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20 pmol/L DMPP both induced G2/M cell cycle block,
while 20 pumol/L TMPP additionally induced apoptosis in
leukemia cells. Moreover, TMPP treatinent induced a
decrease in cell cycle progression signals, tumor cell
survival, and led to the activation of caspase-3 and -9.
FoxM1 is a transcription factor that regulates proliferation

~and cell cycle progression. Recently, it has been reported that

FoxMI1 promotes cell cycle progression by downregulation
p27%%7 via multiple mechanisms [23]. We also have reported
previously that overexpression of FoxM1 regulates the
proliferation of leukemia cells, suggesting a potential mech-
anism for cell cycle progression in leukemnia cells (in press). In
current leukemia therapy, however, there are no effective
antileukemic agents which target transcription factors.

Surprisingly, we fouund that TMPP/DMPP suppressed
FoxM1 expression in leukemia cells. Although information
regarding the effect of FoxM1 down-regulation in leukemia
cells is scarce, we found that reducing FoxMI1 expression
resulted in both the inhibition of leukemia cell proliferation
and an increase in the population of leukemia cells at G2/M
phase 7 days afler transfection corupared to control siRNA-
transfected cells and untreated cells. In contrast, overexpres-
sion of FoxM1 promoted the proliferation of leukemnia cells.
These data are consistent with the notion that FoxM1 protein
is a key regulator of G2/M progression and is activated in
many human malignancies [23-29]. Further, we showed that
FoxM1 reduction not only increased the expression of
p27%%! and p21°P! proteins, but also decreased that of
Cdc25B, Cyclin DI, Cyclin A, KIS, and Aurora-B kinase
proteins. Further, the decrease in expression of Cde25B,
Cyclin D1, Cyelin B, KIS, and Aurora-B kinase and the
increase in expression of p27°%/ and p21“?! proteins were
strongly correlated with the altered cell cycle distribution and
leukemia cell growth suppression. These results suggest that
FoxM1 affects the leukemia cell cycle by regulating the
expression levels of these proteins and may represent for a
potential target for TMPP treatment.

FoxMI has been reported to affect both the G1-S and
(G2-M ftransitions in the cell cycle [30]. G1-S transition is
promoted by suppression of CDKIs such as p27°°®! brought
on by inducing expression of KIS and Cyclin D1. G2-M
transition is promoted via suppression of CDKIs such as
p21“7! brought on by inducing expression of Cdc25B,
Cyclin A, and Aurora-B kinase. In the present study,
treatment with low concentrations of TMPP and DMPP
resulted in an increase in the distribution of G2/M, but not
Gl, leukemia cells, and no increase in the population of
apoptotic cells. On western blot analysis, we found a
greater reduction in levels of Cdc25B, Cyclin A, and
p21¢%! which relate to the G2-M transition process, than
in those of KIS, Cyclin D1, and p27%%#!_ which relate to the
G1-S transition process. These results may suggest the
mechanisims of the increase of G2/M distribution.

Further, TMPP was shown to act on expression of several
key cell cycle proteins to cause amrest or apoptosis in a dose-
dependent manner. Several studies have found that expression
of p21°%/ causes strong G2 arrest and induces resumption of
leukemia cell cycle progression {31, 32]. In leukemia cells,
there is a strong correlation between the expression of Cyclin
D1 and p21“P’ which reflects a complicated network
regulating the proliferation and differentiation of these cells
[33]. Aurora-B kinase has been reported to be abemantly
expressed in several human leukemia cell lines (n=15, e.g.
PALL-I, PALL-2, HL-60, NB4, MV4-11, etc) as well as in
freshly isolated leukemia cells from individuals with AML
(n=44) [34]. Here, we found that TMPP treatrnent at low
concentration reduced Aurora-B kinase expression in leuke-
mia cells. At high concentration, TMPP induced apoptosis of
leukemia cells via the caspase pathway. These results suggest
that TMPP induced an increase in the G2/M cell population
at a low concentration and an increase in apoptotic cells at a
high concentration in leukemia cells.

The cytotoxic effects of TMPP on the cell lines above were
also seen in clinical AML specimens derived from AML
patients. The viability of AML cells was significantly reduced
at TMPP concentrations greater than 4 umol/L, whereas the
viability of normal ALDH" cells was only slightly reduced
with TMPP administration in a dose-dependent manner.
Levels of CFU-GEMM (colony forming unit-granulocyte,
erythroid, macrophage, megakaryocyte), CFU-GM (colony
forming unit-granulocyte, macrophage) and BFU-E (burst
forming unit-erythroid) derived from normal progenitor cells
were moderately reduced on treatrnent with TMPP compared
to untreated cells (data not shown). Moreover, we observed
that FoxM1 mRNA was overexpressed in acute leukemia
specimens, and treatment with TMPP reduced the expression
of FoxM1 mRNA an AML cells. Taken together, these data
indicate that inhibition of FoxM1 represents an attractive
target for leukemia therapy.

In conclusion, we synthesized two deoxybromophospha
sugar derivatives, TMPP and DMPP, and found that these
agents are potent inhibitors of FoxM1, inducing G2/M cell
cycle block via down-regulation of FoxM1 at low concen-
trations, and apoptosis via the caspase pathway at high
concentrations in vitro. FoxM| has therefore been charac-
terized as a target molecule of TMPP in leukemia cells.
Further, TMPP significantly reduced AML cell viability in
clinical specimens derived from AML patients, but not in
normal hematopoietic progenitor cells. These results sug-
gest that TMPP may efficiently inhibit cell cycle and induce
apoptosis, and thereby facilitate the development of new
strategies in targeted antileukemic therapy.
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Summary

The effect of CMC-544, a calicheamicin-conjugated anti-CD22 monoclonal
antibody, was analysed in relation to CD22 and P-glycoprotein (P-gp) in
B-cell chronic lymphocytic leukaemia (CLL) and non-Hodgkin lymphoma
(NHL) in vitro. The cell lines used were CD22-positive parental Daudi and
Raji, and their P-gp positive sublines, Daudi/MDR and Raji/MDR. Cells
obtained from 19 patients with B-cell CLL or NHL were also used. The effect
of CMC-544 was analysed by viable cell count, morphology, annexin-V
staining, and cell cycle distribution. A dose-dependent, selective cytotoxic
effect of CMC-544 was observed in cell lines that expressed CD22. CMC-544
was not effective on Daudi/MDR and Raji/MDR cells compared with their
parental cells. The MDR modifiers, PSC833 and MS209, restored the
cytotoxic effect of CMC-544 in P-gp-expressing sublines. In clinical samples,
the cytotoxic effect of CMC-544 was inversely related to the amount of P-gp
(P =0003), and to intracellular rhodamine-123 accumulation (P < 0-001).
On the other hand, the effect positively correlated with the amount of CD22
(P = 0-010). The effect of CMC-544 depends on the levels of CD22 and P-gp.
Our findings will help to predict the clinical effectiveness of this drug on these
B-cell malignancies, suggesting a beneficial effect with combined use of
CMC-544 and MDR modifiers.

Keywords: CMC-544, monoclonal antibody, CD22, P-glycoprotein, caliche-
amicin.

