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Jina Chang, Anbok Lee, Jihyun Lee, Woosung Lim, Sun Hee Sung', Byung-In Moon

Departments of Surgery and 'Pathology, Ewha Womans University School of Medicine, Seoul, Korea

Purpose: The empirical use of a chemotherapy regimen shows different results in individual breast cancer patient treatment.
Recent studies showed the effectiveness of the adenosine triphosphate-based chemotherapy response assay (ATP-CRA).
However, little is known about the correlation between chemosensitivity and breast cancer molecular subtypes. Therefore,
we investigated whether the result of ATP-CRA is associated with a molecular subtype of breast cancer. Methods: Two hun-
dred eighty-seven patients diagnosed with breast cancer and receiving ATP-CRA at Mokdong Hospital, Ewha Womans
University between September 2007 and December 2010 were enrolled in this study. Hormone receptor status, HER2/neu ex-
pression, and results of chemosensitivity tests of the patients was analyzed. Results: In all of four subtypes, the combination
of two agents showed significant higher mean cell death rate than a single agent. Within the breast cancer cell lines in this
study, the range of chemosensitivity response was very wide and varied for each patient. For this reason, the molecular sub-
type of breast cancer is inconclusive in choosing an effective chemotherapeutic agent and in vitro chemosensitivity test, prior
to therapy, could be a useful method for planning chemotherapy for each patient. Conclusion: Chemosensitivity response to
anticancer agents was found to vary depending on the individual breast cancer patients. The molecular subtype of breast
cancer is inconclusive to choose the effective chemotherapeutic agent and the in vitro chemosensitivity test, prior to therapy,
could be more useful for planning chemotherapy for each patient.
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INTRODUCTION

Breast cancer incidence rates have been gradually in-
creasing worldwide for the past few decades and it is the
second most common cancer in Korean women [1,2].

Surgical treatment is used as a main therapeutic modal-

ity in the treatment of breast cancer patients; also, systemic

chemotherapy plays a key role in improvement of pa-
tients” survival. However, empirical use of a chemothe-
rapy regimen shows different treatment results in in-
dividual patients. It may be due to heterogeneity of breast
cancer. Therefore, several studies have been conducted to
find available methods for predicting tumor response to

chemotherapy [3-8]. However, these tests have limitations
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and are not widely used in clinical practice. These limi-
tations are the low success rates in primary cell culture and
requirement of large amount of samples. On the other
hand, the adenosine triphosphate-based chemotherapy
response assay (ATP-CRA) requires only a small number
of cells, has a high success rate in primary cell culture and
can be performed quickly [9-11]. Also, in our previous
study, it showed 78.6% sensitivity, 100% specificity and
85.0% diagnostic accuracy [12]. Moreover, several studies
suggest that ATP-CRA is a useful method for predicting
chemotherapy response in ovarian cancer [13], lung can-
cer [14], gastric cancer [15], and colon cancer [16].

Breast cancer subtypes classified according to the ex-
pression of hormone receptors and HER2/neu over-ex-
pression are known to have different prognostic results.
And, triple negative breast cancer showed relatively more
sensitive to chemotherapy. Overexpression of HER2/neu
is known to predict a poor outcome for chemotherapy [17].
However, little is known about the correlation between
chemosensitivity and breast cancer molecular subtypes.

Within such a context, we aimed to investigate whether
the results of ATP-CRA is associated with molecular sub-

type of breast cancer.

METHODS

Patients

Two hundre and ninety patients diagnosed with breast
cancer with ATP-CRA performed at Mokdong Hospital,
Ewha Womans University between September 2007 and
December 2010 were enrolled in this study. All patients re-
ceived chemotherapy as an adjuvant. Among them, three
patients diagnosed with ductal carcinoma in situ were
excluded. All of the final enrolled patients were diagnosed

as having invasive ductal carcinoma by a pathologist.

Preprocessing of breast cancer tissue

Tumor tissues were stored in Hank's Balanced Salt
Solution (Gibco BRL, San Diego, CA, USA), containing 100
IU/mL penicillin (Sigma-Aldrich Co., St. Louis, MO, USA),
100 pg/mL streptomycin (Sigma-Aldrich Co.), 100 pg/mL
gentamicin (Gibco BRL), 2.5 pg/mL amphotericin B (Gibco
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BRL) and 5% fetal bovine serum (FBS, Gibco BRL). These
tissues underwent washing, quantification and mincing,
followed by incubation with extracellular matrix degrad-
ing enzymes, such as dispase (Sigma- Aldrich Co.), pro-
nase (Sigma- Aldrich Co.) and DNase (Sigma-Aldrich
Co.), at 37°C for 12-16 hours. Cells were harvested using a
cell strainer (BD, Franklin Lakes, NJ, USA). To eliminate
normal cells, the cell suspensions were subjected to ficoll
(1.077 g/mL) gradient centrifugation, at 400 g for 15 mi-
nutes, and anti-CD45 antibody conjugated magnetic
beads (Miltenyi Biotech, Auburn, CA, USA). The viability

of isolated cells was tested using trypan blue exclusion.

