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In vitro (Cell culture)

http://blogs.discovermagazine.com

In vivo

https://labcat.com/in-life-in-vivo/ https://www.cell.com/trends/microbiology/
fulltext/S0966-842X(18)30139-2

Animal ethics

Human ethics

In silico (Program computer)

Experiments
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11.7%

6.9%

Incidence

Mortality

Breast cancer

Asia

Highest incidence & mortality
45.4%, 50.5%

The Globalcan 2020

Europe

Africa

N America

S America

Thailand
Prevalent cases 

31.3%
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Breast Cancer Subtypes

ER+, PR+, HER2-
Luminal A (~40%)

Normal-like (~2-8%)
ER+, PR+, HER2-

Luminal B (~20%)
ER+, PR+, HER2+/-

HER2-enriched (~10-15%)
HER2+

Triple-negative (~15-20%)
ER-, PR-, HER2-

ER = Estrogen
PR = Progesterone
HER2 = Human epidermal growth  
           factor receptor 2

Receptors

*Classification based on expression of hormone receptors
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ER, PR, HER2

No hormone receptor 
expression

Response to 
chemotherapy

Triple-negative/ 
TNBC/ Basal-like

Difficult to treat

High recurrence and 
spread rate
Low survival rate

Hard to detect
TNBC patients
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Ruthenium-based drugs

Cisplatin

Platinum-based drugs

Arene ring

Arene-ruthenium (II)-complexes containing 
PTA (1,3,5-tri-aza-7-phosphaadamantane),
often termed RAPTA

Advantage:
• Can inhibit cancer cells 

that are rapidly dividing

• Induce secondary mutations
• Acquired drug resistance
• High general toxicity (e.g. hepatotoxicity) 
• Expensive

Disadvantage:
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RAPTA-EA1

Ethacrynic acid (EA) RAPTA compound RAPTA-EA1

RAPTA compound with ethacrynic acid tethered to the arene ring, 
termed RAPTA-EA1

Strong inhibitor of glutathione-S-transferase P1 (GSTP-1)
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Objectives

• To evaluate anticancer efficacy of RAPTA-EA1 against 
triple-negative BRCA1 wild-type breast cancer (MDA-
MB-231) cells through BRCA1 inhibition

• To evaluate the combined treatment of PARP inhibitor 
(Olaparib) with RAPTA-EA1 in MDA-MB-231 cells and in 
sporadic BRCA1 wild-type MCF-7 cells
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MTT proliferation assay 

Cytotoxicity effect of RAPTA-EA1 on MDA-MB-231 and MCF-7 cells 

Uptake of RAPTA-EA1 and molecular mechanism of anticancer activity of RAPTA-EA1 in MDA-MB-231 cells 

Cellular accumulation and distribution

Cell cycle analysis

Apoptosis detection by Annexin V

Immunofluorescence assay

Cellular BRCA1 damage, expression of BRCA1 mRNA and its protein in MDA-MB-231 cells

Utilization of Quantitative PCR (qPCR) for cellular BRCA1 damage

Reverse transcription quantitative real-time PCR (RT-qPCR)

Western blot analysis

Combination treatment of olaparib and RAPTA-EA1

MTT assay, RT-qPCR, Western blotting
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Cisplatin

Materials

Preparing by literature method

Sigma-Aldrich (USA)

Prepare stock solution (1-5 µM) in 
deionized water

Olaparib Prepare stock solution (0-60 µM) 

RAPTA-EA1

Olaparib
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Cell cultureMDA-MB-231 cells

Human breast cancer cell lines

Conditions:
• DMEM medium without 

phenol red
• 10% FBS
• 1% penicillin-streptomycin

Conditions:
• At 37°C
• 5% CO2

MCF-7 cells

Seed in 6-well plate Cell were incubated
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MTT proliferation assay

Cultured cells
in 96 well plate

Added MTT solution  
*MTT is light sensitive

Gently 
removed 
medium 

Measured absorbance
at 570 nm

Incubated 4 h.

Incubated 
at 37°C, 48 h., 5% CO2

Incubated
48 h.

Seeding density Removed and added 
fresh culture medium

Washed twice
With 1XPBS

5x104 cells of 
MDA-MB-231 and MCF-7

RAPTA-EA1 
(various conc.)

