induced the expansion or shrinkage of particular
memory T-cell clones, concomitant with a reduced
capacity to maintain fully diverse repertoires of
helper T-cell memory.

Previously, we have reported that human memory
CD4 T cells can be discriminated into three
functionally different subsets (M1, M2, and M3)
using the human stem cell-associated (HSCA)- 2
monoclonal antibody (mAb) that recognises a sialic
acid-dependent epitope on the low molecular mass
{~115 kDa) glycoform of CD43 (Ohara et al. 2002,
Kyoizumi et al. 2004). The M1 subset consists of
functionally mature cells whose CD43 expression is
relatively high. The M2 subset expresses moderate
levels of CD43, and responds weakly to TCR-
mediated stimuli. The M3 subset exhibits relatively
low levels of CD43 and is anergic to TCR-mediated
stimuli, and prone to spontaneous apoptosis.

In this study, we evaluated the extent to which
T-cell memory function is retained in A-bomb
survivors by examining the relationships between
these memory CD4 T-cell subsets, ageing, and
radiation exposure.

Materials and methods
Blood donors

An A-bomb survivor cohort was randomly selected
from a group of Hiroshima participants in the Adult
Health Study (AHS) at the Radiation Effects
Research Foundation (RERF) (Kodama et al. 1996).

For the present study, blood samples of 1132
survivors were obtained, with informed consent,
from survivors who participated in the AHS between
2004 and 2008. This study protocol has been
approved by the Human Investigation Committee
of RERF. We excluded 216 subjects (19% in total
subjects) who had been diagnosed with cancer from
the current study. Cancer prevalence by dose
category was 16% at <0.005 Gy, 21% at 0.005-
0.5 Gy, 30% at 0.5-1.0 Gy, and 35% at >1.0 Gy,
and tended to be higher in survivors exposed to
higher doses, in accord with a recent observation in
the AHS population (Kyoizumi et al. 2005). The
age, gender and radiation dose of the remaining 916
survivors whose lymphocyte samples were subjected
to data analysis in our study are listed in Table 1.
Radiation doses are based on the Dosimetry System
2002 (DS02) estimates (Cullings et al. 2006).

Flow cytometry

Mononuclear cell fractions separated by the Ficoll-
Hypaque gradient technique were analysed by three-
colour flow cytometry using a FACScan flow
cytometer (BD Biosciences, San Jose, CA, USA).
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Table I. Age, gender, and radiation dose distribution of study
population.

Age (yrs)® category
70-79 yrs

6069 yrs >80 yrs

Dose
(Gy) Male Female Male Female Male Female Total

<0.005% 27 25 58 84 17 94 305
0.005-0.5 13 33 54 66 22 107 295
0.5-1.0 19 18 20 33 9 49 148
1.0-4.0 28 25 28 35 14 38 168

Total 87 101 160 218 62 288 916

"Individuals in this dose category were exposed at distances in
excess of 3 km from the hypocenter, and hence received doses that
are substantially equivalent to zero. ®Age at the time of the
examinations that were conducted between 2004 and 2008.

Fluorescein isothiocyanate (FITC)-labelled HSCA-2
mAb was prepared as described previously
(Kyoizumi et al. 2004). PerCP-labelled CD4 mAb
and phycoerythrin (PE)-labelled CD45-related O
(CD45R0O) mAb were purchased from BD-
PharMingen (San Diego, CA, USA) and Caltag
Laboratories (Burlingame, CA, USA), respectively.
Three different memory CD4 subsets were defined:
CD45RO™ cells that expressed higher (M1), inter-
mediate (M2), and lower (M3) levels of CD43. For
each donor specimen, the window for the M2 subset
was set in a range where CD43 level was from Y- to
2-fold of the mean CD43 intensity for CD45R0O™
cells, and the windows for the M1 and M3 subsets
were set just to the right and left sides of the
M2 window, respectively (Figure 1). Note that
this method of memory CD4 T-cell subset discrimi-
nation was established in a previous study
(Ohara et al. 2002) in which functional and
phenotypical differences among these subsets were
characterised, using a gating procedure (i.e., that
involved internal standardisation of fluorescence
intensities) that avoided the effects of inter-experi-
mental variability. The percentage of cells in the
range of each subset was obtained in a total CD4
T-cell population.

Data analysis

Associations of the percentage of each memory CD4
T-cell subpopulation (percentage) with age at time of
examination (age), gender (gender), and radiation
dose (dose) were analysed using a multiple regression
model (Armitage et al. 2002). The method assumed
that the percentage of each T-cell subpopulation
related to each explanatory variable in a log linear
manner:

log(percentage = a + B, (age — 70)
-+ Bogender + Bsdoes,
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Figure 1. Flow cytometry patierns of CD4 T cells in the peripheral blood of 79-year-old females whose estimated radiation doses were zero
(upper) and 0.525 Gy (lower). Peripheral blood mononuclear cells (about 2 x 10°) were stained with FITC-labelled CD43 (HSCA-2) mAb,
PE-labelied CD45R0O mAb, and PerCP-labelled CD4 mAb. CD4 T cells were gated based on side light scattering (SSC) and CD4 intensity
(left) and analysed for their expression of CD43 and CD45RO (right). Percentages of memory CD4 T-cell subsets in a total CD4 T-cell
populaiion of the unexposed were 24.1 for M1, 30.4 for M2, and 4.8 for M3, and those of the exposed were 17.2 for M1, 35.1 for M2, and