Anticancer drug treatment and ATP-CRA
Separated tumor cells were diluted to 2,000-20,000 via-
ble cells/100 pL using Iscove's Modified Dulbecco's
Medium (IMDM) (Gibco BRL), including 10% FBS, and
seeded in triplicate to a 96-well ultra low attachment mi-
croplate (Costar, Cambridge, MA, USA), which was able
to restrict growing normal cells, such as fibroblasts. In the
treated groups, 100 pL of chemotherapeutic agents were
added on the seeded cells and cultured for 48 hours in a
CO: incubator. In the untreated control groups, 100 pL of
IMDM, without chemotherapeutic agents, was added to 3
-6 wells of the microplate. For the purpose of quality con-
trol, a negative control group of 3-6 wells (only seeding
medium without cells) and two positive control groups
were included in the culture plate. Each positive control
group was composed of 3 wells that contained the mini-
mal (105 pg ATP) and median (280 pg ATP) amounts of
ATP, as measured in 1,000 tumor cells harvested from
tissue. The final concentrations of anticancer drugs were
determined by training set experiments, which exhibited
scattered distribution of cell deaths from each specimen
(data not shown); 5-fluorouracil (5-FU, 50 pg/mL), pacli-
taxel (8.5 pg/mL), docetaxel (3.7 pg/mL), doxorubicin (1.5
pg/mL), methotrexate (0.37 ng/mL) and cyclophospha-
mide (4.7 pg/mL). Cells from the untreated control and
treated groups were lysed, and the amounts of ATP in the
cell lysates measured using luciferin and excessive lucifer-
ase (Roche, Mannheim, Germany), followed by flash type
luminescence measurements on a Victor 3 multilabel
counter (PerkinElmer, Boston, MA, USA). The cell death

thesurgery.orkr



rate for each drug was calculated as follows:

mean luminescence
in treated group

Cell death rate (%) = (1- - ) x 100
mean luminescence

in untreated controls group

To calculate the intraassay mean coefficient of variation
(CV) value, luminescence values of each specimen were
measured 3 times. We then confirmed whether the meas-
ured values at 280 pg of ATP were higher than those at 105.
If there were microorganism contamination, inadequate
number of cells and an intraassay mean CV greater than
30, the test was considered a failure. If the measured val-
ues in the untreated control were lower than those in the
positive group (105 pg of ATP), the specimen was consid-

ered to have unacceptable viability.

Immunohistochemical staining and fluorescence in
situ hybridization of HER2/neu

Expression of estrogen receptor (ER), progesterone re-
ceptor (Pg-R), erb-B2 was determined by immunostai-
ning. Tissues for immunohistochemical assay were ob-
tained from paraffin block of tru-cut biopsy or surgical re-
section specimens. Sections were cut from each block,
dewaxed in xylene, and then hydrated using graded con-
centrations of ethanol in distilled water. Microwave anti-
gen retrieval was performed before incubation with pri-
mary antibodies at room temperature for 5 minutes.
Samples were incubated with each antibody at various
dilutions. After incubation, specimens were processed by
the avidin-biotin peroxidase complex method to detect
protein accumulation. Immunostaining was performed
using an automated staining system (Bond-X System;
Vision Biosystems, Mount Waverley VIC, Australia).
Expression of ER and Pg-R was reported as an expression
rate and classed as negative, weak positive, intermediate
positive and strong positive; Weak, intermediate and
strong positive considered as positive. Expression of
erb-B2 was categorized as 0, 1+, 2+, or 3+. Tumors were
considered as HER2/neu negative by scoring 0 or 1+,
whereas cased with score 3+ were considered HER2/neu
positive. HER2/neu overexpression was confirmed by the
fluorescence in situ hybridization technique for score 2+

in expression of erb-B2 cancer.
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Statistical analysis

The statistical significance of any differences for the
subtypes of breast cancer in ATP-CRA result to different
cytotoxic drugs was confirmed using the one-way analysis
of variance test. The post-hoc analysis was used to com-
pare mean value between the two groups. P-values of

<0.05 were considered statistically significant.