Cisplatin

Added DMSO
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Results

Table 1. Cytotoxicity of MDA-MB-231 and MCF-7 cells induced by IC    values (µM) of RAPTA-EA1 and cisplatin using the MTT assay 
after 48 h. of treatment (data reflect the mean and ± SEM of results from three separate experiment, each preformed in triplicate)

50

*IC50 is half-maximal inhibitory  concentration 

RAPTA-EA1 can inhibit the proliferation of MDA-MB-231 cells better than MCF-7 cells, 
while cisplatin can inhibit the proliferation of MCF-7 cells better than MDA-MB-231 cells.
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Seeding density
5x106 cells of
MDA-MB-231

Inductively coupled plasma spectrometry (ICP-MS) 

Incubated with 
RAPTA-EA1 

at 37°C, 48 h., 5% CO2

Washed twice
with PBS

Fractionated cells

ICP-MS

Cellular accumulation and distribution
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Results

Fig 1. Accumulation and distribution of ruthenium in breast cancer cell lines were treated with PAPTA-EA1 at the IC50 concentration (10 µM) 
at 37°C for 48 h. The distribution of ruthenium was determined in the nuclear fraction, mitochondria and cytoplasm using ICP-MS

The ruthenium was distributed in the 
nuclear fraction 43%, cytoplasm 30% and 
mitochondria 27% of MDA-MB-231 cells.
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Cell cycle analysis
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37°C

37°C

Incubated 
at 37°C, 48 h., 5% CO2

80% confluence

≈10   MDA-MB-231 cells6

Trypsinized

0.25% trypsin
Washed with PBS
Centrifuged at 300g 5 min.

Collected & fixed 
with cold ethanol (70%)

Stored overnight 
at 20°CPBS (1 mL)

RNase (100 µg/mL)
PI (50 µg/mL)
Triton-X-100 (0.1%)

Washed & re-suspendedIncubated 
at 37°C, 30 min. 

in the dark

FACS canto
flow cytometer

Cisplatin (128 µM)

RAPTA-EA1 (10 µM)
or
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Results

Fig 2. Quantification of DNA by PI staining after treatment of the cells with RAPTA-EA1 (10 µM) or the IC50 concentration of cisplatin (128 µM) (Table 1) at 37°C 
for 48 h. FACS (fluorescence-activated cell sorting) was used to investigate the proportion of cells arrested at multifarious phases of the cell cycle. Each 
experiment used 20,000 cells. 

RAPTA-EA1 affected the cell cycle progression at 
G2/M phase more than cisplatin.
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Apoptosis detection by Annexin V

Apoptosis cell

Annexin V/
PI staining

19

Healthy cell

Annexin V-Alexa Fluor 488

PI
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)

Live cells

Necrosis

Early 
Apoptosis

Late 
Apoptosis

Early apoptosis Late apoptosis
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37°C

Incubated 
at 37°C, 48 h., 5% CO2

Collected 
pellets

Cisplatin (128 µM)

RAPTA-EA1 (10 µM)

80% confluence

≈10  MDA-MB-231 cells6

or

Washed twice with  
PBS buffer

Centrifuged

Resuspend cell pellets
in 100 µL of

1X Annexin-binding buffer

Alexa-Fluor 488 
Annexin-V

Incubated

Added 1X 
Annexin-binding 

buffer

FACS canto flow cytometer

at RT

300g, 5 min.

PI

29
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Results

RAPTA-EA1 inducing apoptosis to a greater 
extent than in cisplatin-treated cells, compared 
to the untreated control cells.

Fig 3. Determination of starting apoptotic cells (Annexin V-positive/PI-negative) and late apoptosis cells (Annexin V-positive/PI-positive) following incubation with RAPTA-EA1 
(10 µM) or cisplatin (128 µM) at 37 C for 48 h. Flow cytometric analysis was used to measure cells that bind Annexin V-Alexa Fluor 488 and PI apoptosis staining. 

Dead
Late apoptosis
Early apoptosis
Live cell

78.3%

57.4%

10.4%

30



Morphological change

31

Immunofluorescence assay 



Counterstained 
Nuclei

DAPI
4 µg/mL

RAPTA-EA1 (10 µM)

at 37°C, 48 h.

