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Table V. Concordance between the results for HER2 overexpressmn determined by IHC in surgically resected tumors and

biopsy specimens.

Surgica]ly resected tumors
Biopsy specimens ‘Negative Positive Total NPV (%) PPV (%)
Negative 144 13 157 91.7 -
Positive 10- 33 . 43 : - 76.7
Total 154 46 200
Concordance rate (%) 935 71.7 88.5

NPV, negative predictive value; PPV, positive predictive value.

of the biopsy specimens (Table V). A total 43 cases were
"evaluated as positive (21.5%) and 157 cases as negative
(78.5%). The concordance rate for HER2 overexpression
determined by IHC in the surgically resected tumors and
the biopsy specimens was 88.5%.(95% CI 87.1-89.9%). Of
the 154 cases in which the surgically resected tumor was
evaluated as negative for HER2 overexpression by IHC, the

biopsy specimen was negative in 144 cases resulted in the .

concordance rate of 93.5% (95% CI 91-95%). Therefore, 144
of 157 negative cases with biopsy specimens could represent
those in surgically resected specimen as HER2 negative (NPV:
91.7%). Of the 46 cases in which surgically resected timor
was evaluated as positive, the biopsy specimens was also
positive in 33 cases with the concordance rate of 71.7% (95%
CI 58.7-84.7%). Of the 43 cases in which the biopsy specimen
was positive, 33 of 43 cases could represent those in surgically
resected specimen as HER?2 positive (PPV: 76.7%).

Concordance between the results of FISH in surgically
resected tumors and biopsy specimens. We have evaluated
all 54 biopsy specimens in which gene amplification was
demonstrated in the surgically resected tumor: the FISH assay
was technically successful in all 54 (100%) cases, despite the
small specimens. HER2 was interpreted as being amplified in
33 of these 54 cases, which resulted in the concordance rate
of 62.2% (95% CI 49.3-75.1%). The median number of signals
per nucleus in the 54 cases was 3.5 (range 1.1-12.2), whereas
the median number of signals per nucleus in the 33 amplified
cases was 7.9.

Discussion

Gastric cancer is one of the leading causes of cancer death in
the world. Despite improvements in survival as a result of
early detection and curative surgéry, approximately 50,000
patients died of gastric cancer in Japan in 2001 (20).
Unresectable advanced cancer and recurmrent gastric cancer,
in particular, still have a poor proguosis. Randomized trials
have demonstrated that fluorouracil (SFU)-based chemo-
therapy improves survival and quality of life compared with
the best supportive care (21-23), however, no standard
treatment regimen has been established yet. New and
. promising agents for gastric cancer are eagerly waited.
Although there is no relevant evidence Trastuzumab has
been put forward as a potential candidate in gastric cancer

therapy particularly in patients with HER2 expression.
However, basic data is needed to decide whether it should be
further developed in the treatment for gastric cancer. This is
the first large study to evaluate concordance of HER?2 status
between protein expression and gene amplification in both
surgical and endoscopic biopsy specimens of gastric cancer
using two commercial kits, an JHC and a FISH.

In this study, HER2 protein overexpression was demons-
trated in 23% formalin-fixed paraffin-embedded specimens
of surgically resected advanced intestinal type gastric cancers,
and HER2 gene amplification was demonstrated in 27.1%.
FISH indicated gene amplification in 86.7% of the cases in
which HER?2 protein overexpression was detected by IHC,

" and the concordance rate between the results obtained by THC
and FISH was 86.9%. Takehana et al performed a comparative
study of THC and FISH in gastric cancer (17). In their study,
THC revealed HER?2 protein overexpression in 29 (8.2%) of
352 surgically resected gastric cancer not only for histologically
intestinal type, and FISH showed gene amplification in 25
(86.2%) of the cases with HER2 overexpression. Our results
are similar to their analysis and to those analyzed in breast
cancer (5-7).

Ridolfi et al reported a low frequency of gene amplification
in Hercep test 2+ breast cancer cases (24). They reported that
FISH demonstrated gene amplification in only 36% of the 2+
cases. They claimed that 2+ IHC reactions are uncertain, that
the majority of 2+ cases are a heterogeneous group, and
concluded that FISH should be performed on all 2+ cases to
confirm gene amplification. Although there have been a few

. “reports of IHC studies of Hercep test 2+ cases, frequency of

gene amplification in 2+ breast cancer cases varies widely and
is generally lower than in 3+ cases (5-7). According to results
of clinical trials of Trastuzumab in breast cancer, its antitamor
activity in THC 2+ cases was consistently lower than in 3+
patients (25,26), therefore Trastuzumab is considered an
active agent for breast cancer evaluated as 3+ by Hercep test or
as positive for gene amplification by FISH. FISH demonstrated
gene amplification in 7 of 12 IHC 2+ cases (58.5%) in the
present study, which is clearly lower than in the 3+ cases
(88.2%). Taking these results into consideration in the target
population for Trastuzumab, FISH should be assessed for
patients with THC 2+ cases even in gastric cancer.