Rituximab in combination with chemotherapy has been used
to treat various subtypes of B cell malignancies including
chronic lymphocytic leukaemia (B-CLL) and non-Hodgkin
lymphoma (B-NHL) (Hiddemann et al, 2006; Montserrat
et al, 2006; Coiffier, 2007; Fanale & Younes, 2007). However, a
considerable number of patients are refractory to treatment
with rituximab and relapse after demohstrating an initial
response. Several prognostic factors have been reported (Auer
et al, 2007; Bonavida, 2007). The refractory nature to treat-
ment may be partly attributed to the development of multi-
drug resistance (MDR), involving a series of events by which
malignant cells become resistant to several structurally
unrelated agents for B cell malignancies (Svoboda-Beusan
et al, 2000; Andreadis et al, 2007). To overcome this resistance,
several new agents have been developed (Hiddemann et al,
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2006). Among these, CMC-544 has been introduced as a
promising agent for the treatment of refractory and resistant
cases.

CMC-544, inotuzumab ozogamicin, is a conjugate of
N-acetyl y-calicheamicin dimethyl hydrazide (NAc y-caliche-
amicin DMH) and a recombinant humanized antibody (IgG,)
directed against the CD22 antigen (DiJoseph et al, 2004, 2006,
2007). Calicheamicin, a very potent anti-tumour antibiotic
agent, binds to the minor groove of DNA in a sequence-
specific manner, and breaks double-stranded DNA by abstract-
ing specific hydrogen atoms, which may be the initial step in
cell damage (Zein et al, 1988).

Gemtuzumab ozogamicin (GO), another immunoconjugate
of NAc y-calicheamicin DMH, is targeted to the human CD33
antigen and has been widely utilized for the treatment of acute

© 2009 Blackwell Publishing Ltd, British Journal of Haematology, 146, 34-43
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myeloid leukaemia (AML) (Lars'on et al, 2005). However, the
clinical outcome after treatment with GO was negatively
associated with drug resistance in AML (Naito et al, 2000;
Matsui et al, 2002; Walter et al, 2007). These effects, which are
closely related to the expression of CD33 and P-glycoprotein
(P-gp), have been reported by several investigators, including
our laboratory (Naito et al, 2000; Matsui et al, 2002; Takeshita
et al, 2005).

Thus, P-gp may also play a role in clinical resistance to
CMC-544. If calicheamicin were pumped out by P-gp in the
same manner as GO, CMC-544 would be less effective on
B-CLL and NHL cells that express P-gp. This study investi-
gated the cytotoxic effect of CMC-544 in relation to P-gp on
cell lines and malignant cells from patients with B-CLL and
NHL. Furthermore, other factors, such as level of CD22 and
internalisation, were analysed regarding the effect of CMC-544.

Materials and methods

Cells

CD22-positive cell lines used were Epstein-Barr virus (EBV)-
positive human lymphoma cell lines, Daudi and Raji, and their
mdr-1 DNA-transduced Daudi and Raji sublines, Daudi/MDR
and Raji/MDR (Sugimoto et al, 1997). 1-0 x 107 and 63 x 10°
copies of ABCBI mRNA (ABCB1/GAPDH was 1-261 and 0-078
respectively) were detectable in Daudi/MDR and Raji/MDR
respectively, by quantitative polymerase chain reaction (Yajima
et al, 1998), but it was not detectable in Daudi and Raji cells.
Intracellular accumulation of rhodamine-123 (Rh123) shows a
large amount of P-gp in Daudi/MDR and Raji/MDR cells
(Takeshita et al, 2003). After the cells were cultured for 72 h
with increasing concentrations of CMC-544, 50% inhibitory
concentration values (IC50s) were measured by the dye elusion
test with propidium iodide (PI) staining. IC50s of CMC-544
were 7 and 13 ng/ml calicheamicin in Daudi and Raji cells
respectively. In contrast, IC50s in Daudi and Raji MDR
sublines were 560 and 380 ng/ml respectively. The 1C50s of
Daudi/MDR and Raji/MDR cells were around 80 and 30 times
higher than Daudi and Raji cells respectively. ABCCI mRNA
and LRPI mRNA were not detectable. The CD22-negative cell
lines used were a human chronic myeloid leukaemia cell line,
K562 (Riken Cell Bank, Tsukuba, Japan); a T-cell leukaemia
cell line, Jurkat (Riken Cell Bank); a human acute promyelo-
cytic leukaemia cell line, NB4 (kindly provided by Dr M
Lanotte, Hospital Saint-Louis, Paris, France).

These cell lines were cultured in RPMI 1640 medium,
supplemented with L-glutamine (2 mmol/l), antibiotics and
10% foetal calf serum (FCS; Gibco BRL, Grand Island, NY,
USA), (10% FCS-RPMI) at 37°C. Vincristine sulphate (4 ng/
ml) was added every 3 weeks to the culture medium of Daudi/
MDR and Raji/MDR cell lines (Sugimoto et al, 1997).

After informed consent, peripheral blood cells were collected
from five patients with B-CLL, and lymphoma cells were
separated from lymph nodes of 14 patients with NHL. The

Inotuzumab Ozogamicin and Multi-drug Resistance

cells were purified by Ficoll-Hypaque centrifugation (Phama-
cia, Uppsala, Sweden).

Flow cytometric analyses for CD-phenotype and
immunoglobulin on cells

In all analyses, cells were stained by phycoerythrin-cyanin 5.1
(PC5)-conjugated anti-CD45 monoclonal antibody (mAb)
(Becton Dickinson Immunocytometry Systems, San Jose, CA,
USA) and gated by the pattern of side scatter (SCC) and
CD45 expression (CD45-gating) with an Epics XL flow
cytometer (Beckman Coulter, Fullerton, CA, USA) (Matsui
et al, 2002). Cells were additionally stained by fluorescein
isothiocyanate (FITC)- or phycoerythrin (PE)-conjugated
anti-CD2, CD3, CD4, CD5, CD7, CD8, CDl10, CDllg,
CD16, CD19, CD20, CD22, CD23, CD25, CD30, CD34,
CD56, x-chain or A-chain mAbs (Becton Dickinson Immuno-
cytometry Systems) according to the manufacturer’s instruc-
tions. We examined the ratio of k- to A-chain expressing cells
in the CD45-gated group and only used samples in which the
ratio was 20 times or more.

Specifically, for the detection of CD22, cells were stained
with a FITC-labelled anti-CD22 mAb, HIB22 (Becton Dick-
inson Immunocytometry Systems). Ten thousand events were
counted by flow cytometry. The dissociation of mean fluores-
cence intensity (MFI) of cells that reacted with anti-CD22 mAb
and that of the subclass-matched mAb was determined.

In the analysis for internalisation of CMC-544, cells were
pre-incubated with CMC-544 (5 ng/ml calichemicin DMH) at
37°C for 1 h, and washed three times. Then the cells were
stained with FITC-labelled anti-human IgG mAb (Becton
Dickinson Immunocytometry Systems) and incubated with
CMC-544-free medium for 2h. MFI of cells after the
incubation was compared to that of before. The ratio (%) of
MFI was used as a marker of the internalisation.

Flow cytometric analysis for P-glycoprotein

For P-gp analysis, cells were reacted with biotinylated MRK16
(Fab’) mouse mAb or with a subclass-matched control mAb
and then stained with streptavidin- FITC (Becton Dikinson
Immunocytometry Systems) as previously described (Takesh-
ita et al, 2005). The degree of dissociation between the
fluorescence intensity of cells that reacted with MRK16 and
the respective subclass-matched mAb was analysed by the
channel-by-channel subtraction method (Beckman Coulter).
The cell count in each channel of the control histogram was
subtracted from the cell count in the corresponding channel of
the test histogram. The differences for all channels were
totalled to calculate P-gp presence (%) (Miiler et al, 1994;
Naito et al, 2000; Takeshita et al, 2005).

