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Abstract
More than 85% of breast cancers are sporadic and attributable to long-term exposure to
environmental carcinogens and co-carcinogens. To identify co-carcinogens with abilities to induce
cellular pre-malignancy, we studied the activity of triclocarban (TCC), an antimicrobial agent
commonly used in household and personal care products. Here, we demonstrated, for the first
time, that chronic exposure to TCC at physiologically-achievable nanomolar concentrations
resulted in progressive carcinogenesis of human breast cells from non-cancerous to pre-malignant.
Pre-malignant carcinogenesis was measured by increasingly-acquired cancer-associated properties
of reduced dependence on growth factors, anchorage- independent growth and increased cell
proliferation, without acquisition of cellular tumorigenicity. Long-term TCC exposure also
induced constitutive activation of the Erk–Nox pathway and increases of reactive oxygen species
(ROS) in cells. A single TCC exposure induced transient induction of the Erk–Nox pathway, ROS
elevation, increased cell proliferation, and DNA damage in not only non-cancerous breast cells but
also breast cancer cells. Using these constitutively- and transiently-induced changes as endpoints,
we revealed that non-cytotoxic curcumin was effective in intervention of TCC-induced cellular
pre-malignancy. Our results lead us to suggest that the co-carcinogenic potential of TCC should be
seriously considered in epidemiological studies to reveal the significance of TCC in the
development of sporadic breast cancer. Using TCC-induced transient and constitutive endpoints as
targets will likely help identify non-cytotoxic preventive agents, such as curcumin, effective in
suppressing TCC-induced cellular pre-malignancy.
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1. Introduction
Breast cancer is the most common cancer and the second leading cause of cancer deaths
among women in northern America and Europe [1]. More than 85% of breast cancers are
sporadic and attributable to long-term exposure to small quantities of environmental
carcinogenic agents that progressively induce non-cancerous cells to pre-malignancy to
malignancy in a multi-step and multi-path disease process [2–5]. Over 200 chemical
mammary carcinogens have been identified by measuring their ability to intensively induce
malignant cells or tissues [6]. While carcinogens are capable of inducing cellular
malignancy, co-carcinogens are capable of inducing cell pre-malignancy or enhancing
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cellular malignancy. Investigations into co-carcinogens, at low-doses (pico-to nano-molar),
capable of chronically inducing cellular pre-malignancy have been overlooked in past
studies of breast cancer development and prevention.

One potential co-carcinogen triclocarban (TCC; 3,4,4′-trichlorocarbanilide) is a lipophilic,
antimicrobial compound widely used in household and personal care products, such as
disinfectants, soaps, deodorants, and detergents, etc. [7]. TCC exhibits endocrine-disrupting
activity to induce estradiol-dependent activation of estrogen receptor (ER)-responsive gene
expression but alone lacks agonistic activity [8,9]. Direct dermal exposure to TCC results in
transdermal absorption and accumulation in underlying tissues, including mammary tissues
[10]. More specifically, a single whole-body shower using TCC-containing soap results in
blood levels as high as ~500 nM within 3 h [11,12]. In addition, TCC is resistant to both
wastewater chemical and biological treatments, and agricultural use of TCC-containing
biosolids renders TCC into the food chain, thus increasing human exposure to TCC [7,13–
15]. Although the role of TCC in increasing breast cancer risk has been questioned, it has
not yet been addressed. It is imperative to understand the role of low-dose TCC in sporadic
breast cancer development and to identify effective agents for intervention.

Curcumin, the major phenolic compound in turmeric extracts, has been used in Asian
countries for hundreds of years to treat various diseases, including gastrointestinal and
rheumatic disorders, as well as inflammation and cancer [16]. It has been shown that
curcumin inhibits growth and metastasis of breast cancer cells both in vitro and in vivo
[17,18]. Curcumin inhibits stomach tumors induced by benzo[a]pyrene (B[a]P) in mice [19],
genotoxicity induced by heterocyclic amines in Salmonella typhimurium [20], and
bioactivation of B[a]P-diol in oral squamous carcinoma cells [21]. However, the activity of
curcumin in prevention of sporadic breast cancer has not been fully addressed.

