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Heterogeneous Chemosenisitivity of Breast Cancer Defermined by Adeonsine
Triphosphate Based Chemotherapy Response Assay
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Purpose: Breast cancer is heterogeneous disease and the
response to chemotherapeutic agents is also heterogeneous
from patient to patient. Chemotherapy response assay is in
vitro test that is performed to evaluate the degree of tumor
growth inhibition by chemotherapy drugs. In this study, we
performed the chemotherapy response assay using adeno-
sine triphosphate (ATP-CRA) in breast cancer patients and
assessed the clinical availability. Methods: Sixty five breast
cancer patients were enrolled in this study. Cancer cells were
evenly divided and treated with commonly used chemother-
apeutic drugs in breast cancer (doxorubicin, epirubicin, 5-
fluorouracil, paclitaxel, docetaxel, vinorelbine, and gemci-
tabine). To verify in vitro ATP-CRA indirectly, we analyzed
the correlation between cell death rate (CDR) of doxorubicin
and epirubicin, and between doxorubicin and paclitaxel. We
also analyzed the mean CDR of doxorubicin, epirubicin and
paclitaxel by HER2 status. Results: We could successfully
perform the ATP-CRA in 60 patients (95.2%). In all cases, we
can get the results within 7 days. The range of CDR was very

wide, from 0 to more than 50%, except gemcitabine. Epirubicin
showed the highest mean CDR (39.9%) and doxorubicin,
paclitaxel in order. According to the chemosensitivity index,
paclitaxel is the most frequently first-ranked and doxorubicin,
epirubicin in order. Correlation coefficient between the cell
death rate of doxorubicin and epirubicin is 0.4210 and 0.1299
between paclitaxel and doxorubicin. In HER2 positive group,
mean CDR of paclitaxel, epirubicin and doxorubicin was
higher than in HER2 negative group, even though epirubicin
and doxorubicin were not statistically significant (p=0.018, p=
0.114, p=0.311, respectively). Conclusion: ATP-CRA showed
heterogeneous results in individual patients. ATP-CRA was
successful and can be performed within short time period.
According to our in vitro study, it showed similar results with
in vivo study but for the clinical use, the prospective random-
ized controlled trial should be preceded.
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Clinical Availability of ATP-CRA
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FaAoA HofHl oF 2218100 U/mL Penicillin (Sigma,
St. Louis, USA), 100 ug/mL Streptomycin (Sigma), 100
g/mL Gentamicin (GIBCO BRL, Rockville, USA), 2.5 g/
mL Amphotericin B (GIBCO BRL), Z18]3L 5% fetal bovine
serum (FBS: GIBCO BRL, Rockville, USA)¢] 223 HBSS
(GIBCO BRL)°I| o] Hukslgich, Byel 222 AlA, A5,
E3lE 714 Dispase (Sigma), Pronase (Sigma) 52| extra
cellular matrix (ECM) &3l &42} DNase (Sigma)E A2
5to] 37°C 9] Bhs- 2 02 124170l A 16417 HESAIZ H cell
strainer (BD Falcon, Bedford, USA)E ©]-835}] AEZE 7
BHITh =A% AR 400 gollA 1541t ficoll (1.077 g/mL)
gradient centrifugatione % ¥ anti—-CD45 antibody
conjugated magnetic bead (Miltenyi Biotech, Auburn,
USA)E o83t A A2z AlA IS =853l om Eeld Al
5O AEE-L trypan blue exclusion 2 FARSISLE,