10.6 for M3.

where gender is an indicator of female sex, i.e.,
gender = 0 for male and gender = 1 for female, and dose
isradiation dose in grays. The o is a constant term, and
B15 B2s and 35 areregression coefficients for variables to
be estimated. The age term was subtracted by 70 years
so that x corresponds to log-transformed percentage of
CD4 T-cell subset, i.e., the subset percentage is
calculated to be ¢ (=exponential [«]), for non-
irradiated males at 70 years of age. The % change of
subset percentage was estimated to be 100(e'% — 1)
per 10 years increment of age, and 100(e?> — 1) per
1 Gyradiation dose. This regression analysis in the log
linear manmner was applied to evaluate the association
of the percentage of memory subset within the CD4
T-cell population or CD45RO-positive memory CD4
T-cell population with age or radiation dose.

Results

Figure 1 shows the flow cytometry patterns of memory
D4 T-cell subsets within blood lymphocyte speci-
mens of two age-matched women whose estimated

exposure doses were zero and 0.525 Gy, respectively.
Crude mean of percentage of each memory T-cell
subset within the CD4 T-cell population was shown
by age category and by dose category in Tables I and
IIT, respectively. Table IV shows the association of the
percentage of each memory T-cell subset with age and
radiation dose, in terms of a multiple regression
model. The percentage of memory cells (identified
and enumerated by CD45R0O-positivity) within the
CD4 T-cell population appeared to significantly
increase with age (p < 0.0001), and also with radiation
dose (p=0.0060). There was no difference in the
percentage of CD45RO-positive memory cells be-
tween males and females (data not shown). As for
memory T-cell subsets (M1, M2, and M3), the
percentage of each subset in the CD4 T-cell popula-
tion appeared to significantly increase with age
(p <0.0001); but again, these percentages did not
differ between males and females (data not shown).
The percentages of M2 (»=0.0001) and M3
(p=10.0096) subsets were found to significantly
increase with radiation dose.
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Table 1. Crude means of the percentages of memory subsets in
the CD4 T-cell population by age category.

Age category
6069 yrs 70-79 yrs >80 yrs
Subset Mean 65.5 yrs  75.7 yts 84.8 yrs
CD45 RO 48.8 (1.10)" 52.2 (0.85) 58.1 (0.87)
(total memory)
M1 (mature, 17.3 (0.62) 18.7 (0.49) 22.4 (0.56)
fully competent)
M2 (immarure, 26.1 (0.57) 27.4 (0.43) 29.3 (0.45)
poorly competent)
M3 (death 5.3 (0.14) 6.1 (0.17) 6.4 (0.14)

prone, anergic)

2Standard error in parentheses.

Table III. Crude means of the percentages of memory subsets in
the CD4 T-cell population by dose category.

Radiation dose category

<0.005 Gy 0.005-0.5 Gy 0.5-1.0 Gy 1.04.0 Gy

Subset Mean 0.0 Gy 0.20 Gy 0.75 Gy 1.74 Gy

CD45  53.3 (0.93)" 53.1 (0.99) 55.0 (1.49) 54.6 (1.13)
RO

Mi 19.8 (0.57) 20.1 (0.57) 20.0 (0.88) 19.3 (0.72)

M2 27.4 (0.47) 27.2 (0.51) 29.0 (0.75) 29.0 (0.57)

M3 6.1 (0.18) 58 (0.14) 6.0 (0.21) 6.3 (0.20)

“Standard error in parentheses.

Table IV. Association of the percentages of memory subsets in the
CD4 T-cell population with age or dose (multiple regression
analysis)®.

% change of subset percentage per unit

Subset Age (10 years)® Dose (1 Gy)°
CD45RO 10.8 4.3
(8.0, 13.5)4 (1.3, 1.3)
£ < 0.0001 »=0.0060
M1 14.6 1.3
(10.1, 19.1) (—3.7, 6.2)
2 < 0.0001 p=0.61
M2 7.3 5.8
4.7, 10.0) 2.9, 8.7)
2 < 0.0001 £=0.0001
M3 10.6 4.9
(7.2, 13.9) (1.2, 8.6)
» < 0.0001 £=0.0096

“Representative memory subset percentage (95% confidence
interval) for non-irradiated males at 70 years of age was calculated
1o be 15.3 (13.9, 16.7) for M1, 24.8 (23.6, 26.0) for M2, and 5.1
(3.9, 6.4) for M3. Note that there was no significant difference in
the percentage of total CD45RO-positive memory cells and that of
each memory T-cell subset between males and females. PEffects of
age were estimated for 10 years. “Effects of radiation dose were
estimated for 1 Gy. 05% confidence interval.
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These radiation dose-related changes of memory
T-cell subsets observed within the CD4 T-cell
population may also involve comparable changes
within memory subsets of the CD45RO-positive
CD4 T-cell population (Table V). The percentages
of M1 and M2 subsets in the memory CD4 T-cell
population appeared to significantly increase and
decrease with age (p=0.0085 and p <0.0001),
respectively. In association with radiation dose, there
was a statistically significant decrease in the percen-
tage of M1 subset within the CD45RO-positive
memory CD4 T cell populaton (p=0.039). The
ratio of the M1 subset to the combined M2 and M3
subsets also significantly decreased with radiation
dose (p=0.043), in contrast to a significant increase
in this rato with age (p=0.0030).