We have developed a cellular model to identify carcinogenic agents, at physiologically-
achievable levels, capable of chronically inducing human breast epithelial cell
carcinogenesis [22–24]. We revealed that cellular, biochemical, and molecular changes
transiently induced by single exposure to carcinogenic agents, and changes constitutively
induced by cumulative exposures play essential roles in induction of cellular carcinogenesis
and maintenance of acquired cancer-associated properties, respectively [22–24]. We then
used these transient and constitutive changes/endpoints as targets to identify non-cytotoxic
agents, such as green tea catechins and grape seed extract, effective in intervention of
cellular carcinogenesis [22–24]. In this communication, we used our model system, for the
first time, to reveal the ability of TCC, at nanomolar levels, to induce breast cell pre-
malignancy. We also studied the activity of curcumin, at non-cytotoxic levels, effective in
intervention of TCC-induced cellular carcinogenesis.

2. Materials and methods
2.1. Cell cultures and reagents

MCF10A (American Type Culture Collection [ATCC], Rockville, MD) and derived cell
lines were maintained in complete (CM) medium (1:1 mixture of DMEM and HAM’s F12,
supplemented with 100 ng/mL cholera enterotoxin, 10 μg/mL insulin, 0.5 μg/mL
hydrocortisol, 20 ng/mL epidermal growth factor, and 5% horse serum) [22–24]. Human
breast cancer MCF7 cells (ATCC) were maintained in DMEM supplemented with 10%
heat-inactivated fetal bovine serum [24]. All cultures were maintained in medium
supplemented with 100 U/mL penicillin and 100 μg/mL streptomycin in 5% CO2 at 37 °C.
Stock aqueous solutions of TCC (Sigma–Aldrich, St. Louis, MO), chloromethyl-
dichlorodihydrofluorescein-diacetate (CM-H2DCF-DA) (Invitrogen, Carlsbad, CA), U0126
(Cell Signaling, Beverly, MA), and curcumin (MP Biomedicals, Solon, Ohio) were prepared
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in DMSO and diluted in culture medium. Stock aqueous solutions of N-acetyl-L-cysteine
(NAC) (Alexis, San Diego, CA) were prepared in H2O and diluted in culture medium for
assays.

2.2. Chronic induction of cellular carcinogenesis
Twenty-four hours after each subculturing, cells were exposed to TCC for 48 h, as one cycle
of exposure for 10–20 cycles to induce cellular carcinogenesis [22–24].

2.3. Reduced dependence on growth factors
5 × 103 cells were seeded in 60-mm culture dishes and maintained in low-mitogen (LM)
medium containing reduced total serum and mitogenic additives to 2% of the concentration
formulated in CM medium; cell colonies (≥0.5 mm diameter) were counted [22–24].

2.4. Anchorage-independent growth
3 or 5 × 103 cells were mixed with soft-agar consisting of 0.4% SeaPlaque agarose (Sigma–
Aldrich) in a mixture (1:1) of CM medium with 3 d conditioned medium prepared from
MCF10A cultures, plated on top of the 2% SeaPlaque agarose base layer in a 60-mm culture
dish, and maintained for 20 d to develop cell clones. Cell colonies (≥0.1 mm diameter) were
counted [22–24].

2.5. Cell viability assay
A Methyl Thiazolyl Tetrazolium (MTT) assay kit (ATCC) was used to measure cell
survivability. 5 × 103 cells were seeded into each well of 96-well culture plates for 24 h.
After indicated treatments, cells were incubated with MTT Reagent for 4 h, followed by
incubation with detergent reagent for 24 h. Reduced MTT reagent in cultures was quantified
with an ELISA reader (Bio-Tek, Winooski, VT) [22–24].

2.6. Cell proliferation
Cell proliferation was determined by 5-bromo-2′-deoxyuridine (BrdU) incorporation into
cellular DNA using the BrdU cell proliferation ELISA kit (Roche, Indianapolis, IN). 5 × 103

cells were seeded into each well of 96-well culture plates for 24 h. After treatment, cells
were labeled with BrdU for 12 h, fixed, incubated with peroxidase- conjugated BrdU-
specific antibodies, and stained with peroxidase substrate. Quantification of BrdU-labeled
cells was determined with an ELISA reader (Bio-Tek) [22–24].

2.7. Intracellular ROS
As performed previously [22–24], cells were incubated with 5 μM CM-H2DCF-DA for 1 h
to detect ROS level by flow cytometry; the mean fluorescence intensity of DCF was
quantified using Multicycle software (Phoenix, San Diego, CA).