The concordance between the THC findings in surgically
resected tumors and biopsy specimens is very important in
gastric cancer clinically. Small specimens of tumors can
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easily be obtained endoscopically. If a satisfactory concordance
rate is obtained, HER2 status can be evaluated by IHC in
unresectable cases as well as cases of recurrence after gastrec-
tomy. In the present study, 21.5% of biopsy specimens were
evaluated as positive and the concordance rate between the
results in the surgically resected tumors and biopsy specimens
was 93.5%. Furthermore, the NPV for the surgically resected
tumors was 91.7%, and the PPV was 76.7%. Therefore, we
considered it is appropriate to evaJuate HER2 status using
Hercep test in biopsy specimen for recruiting gastric cancer
patients who become candidate for Trastuzumab.

Many investigators have examined that HER2 over-
expression could be a predictor of survival outcome in gastric
cancer (10-12,14,27-29). Brien et al tested 61 cases for gene
amplification by performing FISH on sections of paraffin-
‘embedded gastric cancer tissue, and 43% of the cases were
positive (28). The multivariate analysis in their study showed
that pathological stage and HER2 gene amplification are
independent progpostic factors of survival. Allgayer et al
confirmed the importance of HER?2 status as a prognostic
factor in a prospective study of gastric cancer (29). They
demonstrated a significant association between level of
expression of HER2 and shorter disease-free and overall
survival and concluded that HER2 is a promising target for
anti-invasive therapy also in gastric cancer. In the present
study, there are 36 stage IV patients (18%) who would be target
population for systemic chemotherapy. Of the 36 surgically
resected tumor specimens, 12 (33%) of the tumors were
found to exhibit HER2 protein overexpression, 2+ in 4 (11%),
and 3+ in 8 cases (22%), and HER2 gene amplification were
demonstrated in 15 cases (41%). These results might indicate
higher tendency of HER2 overexpression and gene amplific-

ation in stage IV than in earlier stages, though this should be

confirmed in large populations.

" HER?2 protein overexpression and HER2 gene amplification
can be assessed with commercial kits for breast cancer even
in gastric cancer. Even small endoscopic biopsy specimens are
suitable for evaluating HER2 overexpression in gastric cancer.
Satisfactory concordance rates could be achieved between
Hercep test and Pathvision. Development of Trastuzumab for
gastric cancer will progress according to the result of this
study therefore it could be possible to determine adaptation
with Hercep test and PathVysion even in gastric cancer.
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Recently, anti-CD20 (rituximab) and anti-Her2/neu (trastuzumab)
antibodies have been developed and applied to the treatment of
malignant lymphoma and breast cancer, respectively. However,
* bulky lymphoma is known to be resistant to rituximab therapy,
and this needs to ‘be overcome. Fresh lymphoma cells were
_ collected from 30 patients with non-Hodgkin’s lymphoma, the
expression of CD20 and CD55 was examined by flow cytometry,
and complement-dependent cytotoxicity (CDC) assays were
carried out. Susceptibility to CDC wifh“rituximab was decreased
in a tumor size-dependent manner (r = -0.895, P < 0.0001), but
not in a CD20-dependent manner {r =-0.076, P =-0.6807) using
clinical samples. One complement-inhibitory protein, CDS5,
contributed to bulky lymphoma-related resistance to CDC with
rituximab. A decrease in susceptibility to CDC with rituximab was
statistically dependent on CD55 expression (r=-0.927,
P < 0.0001) and the relationship between tumor size and CD55
expression showed a signiﬁc'ant positive correlation (r = 0.921,
P < 0.0001) using dinical samples. To overcome the resistance to
rituximab by high expression of CD55 in bulky lymphoma masses,
small interfering RNA (siRNA) was designed from the DNA
sequence corresponding to nucleic acids 1-380 of the CD55 ¢cDNA.
Introduction of this siRNA decreased CD55 expression in the
breast cancer cell liné SK-BR3 and in CD20-positive cells of
patients with recurrent lymphoma; resistance to CDC was also
inhibited. This observation gives us a novel strategy to suppress
bulky disease-related resistance to monocional antibody
treatment. (Cancer Sci 2006; 97: 72-79)

|n recent years, monoclonal anfibodies have been used
lincreasingly to treat patients with malignancies such as
lymphoma and breast cancer.® In particular, the anti-CD20
antibody, also called rituximab, is usually very effective for
treatment of malignant lymphoma, and most patients can receive
rituximab as monotherapy or combination chemotherapy.“
However, in some cases with bulky mass and at stage IV,
lymphoma cells become resistant to rituximab treatment.®”
Apart from the number of tumor cells being greater in these
cases, how this resistance occurs has not yet been clarified.
Recently, some researchers have reported four mechanisms
for the action of rituximab: (i) inhibition of proliferation; (ii)