Discussion

Our previous study (Ohara et al. 2002) has clearly
shown functional differences among M1, M2, and
M3 memory T-cell subsets: Cells in the M1 subset
have greater capacity to respond to recall antigens
(such as tuberculosis purified protein derivative and
tetanus toxoid) and to secrete interferon-y and 11-4
than cells in either of the other subsets; the M2
subset is comprised of memory-type cells that are less
mature than cells of the M1 subset, in terms of not
only their memory cell function (i.e., recall antigen
reactivity and cytokine-producing ability), but also in
terms of their chromosomes’ telomere length (longer
telomeres); and the M3 subset, in contrast to the M2
subset, consists of cells that are anergic to TCR-~
mediated stimuli and prone to apoptosis. Therefore,
an increase in the proportion of these functionally
less competent T-cell subsets (i.e., M2 and M3) may

Table V. Comparable changes of memory subsets within
CD45RO-positive memory CD4 T-cell population with age or
dose (multiple regression analysis).

% change of subset percentage per unit

Subset Age (10 years)® Dose (1 Gy)®
M1 3.5 —3.0
(0.9, 6.1)° (—5.8, —0.2)
»=0.0085 »=0.039
M2 —3.2 1.5
(—4.6, ~1.8) (—0.6, 3.0)
P < 0.0001 2=0.059
M3 —0.2 0.6
(—3.4, 3.0 (—2.9,4.1)
2=0.91 =073
Rato [M1/ 6.1 —4.5
(M2 + M3)] (2.1, 9.0) (—8.8, —-0.1)
2==0.0030 2=0.043

*Effects of age were estimated for 10 years. ®Effects of radiation
dose were estimated for 1 Gy. “95% confidence interval.
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not be beneficial to the individual in terms of
immunological memory to previously encountered
foreign antigens. Such preferential expansion of M2
and M3 subsets may also imply an insufficient
maturation of antigen-primed CD4 T cells to the
fully memory-competent M1 subset within the
individuals’ immune system. A hypothesis on mem-
ory CD4 T-cell differentiation pathways is depicted
in Figure 2. After antigen exposure, naive T cells
may undergo repeated cycles of cell division and
transformation into the premature memory stage M2
cells. The conversion of M2 cells into the fully
functioning mature memory stage M1 cells also
requires population doublings following antigen
exposure. Replication of M1 cells in response to
recall antigens is largely responsible for the main-
tenance of memory functions. M3 cells, by contrast,
are likely to be cells that are approaching senescence,
and may arise from fully mature M1 cells that have
lost survival signals such as cytokine signalling. We
can also suspect that premature M2 cells are directly
transformed into death-prone M3 cells. Such puta-
tive differentiation pathways may be controlled by
interaction of memory T cells with antigen-present-
ing cells and environmental cytokine conditions.
Such circumstances of memory T cells are very
important to properly maintain immunological
memory. In the CD4 T-cell systems of A-bomb
survivors, there are at least two possibilities that the

Antigen
exposure

Naive

Antigen
exposure

M2

differentiation from M2 to M1 cells may be
insufficient, and that cell transit from M2 and M1
subsets to apoptotic-prone M3 populations may be
enhanced. Effects of radiation on cellular and
molecular mechanisms controlling the memory
T-cell differentiation pathways remain to be investi-
gated. Taken together, our results suggest that
function and maintenance of helper T-cell memory
in the immune systemn of A-bomb survivors might
have been compromised, after A-bomb irradiation.
Our previous study has shown that proliferative
responsiveness of memory CD4 T cells to recall
antigens can be enhanced by triggering cell-surface
CD43 molecules with HSCA-2 mAb in vitro
(Kyoizumi et al. 2004). That suggests that CD43
molecules play a part in certain of the cell signalling
events involved in memory T-cell activation.
Further, it is likely that CD43 and CD28 mAbs act
synergistically to stimulate CD4 T-cell response to
TCR cross-linking in vitro, indicating the co-
stimulatory function of CD43 in TCR-mediated
activation processes (Kyoizumi et al. 2004). It has
also been suggested in the mouse immune system
that the up-regulation of CD43 expression can have a
negative effect on activation-induced cell death of T
cells (He and Bevan 1999). A recent study has
indicated that CD43 molecules induce a signalling
cascade that prolongs the duration of TCR signal-
mediated cell proliferation and cytokine secretion,

Antigen
exposure

M1
-/ (primarily responsible for memory function)