2.8. DNA damage
DNA damage was measured by a comet assay [22–24]. In brief, cells were mixed with 1%
low-melting agarose and placed on agarose- coated slides. After electrophoresis, slides were
stained with propidium iodide and examined with a Zeiss fluorescence microscope
(Thornwood, NY). Fifty nuclei per slide were scored for tail moment (% of DNA in the tail
× tail length) using CometScore software (Tritek Corp., Sumerduck, VA).

2.9. Immunoblotting
Equal amounts of cellular proteins were resolved by electrophoresis in SDS–polyacrylamide
gels and transferred to nitrocellulose filters for immunoblotting [22–24]. Specific antibodies
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were used to detect H-Ras, phosphorylated Mek (p-Mek), Mek, p-Erk1/2, Erk1/2, Nox-1,
and β-Actin (Santa Cruz, Santa Cruz, CA). Antigen– antibody complexes on filters were
detected by the Supersignal chemiluminescence kit (Pierce, Rockford, IL).

2.10. Statistical analysis
The Student t test was used to analyze statistical significance, indicated by *P < 0.05, **P <
0.01, ***P < 0.001; a P value of ≤0.05 was considered significant.

3. Results and discussion
3.1. TCC induction of breast cell carcinogenesis

To investigate the ability of TCC to induce breast cell carcinogenesis, we repeatedly
exposed MCF10A cells to TCC at various concentrations for 10 and 20 cycles. Normal
epithelial cells require growth factors to grow and survive, and cell adhesion to extracellular
matrix is essential for survival in a multi-cellular environment; in contrast, cancerous cells
acquire the abilities of a reduced dependence on growth factors and an independence from
cell adhesion to matrix (anchorage-independent growth) to survive [25,26]. We used these
two cancer-associated properties as constitutive cellular endpoints to measure the progress
of cellular carcinogenesis induced by carcinogenic agents [23,24]. As shown in Fig. 1A and
B, higher numbers of survived colonies, which acquired both cancer-associated properties,
remained in cultures exposed to TCC at higher concentrations than in cultures exposed to
lower concentrations (1000 > 500 > 200 nM), and higher numbers of colonies survived in
cultures exposed to TCC for 20 cycles than in cultures exposed for 10 cycles. These results
indicate that cumulative exposures of MCF10A cells to TCC resulted in progressively-
increased acquisition of these two constitutive cellular endpoints in a dose- and exposure-
dependent manner.

Our previous studies [23,24] revealed that the Erk–Nox pathway, as a constitutive
biochemical endpoint, is involved in maintaining constitutive cellular endpoints induced by
chronic exposure to carcinogenic agents, including B[a]P, 4-(methylnitrosamino)- 1-(3-
pyridyl)-1-butanone (NNK), and 2-amino-1-methyl- 6-phenylimidazo[4,5-b]pyridine (PhIP).
Chronic exposure to TCC also resulted in constitutive activation of the Erk–Nox pathway,
indexed by increased phosphorylation of Erk1/2 and increased level of Nox-1 (Fig. 1C); the
level of induced Erk–Nox pathway was in concert with the degree of constitutive cellular
endpoints (Fig. 1A and B). These results are consistent with our published findings of
constitutive endpoints induced by B[a]P, NNK, and/or PhIP [23,24]. The reduced
dependence on growth factors and anchorage- independent growth can also be used as
constitutive cellular endpoints, and the Erk–Nox pathway can be used as a constitutive
biochemical endpoint to measure TCC-induced cellular carcinogenesis.

3.2. TCC-induced transient endpoints
We reported that a single exposure of MCF10A cells to B[a]P, NNK, or PhIP induces
transient endpoints, including Erk–Nox pathway activation, ROS elevation, increased cell
proliferation, and DNA damage, which play essential roles in initiation of carcinogenesis in
each exposure, accounting for the mechanisms of these agents in induction of carcinogenesis
[23,24]. Because studies showed that a single whole-body shower using TCC-containing
soap frequently results in blood levels at ~200 nM [11,12], we chose to use the
physiologically-achievable level of 200 nM TCC to study its activity and mechanisms in
induction of cellular carcinogenesis.