RESULTS

Clinical characteristics of patients

Two hundre eighty-seven patients were included in this
study. All patients were female and their mean age was
48.9 +9.7 years. Ninety-three patients were stage I (32.1%),
123 patients were stage II (42.4%), 54 patients were stage I1I
(18.6%), and 4 patients were stage IV (1.4%).

Patients were classified into 4 groups as luminal A (ER+
and/or PR+, HER2/neu-), luminal B (ER+ and/or PR+,
HER2/neu+), HER2 (ER-, PR-, and HER2/neu+) and tri-
ple negative (triple negative breast cancer [TNBC], ER-,
PR-, HER2/neu-). There were 167 patients in luminal A, 38
in lJuminal B, 31 in HER2 and 50 in triple negative breast

cancer (Table 1).
Results of ATP-CRA

The lists of tested agents and their corresponding re-

sults are presented in Table 2. Sensitivity rates ranged from

Table 1. The characteristics of the breast cancer patients

Parameter Value

Age (yr) 48.9+9.7
Stage

I 93 (32.4)

I 124 (43.2)

I 54 (18.8)

v 4(14)

Unknown 12(4.2)
Subtype

Luminal A 168 (58.5)

Luminal B 38(13.2)

HER2 31(10.8)

Triple negative breast cancer 50 (17.4)
Total 287 (100)

Values are presented as mean + standard deviation or number (%).
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Table 2. The results of in vitro adenosine triphosphate-based
chemosensitivity test of the cultured breast cancer cell lines to the
cytotoxic agents

No. of Rate of cell death (%)

Cytotoxic drug
cases  Mean+SD  Range
5-Fluorouracil 286 30.03+14.8 0.0-82.1
Cyclophosphamide 278 2625+21.9 0.091.5
Methotrexate 280 1998+15.2 0.0-84.5
Docetaxel 274 24.04+20.2 0.0920
Doxorubicin 265 22.68+18.0 0.0-86.0
Paclitaxel 284 17.89£184  0.0-90.3
Doxorubicin + docetaxel 283 46.13+£222 0.0-96.2
Doxorubicin + CPM 282 4041+245 0.0-927
Doxorubicin + paclitaxel 285 4423+228 0.0-97.0

SD, standard deviation; CPM, cyclophosphamide.

Table 3. The results of in vitro adenosine triphosphate-based
chemosensitivity test of the cultured breast cancer cell lines to
chemotherapeutic regimen of doxorubicin combined with
docetaxel

Subtype of No. of Rate of cell death (%)
breast cancer C3%¢S  Mean+SD Range P-value

Lumina A 167 41.64+224 0.0-93.8

Luminal B 36 48.76+18.1 0.0-88.6

HER2 32 5090+£19.9 7.9-922

TNBC 48 56.61+21.3 0.0-92.0

Total 283 46.13+22.2 0.0-96.2 0.25

SD, standard deviation; TNBC, triple negative breast cancer.
Significant different was observed between luminal A and TNBC
only (P=0.001).

0% to 97.0%. The combination of two agents showed a higher
mean cell death rate than a single agent. Among single agents,
5-FU showed the highest mean cell death rate.

Correlation between chemosensitivity and breast
cancer subtype

We evaluated whether chemosensitivity is different be-
tween breast cancer subtypes. We conducted the study in
some single agent regimens and combination regimens
(combination regimens: doxorubicin and docetaxel, dox-
orubicin and paclitaxel, doxorubicin and cyclophospha-
mide, single agent regimens: 5-FU, docetaxel.) that
showed high mean cell death rate (Tables 3-7). There was
no significant difference between four of the breast cancer

subtypes in all of the regimens. In combination regimens
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Table 4. The results of in vitro adenosine triphosphate-based
chemosensitivity test of the cultured breast cancer cell lines to
chemotherapeutic regimen of doxorubicin combined with
paclitaxel.

Subtype of No. of Rate of cell death (%)
breast cancer cases Mean + SD Range P-value
Lumina A 167 39.81+£22.7 0.092.6
Luminal B 38 45.89+20.8 0.091.8
HER2 32 4835+23.7  0.0-86.9
TNBC 48 555+19.9  0.0-97.0
Total 285 4423+228  0.097.0 0.34

SD, standard deviation; TNBC, triple negative breast cancer.
Significant different was observed between luminal A and TNBC
only (P < 0.001).

Table 5. The results of in vitro adenosine triphosphate-based
chemosensitivity test of the cultured breast cancer cell lines to
chemotherapeutic regimen of doxorubicin combined with
cyclophosphamide

Subtype of No. of Rate of cell death (%)

breast cancer cases Mean + SD Range P-value
Lumina A 166 35.08+23.6 0.0-874
Luminal B 36 4261+250 0.0-78.2
HER2 32 44.15+225 0.092.7
TNBC 48 54.69+22.6  0.0-90.6
Total 282 4041+245 0.092.7 0.69

SD, standard deviation; TNBC, triple negative breast cancer.
Significant different was observed between luminal A and TNBC
only (P < 0.001).

