VIME, and
PSA 5.

Considering again Table 4, in column B, two other types of
comparison are made to evaluate differences in protein expres-
sion profile in the two groups of patients both in NIF and in
TIF.

Responder patients, in contrast to nonresponders, show an
increased expression in NIF of protein PARK7, which is involved
in cell growth, while in TIF, it is slightly down-regulated. Most
of the protein belonging to the signal transduction are down-
regulated in NIF of responders. In particular, comparing
responders versus nonresponders, we found that proteins
14-3-3-Z and ANXA 5 are down-regulated in both NIF and

Figure 3. 2-DE imagines of protein pools in TIF and NIF of breast cancer biopsies, obtained before chemotherapy. Molecular weight
(kDa) and isoelectric values (pI) are shown on the image. Arrows indicate proteins identified by cluster analysis (as illustrated in Figure
4B) of patients before CHT (different arrows indicate different clusters: green arrow, cluster 1; red arrow, cluster 2; black arrow, cluster
1 and 2). (A) TIF of responders; (B) NIF of responders; (C) TIF of nonresponders; (D) NIF of nonresponders.
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TIF of responders; APO A1 sx, APO A1 dx, PEBP 1 and ANXA 2
are down-regulated in NIF and up-regulated in TIF of respond-
ers, and protein 14-3-3-E is up-regulated in NIF and down-
regulated in TIF of responders.

Considering proteins belonging to the energy pathways, we
found that responders, in contrast to nonresponders, present
in both NIF and TIF an increased expression of PRDX 2, APO
E, TPIS, BLVRB, G3P sx, PGK 1 dx, and a decreased expression
of CAH 1, LDHA sx, LDHA dx, PGK 1 sx, and G3P dx. Of
relevance is the presence in NIF of responders in contrast to
nonresponders of a decreased expression of PGAM 1 and an
increased expression of ALDO A sx in TIF.

In the group of proteins involved in cell growth and/or
maintenance, it is of relevance the increased expression in both

NIF and TIF of responders of TBB5, and the decrease (more
relevant in NIF) of VIME.

In the protein metabolism class, the Elongation Factor
1-alpha, which is involved in protein biosynthesis, presents a
higher expression in NIF of responders; meanwhile, a lower
expression is observed in TIF. Responders show also a de-
creased expression in NIF of PSA 5 (which is, on the contrary,
highly increased in TIF) and FIBB sx.

A statistical analysis has been conducted comparing protein
expressed in interstitial fluids of responder and nonresponder
patients, without discrimination between tumor or normal
tissue. Forty-two protein spots, differentially expressed in
responders and nonresponders, were adopted for hierarchical
cluster analysis: clustergram is shown in Figure 4, panel A,

Table 4. Changes in Protein Expression

A B

TIF vs NIF responders vs nonresponders

responders nonresponders NIF TIF

Nucleic Acid Metabolism
PARK 7 -1.07 2.03 1.87 -1.16

Signal Transduction; Cell Communication
14-3-3-E 1.22 1.83 1.05 -1.43
14-3-3-Z 1.22 1.73 -2.49 -3.54
APO A1 sx 1.58 -5.49 -4.95 1.76
ANXA V -1.01 1.99 -1.10 -2.21
APO A1 dx 1.65 -2.61 -2.45 1.76
PEBP 1 1.21 -2.30 -1.44 1.93
ANXA 2 -1.61 -5.10 -1.82 1.74

Energy Pathways
PRDX 2 -3.24 -2.54 1.98 1.55
APO E -1.38 -1.94 2.49 3.50
TPIS (no. 212) 1.14 2.34 3.67 1.79
PRDX 6 1.21 -3.04 -2.70 1.36
TPIS (no. 331) 1.29 3.17 1.49 -1.65
PGAM 1 1.84 -6.70 -7.14 1.72
CAH 1 -2.38 -2.64 -1.20 -1.08
CAH 2 -2.50 -1.22 1.35 -1.53
BLVRB -2.29 -1.46 3.25 2.08
LDHA sx -1.96 -1.65 -1.56 -1.85
G3P sx 2.24 1.67 1.50 2.00
ALDO A sx 3.89 -3.23 -2.67 4.70
PGK 1 sx -1.70 -3.86 -2.46 -1.09
LDHA dx -1.54 -1.95 -1.96 -1.54
G3P cn 3.12 1.30 -2.27 1.06
G3P dx -1.01 1.15 -1.08 -1.25
PGK 1 dx 2.60 5.53 2.39 1.13
ALDO A dx 1.04 4.18 2.08 -1.93
ADH 1B -2.81 -8.39 -1.49 2.01