Apoptosis

Figure 2. Hypothesised memory CD4 T-cell differentiation pathways for A-bomb survivors. Preferential pathways in the survivors’ immune

systems are drawn with bold lines.
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but that prevents TCR signal-mediated anergy
(Fierro et al. 2006). Thus, evidence is accumulating
that there are positive effects of CD43-mediated
signalling on activation and survival of memory T
cells. By contrast, studies that have employed gene
disruption techniques have shown that CD43 has
either a negative regulatory role (Thurman et al
1998, Tong et al. 2004), or possibly, plays no
significant role in T-cell activation (Carlow et al.
2001). Although the precise mechanism of CD43-
dependent regulation of T-cell activation remains to
be determined, we have clearly demonstrated that
CD43 expression is positively correlated with antigen
responsiveness of memory CD4 T cells (Ohara et al.
2002). It is highly likely that the preferential increase
in select memory subsets that express lower levels of
CD43 (M2 and M3) may be associated with
attenuated immune responses to specific pathogens.
Levels of immunoglobulin G and A to Chlamydia
prnewmoniae have recently been found to decrease
significantly with radiation dose among A-bomb
survivors (Hakoda et al. 2006). It would be
intriguing to study associations between antigen-
specific responses to such ubiquitous pathogens and
composition of memory T-cell subsets as defined by
the relative level of CD43 expression among A-bomb
SULvVivors.

The individual’s ability to properly maintain T-cell
memory is known to decline with age (Goronzy and
Weyand 2005, Weng 2006). This ageing-related
immune attenuation is thought to be associated with:
(i) The reduction in the size of naive T-cell pool due
to reduced production of new T cells within the
involuted thymus, and subsequent, but infrequent
entry of antigen-primed cells into the memory T-cell
pool, and (i) divergent antigen recognition reper-
toire of the memory T-cell pool due to the expansion
or shrinkage of functionally incompetent memory T-
cell populations (Goronzy and Weyand 2005, Weng
2006). Our previous observations of the immune
system of A-bomb survivors are consistent with these
typical features that relate to immunological ageing.
In this regard, the proportion of naive CD4 T cells
was shown to decrease slightly, but significantly, with
radiation dose (Kusunoki et al. 1998, 2002, Yamao-
ka et al. 2004). Also, the extent to which the TCR
repertoire deviated from normal in memory CD4 T
cells significantly increased with radiation dose in
aged survivors (Kusunoki et al. 2003). An age-
dependent increase in the percentage of M1 subset
within the memory CD4 T-cell population may
reflect the frequent expansion of functional memory
T-cell populations in aged individuals. As far as we
have examined for several individuals of the present
study subjects, clonally expanded populations are
largely distributed in M1 subset (Kyoizumi, manu-
script in preparation), suggesting that, in aged
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individuals, only a small population of M1 subset
may contribute to recall antigen responses in vivo.
The observations in the present study can also be
interpreted as an attenuation of helper T-cell
memory possibly resulting from radiation-induced
perturbation of T-cell homeostasis in A-bomb
SUTVivors.
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Chapter IX

Topoisomerase II-Alpha Index Predicts
the Efficacy of Anthracycline-Based
Chemotherapy for Breast Cancers
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Abstract

DNA topoisomerase II-alpha (TOPOIla) has been reported that its gene copy
number or protein expression may be predictive of Anthracycline-based chemotherapy or
patient’s prognosis in breast cancers. Our data indicated the breast cancers with TOPOIla
index = 25 % regressed more effectively than those with TOPOIla index < 10 % on
histology by Anthracycline-based chemotherapy. TOPOIIo index of TOPOIla gene-
deleted tumors did not differ from that of TOPOIla gene-amplificated or normal tumors.
TOPOIlo index, not its gene amplification, is a useful marker of Anthracycline-based
chemotherapy in breast cancers.
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DNA Topoisomerase IIa

DNA topoisomerase is the generic name for an enzyme that severs and reconnects one or
both strands of a double-stranded DNA. The enzyme that severs only one of the two strands
of a double-stranded DNA is classified as type I, while that which severs both strands is
classified as type II. Type Il enzyme forms a severing complex by binding to a double-
stranded DNA after forming a homodimer. It becomes stable in the presence of Mg and
ATP [1, 2]. Type II enzyme exists in the nucleus and can be classified into o and B, which are
expressed from a different gene. Although on the N-terminal side 3/4 of TOPOIIp is highly
homologous with TOPOIla, it has a different C-terminal domain, and the activity control
mechanism exists in this domain.

DNA topoisomerase IIo. (TOPOIIa) gene (molecular weight: 170 kDa) is located in the
domain 17q21-22, which is near the human epidermal growth factor receptor type 2
(HER2/neu) gene (17q12-21; molecular weight: 185 kDa).