Cancer Sci | January 2006 | vol.97 | no.i | 72-79

induction of apoptosis; (iii) complement-dependent cytotox-
icity (CDC); and (iv) antibody-dependent cellular cytotoxic-
ity (ADCC).%® Because CDC could more rapidly and
efficiently act on the target cells attacked by rituximab, CDC
may be the most important of the mechanisms of rituximab.
The role of complementary regulatory proteins in the mod-
ulation of rituximab efficacy has been addressed, and several
surface membrane proteins regulate the deposition of active
complement proteins on cellular membranes to prevent cell
lysis. Regulators of the complement system play an import-
ant role in CDC, and CD46, CD55 and CD59 are well
known to inhibit the tomplement system.”” Among these
inhibitors, CD55 and CD59 seem to be the most important.®®
Na differences in the expression of CD59 molecules have
been reported between normal B cells and malignant B cells,
" whereas CDS55 expression was shown to be different among
individual patients with B-cell malignancy.®? Nevertheless,
in vitro susceptibility to rituximab-induced CDC could not be
predicted by the level of these proteins in chronic lym-
phocytic leukemia (CLL) cells, and in vivo susceptibility
could not be predicted in follicular lymphoma (FL) and CLL
patients.*>® In contrast, some researchers have reported direct
correlations among CDC, CD55 and CD59 using B-cell lines.®®
CDSS5, also known as decay accelerating factor, is a major
regulator of the alternative and classical pathways of cornple-
ment activation and is expressed on all serum-exposed cells.
CD55 is a 70-kDa glycoprotein, which is a glycosylphos-
phatidylinositol (GPI)-anchored protein.®® CDS55 can bind
the complex of C3a-and Bb, which is in the classical path-
way, and it blocks the cascade of the complement system. A
functional disorder of CDS55 in blood cells causes paroxys-
mal nocturnal hemoglobinuria (PNH).® In these cases, the
cascade of the complement system can not be controlled, and
CDC activity is enhanced mainly against red blood cells.
CD55 can enhance dissociation between C3-convertase and
(C4bC2/C3bBb complexes, and then inhibit the cascade of the
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complement system. While it is true that CD55 levels are low
to absent in PNH, the disease is caused by phosphatidylinosi-
tol glycan-A (PIGA) gene mutations that lead to a failure to
assemble GPI anchors. Hence, all GPI-anchored proteins are
missing in this disease.

Previous researchers have shown that certain conditions
for cancer cells, such as hypoxia, poor nutrition and bulky
mass, make themn chemoresistant.®*® When gastric cancer
cells were exposed to hypoxia, hypoxia inducible factor
(HIF)-1 was induced and the cells were resistant to Cis-platin
(CDDP).“® When lymphoid cells were able to resist doxoru-
bicin (adriamycin), expression of nuclear factor (NF)-xB and
its transcription activity were enhanced in doxorubicin (adri-
amycin)-resistant cells.®”

Because CDC activity is especially important for rituxi-
mab therapy and CDS55 may function as a mostly important
inhibitor of CDC, it is possible that a decline in CDC activity
by CD55 molecules may cause resistance to rituximab. CDC
correlates directly with the expression of CD20 antigen in
malignant B cells, and in vitro susceptibility to rituximab-
mediated CDC depends primarily on CD20 protein expres-
sion. However, there have yet been no reports about the
relationship between tumor size and sensitivity to CDC or
between tumor size and CD55 expression.

More recently, small interfering RNA (siRNA) has been
developed and applied to knock down target gene.expres-
sion.®” For example, the nuclear factor of activated T cells
(NFAT) and NF-xB were shown to be constitutively active in
large B-cell lymphoma cells, and downregulation of NFATc1
and NF-xB in malignant B-cell lymphoma with siRNA inhib-
ited lymphoma cell growth.®® Although many researchers
tried siRNA for genes of membrane proteins such as growth
factor receptors,?? there have been no successful reports
describing siRNA for complement inhibitors. ’

To clarify the resistance to rituximab and overcome the
resistance, especially with regard to bulky mass unrespon-
siveness and efficacy for re-treatment, we examined the rela-
tionship between CDC activity and rituximab, and CDS55
expression in our patients, using siRNA for CD55 to treat
CDC with rituximab.

Materials and Methods

Cell lines

Human malignant B-cell lines as well as Daudi and Raji cells
(ATCC) were cultured in RPMI-1640 (Gibco, Carlsbad, CA,
USA) with 10% fetal calf serum (FCS) at 37°C. The cell
lines were used as sensitive and resistant controls in CDC
with anti-CD20 antibody. The human breast cancer cell lines
MCF7 and SK-BR3 (ATCC) were cultured in Dulbecco’s
minimal essential medium (DMEM; Gibeo) with 10% ECS.

Complement-mediated cytotoxicity assay

Cells were washed once with fresh complete medium, and
anti-CD20 antibody (rituximab; Roche, Basel, Switzeriand) or
anti-Her2/neu antibody (trastuzumab; Roche) was added at a
concentration of 20 pg/ml. Cells were incubated at 37°C for
1h, and then human AB blood serum from healthy
volunteers with informed consent was added at 20% (v/v).
After incubation at 37°C for 1h, propidium iodide (PL
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Sigma, St Louis, MO, USA) was added and CDC assays
were carried out by flow cytometry with FACscan (Becton
Dickinson, San Jose, CA, USA). For CDC assays using a.-
microplate reader, Daudi, Raji and SKBR3 cells were seeded.
at 1x10°cellymlL in each well, and then rituximab or
trastuzumab (20 pg/mL) and normal AB serum (20% [v/v])
were added. The reaction was incubated at 37°C for 1 h, and
the cells were washed with phosphate-buffered saline (PBS)
at least three times, Ten microliters of Calcein-AM (2 ug/
mL) (Dojindo, Kumamoto, Japan) was added to each well
and mixed thoroughly. After incubation at room temperature,
fluorescence intensity was measured at 485 nm/535 nm
wavelengths with a microplate reader (Fluoroskan Ascent;
Labsystems, Helsinki, Finland).