Cell Growth and/or Maintenance
14-3-3-G 3.27 3.54 1.68 1.55
TPM 4 1.45 -1.01 -1.16 1.26
TPM 3 -1.13 1.09 -1.55 -1.91
VIME (no. 311) 2.57 -1.41 -4.47 -1.23
VIME (no. 316) 1.97 -1.24 -2.11 1.15
TBB 5 2.11 2.13 3.98 3.94
GSTP 1 1.96 1.25 -1.65 -1.06

Protein Metabolism
PSA 5 9.39 -2.03 -2.42 7.88
LDHB -1.43 -2.45 1.01 1.73
FIBB sx -1.68 -7.57 -3.10 1.45
FIBB dx -3.17 -2.87 1.72 1.55
HSPB 1 -2.05 -7.61 -1.46 2.55
CRYAB -13.20 -25.94 -1.09 1.81
EF 1a -1.87 2.04 2.92 -1.31
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where different colors represent differentially expressed pro-
teins. Subsequently, a supervised cluster analysis (panel B) was
applied for identification of protein clusters predictive of CHT
response. Two significant clusters have been identified: cluster
1 contains 12 proteins (LDH A dx and sx, PGK 1 dx, FIBB dx,
G3P dx and sx, TBB5, TPIS, LDHB, CAH, VIME, 14-3-3 Z),
with a final criterion of 3.083; cluster 2 has nine proteins, which
are LDH A dx and sx, LDH B, PGK 1 sx and dx, TBB 5, 14-3-3-
Z, FIBB dx, G3P sx, with a final criterion of 2.097. The proteins
present in these clusters are indicated by arrows in 2-DE gels
of both Figures 3 and 6.

The results of this analysis let us to identify as predictive of
CHT response an increase in expression of LDH B, FIBB dx,
G3P sx, TBB 5, TPIS, CAH 2, PGK 1dx, coupled with a decreased
expression of LDH A, 14-3-3 Z, G3P dx, VIME, and PGK 1sx
proteins in interstitial fluid. The magnified 2-DE spots of all
these proteins are presented in Figure 5, where the protein
spots in every single patient and the localization in the
respective interstitial fluid (TIF and NIF) is reported.

Proteins Expressed in NIF and TIF after CHT:
Comparison between Responders and Nonresponder
Patients. To evaluate whether CHT could modify the expression
of proteins identified by supervised cluster analysis, we per-
formed 2-DE analysis of TIF and NIF after CHT. All patients
underwent CHT, followed by surgery; at this time, breast tissue
samples were obtained and TIF and NIF collected. In Figure 6,
the silver stained gels of pooled TIF and NIF are presented.

Panel A shows the 2-DE gels of both responders and nonre-
sponders. Comparing these gels with those represented in
Figure 3, we can appreciate that proteins’ expression in TIF of
patients responder to CHT is generally decreased after this
treatment; on the contrary, it is enhanced in NIF. Patients
nonresponder to CHT show, after chemotherapy, an un-
changed expression pattern in TIF and a slightly decreased
expression in NIF. Analyzing the single gel spots of the proteins
identified by supervised cluster analysis, in panel B of Figure
6, it is possible to evaluate changes in expression induced by
CHT. In these histograms, the clustered proteins significantly
changed in the expression profile after CHT are presented. In
general, expression of clustered proteins was always decreased.
Patients responder to CHT show a decreased expression in TIF
of most clustered proteins (panel B1), while on the contrary,
the nonresponders do not exhibit any modification in TIF
(panel B3), with the exception of 14-3-3-Z protein, which is
significantly decreased after CHT. In nonresponders, the most
important changes are present in NIF (panel B4). In Supple-
mental Figure 3S, the magnified cluster protein spots of
responders and nonresponders pools are presented.

Discussion

The heterogeneity of malignant cells is one of the main
hurdles in developing therapies selectively targeting the cancer
cell; the characterization of such heterogeneity might be useful

Figure 4. Visualization of putative biomarkers of chemotherapy response. (A) Hierarchical cluster analysis, where complete linkage for
treatment response is analyzed. This clustergram was constructed from 42 differentially expressed spots in patients responders vs
nonresponders and TIF and NIF have been considered individually. In scale bar, different colors indicate different expression of the
selected proteins: turquoise indicates low expression and fuchsia high expression. (B) Proteins level in supervised cluster analysis.
Thirteen proteins were clustered in two groups (cluster 1 and cluster 2, each including, respectively, 12 and 9 proteins). Different
colors indicate different protein expression: lower (gray) and higher (white) expression.
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Figure 5. Part 1 of 4. Magnified protein spots in TIF and NIF of responder and nonresponder patients: comparison with the corresponding
pool. Each panel corresponds to a different protein, which name is reported on the first line.
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Figure 5. Part 2 of 4.
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Figure 5. Part 3 of 4.
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for selecting the most appropriate therapeutic strategy for each
case. With this aim, we evaluated the proteomic profile of 14
breast cancer biopsies using a mass spectrometry based
application on proteins separated by 2DE. With this approach,
we found a high degree of variation in proteins expression
comparing proteins expressed in NIF with proteins expressed
in TIF: this can be easily evaluated at a first look of the 2DE
gels presented in Figure 3.