TOPOIIa Index

TOPOIla protein is a cell proliferation-related antigen, which expresses in the S and
G2/M phases during the normal cell cycle. TOPOIlla protein increases by a factor of two to
three times in the G2/M phase. Particularly, it expresses most in highly proliferative cells.
TOPOIIPB, which has a molecular weight of 180 kDa, constantly exists in any cell and at any
phase of the cell cycle; however, its correlation with the therapy-related secondary
carcinogenesis has been reported [2, 3]. Although the TOPOIlx index relates to the Caspase-3
index (p < 0.05) and the Ki67 index (p < 0.01), it is not related to the PCNA index (Figures.
1, 2) [4]. The Ki67 nuclear antigen is not expressed at the silent period (GO); however, it is
expressed throughout the cell cycle (i.e., Gl, S, G2, and M phases). Ki67 serves as a
proliferation marker and a tumor prognostic factor. Although PCNA is also a proliferation-
related antigen, its synthesis level begins to increase inside the nucleus at the end of the G1
phase just before the start of DNA synthesis, it maximizes in the S phase and decreases in the
G2/M phase. Thus, the expression index of the TOPOIla protein, which expresses in the S
and G2/M phases, only relates to the Ki67 index and not to the PCNA index, even though
they are the same cell proliferation-related antigens. Although it is not totally clear why the
protein index of Caspase-3, which is a protease that works in the final stage of apoptosis,
loosely relates to that of TOPOIle, one must pay carefiil attention when evaluating apoptosis
for the evaluation of the therapeutic effects of Anthracycline-based chemotherapy, which
induces apoptosis from TOPO II inhibition [5—8]. Moreover, the TOPOIlo index not only
indicates the proliferation activity but may also relate to the quantitative changes of cancer
cells [8, 91.

Ki67 Index

TOPOIla and Ki67 are often compared as prediction makers for the therapeutic effects of
Anthracycline-based chemotherapy. However, because the methods of positive/negative
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classification used in the reports vary to a small extent, it is necessary to be careful when
comparing the positive rates or evaluating the significance of the measurements. According to
Nakopoulou et al., 25% of the invasive breast cancer subjects experienced the TOPOIla
protein expression in more than 10% of the tumor cells.

Figure 1. Immunochistochemical findings and cytological atypia of breast cancer cells. (a: Caspase 3
index- 44.8%, b: Ki67 index-18.8%, c: PCNA index-88.7%, d: nuclar atypia grade 3 by Robinson’s

classification).

The expression of TOPOIa protein had correlations with nuclear atypia, the Ki67 index,
and the p53 index of the tumor cells, as well as hormone receptor non-expression and HER2
protein overexpression in the tumor cells [10]. We investigated the correlation of the positive
rate using the 203 infiltrating duct carcinomas as subjects, and reported that the TOPOlla
index had correlations with nuclear atypia (Robinson grade) [11] as well as with the Ki67
index, Caspase-3 index, hormone receptor non-expression, and HER2 gene amplification
(Table 1) [4]. However, according to the study conducted by Petit et al., the following facts
have been discovered: Of all the factors (muclear atypia, hormone receptor, Ki67 index, HER2
protein expression, TOPOIla protein expression, HER2 gene amplification, and TOPOIla
gene amplification), hormone receptor non-expression and the Ki67 index of 20% or greater
are effective for the clinical CR (complete response) prediction for neoadjuvant
chemotherapy or primary systemic therapy for breast cancer using an anthracycline; and
while nuclear atypia has a correlation with the pathological CR prediction, neither protein
expressions nor gene amplifications of HER2 and TOPOIla had any correlation with the
therapeutic effect [12]. Meanwhile, Tinari et al. have reported that in the breast cancer cases
treated with neoadjuvant chemotherapy or primary systemic therapy using an anthracycline,
while HER2 protein and TOPOIlo protein expressions had correlations with the therapeutic
effect, neither nuclear atypia nor the Ki67 index had any correlation with the therapeutic

effect [13].
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Figure 2. Relations of TOPOIlo index to Caspase 3 index (A), PCNA index (B), and Ki67 index (C),
with statistical significance in A and C.

TOPOIIa and HER2 Genes

HER2 genes are the cancer genes that amplify most frequently in breast cancer. One must
also be careful when interpreting the results of gene amplification evaluation on these genes
because the standards used for evaluation in the previous reports vary. The HER2 gene
amplification measured through the fluorescence in situ hybridization (FISH) method can be
indicated in the form of signal comparison with CEP17 (Chromosome 17 centromere) (Figure
3). It has been reported that the frequency of occurrence of the signal rate of >2.0 is 18%-—
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29.4% [14-17]. Although monoclonal antibody trastuzumab (Herceptin) is effective in only
23%-26% of the breast cancers having overexpressed HER2 proteins during the simple
substance treatment against HER2 proteins, when combined with other anticancer agents the
effect will increase up to 50% [17].