Sietwl X2t ATP 24

2alH SAIEE10% FBS7} 5 IMDM (GIBCO BRL)H)
A& o]g3t4] 2,000-20,000 viable cells/100 yL2 3]435}o]
Aot 59 S4E dAIE 4= = 96 well Ultra Low
Attachment (ULA) micro—plate (Costar, Cambridge, USA)
o] triplicate® E5=5FItt. 58 Allazo] nlg] szl S5+ 3
A 100 uLE 718 48417 52t CO, vl 1ol A vhoa}ol
o} 3-6 well®] A mjA] HizL- wjefoll AM8-E= IMDM
HiR] 100 uLE 3471 33k, vl 87]0ll= A welE 913k 3-
6 well®] 3/ A7} 2T QRS viR|eE £59), 24
of| A Ea|gk kA 1,0007H0l14 SA == ATPERS] 2|4zt
FFkel sigsls 7 579 4 tixH(150 pg 9 280 pgd
ATP) 7} 3 welle f A[obct A2, A 2]3t otA|) 2
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F %= 24729 peak plama concentratione HFECO 2 Y
afi%l dlH] A&(data not shown)S &3l 24 kol =2
AAF EHE A 7] FA1Y] A s vt Zh 5-
fluorouracil (10 ug/mL), doxorubicin (1.5 ug/mL), epiru-
bicin (2 ug/mL), paclitaxel (8.5 ug/mL), docetaxel (3.7 ug/
ml), gemcitabine (16.9 ug/mL), vinorelbine (0.18 ug/mL).
EeZH AL 7} F-5g ol 2 U A2 s (treated
drug concentration, TDC)E 5422 54l 0.54H, 0.2, 0.1
HiZ 3A5ked Al 02X, 1X, 5X) Z-2 oAl 7)) =01,
0.2x, 0.5%, 1X, 5X)& JAAE Asiet, FAAE A
23t F A 2)siA] g oA 2 Al E BalAl 7]l Al &
3| Yol 2A8R= ATPE luciferin 2 #59] luciferase (Roche,
Mannheim, Germany)2} #--A1A /=)= flash type lumi-
nescences 5795}, Luminometer (Perkin Elmer, Boston,
USA)E S35 7| 58)= S B0l FAAIE A2skA &
2 ol v]3)] FAAE Al oA WA oF Ml APE A=
(cell death rate)E AKX

Table 1. Characteristics of the patients (n=60)

Characteristics No. (%)
Histologic type

IDC 56

ILC 1

Others 3
Stage

| 12

Il 26

1l 18

\% 4
ER

Positive 38

Negative 22
PR

Positive 33

Negative 27
HER2

Positive 20

Negative 40
p53

Positive 18

Negative 42
Kie7

High 15

Low 45

IDC=invasive ductal carcinoma; ILC=invasive lobular carcinoma; ER=
estrogen receptor; PR=progesterone receptor; HER2=human epi-
dermal growth factor receptor 2.
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Cell death rate %)=

mean luminescence in treated wells

%100

mean luminescence in untreated control

FUAE A7 S22 ATt A-fole A7 skolA dAl=
APE IS TS A2l Y anE Blashs chemo-

sensitivity index& AXFeITY,

A 7FA] ‘5= A2]: Chemosensitivity index=300—sum
(% cell suppression 0.1X-5X)
oAl 7HA] 5% #]2]: Chemosensitivity index=500—sum
(% cell suppression 0.2X-5X)

o] Akt 33] ¥hE Z74% luminescence 44 0185
HAF Azte] Pt HoAlS=(coefficient of variation, CV)& A
AetRon 54tz 3 tiaate] 54 g Elsk, &
7 diz=t9l 280 pg ATPO| 574 kel 150 pg ATP 574 ¢

2 e HoleAl stk Hat CV7E 30 o1l -,
0] At Sgke] AE A, FUA miAe] Hix
9] 7ol A iRl 150 pg ATPECTE 2R 749 A
vz ZHrsl7) = shgich
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Figure 1. Cytotoxic effect aganist 7 anticancer drugs. A scatter
gram shows heterogeneity of the chemosensitivity for anticancer
drugs in the indicated number of patients with breast cancer.
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A ASLEo] 95.2% (60/692) PAF HBES ehiict. B4}
£ QA 9 ejStAl S Table 19] EABIC
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AAL Ak B2 oA 7 olWjel & 4= lSict AR
e 650llA 125 Aol 2 g A Bt 7.9702] &tA
BAE 7FsaR), AR 717 F WINS] FARBHIE A2
A% Z3k= Figure 17 2k, A ¥4 AAlol ARg-H
8 oF 229] Hat P2 386.4 mgol k. A IS AA
S %&%‘Z" 2 90.5%%0m™ G oF 23] 1 mgd
3= 14,56070 %k, 22 Al Sof) wet 1271
°] AA1(20.0 %)% 7R HETE A EE 4= lglen, 9719
AAA5%)= T 7R w2, W] 3978 HA65%)= Al 714
TR FAAIE AT 4= USlt A AT CV 9= 4.9%
of|41 17.5% Ate]em™ 60 o9 Btk 9.1%%t. CV7F10%
ol5}el 2] Hl-&-& 21|12 73.3% (44/60) Tk, 24 -2
7% P BT wieh =20] W2 gholglom o] ok
it Atoof| 2471 G AARS S TEE]R] ottt
In vitro chemosensitivitys 7HIER wll-¢- cioksto] 2k
=i}, AA RS tio® 7Y wisskA] AAREIE U 7t
A AP Feff= A2 APE 83kE BA418T A3t gemcitabine
< AQlg nE A= U S (1X TDC)AIA] 7iglef wet
0-75.8%2] thoFst AlZAPE auts JeldcthFigure 1), AlE
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7120 = 3 uf) HARE A 7P st 22 Ao R e
+= W=+ paclitaxel©] 54.5% (24/440)E 7P #9521, dox—
orubicin 17.1% (6/35), epirubicin 14.7% (5/34), docetaxel
6.4% (3/47), gemcitabine 6.4% (3/47), vinorelbine 2.1% (1/
47), 5—fluorouracil 0% (0/43)%] <=°]tHTable 3). = Al
FAPE 95 Ho|= paclitaxel? doxorubicin Y epirubicin
Atel9] BAE gol7] fisto] aig FAAY NEZAPEES ©]
B3lo] S EAISITE 28 7130] AR doxorubicin
I} epirubicin AFe]9] 4
0.42102 2}&- 7]H 0] A2 t}Z paclitaxel¥} epirubicin A}o]
O] A Al 0.1192, E+= paclitaxel¥ doxorubicin A<
A Alg=0.1299 Ko Ath= A& o 4= AU Figure 2).