Surface markers :

Cells were washed once with PBS, and were then were
stained with phycoerythrin (PE)-conjugated anti-CD20, and
fluoresceinisothiocyanate (FITC)-conjugated anti-CD55 (Becton
Dickinson). Flow cytometry was then camied out using
FACscan. The intensities of C20 and CDS55 expression were
normalized compared with a control. For confocal laser
scanning microscopy, rituximab and trasthzumab were
labeled with Alexa Fluor 594 (Molecular Probes; Invitrogen,
Carlsbad, CA, USA) in accordance with the manufacturer’s
instructions. In brief, 100 g of antibody was labeled with
Alexa Fluor 594 for 20 min after alkalization with carbonate.
The mixture was put into a spin column and spun down at
1500g, and the flow-through was collected as Alexa Fluor
594-conjugated antibody.

Laser scanning confocal microscopy and phase-contrast
microscopy

To see CDC activity on living cells, pictures were taken by a
CDC camera with phase-contrast microscopy after the CDC assay
with rituximab or trastuzumab. The cells were also stained with
Alexa Fluor 594-labeled riuximab or Alexa Finor 594-labeled
trastuzumab and FITC-labeled anti-CD355 antibody, and
serum was added to the culture medium. The stained cells
were observed in real time under a confocal laser scanning
microscopy system (Olympus, Tokyo, Japan).

Collection of dinical samples

Fresh lymphoma cells were collected from the lymph nodes
of 30 patients with non-Hodgkin’s lymphoma (11 cases of
diffuse large B-cell type, 10 cases of marginal zone cell type,
five cases of follicular cell type, two cases of small
lymphocytic type, one case of B-cell immunoblastic type,
and one case of diffuse small cell type) after receiving
informed consent. In brief, the lymph nodes were resected
surgically and specimens were broken into small pieces with
scissors and ground between two glass slides. The cells were
collected after centrifugation and washed with RPMI-1640
containing 10% FCS. Cell counting and viability were
assessed by toluidine-blue exclusion dye test, and CD19-
positive cells were isolated using a magnetic cell sorting
(MACS) system. The isolated cells were stained with FITC-
conjugated anti-CD19, PE-conjugated anti-CD20, and FITC-
conjugated anti-CD55 antibodies and flow cytometry was
then carried out. ’
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Vector and siRNA for CD55

CD55 cDNA in Ultimate open reading frame (ORF) clones
(clone ID: IOH3209) was purchased from Invitrogen, and
amplified by polymerase chain reaction (PCR) (forward, 5’-
CGCGGATCCGCGATGACCGTCGCGCGG-3; and reverse,
5"-TCCCCCGGGGGACTAAGTCAGCAAGCC-3Y). The
PCR product was subcloned into the pEGFP-C1 vector
(Clontech, Mountain View, CA, USA). To generate double-
stranded RNA for CD35, three parts of the DNA sequence,
corresponding to' mucleic ‘acids 1-380, 381-817 and 821-
1146 in the CD55 cDNA, were amplified by PCR. These
sequences were named CD55-N, CD55-M and CDS55-C,
respectively. RNA transcription was then performed with
this DNA template to generate ‘sense and antisense single-
stranded RNA. After production of double-stranded RNA,
a reaction with the Dicer enzyme was carried out using
a BLOCK-T Dicer RNAi kit (Invitrogen). For siRNA for
CD55, the siRNA was transfected into Raji and SK-
BR3 cells using Lipofectamine 2000 (Invitrogen). In brief,
0.75ng of siRNA and 5pl of Lipofectamine 2000 in

Optimen medium were mixed and incubated at room -

temperature for 20 min, The mixture- was added to culture’
medium with SK-BR3. cells- and fresh lymphoma cells, and

the. cells were - mcubated at . '37°C . for 7211 and 24 b, .-
respectively. To see downregulation of CD55 expression, the *
CD55-transfected cells were ‘stained ‘with ‘FITC-conjugated
anti-CD55 antibody, and then expression of CD55 was’

observed without fixation of the cells at the same intensity of
émission ‘and excision as- lmder Jaser scannmg confocal
ﬁuorescent mlcroscopy . .