P-gp function was determined by measuring intracellular
Rh123 accumulation and its enhancement by MDR modifiers,
such as PSC833 (Novartis Pharma, Basel, Swizerland) or
MS209 (Mitsui Phamaceuticals, Chiba, Japan), as previously

© 2009 Blackwell Publishing Ltd, British Journal of Haematology, 146, 34-43 35
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described (Nakanishi et al, 1997; Merlin et al, 1998; Matsui
et al, 2002; Takeshita et al, 2005).

Humanized anti-CD22 monoclonal antibody and
CMC-544

The humanized IgG, anti-CD22 mAb, G5/44, and NAc-y-
calicheamicin DMH-conjugated to the humanized IgG, anti-
CD22 mAb, CMC-544, were kindly provided by Wryeth
Research (Collegeville, PA, USA) (DiJoseph et al, 2004). The
calicheamicin-conjugated humanized IgG4 anti-CD33 mAb,
GO, and unconjugated NAc-y-calicheamicin DMH were also
provided. After the cells were incubated with various concen-
trations of CMC-544 or G5/44 at 37°C for 2 h, they were
washed and resuspended in 10% FCS-RPMI and prepared for
subsequent analysis.

Cell cycle distribution analysis

Cells were incubated with CMC-544 containing 5-100 ng/ml
calicheamicin for 2 h and washed. The cell c¢ycle distribution
was analysed after incubation in CMC-544-free medium for
72 h. Cells were gently suspended in 1 ml hypotonic fluoro-
chrome solution containing PI. The cell cycle distribution was
quantified by flow cytometry (Naito et al, 2000; Takeshita
et al, 2005). These experiments were also analysed in
the presence of 50-100 pmol/l Z-VAD-FMK (Calbiochem,
Darmstadt, Germany), a caspase inhibitor, to study the
apoptotic mechanisms of CMC-544. If samples from patients
were contaminated with 5% or more of non-B cells by
examining cell-surface antigens described béfore, malignant
cells were sorted by'the CD45-gating with a FACS Aria (Becton
Dickinson, Franklin Lakes, NJ, USA) prior to cell cycle
analysis.

Morphological analysis by a video-microscopic technique

Cells (1 x 10’ cells/ml) were plated in a glass-bottomed dish
(MatTec Corporation, Ashland, MA, USA) and incubated with
CMC-544 containing 10 ng/ml calicheamicin for 2 h before
washing. After 24- and 48-h incubations at 37°C in CMC-544
free medium, cells were observed under an inverted Normarski
microscope (Axiovert 35; Zeiss, Oberkochen, Germany) as
described previously (Naito et al, 2000).

Dye exclusion test with PI staining

After incubation of cells with CMC-544 or G5/44 for the
indicated periods of time, cells were stained with 0-1 pg/ml
PI solution and counted under the microscope (Takeshita
et al, 2005). Viable cell counts were calculated as follows:
(viable cell counts) = (total cell counts) — (PI stained cell
counts). The viable cell count following incubation with
CMC-544 was compared with that following incubation with
G5/44.

The process of CMC-544-induced cell death

Cell death was quantitated using an Apocyto® kit containing
Annexin V-Azami-Green and PI (Karasawa et al, 2003). Viable
cells were not stained by either agent (Annexin—PI-), while
early apoptotic cells were stained by Annexin V-Azami-Green
(Annexin+PI-), and late apoptotic cells were stained by both
agents (Annexin+PI+). Cells damaged via a non-apoptotic
mechanism were stained only by PI (Annexin—PI+).

In vitro effect of CMC-544 in the presence of MDR
modifiers

Cells were pre-incubated in the presence or absence of 2 pmol/
1 PSC833 or 5 pmol/l MS209 in a humidified CO, incubator at
37°C for 1 h. The cells were then incubated with or without
CMC-544 containing 5-100 ng/ml calicheamicin in the pres-
ence or absence of 2 pmol/l PSC833 or 5 pmol/l MS209 at
37°C for 2 h. After incubation, the cells were washed three
times to remove unbound CMC-544. They were then
re-incubated in CMC-544-free medium at 37°C for 2448 h.
The viability of cells just after incubation with CMC-544 was
99-6% by the dye exclusion test, which was carried out as
described in our previous reports on GO (Naito et al, 2000;
Matsui et al, 2002; Takeshita et al, 2005).

Results

CD22 expression on cell lines

CD22, which was expressed on Daudi and Raji cells, was
equally expressed on Daudi/MDR and Raji/MDR cells respec-
tively (Fig 1A). However, it was not expressed on Jurkat, K562
nor NB4 cells. The amount of CD22 was unchanged after a 2-h
incubation with the experimental concentration of MDR
modifiers, 2 pmol/l PSC833 or 5 pmol/l MS209 (Fig 1A).

Cell growth assay of P-gp negative cells

The viable cell counts of Daudi and Raji cells decreased
in a time- and dose-dependent manner at 48 h after
incubation with CMC-544 containing 5-100 ng/ml caliche-
amicin (Fig 1B). However, the change was not observed in
CD22 negative Jurkat or NB4 cells.

Cell growth of Daudi/MDR and Raji/MDR in the absence
or presence of MDR modifiers, PSC8330r MS209

In the absence of PSC833 or MS209, even CMC-544 containing
100 ng/ml calicheamicin did not suppress the cell growth of
Daudi/MDR and Raji/MDR cells. In the presence of 2 pmol/l
PSC833 or 5 pmol/l MS209, CMC-544 recovered its cytotoxic
effect and suppressed the cell growth in a dose-dependent
manner (Fig 1C). Cells treated with only PSC833 or MS209 at the
same concentrations did not show significant growth changes.
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Fig 1. (A) Daudi (@) and Raji (*) cells and their MDR sublines, Daudi/MDR (%) and Raji/MDR (x), were stained by FITC-labelled anti-CD22 mAb
after a 2-h incubation with 0, 2, 5, 10, 20, 50, 100 pmol/i of PSC833 or MS209. CD22 level was not influenced by 0~20 umol/l of PSC833 or MS209.
(B) Cell growth of Daudi, Raji, Jurkat, and NB4 cells analysed by flow cytometry after incubation with G5/44 or various concentrations of CMC-544
for 48 h (x) G5/44, (@) 5 ng/ml, (&%) 10 ng/ml, (&) 20 ng/ml, () 50 ng/ml and (A ) 100 ng/ml calicheamicin. (C) Cell growth of Daudi/MDR and
Raji/MDR cells analysed by flow cytometry at 48 h after incubation with CMC-544 containing 10 ng/ml calicheamicin in the absence or presence of
5 pmol/l MS209 or 2 pmol/l PSC833. ‘
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Cell cycle distribution of CD22-positive and negative cells

Cell cycle distribution patterns of Daudi and Raji cells at 0-,
12-, 24-, 48-, 72-h after incubation with CMC-544 containing
5 ng/ml calicheamicin were analysed (Fig 2A). Daudi and Raji
cells arrested at the G2/M phase before the hypodiploid
portion increased. In the presence of 50~100 pumol/l Z-VAD-
fmk, while G2/M arrest was apparent, GO/G1 and G2/M phases
were restored thereafter without a following increase in the
hypodiploid portion. In Jurkat, NB4 and K562 cells, no effect
was observed after the incubation of CMC-544 (data not
shown). G5/44 did not affect the cell cycle distribution.