Table 6. The results of in vitro adenosine triphosphate-based
chemosensitivity test of the cultured breast cancer cell lines to
chemotherapeutic regimen of 5-fluorouracil

Subtype of No. of Rate of cell death (%)

breast cancer cases Mean+SD Range  P-value
Lumina A 167 2727 +145 0.0-82.1
Luminal B 38 33.87+81 0.0-73.5
HER2 31 35.10+13.0 0.0-56.5
TNBC 50 3321+13.0 0.0-65.4
Total 286 30.03+14.8 0.0-82.1 0.05

SD, standard deviation; TNBC, triple negative breast cancer.
Significant different was observed between luminal A and TNBC
only (P = 0.030).

of doxorubicin and docetaxel, doxorubicin and paclitaxel,
also in combination of doxorubicin and cyclophospha-
mide, TNBC group showed the highest cell death rate and
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Table 7. The results of in vitro adenosine triphosphate-based
chemosensitivity test of the cultured breast cancer cell lines to
chemotherapeutic regimen of docetaxel

Subtype of No. of Rate of cell death (%)

breast cancer Cases  Mean +SD Range P-value
Lumina A 161 20.67+18.7  0.0-85.0
Luminal B 36 29.05+221  0.0-73.0
HER2 29 30.38+22.8  0.0-92.0
TNBC 48 20.77+203  0.0-85.0
Total 274 24.04+202  0.0-92.0 0.23

SD, standard deviation; TNBC, triple negative breast cancer.

*P >0.05
**P<0.05
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Fig. 1. The in vitro adenosine triphosphate-based chemosensitivity
test of the cultured breast cancer cell lines for the molecular subtype
of luminal A. 5-FU, 5-fluorouracil; CPM, cyclophosphamide.
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Fig. 2. The in vitro adenosine triphosphate-based chemosensitivity
test of the cultured breast cancer cell lines for the molecular subtype
of luminal B. 5-FU, 5-fluorouracil; CPM, cyclophosphamide.
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Fig. 3. The in vitro adenosine triphosphate-based chemosensitivity
test of the cultured breast cancer cell lines for the molecular subtype
of HER2. 5-FU, 5-fluorouracil; CPM, cyclophosphamide.
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Fig. 4. The in vitro adenosine triphosphate-based chemosensitivity
test of the cultured breast cancer cell lines for the molecular subtype
of triple negative breast cancer. 5-FU, 5-fluorouracil; CPM, cyclo-
phosphamide.

there was only significant difference between luminal A
and TNBC. In 5-FU, HER2 group showed the highest cell
death rate while there was only significant difference be-
tween luminal A and HER?2. With the single agent of doce-
taxel, HER2 group showed the highest cell death rate but
there was no significant difference between all four
groups. We also evaluated the correlation in the other

agents and there was also no significant difference be-
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tween the four groups in cell death rate of all agents (data
not shown).

In each other breast cancer molecular subtype, we ana-
lyzed whether mean cell death rate of chemotherapy
agents is different (Figs. 1-4). In all of four subtypes, com-
binations of two agents showed significant higher mean
cell death rate than a single agent. Otherwise, in combina-
tion or single agent therapy, there’s no significant differ-
ence between the kinds of chemotherapeutic agents. In all
of four groups, combination of doxorubicin and docetaxel

showed the highest mean cell death rate.

DISCUSSION

The development of chemotherapy improved the sur-
vival of breast cancer patients. However, the response to
chemotherapy is very different in patients. Breast cancer is
a heterogeneous disease; therefore tumors with similar
stage and clinicopathologic characteristics are diverse in
disease behavior and response to treatment and outcome.
For this reason, a considerable number of patients treated
with empirical chemotherapeutic regimens do not benefit
from adjuvant therapy. Several studies have been under-
taken to find methods capable of predicting tumor re-
sponse to chemotherapy or helpable for choosing chemo-
therapeutic agents. Although some biologic markers have
shown potential predictive ability, it is not clearly accepted
which biologic markers helpfully predict response to che-
motherapy in individual patients. In previous studies,
chemosensitivity tests were considered one of the viable
methods that predict tumor response to chemotherapy
and are useful in choosing the chemotherapy agents
[12-16].