As shown in Fig. 2A, phosphorylation of Erk1/2 was transiently induced, and the maximal
level of phosphorylated Erk1/2 was reached in 24 h, indicating a transient activation of the
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Erk pathway by TCC. Using the Mek inhibitor U0126 to block the Erk pathway, Nox-1 was
reduced to a lower level than in parental cells and TCC-exposed cells (Fig. 2B-1), indicating
that TCC induced Nox-1 through activation of the Erk pathway, thereby verifying the ability
of TCC to induce transient activation of the Erk–Nox pathway. Using NAC to block ROS,
we detected that the Erk–Nox pathway was suppressed in TCC-exposed cells (Fig. 2B-2),
indicating ROS induced by TCC in activation of the Erk–Nox pathway. Additionally,
blocking the Erk–Nox pathway by U0126 resulted in significant reduction of TCC-induced
ROS (Fig. 2B-3), suppression of ROS by NAC or U0126 resulted in significant reduction of
TCC-induced cell proliferation (Fig. 2B-4), and blockage of the Erk–Nox pathway or ROS
resulted in suppression of TCC-induced DNA damage (Fig. 2B-5). These results indicate
that TCC was able to induce the Erk-Nox pathway, Nox-dependent ROS elevation, and
Nox-independent ROS elevation to induce increased cell proliferation and DNA damage.
TCC-induced, Nox-independent ROS also played a role in activation of the Erk–Nox
pathway.

To address if TCC’s ability to induce these transient endpoints was limited to the ER-
negative breast MCF10A cells, we detected that TCC was able to induce the Erk–Nox
pathway (Fig. 2C-1), ROS elevation (Fig. 2C-2), and DNA damage (Fig. 2C-3) in human
breast cancer ER-positive MCF7 cells. The results indicate that TCC-induced transient
endpoints were not specific to MCF10A cells or ER status.

3.3. TCC-induced constitutive endpoints
To assess carcinogenic potency of TCC-exposed breast cells, we used the tumorigenic P-20
cell line, which resulted from cumulative exposure of MCF10A cells to PhIP for 20 cycles
[24], and a highly-tumorigenic, oncogenic Ras-expressing MCF10A-Ras cell line [24] as
controls. Cumulative exposures of MCF10A cells to 200 nM TCC for 10 and 20 cycles
resulted in T-10 and T-20 cell lines, respectively. We detected that the constitutive endpoints
of reduced dependence on growth factors (Fig. 3A-1), anchorage-independent growth (Fig.
3A-2), increased cell proliferation (Fig. 3A-3), ROS elevation (Fig. 3A-4), and Mek–Erk–
Nox pathway activation (Fig. 3A-5) were increasingly induced in T-10 and T-20 cells in an
exposure-dependent manner; however, none of these constitutive endpoints was induced to a
comparable level to those acquired by tumorigenic P-20 and MCF10A-Ras cells. Inoculation
of T-20 cells into mammary fat pads of immunocompromised nu/nu mice did not result in
any xenograft tumors in 90 days in contrast to xenograft tumors derived from P-20 and
MCF10A-Ras cells, indicating that the T-20 cell line was not tumorigenic (data not shown).

To detect if long-term exposure to TCC was able to induce MCF7 cells to acquire increased
degrees of cancer-associated properties, we repeatedly exposed MCF7 cells to 200 nM TCC
for 10 cycles, resulting in MCF7/T10 cell line. We detected that MCF7/T10 cells acquired
higher degrees of the constitutive endpoints of anchorage- independent growth (Fig. 3B-1),
increased cell proliferation (Fig. 3B-2), ROS elevation (Fig. 3B-3), and Erk–Nox pathway
activation (Fig. 3B-4) versus parental MCF7 cells. These results indicate that cumulative
exposures of MCF7 cells to TCC enhanced cancerous properties in MCF7 cells.