Table 1. Relationships among clinicopathological characteristics, topoisomerase II
alpha, HER2, Ki67, Caspase 3, and hormon receptors in 203 invasive ductal breast
carcinomas of females

Numb Tum
Clinico- er or Imunochistochemistry FISH
Pg
ER R Herc |
pathologic ’ ) sCO ep Ki67( TOPOII{ | Caspase3 HER2/C | TOPOlla/
al of Age | size e e score | %) %) (%) EP CEP
characteris 00— | 0—
tics cases cm 3 3 0-3 | % % % index index
60,
All 203 2 2,3 1,7 1,5 1,0 19,0 18,5 6,3 2,9 1,5
Tumor ‘
size
60,
pTl 112 7 1.4a 1,8 1.5 0,9 18,4 18,1 5,6 2,8 1.4
58,
pT2 79 9 2,9 1,7 1,5 1,0 20,0 19,2 7,1 2,9 1,6
63, .
pT3.4 12 3 6,7 1.8 1,3 1,4 17,9 17,7 7,6 43 1,7
Pathologic |
al stage
' 61, A
1 76 0 1.3a 1,8 1,5 0,8 175 16,8 5,9 2,5 1,5
60, ’
A 68 3 2,3 1,8 1.4 1,2 18,9 20,0 5,8 3,4 1,6
58,
1B 44 9 30 | 1,7 1,7 0,9 20,3 19,3 74 2,7 14
60,
111, IV 12 3 6,1 1,7 1,1 1.5 18,1 19,4 8,7 43 1,7
LN meta )
(pT1&2)
60,
absent 110 7 1.8a 1,8 1,5 0,9 17,9 17,4 6,2 2,8 1,5
: 59,
present 78 2 23 1,7 1,5 1,1 19,8 20,3 6,3 3,0 1,5
Robinson
grade
62. 2.1 1.8
1 92 Sb 2,1 a a 0.8a 14.5b 14.9a 3.4c 1.9b 1,4
59, |
2 82 0 24 1,6 1,4 1,1 20,8 20,5 7,7 3,3 1,6
54,
3 24 - 2 2,5 0,7 0,6 1,6 30 30,6 12,6 6,1 1,7

Positive cells at ER, PgR score: none, 0; <10%, 1; 10—50%, 2; >50%, 3.
a, P<0.001 ; b, P<0.01 ; ¢, P<0.05.

Jarvinen et al. conducted a study deeming the TOPOIlo / CEP17 signal rate of >1.5 as
amplification and that of <0.7 as deletion, and reported that the TOPOllo genes were either
amplified or deleted in 90% of the breast cancers, in which HER2 genes had been amplified
[8, 9]. According to the report by Coon et al. that deemed the signal rate of >2.5 as
amplification, 23% of the invasive breast cancers showed HER2 gene amplification. Of these
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23% tumors, TOPOIlo gene amplification was evident in 67.7%. However, no deletion was
observed in either the HER2 genes or TOPOIla genes [18]. Knoop et al. reported that when
deeming the signal rate of >2.0 as amplification and that of <0.8 as deletion, the HER2 genes
amplified in 29.4% of the breast cancers. In 32.5% of such tumors, the TOPOIlo. genes also
amplified. Moreover, deletion was observed in 23.6% of the HER2 gene-amplified breast
cancers.

‘Figure 3. TOPOIle index of 16.3% (a) and aneuploidy of TOPOIla gene (b: TOPOIla. / CEP17 = 1.14).
Index was evaluated under 40x objective with respect to the positive cell ratio calculated based on the
selected five visual fields that are most frequently stained.

In our study, when deeming the signal rate of >2.0 as amplification and that of <0.8 as
deletion, HER2 gene amplification was observed in 26.6% of the infiltrating duct carcinomas.
Of these tumors, TOPOlla gene amplification and deletion were observed in 25.9% and
11.1% of the tumors, respectively. In addition, when deeming the signal rate of >1.5 as
amplification, the HER2 gene amplification was observed in 39.9% of the tumors. Of these
tumors, TOPOIla gene amplification and deletion were observed in 51.9% and 8.6% of the
tumors, respectively. Moreover, when the HER2 genes were normal (signal rate ranging from
0.8 to 1.5), the TOPOIlc gene amplification was observed in 1.7% at the signal rate of >2.0
and in 10.1% at the signal rate of >1.5, while deletion was observed in 0.8% [4].

At present, in Japan, the classification of gene amplification is being unified into the
HER2 Gene Amplification Standards published by the American Society of Clinical
Oncology (ASCO) in 2007. According to these standards, the signal rate of >2.2 is deemed as
amplification, ranging from 0.8 to 1.8 is deemed as normal, and that of <0.8 is deemed as
deletion. The signal rate ranging from 1.8 to 2.2 is classified under the new concept of
“equivocal” (borderline region) [15]. Table 1 shows the classification of the results of our
study previously described based on these standards. Compared to the data having the signal
rate of >2.0, the amplification positive rate decreased slightly.
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Topoisomerase Inhibition

There are three types of topoisomerase inhibitors: type I inhibitor, type II inhibitor, and
dual inhibitor (which inhibits both types). There are two classifications of type II inhibitors:
One inhibits the reconnection of the severed double-stranded DNA caused by TOPO 1I, in
doing so it stabilizes the severing complex; and the other inhibits DNA synthesis through the
intercalation (bonding) of the double-stranded DNA. Those that display both actions are
called intercalators, and those that only show the TOPO II inhibitor action are called non-
intercalators [1]. TOPOII inhibitors include anthracyclines (doxorubicin, epirubicin,
mitoxantrone, amsacrine, and actinomycin D) as intercalators and epipodophyllotoxins
(etoposide and teniposide) as non-intercalators [19].