MDA-MB-231 cells

37°CIncubated 

Fixed Permeabilized Blocked with

Incubated
Detected by

Fluorescence microscope

4% paraformaldehyde 0.2% Triton-x-100 3% BSA in 0.1% TBST

RT, 1 h.
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Results

Fig 4. Immunofluorescence assay. Cells treated with RAPTA-
EA1 (10 µM) were seeded on coverslips, fixed using 4% 
paraformaldehyde for 30 min and then permeabilized using 
0.2% Triton X-100. The cells were incubated with blocking 
reagent for 1 h at ambient temperature and then their 
nuclei were treated with counterstaining, 4',6-diamidio-2-
phenylindole (DAPI; 1 µg/mL).

MDA-MB-231
Untreated RAPTA-EA1

RAPTA-EA1 induces a rippled nuclear contour and partial chromatin condensation, 
which are characteristics of nuclear condensation stage I in MDA-MB-231 cells, and is 
indicative of apoptosis.

* CC = Chromatin condensation
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• BRCA1 mutation            cell divide too much

• BRCA1 have 5,936 - 11,986 bp
• BRCA1 involved DNA repair

Tumor or cancer

BRCA1
(Breast cancer gene 1)

BRCA1-mutantBRCA1 wild-type

MDA-MB-231
MCF-7

HCC1937

3426 bp

34

Utilization of Quantitative PCR for cellular BRCA1 damage



• Ruthenated genomic-DNA template 400 ng
• Forward & reverse primer 0.5 µM
• MgCl2 cofactor 300 µM
• 1X Phusion GC buffer
• Phusion hot-start polymerase 2 units

Ethidium bromide

RAPTA-EA1 (0-100  µM)

MDA-MB-231 cells

Incubated 
37°C

at 37°C, 48 h., 5% CO2 Extracted genomic 
DNA

(BRCA1 exon11) PCR The

Add PCR
 reaction mixture 

PCR processingGel electrophoresis

Visualized by UV light
100 V

1% agarose gel
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Results

Fig 5. Cellular BRCA1 damage in MDA-MB-231 cells. Cells were incubated with RAPTA-EA1 at different concentrations (0-100 µM) at 37 C for 48 h. The fragment of BRCA1 was used as the DNA 
target which comprises 3426 bp located on BRCA1 exon 11. It was isolated from MDA-MB-231 cells, multiplied by PCR then the amplified DNA fragment was electrophoresed on 1% agarose gel. 
Staining was performed using ethidium bromide and imaged in the presence of ultraviolet light. The band intensity indicates the magnification of products quantified on a Bio-Rad Molecular 
Imager. The amount of DNA amplification (%) was plotted as a function of concentration (A). RAPTA-EA1-induced damaged BRCA1 fragment (lesions per the 3426-bp fragment) in MDA-MB-231 cells 
was calculated by the Poisson equation (B).

The growth of the BRCA1 gene decreasing as the RAPTA-EA1 concentration increases. The amplification 
of the BRCA1 gene decreased by 20% in the concentration range 10–100 µM, and DNA damage induce 
approximately lesion per BRCA1 fragment in the cells at 20% inhibition of DNA amplification.
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QuantiTech
Reverse transcription 
(Qiagen, Germant)

R

Quantitative analysis of expression of BRCA1 mRNA following 
RAPTA-EA1 treatment using real-time quantitative RT-PCR

RNeasy    Mini Kit
(Qiagen, Germany)

R

Incubated at 37°C, 48 h.

RAPTA-EA1 (10  µM)

MDA-MB-231 cells

RNA
Extracted

Real-time 
PCR machine

Analyzed data and 
normalized with β-actin

cDNA

BRCA1 forward primer:

BRCA1 reverse primer:
5՛-GTCAAATGTGCTC CCCAAAAGC-3՛

5՛- GCCAGTTGGTTGATTTCCACC-3

B-actin forward primer: 
5՛-CCGTAAAGACCTCTATGCCAACA3'

B-actin reverse primer:
5՛-CGGACTCATCGTACTCCTGCT-3'

Specific primers

Amplified

Added PCR 
components

Fluorescence dye
SYBR green

Added reverse
transcriptase
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Definition:

• The number of cycles required for the 
fluorescent signal to cross the threshold 
(e.g., exceeds background level).

• Ct levels are inversely proportional to the 
amount of target nucleic acid in the sample.

The Ct (cycle threshold)

Ct values DNA/RNA
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25th

18th

28th

20th

RAPTA-EA1 suppresses the expression of BRCA1 mRNA in MDA-MB-231 cells.