Staﬂshcal ana|y5|s T o )
Correlatlon of suscepubxhty to CDC W1th tumor size, CD20

expression. and CD55- expre%smn were. tested “using the

Speaxman “rank - correlation. - coéfficient. . Statistical
comparisons’ were'.carried out using two-sided Student’s -
tests. All statistical analyses were performed using StatView
5.0 software (SAS Institate, Cary, NC, USA)

Results

Negative correlation between tumor size and susceptibility
to CDC with rituximab
Rituximab is known to be effective at the early stages of
‘indolent and aggressive lymphomas, but the effect of
rituximab declines in some patients with bulky disease and a
large number of lymphoma cells. According to this fact, we
investigated whether susceptibility to CDC is dependent on
the size of the tumor. The diameter of extirpated lymph
nodes, CDC assay and CD20 expression were examined in
fresh samples from 30 patients with lymphoma, as described
in ‘Materials. and Methods’. As shown in Fig. la, the
relationship between susceptibility to CDC and size of
extirpated lymph nodes showed a significant negative
correlation (R =-0.895, P<0.001). In contrast, the
relationship between susceptibility to CDC and CD20
expression, and between size of extirpated lymph nodes and
CD20 expression, did not reveal significant correlations, as
shown in Fig. lbc (R=-0.076, P =0.6807 and 0.072,
P =0.6979, respectively). This suggests that susceptibility to
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Fig. 1. Relationships between the size of extirpated tumors,
susceptibility to complement-dependent cytotoxicity (CDC), " and
CD20 expression. The size of tumors from 30 patients with non-
Hodgkin’s lymphoma was measured and the cells were collected.
After isolation of CD19-positive cells, FACScan analysis was carried
out with anti-CD20 antibody, and CDC assay with rituximab was
performed. Intensity of CD20 expression was normafized compared
with a control. (a) Scatter plot and correlation analysis for size of
extirpated tumor versus susceptibility to CDC. (b) Scatter piot and
correlation analysis for size of extirpated tumor versus mean
fluorescence intensity of CD20. () Scatter plot and correlation
analysis for mean fluorescence intensity of CD20 versus susceptibility
to CDC. All correlations were tested using the Spearman rank
correlation coefficient. .

CDC is dependent on the size of the lymphoma tumor, and
that expression of CD20 does not contribute to susceptibility
to CDC with rituximab in non-Hodgkin’s lymphoma.
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Fig.3. Effect of small interfering RNA (siRNA) against the 5’-site of the CD55 gene on expression of the exogenous CD55 gene. MCF7 cells
were transfected with pEGFP or pEGFP-CD55 in the presence or absence of siRNA. After 24 h, the cells were observed by laser scanning

microscopy. :

Size, CD55 expression and CDC in dinical samples

To investigate the relationship between the size of the
extirpated tumor and CD55 expression in clinical samples,
correlations between the size of extirpated tumor and
‘fluorescence mean  intensity of CDS55, and between
susceptibility to CDC with rituximab and fluorescence mean
intensity of CDS55, were analyzed statistically (Fig. 2). As
shown in Fig. 2a, the level of CD55 expression on lymphoma
cells was statistically correlated with the size of the lymph
node (r =0.921, P <0.001). In contrast, the relationship between
susceptibility to CDC with rituximab and fluorescence mean
intensity of CD55 statistically revealed a negative correlation
(r=-0.927, P<0.001) (Fig.2b). This suggests that
increasing size of tumor contributes to higher or enhanced
CD55 expression and resistance to CDC with rituximab.

. Effect of siRNA for CD55 on CD55-transfected MCF7 cells
To overcome the resistance to CDC with rituximab on bulky

Terui et al.
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mass, siRNA against a part of CD55 (CDS5-N for 1-380
nucleotides) was designed and cotransfected with the pEGFP
or pEGFP-CDS55 plasmid into MCF7 cells (Fig. 3). When the
cells were cotransfected with both pEGFP and siRNA for
CDS55, the expression of green fluorescent protein (GFP) did
not change compared with transfection with only pEGFP
vector (Fig. 3, upper paoels). On the other hand, when the
cells were cotransfected with both pEGFP-CD55 and siRNA
for CDS55, the expression of GFP-CD55 disappeared
compared with transfection with only the pEGFP-CDS55
vector (Fig. 3, lower panels). This suggests that CD55-N,
siRNA against 1-380 nucleotides in the CDS55 gene, is
effective for blocking the expression of CD55.

" Decrease in CD55 expression by siRNA overcomes resistance

to CDC in breast cancer cell line SK-BR3
‘We investigated the use of 2 monoclonal antibody against the
Her2/neu molecule for breast cancer, named trastuzumab.

CancerSd | January2006 | vol.97 | no.1 |
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Because the breast cancer cell th'e SK—BR3 expresses Her2/
neu and CD55 on its cell surface, $IRNAS against three parts

of CD55 (CD55-N for 1-380 nucleetides; CD55-M for 381-

817 nucleotides; and CDS55-C- for- 821= 114_6 pucleotides)
were designed and introduced into. S ells: (Fig. 4). To
detzct dymg ce]ls PI sta1mng was us the_CDC assay

g"

.Most SK-BR3 cells expressed CD55
transfection of siRNA against: CD55 {
contrast, expression of CD55 on SK- BR3 cells transfected
with CD55-N disappeared 72 h after transfection, -or became
much weaker than without transfection of siRNA against
CD55 (Fig. 4a, right). SK-BR3 cells transfected with CD55-
M or CD55-C did not reveal knock down of CD55
expression to the level seen with CD55-N (Fig. 4a). Only
3.0 1.0% of SK-BR3 cells without transfection of siRNA
(mock transfection) against CD55 became Pl-positive by
CDC. with trastuzumab, whereas 36.0 £6.0% of cells were
Pl-positive by CDC with trastuzumab after the transfection of
siRNA (Fig. 4b). This suggested that siRNA against
nucleotides 1-380 of CD35 (i.e. CD55-N) was effective for
decreasing CD55 expression and sensitivity to CDC on
adherent cells such as SK-BR3.