Anthracyclines, which are intercalators, serve as substrates of P-glycoprotein, and
therefore, transfer into cells through passive diffusion [1], where they cause DNA damage
due to the TOPO II inhibition and thereby induce apoptosis. They are secreted by P-
glycoprotein existing in the brain-vascular barrier. P-glycoprotein high expression, TOPO II
protein low expression, and gene mutation are all related to the resistance against the
Anthracycline-based chemotherapy.

In addition, because the cardiotoxicity of anthracyclines is irreversible [20], if
anthracyclines are used in combination with trastuzumab, cardiac disturbance occurs with
high frequency [21]. When administering an anthracyclines, the left ventricular ejection
function should be measured using echography and -scintigraphy on a regular basis. If the
gjection fraction deteriorates, it is important to immediately stop administering the

anthracyclines [22].

TopolIla Genes, Protein Expression, and TopoIla
Inhibitor Sensitivity

TOPOIlla is a molecular target of TOPO II inhibitors, which inhibit the function of
TOPOIlo proteins. Thus, the sensitivity of TOPOIIo inhibitors depends on the level of
TOPOIlo protein expression of the cancer cells. In other words, a tumor having a low
TOPOIIa protein concentration has lower TOPOIla inhibitor sensitivity than a tumor having
a higher TOPOIla protein concentration. Moreover, in the cancer cells having a high
concentration TOPOlla protein level, hormone receptor non-expression, HER2 protein
overexpression, p53 genetic abnormality, DNA aneuploidy, and poor differentiation are
observed [9]. Meanwhile, with regard to the TOPOIlo genes, Knoop et al. reported that both
TOPOIllo gene amplification and deletion were effective markers for the prediction of
anticancer agents, including epirubicin {14]. Epirubicin is one of anthracyclines in which the
cardiotoxicity has been reduced [1]. Knoop et al. investigated the HER2 genes and TOPOlla
geres of breast cancers that had been surgically removed prior to the implementation of the
CMF (cyclophosphamide, methotrexate, fluorouracil) and CEF (cyclophosphamide,
epirubicin, fluorouracil) treatments, using the FISH method. The researchers then investigated
the HER2 protein expression immunohistochemically. As a result, it was found that although
the state of the HER2 genes had no correlation with the therapeutic effect, the abnormality of

— 390 —



194 Kiyomi Taniyama, Nao Morii, Kazuya Kuraoka et al.

the TOPOIIo. genes (i.e., amplification and deletion) correlated with the patient’s disease-free
survival and the overall increase in the survival rate.

With regard to the TOPOIla gene deletion, Jarvinen et al. have reported that under the
condition of HER2 gene amplification, it occurs with frequency similar to that of
amplification (amplification >1.5, deletion <0.7), and that the TOPO II inhibitor sensitivity
decreases [8]. In our study, when deeming the signal rate of >1.5 as amplification, HER2
gene amplification was observed in 39.9% of all the infiltrating duct carcinomas. While
TOPOIIo gene amplification occurred in 51.9% of the 39.9% infiltrating duct carcinomas,
TOPOIIa gene deletion occurred in only 8.6% [4]. Park et al. also investigated breast cancers,
deeming the signal rate of >1.5 as amplification and that of <0.75 as deletion. As a result,
HER2 gene amplification was observed in 8.5% of the tumors. Of the 8.5% tumors, TOPOIla
gene amplification occurred in 18 tumors (75%) and deletion occurred in 25% of the tumors.
Based on these findings, they reported that TOPOIle gene deletion does not occur as
frequently as amplification [23]. With regard to HER2 gene amplification, the signal rate of
>2.0 is usually deemed as amplification in the conventional evaluation method. However,
because it has been proposed that having the signal rate of >2.2 or more than six copies
should be deemed as amplification from 2007 [15], it is necessary to organize the frequency
of TOPOIlo genetic abnormalities according to the new classification.

Table 2. HER2 gene and TOPOIle gene in 203 breast cancers (ASCO 2007)

HER2/CEP TOPOIw/CEP
Equivocal )

Amplification 22.2 1.8-2.2 Normal 0.8 - 1.8 Deletion <0.8 All
Amplification>2.2 | 12(23.5%) 4 (7.8%) 29 (56.9%) 6 (11.8%) 51(25.1%)
Equivocal 1.8-2.2 1 (6.7%) 3 (20.0%) 10 (66.7%) L(6.7%) 15 (7.4%)
Normal 0.8 - 1.8 3 (2.2%) 6 (4.5%) 124 (92.5%) 1(0.7%) 134 (66.6%)
Deletion <0.8 0 0 1(33.3%) 2 (66.7%) 3 (1.5%)
All 16 (7.9%) 13 (6.4%) 164 (30.8%) 10 (4.9%) 203