3.4. Curcumin intervention of TCC-induced carcinogenesis
To identify preventive agents effective in intervention of cellular pre-malignancy induced by
chronic exposure to TCC, we pursued agents, at non-cytotoxic levels, capable of blocking
TCC-induced transient and constitutive endpoints in MCF10A cells. As shown in Fig. 4A,
treatment with curcumin at 10 and 20 μM resulted in significant reduction of cell viability,
but 0.1 or 1 μM did not result in any detectable reduction of cell viability. We used
curcumin at the non-cytotoxic concentration of 1 μMin the studies of the ability of curcumin
to block TCC-induced transient endpoints. We detected that co-exposure to curcumin
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reduced TCC-induced transient endpoints of Erk–Nox pathway activation (Fig. 4B-1), ROS
elevation (Fig. 4B-2), increased cell proliferation (Fig. 4B-3), and DNA damage (Fig. 4B-4)
in a single exposure. These results indicate that co-exposure to curcumin interfered in TCC-
induced initiation of cellular carcinogenesis. After 10 cycles of exposure, curcumin co-
exposure significantly reduced TCC-induced constitutive endpoints of reduced dependence
on growth factors (Fig. 4C-1), anchorage-independent growth (Fig. 4C-2), increased cell
proliferation (Fig. 4C-3), and ROS elevation (Fig. 4C-4), as well as activation of the Erk–
Nox pathway (Fig. 4C-5). Accordingly, curcumin was effective in the intervention of
transient and constitutive endpoints induced by TCC in single and accumulated exposures,
respectively. Thus, curcumin should be considered for early intervention of TCC-induced,
cellular pre-malignancy.