Blockade of CD55 expression by siRNA overcomes resistance
to €DC in fresh lymphoma cells

To investigate the effect of siRNA against CDS5 on fresh
lymphoma cells, lymphoma cells were isolated from the
lymph nodes of five patients with recurrent lymphomas and
transfected with siRNA against CD55 (Fig. 5). As shown in
Fig. 5a, lymphoma cells from all five cases with recurrent
lymphoma strongly expressed CD55 molecules under laser
scanning confocal microscopy. When fresh lymphoma cells
were transfected with CD55-N for 24 h, but not CD55-M and

t—dependent cytotoxicity (CDQ)-assay with trastuzumab.was ‘carried but with or without adding
Is);.(b) The percentage of propidium iodide-positive cells was caleulated by counting 100 cells.
enments with trlphcate samples. Al statistical tests were two-snded Student’s ttests

CD55- C CD55 expréssmn on fresh lymphoma cells was
significantly knocked down under laser scanning confocal
microscopy, compared with the control (Fig.5a, left
columns). - The. percentage of Pl-positive cells showed no
significant differences among transfections with and without

- CD55-N, CD55-M. and CD55-C beforc ‘the CDC assay
-'(F1g 5b) The percentage of PI-posmve cells in the

transfection with CD55-N significantly increased from

- 7.142.8% to 67. 9»+8'1% This indicates that the siRNA

against CD55 (CD55 Ny could efﬁcwntly knock down the
expression of CD55 ¢n SK- BR3 .and freshly isolated lymphoma
cells from recurrent lymiphomas, and that it could induce cell
death in SK-BR3 and freshly isolated lymphoma cells from
recurrent lymphomas by CDC. This suggests that the degree
of CD55 expression can determine resistance to CDC with
antibody therapy, and that the therapies, which target CD55
molecules such as siRNA and its monoclonal antibody,
would be helpful in antibody therapy for bulky disease.

Discussion

Treatment of malignancies has been largely based on
chemotherapy and radiotherapy. Although improvement in
response rates and survival has been obtained with these
therapies over the years, a significant proportion of patients

- do not respond to treatment, or they relapse. Moreover, conven-

tional cytotoxic therapy is often associated with significant
morbidity. Recently, molecular targeting therapy has been
developed® and monocional antibodies against CD20 and
HER?/neu have been used for molecular targeting therapy.t?
Also, in recent therapies for malignancies, monoclonal
antibodies have emerged as important therapeutic agents.

In the preset study, we have shown a negative correlation
between the size of extirpated lymph nodes and susceptibility
to CDC with rituximab, but the level of CD20 expression did

doi: 10.1111/].1349-7006.2006.00139.x
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Fig. 5. Blockade of CD55 on primary lymphoma cells by small interfering RNA (siRNA). (a,b) Lymphoma cells from the lymph nodes of five
patients with chemotherapy refractory and resistant lymphoma were transfected with siRNA against three parts of CD55, namely CD55-N,
CD55-M and CD55-C, for 24 h. (a) After transfection, the cells were stained with anti-CD55 antibody and propidium iodide (PI), and then
the complement-dependent cytotoxicity (CDC) assay with rituximab was carried out with or without adding fresh human AB serum. (b) The
percentage of Pi-positive cells was calculated by counting 100 cells. Data are the mean + SD (error bars) from experiments with triplicate

samples. All statistical tests were two-sided Student’s t-tests.

not correlate with the size of the lymph node or susceptibility
to CDC with rituximab. To date, no other studies have analyzed
the relationship between size of lymph node and susceptibility
to CDC with rituximab. It has been shown previously that
CDC is directly correlated with CD20 expression.® In
contrast, Manches et al.?? have reported in detail that there
is no direct correlation between lysis and expression of CD20
in global lymphoma such as FL, mantle cell lymphoma
{MCL), small lymphocytic lymphoma (SLL), diffuse large B
cell lymphoma (DLCL), and non-tumor B cells, as we
showed in the current study. They also suggested that other
. regulators such as C-reactive protein (CRP) might play
important roles in this complement system.

Although antibody therapy is a good tool, resistance some-
times occurs due to unknown mechanisms.®*? Patients with
bulky mass, especially more than 7 cm of lymphoma mass,
often show resistance to rituximab and are not curable.®® We
have demonstrated that CDC activity negatively correlates
with the size of extirpated lymph nodes, and that the for-
muld’s intercept is 7.447 cm. This suggests that CDC is inef-
fective to tumors greater than 7.447 cm in size, and that our
observation is consistent with the report of Coiffier et al.®®
Additionally, CD55 expression significantly correlates with
the size of extirpated lymph nodes, snggesting that CD55
expression may play an important role in CDC resistance
with antibody therapy. High densities of Dandi and Raji cells,
associated with bulky mass, also became resistant to CDC
with rituximab, and expression of CD55 increased during cell
culture (Terui et al., unpublished data). The relationship
between cell density and size of tumors, resistance to CDC
and CD55 expression are the same in not only extirpated
lymph nodes from patients but also in experimental cell lines.
Although previous reports have discussed whether CD55 can