Table 3. Relationships between HER?2 gene and TOPOlIla gene status

HER2/CEP TOPOIIo/CEP

Amplification

>2.0 Gain 1,5-2.0 Normal 0.8 - 1.5 Deletion <0.8 All
Amplification 2.0 14 (25.9%) 13 (24.1%) 21 (38.9%) 6 (11.1%) 54 (26.6%)
Gain 1.5-2.0 5(18.5%) 10 (37.0%) 11 (40.7%) 1(7.4%) 27 (13.3%)
Normal 0.8 - 1.5 2(1.7%) 10 (8.4%) 106 (89.1%) 1(0.8%) 119 (58.6%)
Deletion <0.8 0 0 1 (33.3%) 2 (66.7%) 3(1.5%)
All 21 (10.3%) 33 (16.3%) 139 (68.5%) 10 (4.9%) 203
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In our study, when deeming the signal rate of >2.0 as amplification, TOPOIla genetic
abnormalities (i.e., amplification and deletion) occurred in 37.0% of the HER2-amplified
breast cancers (Table 3). Moreover, when deeming the signal rate of >2.2 as amplification,
the same phenomena occurred in 35.3% of the same cancers (Table 2). In addition, although it
had been shown in previous reports that TOPOIlo genetic abnormalities could be observed
only in HER2-amplified breast cancer *¥, it was subsequently reported that such genetic
abnormalities can also be observed in HER2 non-amplified tumors. Knoop et al. has observed
TOPOIIu genetic abnormalities in 56.9% of the HER2-amplified tumors (with the signal rate
0f 22.0) and in 7.6% of the HER2 non-amplified tumors U4 Ppark et al. also found TOPOIla.
genetic abnormalities in 0.95% of the entire group of HER2 non-amplified tumors [23]. In our
study, when deeming the HER2 genetic normality as 0.8—1.8, amplification was observed in
2.2% of the tumors and deletion was observed in 0.7% of the tumors (Table 2).

The TOPO II inhibitor sensitivity depends on the level of TOPOIla protein expression of
the cancer cells. Table 4 indicates the results of comparison among the TOPOIlo, gene, the
TOPOIlo index, the Ki67 index, and the HER2 gene in 172 infiltrating duct carcinomas.
There was no difference between the TOPOIla index of the TOPOIu gene-deleted tumors
and that of other groups. Moreover, there was no difference between the Ki67 index of the
TOPOIlo gene-deleted tumor and that of the amplified tamors. Furthermore, the Ki67 index
of the TOPOIlo gene amplification cases (signal rate of >2.2) significantly increased in
comparison to the normal cases (signal rate ranging 0.8-1.8) . We performed the neoadjuvant
chemotherapy with anthracyclines for 12 infiltrating ductal carcinomas of the breast and
evaluated the tumor reduction rates (Figure 4) after the chemotherapy. As a result, we found a
statistically significant (p = 0.01) correlation of the tumor reduction rate with the TOPOIla
index, but not with TOPOIla or HER2 gene amplification (Figure 5). Moreover, among the
28 tumors in which the neoadjuvant chemotherapy with anthracyclines was performed, the
correlation between the TOPOIlo index and the tumor regression rates had been evaluated.
Consequently, it was observed that the tumor regression rate increased more significantly in
the breast cancers in which the TOPOIla index was evaluated >25% than the tumors in which
the TOPOIla index was evaluated <10% (Figure 6). Although these 28 cases included no case
of TOPOlla gene deletion, PR (partial response) with the regression rate of 22% was
observed in a single TOPOIIa gene-deletion case (TOPOIla gene signal rate: 0.69, TOPOIla
protein index: 17.0%, and Ki67 index: 53.5%), on which the clinical image evaluation was
conducted after administering the anthracyclines and taxane. These facts suggest the
possibility that the TOPOIlo index, immunohistochemically calculated on the tissue obtained
prior to the Anthracycline-based chemotherapy, may serve as a prediction factor for the
effects of TOPO II inhibitors. In addition, Tinari et al. conducted a study on the breast cancer
cases in which neoadjuvant chemotherapy or primary systemic therapy was performed using
the anthracyclines. They reported that the HER2 protein expression and TOPOIo protein
expression correlated to the therapeutic effects, and the cases in which the level of TOPOlla
protein expression had increased after the therapy showed significantly low survival rates
[13]. Considering this data, when using the TOPO II inhibitor for chemotherapy, it is
important to calculate the immunohistochemical TOPOIle index in the tissues obtained
before and after chemotherapy, particularly in terms of prediction for the therapeutic effect of
the anthracyclines as well as the prediction of patient prognosis.
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Table 4. Comparison of TOPOIla gene, TOPOIla Index, Ki67 index and HER2 gene
in 172 infiltrating ductal carcinomas of the breast

Number of HERZ
A E N D

TOPOlla Number TOPOIlla Ki67

Amplification
22.2 15 (8.7%) 19.7% 26.6%— 11 1 3 0

a

Equivocal
1.8-2.2 9 (5.2%) 20.8%  15.9% 2 2 5 0

Normal
0.8-1.8 140(81.4%) 16.9% 18.1% - 19 9 111 1

Peletion
<0.8 6 (3.5%) 22.9% 29.7% 4 1 1 0

A,Amplification; E,Equivocal; N, Normal; D, Deletion
P = 0.038(Welch), P = 0°.022(student #)

Post-chemotherap

Reduction rate = (a+b)-(c+
d)/a+b

Figure 4. Tumor reduction rate calculating the tumor diameter before and after the chemotherapy.
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Figure 6. Correlation between the TOPOIla index and the tumor regression rate.
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