American lifestyles involve wide uses of cleaning agents containing TCC and consumption
of TCC-contaminated agricultural products. The role of TCC in increasing breast cancer risk
has not yet been fully addressed. Our model system revealed, for the first time, that
cumulative exposures of human breast cells to TCC at physiologically-achievable,
nanomolar concentrations induced carcinogenesis from a non-cancerous stage to pre-
malignant stages in a dose- and exposure-dependent manner, suggesting the novel ability of
TCC, as a co-carcinogen, to induce breast cell pre-malignancy that should be seriously
considered in epidemiological studies to reveal the significance of TCC in sporadic breast
cancer development. Using TCC-induced transient and constitutive endpoints as targets
enabled us to identify non-cytotoxic preventive agents, such as curcumin, effective in
suppressing TCC-induced cellular pre-malignancy. However, whether TCC is able to
enhance malignancy with other carcinogenic agents remains to be clarified.
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Fig. 1.
Dose- and exposure-dependent induction of carcinogenesis by TCC. MCF10A cells were
repeatedly exposed to DMSO (0) or 200, 500, or 1000 nM TCC for 10 and 20 cycles. (A &
B) Cellular acquisition of reduced dependence on growth factors (RDGF) and anchorage-
independent growth (AIG) was determined. Columns, mean of triplicates; bars, SD.
Statistical significance is indicated by **P < 0.01, ***P < 0.001. (C) Cell lysates isolated
from cultures exposed to TCC for 20 cycles were analyzed to detect levels of p-Erk1/2,
Erk1/2, and Nox-1, with β-Actin as a control; these levels were quantified by densitometry.
The level of specific phosphorylation of Erk1/2 (p- Erk/Erk) was calculated by normalizing
the level of p-Erk1/2 with the level of Erk1/2, the level set in control cells (0 nM TCC) as 1
(X, arbitrary unit). The level of Nox-1 (Nox/Actin) was calculated by normalizing with the
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level of β-Actin, the level set in control cells as 1 (X, arbitrary unit). All results are
representative of three independent experiments.
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Fig. 2.
Transient endpoints induced by TCC. (A) MCF10A (10A) cells were treated with 200 nM
TCC (T) for the indicated periods. (B-1 to B-5) 10A cells were exposed to TCC in the
absence or presence of 10 μM U0126 (U) or 5 mM NAC (N) for 24 h. (C-1 to C-3) MCF7
cells were treated with 200 nM TCC for 24 h. (A, B-1, B-2, & C-1) Cell lysates were
analyzed to detect levels of p-Erk1/2, Erk1/2, and Nox-1, with β-Actin as a control, and
these levels were quantified by densitometry. The level of specific phosphorylation of
Erk1/2 (p-Erk/Erk) was calculated by normalizing the level of p-Erk1/2 with the level of
Erk1/2, then the level set in control cells as 1 (X, arbitrary unit). The level of Nox-1 (Nox/
Actin) was calculated by normalizing with the level of β-Actin and the level set in control
cells as 1 (X, arbitrary unit). (B-3 & C-2) Relative ROS levels were measured and
normalized by the DCF fluorescence intensity determined in control cells, set as 1 (X,
arbitrary unit). (B-4) Relative cell proliferation was determined and normalized by the value
of BrdU detected in control cells, set as 100%. (B-5 & C-3) Relative DNA damage was
measured by a comet assay and normalized by the value of average tail moment determined
in control cells, set as 1 (X, arbitrary unit). Representative images of DNA damage in the
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comet assay are shown in B5. Columns, mean of triplicates; bars, SD. Statistical
significance is indicated by *P < 0.05, **P < 0.01. All results are representative of three
independent experiments.
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Fig. 3.
Constitutive endpoints induced by long-term exposure to TCC. MCF10A (10A) cells were
repeatedly exposed to 200 nM TCC for 10 and 20 cycles, resulting in T-10 and T-20 cell
lines, respectively. 10A cells were repeated exposed to 10 nM PhIP for 20 cycles to generate
P-20 cells. 10A cells were stably transfected to ectopically express oncogenic H-Ras,
resulting in the MCF10A-Ras cell line (Ras). MCF7 cells were repeatedly exposed to 200
nM TCC for 10 cycles, resulting in MCF7/T10 cell line. (A-1) Cellular acquisition of
reduced dependence on growth factors (RDGF) was determined. (A-2 & B-1) Cellular
acquisition of anchorage-independent growth (AIG) was determined. (A-3 & B-2) Relative
cell proliferation was determined and normalized by the value of BrdU detected in control
parental cells, set as 100%. (A-4 & B-3) Relative ROS levels were measured and normalized
by the fluorescence intensity determined in control parental cells, set as 1 (X, arbitrary unit).
(A-5 & B-4) Cell lysates were analyzed to detect levels of p-Mek, Mek, p-Erk1/2, Erk1/2,
and Nox-1, with β-Actin as a control, and these levels were quantified by densitometry. The
levels of specific phosphorylation of Mek (p-Mek/Mek) and Erk1/2 (p-Erk/Erk) were
calculated by normalizing the level of p-Mek and p-Erk1/2 with the level of Mek and
Erk1/2, respectively, then the level set in control parental cells as 1 (X, arbitrary unit). The
level of Nox-1 (Nox/Actin) was calculated by normalizing with the level of β-Actin and the
level set in control parental cells as 1 (X, arbitrary unit). Columns, mean of triplicates; bars,
SD. Statistical significance is indicated by *P < 0.05, **P < 0.01, ***P < 0.001. All results
are representative of three independent experiments.
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Fig. 4.
Intervention of TCC-induced carcinogenesis by curcumin. (A) MCF10A (10A) cells were
treated with 0, 0.1, 10, and 20 μM curcumin for 72 h. Relative cell viability was normalized
by the value determined in control cells (0 μM), set as 100%. (B-1 to B-4) MCF10A cells
were treated with 200 nM TCC (T) in the absence or presence of 1 μM curcumin (C) for 24
h. (C-1 to C-4) MCF10A cells were repeatedly exposed to 200 nM TCC in the absence and
presence of 1 μM curcumin for 10 cycles, resulting in 10A, C-10, T-10, and T/C-10 cell
lines. (B-1 & C-5) Cell lysates were analyzed to detect levels of p-Erk1/2, Erk1/2, and
Nox-1, with β-Actin as a control, and these levels were quantified by densitometry. The
level of specific phosphorylation of Erk1/2 (p-Erk/Erk) was calculated by normalizing the
level of p-Erk1/2 with the level of Erk1/2, then the level set in control cells as 1 (X, arbitrary
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unit). The level of Nox-1 was calculated by normalizing with the level of β-Actin and the
level set in control cells as 1 (X, arbitrary unit). (B-2 & C-4) Relative ROS levels were
measured and normalized by the fluorescence intensity determined in control cells, set as 1
(X, arbitrary unit). (B-3 & C-3) Relative cell proliferation was determined and normalized
by the value of BrdU detected in control cells, set as 100%. (B4) Relative DNA damage was
measured by a comet assay and normalized by the value of average tail moment determined
in control cells, set as 1 (X, arbitrary unit). (C-1) Cellular acquisition of reduced dependence
on growth factors (RDGF) was determined. (C-2) Cellular acquisition of anchorage-
independent growth (AIG) was determined. Columns, mean of triplicates; bars, SD.
Statistical significance is indicated by **P < 0.01, ***P < 0.001. All results are representative
of three independent experiments.
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