The ATP-CRA assay requires only a small number of
cells, can be performed quickly, and this method includes
the suppression of elimination of normal cells from tissue
specimens. Also, it is considered more accurate than other
reported chemosensitivity tests, such as human tumor clo-
nogenic assay, the thymidine incorporation assay, the his-
toculture drug-response assay and the 3-(4,5-dimethyl-
thiazol-2-yl)-2, 5-siphenyltetrazolium bromide assay [5,8,
18,19].
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In the present study, the highest mean cell death rate
was observed in doxorubicin combined with docetaxel
and the combined regimens were superior to single agent
regimens. Within single agents, 5-FU showed the highest
mean cell death rate. The rank of agents is different in
studies [12,20,21]. However, the results of mean cell death
rate were very close to each other.

Biologic markers of breast cancer, especially hormone
receptors-ER, PR- and HER2/neu, are used as prognostic
factors and frequently studied as predictors of chemo-
sensitivity to various drugs [22-24]. As predictors of che-
mosensitivity, however, the clinical significance of bio-
logic markers is still controversial. In our previous study,
the expression of ER or PR significantly predicted tumor
response but their diagnostic accuracy was low [12]. Also,
their correlation with chemosensitivity tests is not clear.

In our analysis, all combination or single agent regi-
mens showed higher mean cell death rate in TNBC than
the other molecular subtypes, except 5-FU. The statistical
significance, however, was limited. In all molecular sub-
types, the combination of two chemotherapeutic agents
showed significant superior cell death rate to single agents
but there’s no significant difference according to the kinds
of combination agents. Woo et al. [20] observed that gem-
citabine was more effective in HER2/neu over-expressed
breast cancer than for negative HER2/neu breast cancer.
And Pritchard et al. [25] reported that amplification of
HER2/neu in breast cancer is associated with responsive-
ness to anthracyclin-containing chemotherapeutic agents.
Other investigators, however, reported that the response
to the chemotherapeutic agents did not correlate with the
expression of biologic markers, including HER2/neu, p53
and ER [3,26].

Also, in this study, molecular subtype was used for clas-
sification of patients. Molecular subtype consists of combi-
nations of hormone receptors and HER2/neu amplifica-
tion status. Because of that, the results of analysis could be
different from the other studies that analyzed single fac-
tors of hormone receptors or HER2/neu amplification
status. In the previous studies, molecular subtypes were
strongly correlated with prognosis of breast cancer
patients. Investigators noted that molecular subtypes are

even better than traditional histopathologic parameters as
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a predictor for short-term prognosis of breast cancer pa-
tients [27,28]. In addition, response to the chemotherapy
was different in molecular subtypes [29]. In this context,
the analysis of correlation between molecular subtype of
breast cancer and chemosensitivity could be a meaningful
study. This study however did not show correlation of che-
mosensitivity to the chemotherapeutic agents and the mo-
lecular subtypes of breast cancer. However, there was sig-
nificant difference when TNBC and HER2 subtypes were
compared with luminal A. This result is consistant with
other previous reports in which the TNBC and HER2 sub-
types had better chemosensitivity than the luminal sub-
type [30,31]. We supposed that higher chemosensitivity of
TNBC and HER2 subtype is due to their high proliferative
activity. The triple negative and HER2+ breast cancer
subtypes are characterized by high expression of the pro-
liferation cluster of genes [32]. The higher expression of
genes regulating proliferation was shown to predict
pathologic complete response to neoadjuvant chemo-
therapy [33], and it supports the relationship of pro-
liferation to chemosensitivity.

The molecular subtypes were not helpful factors for
choosing the specific chemotherapeutic agents. We sup-
posed that the negative result of this study is caused by
heterogeneity of the breast cancer. Even though tumors
belong to the same molecular subtype, individual tumors
have distinctive behavior and responsiveness to
chemotherapy. As a result, a single factor, including mo-
lecular subtype, may be difficult in helping select chemo-
therapeutic agents.

Our study was a retrospective study and conducted in
a single center. For this reason, there is a limitation in the
results of this study.

In conclusion, the chemosensitivity response to anti-
cancer agents was found to vary depending on the in-
dividual breast cancer patients. In all molecular types,
combination regimens were more cytotoxic in vitro than
the single agent regimens. Also, most cytotoxic agents
were more effective in triple negative breast cancer group.
In the breast cancer cell lines in this study, the range of che-
mosensitivity response was very wide and varied for each
patient. For this reason, the molecular subtype of breast

cancer is inconclusive in choosing an effective chemo-
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therapeutic agent and the in vitro chemosensitivity test,
prior to therapy, could be more useful for planning chemo-
therapy for each patient. In the future, a randomized pro-
spective study with a large cohort is required to confirm

the results of this study.
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