(A) baudicells
£ G '
=2
[<3
o i
= CMCS44
= i H
a 3
3 ' L
3 oA
. e L - L . .y
. CMCS44 + Z-VAD-fmk
Q
o
k]
0 . .- -
oh 12h 280 4an 72h
Aaji cells
s e,
£
s §
o
o
3 .
. v - "
r CMCs44 !
2 0
o
Q N
B
3
g CMCS44 s ZVADmK
2
[*]
g A
Ooh 12h 24h 48h 72h

(©)

Daudi

Control CcMCs4s

CMC544 plus PSC833

Ci

Cell cycle distribution of Daudi/MDR and Raji/MDR
sublines

CMC-544 had a dose-dependent effect on the cell
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incubated with G5/44 or CMC-544 containing 5-100 ng/ml
calicheamicin (Fig 2B). However, in the presence of 2 pmol/l
PSC833 (bottom line in Fig 2B) or 5 pmol/l MS209
(data not shown), addition of CMC-544 recovered the
effect and arrested the cell cycle in both cell lines at G2/M
phase.
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Fig 2. (A) Cell cycle distribution at 0, 12, 24, 48 and 72 h after incubation with G5/44 or CMC-544 with or without 100 umol/l Z-VAD-fmk. (B} Cell
cycle distribution of Daudi and Daudi/MDR cells, and Raji and Raji/MDR cells 48 h after incubation with G5/44 or CMC-544 containing 5, 10, 50 or
100 ng/ml calicheamicin in the absence or presence of 2 pmolfl PSC833. (C) Morphological changes of Daudi and Daudi/MDR cells were observed
using a video-microscope. Daudi cells were incubated in medium containing CMC-544 with or without 2 pmol/l PSC833 for 24 h. Original
magnification x400. (D) Apoptotic mechanism of CMC-544 in the figures of Apocyto®. Daudi and Daudi/MDR cells were incubated in medium
containing CMC-544 or G5/44, and were stained by PI (vertical lines) and Annexin-V Azami Green (horizontal lines).
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Morphological observation by a video-microscopic
technique

Daudi cells became enlarged after 24-h incubation with CMC-
544 compared with the control cells incubated with G5/44
alone. Morphological changes of apoptosis, characterized by
bleb formation and shrinkage of cells, were observed in 35% of
the cells (Fig 2C). These morphological changes were rarely
observed in the Daudi/MDR cells. CMC-544 recovered the
effect in the presence of 2 pmol/l PSC833 (Fig 2C) or 5 pmol/l
MS209 (data not shown).

The process of CMC-544-induced cell death

Apoptotic analyses of CMC-544 using an Apocyte™ kit are
summarized in Fig 2D. After incubation of Daudi celis
with CMC-544 containing 10 ng/ml calicheamicin, Annexin—
PI- cells decreased concomitantly with an increase of
Annexin+PI~- and Annexin+PI+ cells in a time dependent
manner, while Annexin—PI+ cells did not significantly
increase. However, Daudi/MDR cells were not changed
significantly at 72 h after the incubation with CMC-544. G5/
44 did not change the distributions significantly.

The in vitro cytotoxic effect of CMC-544 in the samples
from B-CLL and NHL cases

The relationships among the in vitro effect of CMC-544,
internalisation, CD22 and P-gp levels were investigated using
cells from 19 patients with B-CLL and NHL. The character-
istics and results of the cases are summarized in Table I. The
in vitro effect of CMC-544 was significantly correlated with
the amount of CD22 (P=0010), but it was inversely
correlated with the amount of P-gp (P = 0-003) or the
percentage increase of intracellular Rh123 level in the
presence of PSC833 or MS209 (P < 0-001) (Fig 3). Addition-
ally, we determined internalisation level of CMC-544 by
analysing CMC-544 conjugated fluorescence before and after
the incubation of antibody-free medium for 2h. The
damping degree of the fluorescence was not related to
cytotoxicity of CMC544, CD22 and P-gp level (P =026,
P =090 and P = 0-89 respectively) in the patient samples.
Some of the cells that had low sensitivity for CMC544, despite
low P-gp levels, had a relatively low CD22 level (Case 14) or
low internalisation (Case 4).

Discussion

Antibody-targeted chemotherapy is one of the most promising
treatments for refractory or resistant haematological malignan-
cies (Faderl et al, 2005; Cheson, 2006; Fanale & Younes, 2007;
Taksin et al, 2007). For example, calicheamicin-conjugated
antibodies have yielded informative results, and GO continues to
provide encouraging clinical results. However, drug efflux
mediated by P-gp leads to the development of drug resistance

Inotuzumab Ozogamicin and Multi-drug Resistance

to GO, and inhibition of P-gp effectively increases GO-induced
cytotoxicity in vitro (Naito et al, 2000; Matsui et al, 2002;
Takeshita et al, 2005). In fact, P-gp is related to adverse clinical
outcomes after GO-based therapy (Walter et al, 2007). Our
present study suggests that CMC-544, a promising new drug for
B-cell malignancies, is also affected by P-gp.

CD22-positive malignant cell lines, such as Daudi and Raji
cells, were killed by CMC-544, while CD22-negative cell lines,
such as NB4 and Jurkat cells, were not. Similar to GO (Naito
et al, 2000), CMC-544 arrested the cell cycle at the G2/M phase
and increased the hypodiploid portion in Daudi and Raji cells.
In the presence of Z-VAD-fmk, while G2/M arrest was
apparent, GO/G1 and *‘G2/M phase were restored thereafter
without a following increase in hypodiploid portion. The
results indicate that the G2/M arrest by CMC544 is transient
and a considerable number of cells might undergo apoptosis
after release from G2/M arrest caused by the caspase. However,
the proportion of cells moving to apoptosis via this pathway is
still unclear. The caspase and its inhibitor may have a role in
resistance to CMC-544, ‘although they were not examined
extensively in this study.

While several studies of CMC-544 have recently been
published (DiJoseph et al, 2004, 2006, 2007), there is currently
no published literature regarding CMC-544 in relation to P-gp.
Our study suggested that the effect of CMC-544 may also be
affected by P-gp. Using our newly established MDRI DNA-
transduced Daudi and Raji sublines, we directly investigated
the effect of CMC-544 on P-gp, an advantage over previously
established drug-resistant cell lines that generally co-express
other resistant mechanisms in addition to P-gp. Our results
showed that CMC-544 had no effect on the P-gp expressing
sublines compared with the parental cell lines, even though the
former expressed sufficient levels of CD22. P-gp is a membrane
glycoprotein that actively pumps cytotoxic agents out of cells
and decreases the intracellular concentration of the agents,
independently of their structure (Kartner et al, 1985). There-
fore, if calicheamicin becomes detached from CMC-544 within
the cell, it should be pumped out of the cell by P-gp. This
hypothesis was endorsed by a combined use of CMC-544 and
MDR modifiers. Both PSC833, a non-immunosuppressive
analogue of cyclosporine, and MS209, a quinoline compound,
are potent MDR-reversing drugs (Nakanishi et al, 1997; Merlin
et al, 1998). These madifiers recovered the cytotoxic effect of
CMC-544 in P-gp expressing sublines. The combination of
CMC-544 and MDR modifiers may be an ideal therapeutic
approach to treat P-gp-related resistant B-CLL and NHL.
Haematologic and non-haematologic toxicities, which were
observed in a clinical trial that utilized a combination of GO
and MDR modifiers (Tsimberidou et al, 2003), might not be
worsened in the case of CMC-544 because CD22 is expressed
at lower levels in haematopoietic and non-haematopoietic
immature cells than CD33 (Tedder et al, 1997).