JH Alg(correlation coefficient)=

Holsk SE4of M2 A BSd

A3 APE &ILe] Hatgho] = eplrublcm doxorubicin,
paclitaxelol] tHgh AlZZAPE &ae} fHete) Hejehs E4=x
ol IAE “]J_’Lﬁ}‘”‘q{Table 4). AAEZA Y ZRAXHE 5
SA| A p53 T F Ki67 WE AF=of w2 Al 714 °k7“ﬂ
O] HJZAME BTl Aol Holz| gigleh HER2 439 73
HER2 23T} Al 7FA] oA ol A 2 A /d& 1
o 53] paclitaxel & AR SR §-oJ5t BAE Rtk p=
0.0018).

Abd Aol otz Sgko] A 2 A= epirubicin o F
ojlor Witz Al A Fake] Fatghat Fwko] Al W
FYA= gemcitabinet docetaxel o] T}, A|ZANE E}o] W o 7HA] A BEAd HAF 5 ATP 242 A &
7714 22 YA gemcitabineolOm 71 Z A A e H o) o 2o ME Hgo] ZRssh, Al
= doxorubicin®]tHTable 2). Chemosensitivity indexS E AASAU AT = =S skl 1S atkopdet
Table 2. Cell death rate at IX TDC

Paclitaxel Docetaxel Gemcitabine Vinorelbine 5-FU Doxorubicin Epirubicin
Tested number 51 58 58 58 50 41 40
Mean (%) 29.7 16.3 16.1 24.4 27.2 32.1 39.9
Median (%) 30.2 13.9 15.2 249 27.9 32.4 41.9
Range (%) 0-67.5 0-72.2 0-44.4 0-51.8 3.3-568.9 0-75.8 8.9-73.2
TDC=treated drug concentration; 5-FU=5-Fluorouracil.
Table 3. Frequency distribution showing heterogeneity of the chemosensitivity index

Paclitaxel Docetaxel Gemcitabine Vinorelbine 5-FU Doxorubicin Epirubicin
Tested number 44 47 47 47 43 35 34
First rank (No.) 24 3 3 1 0 6 5
Second Rank (No.) 9 1 4 3 4 16
Subtotal 33 11 4 5 3 10 21

5-FU=5-Fluorouracil.
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Figure 2. Correlation between the cell death rate for doxorubicin, epirubicin and paclitaxel.

Table 4. Mean cell death rate of three chemotherapeutic agents
by marker status

Mean cell death rate (%)

Paclitaxel ~ Doxorubicin  Epirubicin

All patients 29.7 321 399
ER

Positive 28.9 29.8 38.7

Negative 313 355 41.8
PR

Positive 28.3 29.8 40.1

Negative 315 24.4 39.7
p53

Positive 328 34.8 43.4

Negative 28.6 30.9 38.2
Kie7

High 320 38.2 459

Low 28.9 30.2 379
HER2

Positive 37.5* 35.7 451

Negative 25.8" 29.9 36.4

ER=estrogen receptor; PR=progesterone receptor; HER2=human
epidermal growth factor receptor 2.
*Statistically significant (p=0.018).
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of thafiAl= F7H% A7 Do A 0= ARk

Z-8- 714 0] -F-ARSE epirubicind} doxorubicin®] WERY = A
E ARE g3ko] Aol epirubicind} paclitaxelo] WeR=
A Bt 2 7 9A] in vitro chemosensitivity test®]

/38 ST = gl of=fRt A 4= E 3l paclitaxel,
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epirubicin ¥ doxorubicin®} -2 I141A Q1 FRHA| Alojof 1L
2P/ (cross resistance)©] o= 1 4= it
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