Of relevance is the high degree of down-regulation of the
antiapoptotic protein CRYAB, which is the unique protein
represented in cluster 1. This can be justified by the role of
CRYAB in the tyrosine kinase signaling, that could be easily
altered in cancer cells: its reduced expression has been already
associated with a negative prognosis.20 On the other hand, also
the secreted protein ANXA 2, which is involved in exocitosis
process, is reduced. Most of the proteins involved in protein
metabolism show a decreased expression in TIF; however, only
CRYAB and FIBB are present in clusters. The down-regulation
of FIBB could easily indicate the lack of regulation in cell
proliferation, which is a well-known characteristic of the tumor
cell.

In the energy pathway group, of relevance is the evident
decreased expression of PRDX 6 in TIF. This enzyme is involved
in hydrogen peroxide detoxification (also the PRDX 2 is
decreased in TIF, even though this latter is not present in
clusters). Enzymes involved in the glycolytic pathway, such as
ALDO A, G3P, PGAM 1, and PGK 1, are overexpressed as
expected, since in most human cancer they are concurrently
up-regulated. Nevertheless, not all the glycolityc enzymes show

a similar expression pattern: as already reported in other
studies, some of them are down-expressed and this issue has
not yet found an explanation. Among the down-expressed
cluster proteins belonging to the glycolytic pathway, there is
also CAH 2. Carbonic anhydrases are widespread enzymes,
present in mammals in at least 14 different isoforms. In the
interstitial fluid, we detected the CAH 1 and CAH 2, which are
cytosolic isoforms, while the membrane-bound isoforms (like
the CAH 9, CAH 12) were not present. The various isoforms
seem to play different roles in prognosis of invasive breast
carcinoma: the CAH 9 up-regulation has been associated with
resistance to chemotherapy21 and has been proposed as a
predictive marker of poor response to adjuvant treatment.22,23

On the contrary, CAH 12 up-regulation has been associated
with a better prognosis24 in breast cancer; in contrast with these
findings, it has been also demonstrated that its suppression
reduces the invasiveness of renal cancer cells.25 Regarding CAH
2, it has been correlated with aggressiveness of colorectal
cancer;26 it exhibits the same behavior as CAH 12 in renal
cancer cell lines25 and it suppression leads to inhibition of
endocrine tumor cells growth.27 Our study demonstrates that
in breast cancer patients the expression of CAH 2 is higher in
the normal interstitial fluid that in tumor fluid. The overall
expression of this enzyme in cancer patients (without discrimi-
nation between TIF and NIF) when increased seems to be
predictive of good response to CHT.

Finally, it can be noted that, in both TIF and NIF, albumin
is well-represented, indicating the presence of serum in the
interstitial fluid, as already reported in the literature.17,18 We
can conclude that the protein profile of TIF is remarkably
similar to that of NIF, with interesting differences in the
expression of a number of proteins, indicating an alteration in
the synthesis of proteins involved in cell proliferation, energy
metabolism, transport, and oxidative stress. Clustered proteins
could represent a potential resource for diagnostic biomarkers
discovery that could be evidenced in serum.

The most relevant part of this work is the search of protein
clusters predictive of response to CHT. The potential relevance
of this approach is crucial, since it might lead to a personalized
and more successful therapy.28 We proceeded to consider the
protein expression profile of TIF and NIF collectively, since
microenvironment is also involved in tumor progression.
Considering clustered proteins overexpressed in responder
patients with respect to the nonresponders, we found that most
of these belong to the energy pathways group. This could
indicate a potential role of the defense response against tumor.
Proteins belonging to the glycolytic pathway (LDH B, PGK 1,
G3P, TPIS, CAH2) are present in both clusters, indicating that
the induction of this energetic pathway might lead to a positive
outcome in cancer treatment. It has been demonstrated that
the reason for the increased expression of LDH A observed in
gastrointestinal cancer patients is transcriptional silencing of
LDH B expression due to aberrant methylation in the promoter
region of LDH B.29 On the contrary, in retinoblastoma cell line,
the presence of an aberrant transcription of the LDH A gene,
attributable to promoter methylation, has been demonstrated.30

The progressive increase of LDH B levels in serum of lung
cancer patients has been correlated with the clinical stage of
the disease.31 In our study, the increase in responders of LDH
B expression might be indicative of a link between a better
prognosis and the absence of hypermethylation of the promoter.