Several resistant mechanisms in the treatment of B-cell
malignancies have been reported, including alterations of
intracellular cell death pathways, such as p53 and Bcl-2 family
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Fig 3. (A) Relationship between the in vitro effect of CMC-544 and the CD22 level, (B) the in vitro effect of CMC-544 and the amount of P-gp, (C, D)
the in vitro effect of CMC-544 and the function of P-glycoprotein (P-gp) estimated by Rh123 accumulation with PSC833 (C) or MS209 (D). (F) The
relationship between in vitro effect of CMC-544 and internalisation. The relationships between these factors were analysed by different combinations
(E-H). Each dot represents the data summarized in Table 1. The results of normal peripheral B-cells, Daudi and Raji cells were shown as cross dots, D
and R respectively. (i) The in vitro effect of CMC-544 in the six P-gp positive samples was analysed in the presence of MDR modifiers, PSC833 or
MS209, which restored the effect of CMC-544 significantly (P = 0-002 and P = 0-011 respectively). (ii) The in vitro effect of CMC-544 was determined
by the increased hypodiploid portion (%) 72 h after incubation with CMC-544 and compared to that of G5/44.

pathways as well as oxidative stress defence through glutathi- importance of these mechanisms will depend on agents
one peroxidase and ATP-dependent drug efflux pumps adopted in the treatment. Although P-gp has played a limited
(Friedenberg et al, 1999; Ohsawa et al, 2005; Matthews et al, role in the drug resistance of B-CLL and NHL, its level is
2006; Montserrat et al, 2006; Andreadis et al, 2007). The closely related to the intracellular levels of calicheamicin, as
© 2009 Blackwell Publishing Ltd, British Journal of Haematology, 146, 34-43 41
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shown in the present study. Therefore, in case of using CMC-
544 or other P-gp-dependent drugs, such as doxorubicin and
vincristine, it will be important to analyse the level of P-gp and
try to overcome its resistant mechanism.

In this study, we also tried to clarify the relationship between
P-gp and the effect of CMC-544 using clinical samples from
patients with B-CLL and NHL. CMC-544 was less effective on
malignant cells from patients with a high amount of P-gp
expression. CMC-544 is mostly used for the treatment of
refractory or relapsed cases in earlier clinical studies. It should
be understood that such patients often express more P-gp.
Therefore, CMC-544 treatment alone may have only a limited
effect on such patients. In order to achieve maximum
effectiveness with this agent, treatments that utilize combina-
tion therapy with MDR modifiers or other mAbs may be a
promising approach. Moreover, CMC-544 may be more
effective when used as a front-line drug for CD22-expressing
tumours, before the emergence of P-gp related resistance.

We have also observed the positive relationship between
CD22 and the effect of CMC-544 in a study using clinical
samples from patients with B-CLL and NHL. While the effect
of CMC-544 related to the amount of CD22, the relationship
was less prominent than that with P-gp. The cytotoxic effect of
CMC-544 in P-gp negative samples varies considerably. Several
factors, such as CD22 level, internalisation and other mech-
anisms might be related to the variation (Goemans et al, 2008).
In fact, some of the cells that had low sensitivity for CMC-544,
despite low P-gp levels, had a relatively low CD22 level or low
internalisation. It is difficult to explain the variation in relation
to these factors only. Samples from patients in the actual
clinical study may clarify this point.

The present study has demonstrated that the effect of CMC-
544 depends on the amounts of CD22 and P-gp. Thus, it will
be possible to predict the dinical effect of this drug by
measuring these parameters. Additionally, in vitro analysis of
cell cycle effects and observation of apoptotic cells can support
the analysis of relevant parameters. Phase I and II studies of
CMC-544 are now in progress. This new agent will bring
considerable therapeutic benefits to patients with CD22-
positive B-CLL and NHL. Possible advantages of concomitant
use with an MDR modifier should be discussed in clinical
trials. Such an approach might bring an increase in efficacy
with or without the worsening of associated adverse events.
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CMC-544 (inotuzumab ozogamicin), an anti-CD22 immuno-conjugate of calicheamicin,
alters the levels of target molecules of malignant B-cells
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We studied the effect of CMC-544, the calicheamicin-conjugated
anti-CD22 monoclonal antihody, used alone and in combination
with rituximab, analyzing the quantitative alteration of target
molecules, that is, CD20, CD22, CD55 and CD59, in Daudi and
Raji cells as well as in cells obtained from patients with B-cell
malignancies (BCM). Antibody inducing direct antiproliferative
and apoptotic effect, complement-dependent cytotoxicity (CDC)
and antibody-dependent cellular cytotoxicity (ADCC) were
tested separately. In Daudi and Raji cells, the CDC effect of
rituximab significantly increased within 12h following incuba-
tion with CMC-544. The levels of CD22 and CD55 were
significantly reduced (P<0.001 in both cells) after incubation
with CMC-544, but CD20 level remained constant or increased
for 12 h. Similar results were obtained in cells from 12 patients
with BCM. The antiproliferative and apoptotic effect of CMC-544
were greater than that of rituximab. The ADCC of rituximab was
not enhanced by CMC-544. Thus, the combination of CMC-544
and rituximab increased the in vitro cytotoxic effect in BCM
cells, and sequential administration for 12 h proceeded by CMC-
544 was more effective. The reduction of CD55 and the
preservation of CD20 after incubation with CMC-544 support
the rationale for the combined use of CMC-544 and rituximab.
Leukemia (2009) 23, 1329-1336; doi:10.1038/leu.2009.77;
published online 16 April 2009

Keywords: CMC-544; chronic lymphoid leukemia (CLL); malignant
lymphoma; monoclonal antibody; rituximab

Introduction

Rituximab, a chimeric monoclonal antibody (mAb) that binds to
CD20, has greatly improved therapy for B-cell malignancies
(BCM) including non-Hodgkin’s lymphoma and chronic lympho-
blastic leukemia.”™ Nevertheless, a considerable percentage
of patients are refractory to treatment with rituximab and relapse
after an initial response. Several resistant mechanisms have been
proposed including escape into CD20-negative cells by limited
surface antigen renewal, cell membrane drug efflux pumps,
escape into the resting phase of the cell cycle, enhancement
of complement inhibitory factors, alterations in intracellular
signaling or cell death pathways, FcyRIIA polymorphism and
reduction of effector cells.” Above all, downregulation of CD20
and enhancement of complement inhibitory factors plays an
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important role in acquired resistance to rituximab. Investigation
of complement inhibitory factors demonstrated that CD55 plays
an important role as a regulator of complement-dependent cyto-
toxicity (CDC) in malignant B-cells, and that its expression
correlated with resistance to CDC,%” which is one of the main
mechanisms of action in the treatment of rituximab.

To overcome resistance to rituximab, several new agents have
been developed, including radioimmunotherapy and mAbs
against targets other than CD20.%%? Among them, CMC-544 has
been introduced as a promising agent to treat refractory/resistant
BCM. CMC-544 is a conjugate of N-acetyl y-calicheamicin
dimethyl hydrazide (NAc y-calicheamicin DMH) and a recom-
binant humanized antibody (IgG,) directed against the CD22
antigen.'® Calicheamicin, a very potent antitumor antibiotic
agent, binds to the minor groove of DNA in a sequence-specific
manner and breaks double-stranded DNA.'" Preliminary data
from ongoing clinical trials reveal that CMC-544 is efficacious
against recurrent/refractory B-cell lymphomas with mana-
geable thrombocytopenia reported as the most significant
toxicity."