- Teruietal.

be an indicator of prognosis, no one has reported the relation-
ship between cell density and tumor size, resistance to CDC
and CDS55 expression. Low or high CD55 expression has
been reported in CLL cells."V However, some researchers
have reported that in vitro susceptibility to rituximab-induced
CDC could not be predicted by the levels of CD55 protein in
CLL cells, nor invivo in FL and CLL patients.?%!® On the
other hand, Golay et al.®» have reported that relative levels
of CD55 and CD59 may become useful markers to predict
clinical responses. Overexpression of CD55 on some tumor
cell lines and in colorectal carcinomas has been shown to be
an indicator of poor prognosis. This result is consistent with
the present study, as we found that CD55 expression in bulky
disease may be a useful indicator of this prognosis. Recently,
Madjd et al.?® reported that loss of CD55 is related to poor
prognosis in breast cancer. High expression of CD55 was
significantly associated with low-grade lymph node neg-
ativity and with good prognosis. Survival analysis showed-
that CDS5S overexpression was associated with a more
favorable outcome. On the other hand, loss of CD55 is asso-
ciated with poor survival. They established a novel anti-
CDS55 antibody for use in immunohistochemistry. Although
they classified weak to strong intensity of CDS5S5, it is pos-
sible that  the antibody recognized the non-glycosylated
SCR3 domiain of CD55 molecule, but not the glycosylated
CDS55 molecule. The authors pointed out that loss of CDS5
is associated with poor prognosis, but not with monoclonal
antibody resistance. In the present study, we demonstrated
that blockage of CDS55 overcomes resistance to antibody
therapy and that CDC plays an important role in tumor attack
in antibody therapy. As the mechanism that we refer to is dif-
ferent from their study, it may depend on the type of cancer
investigated. '

CancerSd | January2006 | vol.97 | no.1 |
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Malignant progression has been reported to be associated
with tumor hypoxia, and the inside of the bulky mass showed
low oxygen partial pressure (PO,) (<10 mmHg).® Because
hypoxia induces COX-2 expression and prostaglandin E,
(PGE,) production in not only human vascular endothelial
cells®® but also” tumor cells,®*® PGE, may be produced
more in bulky tumors with hypoxia. Recently, it has been
reported that PGE, upregulates expression of the complement
inhibitor CD55 in colorectal cancer.®® This suggests that
bulky mass of lymphoma and Gther cancers may express
CD55 to high levels via PGE, production.

It has been reported that the protective activity of rituximab
or the 1F5 antibody is completely abolished in syngeneic knock-
out animals lacking Clq, the first component of the classical
complement pathway C (Clqa™).® This indicates that com-

plement activation is fundamental for rituximab therapeutic -

activity in vivo. As CDC is more rapidly and efficiently triggered
by monoclonal antibodies in cells with higher expression of
their target molecules, we focused on Thow sensitivity to CDC
can be recovered in the resistance to monoclonal antibody therapy.
In antibody therapy, blockage of CD55 may be useful for

recovery of sensitivity to CDC. It has been reported that anti-CD55

and anti-CD59 antibodies can enhance CDC sensitivity with
rituximab, and that CD355 and CD59 may become useful markers
to predict the clinical response.®? Although they did-not
mention the therapy against resistance to antibody therapy
using anti-CD55 and anti-CD59 antibodies,®® there are three
ways to block the function of CD55: (i) blocking the anti-
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Gene therapy for advanced breast cancer is anticipated to be a useful therapeutic approach. Strategies
in ongoing clinical protocols can be divided into four groups: (1) suppression of oncogenes or transfer of
tumor-suppressor genes; (2) enhancement of immunological response; (3) transfer of suicide genes; (4)
protection of bone marrow using drug resistance genes. We have started a clinical study of multidrug
resistance (MDRI) gene therapy. Advanced breast cancer patients received high dose chemotherapy and
autologous peripheral blood stem cell transplantation (PBSCT) with MDRI-transduced hematopoietic
cells, and then were treated with docetaxel. Two patients have been treated so far, and % »ivo enrichment
of MDRI+transduced cells with docetaxel treatment has been seen. Both patients are in complete remis-
sion and had no apparent adverse effects from the MDRI gene transfer.

Breast Cancer 13:8-15, 2006.
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The cure rate of advanced or recurring breast
cancer is under 5%, so the usual goal of treatment

is prolongation of survival or improvement of -

quality of life (QOL), not cure®. Endocrine thera-
py for hormone-receptor-positive patients, chemo-
. therapy, radiation therapy, bisphosphonates for
bone diseases, and trastuzumab for HER2-overex-
pressed patients, have all been shown to be effec-
tive for advanced breast cancer, but none has been
shown to increase the cure rate.