Our study indicates that also overexpression of TPIS, which
is a homodimeric enzyme catalyzing the interconversion of

Figure 5. Part 4 of 4.
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Figure 6. Modification in expression of protein clusters induced by chemotherapy. Panel A shows the 2-DE gel obtained by pooling
samples of the same type. Arrows indicate proteins identified by cluster analysis of patients before CHT (different arrows indicate
different clusters: green, cluster 1; red, cluster 2; black, cluster 1 and 2). (A1) TIF of responders; (A2) NIF of responders; (A3) TIF of
nonresponders; (A4) NIF of nonresponders. Panel B shows the histograms obtained by PD-Quest analysis of clustered proteins, expressed
as spot intensity: gray bar, before chemotherapy; white bar,, after chemotherapy. (B1) TIF of responder patients; (B2) NIF of responder
patients; (B3) TIF of nonresponder patients; (B4) NIF of nonresponder patients (Student’s t test: *p < 0.05; **p < 0.01 of pre- versus
postchemotherapy).
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D-glyceraldehyde-3-phosphate and dihydroxyacetone phos-
phate and is involved in glycolysis, gluconeogenesis and
triglyceride synthesis,32 could be predictive of positive response
to CHT. Until now, we have a few data on the involvement of
this protein in cancer. It has been found overexpressed in HER-
2/neu-positive breast cancer,33 but this finding cannot be used
for a comparison with our results, since 89% of our patients
where HER.2/neu-negative. There is at least one study where
expression of this enzymatic protein has been studied “in vitro”
in renal cell carcinoma cell lines: the authors found no
differences in the expression profile compared to normal
kidney epithelium.34 We found that another glycolytic enzyme
present in both cluster is PGK1 (which is also overexpressed
in HER-2/neu-positive breast cancer33). We detected two spots
of this protein, with a different pI, where the dx spot is
overexpressed and the sx is down-regulated. The pI shift on
the left (PGK1sx) could be indicative of a post-translational
modification of this protein. Usually, it is the presence of acidic
phosphate groups that causes a decrease in the pI of phos-
phorylated proteins and the relative shift to specific pI regions,
depending on the number and site of phosphorylation. A
decrease in the post-translational modification of this glycolytic
enzyme could be predictive of a better outcome for breast
cancer patients.

A shift in pI was found also for G3P, where the modified
enzyme was found increased in responders and, on the
contrary, the unaltered form was decreased. A further study of
post-translational modifications of both PGK1 and G3P is
needed to better understand the role in CHT response of these
proteins. Another enzyme belonging to the glycolytic pathway
and present in cluster 1 is the CAH 2. Considering the protein
metabolism group, we found a modification of FIBB expression
that could be predictive of CHT response. Many studies,
showing FIBB localization to the tumor-host cell interface,35,36

demonstrated that it is a predominant component in breast
tumor stroma, and its deposition is also a common feature of
other neoplasia, like mesothelioma,37 colon cancer,38 and
lymphoma.39 It has been suggested that the primary source of
this extracellular FIBB may be, in part, attributable to endog-
enous synthesis and deposition. It has been demonstrated that
MCF-7 human breast cancer cells synthesize and secrete FIBB,
suggesting the origin of FIBB in the stroma of breast carcinoma
in vivo.40 In our study, FIBB is overexpressed in interstitial fluid
of responders and most of this protein is expressed in NIF.
However, it cannot be excluded that an important source of
FIBB is plasma contamination; this critically reduces the
relevance of this finding.

Several reports have shown that tubulin expression is cor-
related “in vitro” with the sensitivity to taxanes.41-43 Moreover,
tubulin beta has been already associated with a positive
response to taxanes in preliminary clinical studies.44 Since
Docetaxel acts by binding to the beta-tubulin subunit of the
microtubules, resulting in cell-cycle arrest and apoptosis, the
presence of an overexpression of tubulin, as we found in our
study, could really predict a good response to this drug.

We found that patients responding to CHT have a lower
expression of VIME, which has been already correlated with a
poor prognosis in other studies.45 On the other hand, it is
known that the expression of VIME in breast cancer cells has
been shown to be downstream of several signaling proteins
implicated in carcinogenesis46-48 and its expression might be
a requirement for the invasive behavior of the cells.

Finally, the decreased expression of 14-3-3-Z protein, which
belongs to a family of protein kinase (PK) inhibitors, and has
an antiapoptotic activity, could be another indicator of protec-
tion against cancer progression.

Conclusions

In conclusion, the identification of protein clusters associated
with response to CHT might be important for predicting the
efficacy of specific antineoplastic drugs and for the develop-
ment of less empiric strategies for choosing the therapy to be
prescribed to the single patient. Since clustered proteins
identified in this study are mostly secreted by tumor cells, our
future work will be the investigation of this proteomic profile
in serum. We are aware that there is the need to conduct
additional clinical studies on a larger scale to validate these
results in the attempt to expand the number of available
biomarker assays for early detection and also therapeutic
managementofcancer, inaccordancewiththeFDArequirements.
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