Results

Fig 6. Effect of RAPTA-EA1 on the expression of BRCA1 mRNA and its protein in MDA-MB-231 cells. The transcribed BRCA1 gene was quantified by RT-PCR, normalized 
to the reference gene B-Actin and treatment-free control cells (A, B).
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RAPTA-EA1 (10  µM)

MDA-MB-231 cells

HRP

Incubated 
at 37°C, 48 h. 

Collected cells SDS-Polyacrylamide
gel electrophoresis

6% SDS-PAGE

Lyzed cells

Separated Proteins

Transferred 
protein

Immunostained
Incubated with 

antibody 
Gel imaging

Visualized protein by 
chemiluminescence

Western blot

Primary antibody;
Mouse monoclonal IgG1 antibody 
(BRCA1 (Ab1) Mouse (MS110)) at 
1:1000 dilution
Secondary antibody;
Goat anti-mouse IgG conjugated with 
HRP at 1:5000 dilution
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Results

Fig 7. Protein expression was performed by Western blot analysis, normalized to the reference B-actin and treatment-free control. 

Notably, BRCA1 protein expression was reduced by almost 50% compared to 
the untreated control cells.
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Combination treatment 

Objective: Methods:
• The combination treatment of RAPTA-EA1 

and olaparib can reduce expression in 
BRCA1-wild type (MDA-MB-231 and MCF-7).

• Cytotoxicity test (MTT assay)
• BRCA1 mRNA expression (RT-qPCR)
• BRCA1 protein expression (Western blotting)
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Fig 8. The cell growth inhibitory effect of 
olaparib alone and in combination with 
RAPTA-EA1. MDA-MB-231 and MCF-7 cells 
were treated with various concentrations 
of olaparib (A, B), RAPTA-EA1 (C, D) or 
olaparib in combination with RAPTA-EA1 
(E, F) for 48 h at 37 C.

MTT assay results

MDA-MB-231 cells are approximately 2-fold less susceptible to olaparib compared to MCF-7 cells, 
while RAPTA-EA1 is perfectly suppressed the viability of both cells at the same concentration.
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. MCF-7 cell, combination of olaparib+RAPTA-EA1

MDA-MB-231 cell, combination of olaparib+RAPTA-EA1.

The combination of olaparib (10 µM) and RAPTA-EA1 (10 µM) results in a combination index (CI)
of 0.24 (potent synergy) in MCF-7 cells and 0.78 (almost additive) in MDA-MB-231 cells.

Fig 9. The cell growth inhibitory effect of olaparib alone and in combination with RAPTA-EA1. MDA-MB-231 and MCF-7 cells were treated with various 
concentrations of olaparib (A, B), RAPTA-EA1 (C, D) or olaparib in combination with RAPTA-EA1 (E, F) for 48 h at 37 C.
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RT-qPCR results

Olaparib downregulates the expression of BRCA1 mRNA in 
MDAMB-231 cells, whereas it is upregulated in MCF-7 cells. 
However, the combined inhibitors induce overexpression of 
BRCA1 mRNA in both cells (Figure A, B and C). 

Fig 10. Differential expression of the BRCA1 mRNA and its protein. The amount of transcribed BRCA1 genes was 
determined quantitatively using RT-PCR, B-Actin expression was used as the normalized gene, compared to the 
untreated control cells. A: cycle threshold (Ct) for each sample, B: relative expression of BRCA1 mRNA, C: fold 
change for BRCA1 mRNA between MCF-7 and MDA-MB-231 sample.
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Fig 11. Differential expression of the BRCA1 mRNA and its protein. The amount of transcribed BRCA1 genes was determined quantitatively using RT-PCR, B-Actin expression was 
used as the normalized gene, compared to the untreated control cells. D-E (SI-Fig. 2), and F: Western-blot analysis of BRCA1 protein expression in cells treated with olaparib, 
RAPTA-EA1 and olaparib-RAPTA-EA1 combination.

The expression level of the BRCA1 protein is dramatically reduced after treatment with 
the olaparib-RAPTA-EA1 combination, compared with the untreated controls.

Western blot results
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Combination treatment of olaparib-RAPTA-EA1 increased 
overexpression of BRCA1 mRNA, but expression of BRCA1 
protein decreased in both cells.

RAPTA-EA1 can inhibit MDA-MB-231 cells (TNBC cells) 
by cell cycle arrest and leading to apoptosis,    
decrease expression of BRCA1 mRNA and it's protein.

Conclusions
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