Concomitant use of CMC-544 and rituximab is an ideal
therapeutic method because these agents have a different target
molecule and mechanism of action. In fact, the additive
combination efficacy of CMC-544 and rituximab was shown
against xenogenic BCM in severe combined immunodeficient
mice.”> However, the mechanism of the combination efficacy
and the best administration schedule have not yet been
elucidated. In this study, we attempted to clarify them from
the viewpoint of the alteration of target molecules, that is,
CD20, CD22, CD55 and CD59, which are essential for the
action of these mAbs.

Materials and methods

Cells

CD22-positive cell lines used were: human lymphoma cell
lines, Daudi and Raji, and their mdr-1 DNA-transduced
sublines, Daudi/MDR and Raji/MDR.'* Daudi/MDR and Raji/
MDR had detectable mdr-1 messenger RNA (mRNA) and
P-glycoprotein. The CD22-negative cell lines used were K562
(Riken Cell Bank, Tsukuba, Japan), Jurkat (Riken Cell Bank) and
NB4 (kindly provided by Dr M Lanotte, Hospital Saint-Louis,
Paris, France). These cell lines were cultured in RPMI-1640
supplemented with t-glutamine (2 mm), antibiotics and 10%
fetal calf serum (FCS) (Gibco BRL, Grand iIsland, NY, USA)
(10% FCS-RPMI) at 37 °C in a humidified 5% CO, incubator.

—140—



CMC-544 in combination with rituximab
A Takeshita et af

{330

After informed consent, malignant cells were obtained from
12 patients with-BCM. Lymphocytes were collected from the
peripheral blood of eight patients with chronic lymphoblastic
leukemia. Lymphoma cells were separated from the lymph
nodes of four patients with large B-cell non-Hodgkin’s
lymphoma, and purified by density gradient with Ficoll-Paque
{Pharmacia, Uppsala, Sweden).

Flow cytometry for CD20, CD22, CD55 and CD59

For the detection of CD20, CD22, CD45, CD55 and CD59, cells
were stained with fluorescein isothiocyanate (FITC) or phyco-
erythrin (PE)-conjugated anti-CD20, anti-CD22, anti-CD55 or
anti-CD59 mAbs in addition to Cy7-conjugated anti-CD45 mAb
{Becton Dickinson Immunocytometry Systems, San jose, CA,
USA), according to the manufacturer’s instructions.’® Ten
thousand events were counted and mean fluorescence inten-
sities (MFls) were calculated using an Epics XL flow cytometer
(Beckman Coulter, Fullerton, CA, USA). All measurements were
performed in triplicate.

Real-time reverse-transcription polymerase chain
reaction (RT-PCR) assay for CD20, CD22, CD55, CD59
and GAPDH mRNA in Daudi and Raji cells

The levels of CD20, CD22, CD55, CD59 and GAPDH mRNA in
Daudi or Raji cells were measured by real-time RT-PCR. In brief,
total cellular RNA was isolated using an RNeasy Plus Mini kit
{(Qiagen, Tokyo, Japan). The extracted RNA was reverse
transcribed by random primers and Super Script Il reverse
transcriptase (Invitrogen Japan, Tokyo, Japan). Complementary
DNA (cDNA) fragments were amplified by PCR using designed
specific primers: forward (5'-CTCTCTGGGGAGGCATTATGTA-3")
and reverse (5-GTAACAGTATTGGGTAGATGGGGAG-3') for
CD20; forward (5-CAGAATACATTCACGCTAAACCTG-3') and
reverse (5'-AACACTGGGGTTACTGGAATTGTA-3) for CD22;
forward (5-TTCAGGCAGCTCTGTCCAGTG-3) and reverse
(5'-GAGGCTGAAGTGGAAGGATCG-3") for CD55; forward
(5"-CTGTGGACAATCACAATGGGAATGGGA-3) and reverse
(5'-GGTGTTGACTTAGGGATGAAG-3) for CD59; and forward
(5'-AAGGTCATCCCAGAGCTGAA-3') and reverse (5'-ATGTCA
TCATACTTGGCAGGTT-3") for GAPDH using Power SYBR
Green PCR Master Mix kit (Takara Bio Inc., Kusatsu, japan)
with an automatic 7500 Fast Real-Time PCR System (Applied
Biosystems, Tokyo, Japan).“”]8 The data were expressed on

*a log scale as the relative expression to GAPDH. All measure-

ments were performed in triplicate.

Monoclonal antibodies and NAC-calicheamicin DMH
Humanized 1gG4 anti-CD22 mAb (G5/44) and NAc-y-calichea-
micin DMH conjugated one (CMC-544) as well as caliche-
amicin-conjugated humanized 1gG, anti-CD33 mAb (GO) and
unconjugated NAc-y-calicheamicin DMH were kindly provided
by Wyeth Research (Collegeville, PA, USA). Rituximab was
purchased from Zenyaku Co. (Tokyo, Japan).

Cell cycle distribution analysis

Cells suspended in Tml hypotonic fluorochrome solution
containing propidium iodide (Pl) (Sigma, St Louis, MO, USA)
were analyzed by flow cytometry as described earlier'™'? after
incubation with CMC-544 containing 1-100 ng/ml calichemicin
DMH for 72 h.

-eukemia

Morphological analysis by video-microscopic technique
Cells were plated in a glass-bottomed dish (MatTec Corporation,
Ashland, MA, USA) at a concentration of 10° cells per ml in a
medium containing CMC-544 (10 ng/mi calichemicin DMH) or
an equivalent amount of G5/44. After 12 and 24 h incubations at
37°C, cells were observed under an inverted Normarski
microscope (Axiovert 35; Zeiss, Oberkochen, Germany) as
described previously.®

Laser microscopy

Cells were incubated with CMC-544 or G5/44 for 12-24h
at 37°C before staining with fluorescence-labeled mAbs
(described in Flow cytometry for CD20, CD22, CD55 and
CD59). Cells were placed on a non-fluorescent glass slide and
observed by the Clsi real spectral imaging system (Nikon
Instech, Kawasaki, Japan). The fluorescence of FITC and
phycoerythrin were detected simultaneously.

Dye exclusion test with propidium iodide (PI) staining
After the incubation of cells with CMC-544, G5/44 or rituximab
for the indicated periods of time, cells were stained with
0.1 ug/mi Pl solution and counted under the microscope.?®
Viable cell counts were calculated as follows: (viable cell
count) = (total cell count)—(Pl-stained cell count).

Direct antiproliferative and apoptotic effect of CMC-544
Three possible mechanisms responsible for the combined effect
of CMC-544 and rituximab were investigated separately: direct
antiproliferative and apoptotic effects of the mAb, CDC and
antibody-dependent cellular cytotoxicity (ADCC). These assays
were conducted after the incubation of Daudi and Raji cells
with CMC-544 either in the presence or absence of rituximab.
The antiproliferative effect of rituximab in the presence and
absence of CMC-544 or G5/44 was determined by a viable cell
count in triplicate. The apoptotic effect was analyzed by cell
cycle distribution. In brief, 10° per ml viable cells were
incubated in the presence or absence of CMC-544 containing
1-10ng/ml calichermicin DMH for 2 h, washed three times and
then incubated with or without 20 pg/ml rituximab for 72 h.
Separately, all of the cells were incubated in the presence of
10l per 10° cells of anti-human IgG goat antibody F(ab),
(Becton Dickinson Immunocytometry Systems) to enhance the
cross-linking effect of rituximab on the cell surface.

Complement-dependent cytotoxicity
The CDC effect was measured by a dye exclusion test in
triplicate. After 10° per ml cells were incubated with or without
rituximab in the presence of fresh human AB serum for 2 h at
37 °C, cells were placed on ice to stop the CDC reaction. Viable
cells were counted immediately after incubation and compare
with those counted before incubation.?’ ‘

The enhancement of the CDC effect was studied in a similar
way in the presence of CMC-544 or G5/44. Specifically, after
cells were incubated with or without CMC-544 (5ng/ml
calichemicin DMH) or G5/44 at 37°C for 2h, they were
washed three times to remove unbound antibodies. The viability
of cells before incubation with CMC-544 was 99.8%. After the
cells were re-incubated in CMC-544- and rituximab-free
medium at 37 °C for 0-48h, CDC was analyzed as described
above.

After the first 30 min of the CDC assay, a part of the cells was
placed on ice to stop the reaction, and analyzed the compliment
deposition on the cells. This was determined by flow cytometry
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after staining with FITC-anti-human C3c rabbit antibody (Dako,
Glostrup, Denmark) according to the manufacturer’s instruc-
tions. MFIs were compared among the groups.

Antibody-dependent cellular cytotoxicity assays

Total mononuclear cells were obtained by Ficoll-Paque
centrifugation and natural killer cells were enriched to
78-91% by an Easy Sep human positive natural killer cell kit
(Invitrogen). Concurrently, 10° per ml target cells were stained
with PKH67 using a MINI67 cell linker kit (Sigma).?? After
the PKH67-stained target cells (PKH67 ) were incubated in the
presence or absence of CMC-544 containing 5 ng/ml calichem-
icin DMH or equivalent amount of G5/44 for two hours and
washed three times, they were co-cultured with 10* per ml
natural killer cells in triplicate with or without 2 pg/mi rituximab
for 4h at 37°C. Then the cells were stained with 0.1 ug/ml P
solution and analyzed by flow cytometry. Target cells damaged
by ADCC were classified as PKH67 "PI™* cells, whereas viable
target cells were classified as PKH67 * PI™ cells.

Statistical analyses

The data of real-time PCR and CDC, shown as meansts.d.,
were analyzed and compared using the Student’s t-test. MFls
from flow cytometry were analyzed by paired t-test.

Results

CD20, CD22, CD55 and CD59 expression on cells
before and after incubation with CMC-544 as analyzed
by flow cytometry

CD20 and CD22 were expressed on more than 99% of Daudi
and Raji cells. CD55 was expressed on 72 and 57% of these
cells, respectively. They were similarly expressed on Daudi/
MDR and Raji/MDR cells (71 and 59%, respectively). However,
CD20 and CD22 were not expressed on Jurkat, K562 or NB4
cells (data not shown).

To assess the effect of CMC-544 on antigen expression, cells
were cultured for 2 h in a medium containing CMC-544 or G5/
44, switched to an antibody-free medium and then examined at
various time points thereafter to determine the levels of CD20,
CD22, CD55 and CD59 on the cells. After 12-24 h, the level of
CD22 on CMC-544-treated cells had decreased relative to that
on G5/44-treated cells (Figure 1a) and continued to decrease,
with the reduction of cell viability determined by Pl staining (83
and 47% at 48 and 72 h, respectively in Daudi cells), and with
apoptotic morphological changes determined by microscopic
observation (38 and 64% at 48 and 72 h, respectively in Daudi
cells). In contrast, the level of CD20 remained constant or
increased after 24 h (Figure 1a), but decreased at 48 h (data not
shown). Thereafter the level of CD55 significantly decreased
after 12-24 h, and continued to decrease further. However, the
level of CD59 did not change significantly. The levels of CD20,
CD22, CD55 and CD59 on Daudi/MDR and Raji/MDR cells did
not change after incubation with CMC-544 (data not shown).
Further, the levels of these antigens did not change after
incubation with G5/44 or GO (data not shown).

CD20, CD22 and CD55 expression on cells before and
after incubation with CMC-544 as analyzed by laser
microscopy

The levels of CD20, CD22 and CD55 on Daudi cells were also
analyzed by laser microscopy. The levels of antigens before and
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after exposure to CMC-544 or G5/44 were compared
(Figure 2a). Although the level of CD20 did not change
significantly, that of CD22 and CD55 significantly decreased
after 24 h when compared with the controls. These results are
compatible with the data analyzed by flow cytometry. Similar
results were obtained in Raji cells (data not shown).

CD20, CD22, CD55 and CD59 expression on cells
before and after incubation with CMC-544 as analyzed
by real-time RT-PCR

After incubating in a medium containing CMC-544 or G5/44 for
2h, cells were cultured in an antibody-free medium and
harvested at 1-, 3-, 6- and ‘12-h time points. The levels of
CD20, CD22, CD55 and CD59 mRNA in Daudi or Raji cells
were measured by real-time RT-PCR and normalized to GAPDH
mRNA level (Figure 2b). The levels of CD22 and CD55 mRNA in
CMC-544-treated cells began to decrease at 6-h and was
significantly lower at 12-h. On the other hand, the levels of
CD20 and CD59 mRNA did not change significantly. These
changes observed in Daudi and Raji cells were not in Daudi/MDR
and Raji/MDR cells. G5/44 had no effect on these mRNA levels.

CD20, CD22, CD55 and CD59 expression on patients’
samples of BCM before and after incubation with CMC-
544 as analyzed by flow cytometry

Quantitative alterations of CD20, CD22, CD55 and CD59 levels
were also analyzed in samples from 12 patients with BCM. The
level of CD22 decreased after incubation with CMC-544 in the
samples from all patients (P<0.001). The level of CD20 was
constant in the samples from four patients but increased in eight

- patients. Although the level of CD55 decreased significantly

(P<0.001), that of CD59 did not decrease (P=0.096). Results
derived from four representative samples are shown in
Figure 1b. Cell sizes increased in all samples after 24h
incubation as determined by a two-dimensional analyses of
forward and side scatter (Figure 3a). The enlargement was
confirmed by morphological changes observed by microscopy
(Figure 3b).

Direct antiproliferative and apoptotic effects of
rituximab in combination with CMC-544

The antiproliferative effect was determined by a viable cell
count after incubation with either rituximab, CMC-544 or both
agents (Figure 4a). Viable cell counts after incubation with
rituximab, CMC-544 or both agents compared with those before
the incubation were 93, 45 and 41% in Daudi cells, and 96,
37 and 34% in Raji cells, respectively.

The apoptotic effect was investigated by cell cycle after
incubation with either rituximab, CMC-544 or both agents
(Figure 4a). The hypodiploid portion after incubation with
rituximab, CMC-544 or both agents increased 4, 35 and 38% in
Daudi cells, 8, 56 and 60% in Raji cells, respectively.

Thus, the antiproliferative and apoptotic effects of rituximab
alone were significantly less than that of CMC-544 alone. The
same results were obtained in BCM cells. The antiproliferative
and apoptotic effects were not observed in incubation with
G5/44 (data not shown).

Combination effect of CMC-544 on CDC caused by
rituximab

The viable cell count significantly decreased after incubation
with rituximab through CDC in Daudi and Raji cells. However,
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Figure 2 (a) Laser scanning microscope images taken 24 h after a 2 h incubation in a medium containing CMC-544 or G5/44. (a-1) Daudi cells
were stained with PE-conjugated anti-CD20 mAb (red) and FITC-conjugated anti-CD22 mAb (green). (a-2) Daudi cells stained by PE-conjugated
anti-CD20 mAb (red) and FITC-conjugated anti-CD55 mAb (green). The levels of CD22 and CD55 were significantly reduced, whereas the CD20
expression was constant or increased. (b) The levels of CD20, CD22, CD55 and CD59 mRNA in Daudi and Raji cells were analyzed by real-time
RT-PCR. After incubating in a medium containing CMC-544 (straight lines) or G5/44 (dotted lines) for 2 h, cells were cultured in an antibody-free
medium and harvested at 1-, 3-, 6- and 12-h time points for real-time RT-PCR. The levels of CD22 and CD55 mRNA were significantly reduced
after CMC-544 exposure, whereas those of CD20 and CD59 mRNA were maintained. The quantitative data were expressed on a log scale as the
relative expression to GAPDH. The data after incubation with CMC-544 were compared with that of G5/44. *P<0.05, **P<0.01 and

**P<0.001.

no effect on CDC was observed with CMC-544 or G5/44
alone (Figure 4b). Furthermore, the CDC caused by rituximab
was not enhanced by simultaneous incubation with CMC-544 or
G5/44. ’

To determine if CDC is enhanced by the sequential
incubation of rituximab and CMC-544, Daudi and Raji cells
were first incubated in a medium containing CMC-544 for 2 h,
incubated for 12 h in an antibody-free medium, and then CDC
by rituximab was analyzed. The CDC effect of rituximab was
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significantly increased 12h after incubation with CMC-544
(P<0.001) (Figure 4b). G5/44 did not increase the CDC effect of
rituximab. Similar results were obtained from patients’ samples
(Figure 4c).

After the first 30 min of the CDC assay using rituximab and
AB serum, compliment deposition on the cells was analyzed
by flow cytometer. The level of C3 on CMC-544-treated cells
increased to Gb5/44-treated cells significantly (P=0.034)
{Figure 4d).
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Figure 3 (a) Forward scatter (FS) and side scatter analyzed by flow cytometry 24 h after exposure of Daudi and Raji cells to medium with or
- without CMC-544. Fluorescence intensity of FS increased after exposure to CMC-544 compared with controls. (b) Morphological changes of Daudi
and Raji cells 24 h after exposure to CMC-544 or G5/44. Cells were enlarged 12-24 h after incubation with CMC-544.
Combination effect of CMC-544 on ADDC caused by Discussion
rituximab
We counted viable target cells, that is, PKH67 *PI™ cells, and Rituximab has provided many encouraging clinical outcomes in
compared them before and after incubation with rituximab the treatment of BCM.”> CMC-544, recently introduced, is also a
or CMC-544 in Daudi and Raji cells. Forty-nine percent promising agent for BCM. These mAbs target different antigens
of PKH67*PI™ cells changed to PKH67*PI* after a 4h and have different antitumor mechanisms. We investigated the
incubation with rituximab, whereas 9 and 2% changed  effects of these agents from the viewpoint of alteration of the
after incubation with CMC-544 or G5/44, respectively. The target molecules, that is, CD20, CD22, CD55 and CD59, which
change was not significant for simuitaneous incubation are essential for their action, and attempted to clarify the
with rituximab and CMC-544 (53%) or G5/44 (51%) rationale for the advantage in combination of rituximab and
(P=0.11 and P=0.21, respectively) nor was it increased by CMC-544.
sequential incubation with rituximab and CMC-544. Similar CD20 is a good target for BCM because it is expressed at
results were obtained from the patients’ samples (data not high levels and is not downregulated after antibody binding.?
shown). Although malignant B-cells are heterogeneous and multi-step
eukemia
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Figure 4 (a) Antiproliferative and apoptotic effects were determined by viable cell counts and cell cycles, respectively. These were analyzed after
Figure 4 (a) Antip \ pop y v 4 y P y y
incubation with either rituximab (blank column} or CMC-544 (shaded column) or with both agents {mesh column) and then compared before the
incubation. *P<0.001, NS: not significant. (b) The CDC effect of rituximab in Daudi and Raji cells cultured with or without CMC-544. The viable
cell counts after CDC assay were compared with before, and are represented as the rate of percent (%). The viable cell count significantly
decreased after rituximab treatment as a result of CDC. It was significantly enhanced by incubation in a CMC-544-free medium for 12 h after
exposure to CMC-544. (c) The CDC effect of rituximab in cells from 12 patients with BCM cultured with or without CMC-544. The result was
similar to that obtained in cell lines. (d) After the first 30 min of the CDC assay, cells were placed on ice to stop the reaction and analyzed the
compliment deposition on the cells. This was determined by flow cytometry after staining with FITC-anti-human C3c rabbit antibody. MFIs were
compared among the groups. Statistical significance is shown in the figure. Black circle, square and triangle show cells from patients, Daudi and
Raji cells, respectively.
events occur before and after binding to CD20, the level of The levels of CD22 are also important in the action
8 P .
CD20 expression is presumed to be an important factor in mechanism of CMC-544 because CD22 directly reacts with
treatments with rituximab,?” and upregulation of CD20 has mAb moiety of CMC-544. In our study, CD22 decreased 12 and
: pres Y Y
been attempted by some investigators.”* In this study, the level 24 h after CMC-544 exposure as measured by RT-PCR and flow
of CD20 was constant or increased 12-24 h following exposure cytometry, respectively. The level of CD22 did not decrease
g exp Y Y, resp Y
to CMC-544 as analyzed by flow cytometry, and constant b after G5/44 or GO exposure (data not shown). Therefore, the
)4 Y Y Y )4 p
real-time RT-PCR. The preservation of CD20 supports the  downregulation of CD22 could be an effect of CMC-544,
efficacy of rituximab after treatment with CMC-544. probably induced by a calicheamicin detached from CMC-544.
The levels of CD20 began to decrease over time after 24 h. CD55 and CD59 are important regulators of CDC in BCM.®7
This might be explained by the direct antiproliferative and  The increase of these antigens is reportedly related to their
apoptotic effects of CMC-544, which started 24 h after incuba- resistance to rituximab, and the decrease to their susceptibility
tion with CMC-544. A similar observation was reported in our to rituximab.”"?> However, the underlying mechanism for
study of GO.'*1920 the increase of these antigens with respect to the resistance to
Although the level of CD20 mRNA did not change as rituximab has not been well elucidated. Decreasing or
determined by RT-PCR, the levels of CD20 surface antigen inactivating CD55 is an effective idea to restore the therapeutic
¢ Y 8 g 8 p
increased as determined by flow cytometry in some  effect of rituximab.® In our present analyses, the level of CD55
samples. This discrepancy might be explained by the increase significantly decreased 12-24h after CMC-544 exposure. It is
in cell volume associated with cell cycle events such as consistent with the observation that CDC from rituximab
calicheamicin-induced transient G2/M arrest.’® The increase increased 12 h after incubation with CMC-544. These results
was confirmed by microscopic inspection and scatter-grams may also explain the rationale for the advantage in combination
Y p P ] Yy also exp 8
of flow cytometry. . of rituximab and CMC-544. The increase of compliment
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