Gene therapy for advanced breast cancer is

expected to be a useful therapeutic approach. -

Strategies. in ongoing clinical protocols can be
divided into four groups: (1) suppression of onco-
genes or transfer of tumor-suppressor genes; (2)
enhancement of immunological response; (3)
transfer of suicide genes; (4) protection of bone
marrow using drug resistance genes (Table 1)>?.
There are three major methods for gene transfer:
(1) transduction of naked DNA such as lipofection
(transient expression); (2) transduction of aden-

Reprint requests to Shunji Takahashi, Department of Medical
Oncology, Cancer Chemotherapy Center and Cancer Institute
Hospital, Japanese Foundation for Cancer Research, 3-10-6 Ariake,
Kotoku, Tokyo, 135-8500, Japan.

E-mail: siakahas@ifer.orjp

oviral vector or vaccinia virus vector (transient
expression); (3) transduction of retroviral vector
(stable expression). In this paper, ongoing clinical
trials of gene therapy for breast cancer are revie-
wed, and a clinical trial of multiple drug resistance
1 (MDR1I) gene therapy at.our institution is descri-

bed.

Present Status of Clinical Trials of
Gene Therapy for Breast Cancer

Suppression of Oncogene Expression or
Transfer of Tumor-Suppressor Gene

The carcinogenic process requires an accumu-
lation of multiple gene mutations or abnormalities
of gene expression. Common gene abnormalities in
breast cancer include p53 gene mutation, ErbB2/
HER2 gene amplification, c-myc gene amplifica-
tion, and cyclin D1 gene amplification®. Several
clinical trials aim to improve those gene abnormal-
ities by local or systemic gene transfer.

A) Transfer of the normal p53 gene: Mutations
of the' p53 gene are the most frequently found
gene abnormalities among various malignancies,
including breast cancer®. Tumor cells with mutat-
ed p53 genes show defects of cell-cycle regulation,
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Tabie 1. Clinical Studies of Gene Thefapy for Breast Cancer .

Strategy Gene vector Investigator
1 suppression of oncogene or transfer p53 adenovirus von Mehren
of tumor suppressor gene Cristofanilli
Baynes
E1A lipofection Hortobagyi
antisense (c-fos, c-myc) retrovirus Holt
MDA-7 adenovirus Bucholz
2-A transfer of cytokine gene -~ o2 lipofection Lyerly
. . adenovirus Stewart
12 retrovirus Park
GM-CSF adenovirus Suzuki
TNF + NeoR retrovirus Rosenberg
2-B transfer of costimulatory molecule B7.1 (CD80) lipofection Urba
gene adenovirus - Schuchter
2-C transfer of antigen gene MUC1. vaccipiavirus . Kufe
HER-2 naked DNA Patel
MUC1 + CD80 vaccinia virus Eder
MUC1 + IL-2 vaccinia virus Velu
3 transfer of suicide gene HSV-TK retrovirus Favrot
Cytosine deaminase lipofection Lemoine
CYP 2B6 retrovirus Harris
4 transfer of drug resistance gene MDR1 retrovirus Stewart
’ Cowan
Deisseroth
Hesdorffer
O’Shaughnessy
Takahashi

according to http://www.wiley.co.uk/genetherapy/clinical

and transfer of normal p53 genes causes cell-cycle
arrest or apoptosis. Clinical studies of p53 gene
therapy using adenoviral vectors (Advexin, Intro-
gen et al.) for various tumor types, including bre-
ast cancer, are ongoing. Von Mehren and Cristo-
fanilli have begun clinical studies of a combination
of local injection of p53-adenoviral vector into skin
metastatic lesions or locally advanced breast can-
cer and systemic chemotherapy. Baynes has initi-
ated a clinical study of high dose chemotherapy
associated with transplantation of autologous
peripheral blood stem cells (PBSC) that have been
purged ex vive by p53-adrnovirus infection. Bay-
nes’s group has shown that p53 gene transfer has
no effect on normal PBSC.

B) Suppression of the ErbB2/HER?2 gene: The
ErbB2/HER2 gene encodes an 185 kD protein
and is a member of the epidermal growth-factor
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receptor family. This gene is amplified in 20-30% of |

breast cancer patients, and correlates with a poor
prognosis and resistance to hormone therapy®.
Monoclonal humanized murine antibody to ErbB2/
HER2 protein (trastuzumab/Herceptin™) is effec-
tive in advanced, ErbB2/HER2-overexpressing
breast cancer patients®. The adenovirus type 2 or
type 5 E1A gene inhibits expression of the ErbB2/
HER2 gene, and E1A gene transfer into ErbB2/ -
HER2-overexpressed tumors causes tumor reduc-
tion and enhances sensitivity to chemotherapy i#
vitro and in vivo”. At MD Anderson Cancer Cep-
ter, patients with breast cancer or ovarian cancer
overexpressing ErbB2/HER2 were treated with
gene therapy using a local injection of E1A gene-
liposome into skin lesions or pleural/peritoneal
effusion®. There was no serious adverse effect
other than fever or pain at the injection sites. In -
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six cases in which tumor cells in body fluids could
be analyzed, reduction of ErbB2/HER2 expres-
sion and a decrease in tumor cells were shown.
E1A gene transfer also reduced tumor growth of
non-HER2-overexpressing cells, and E1A gene
transfer to tumor tissues of breast cancer or head
and neck cancer by lipofection showed minor
response in HER2-negative tumors®.

C) Suppression of cmyc and c-fos gene: Artea-
ga and Holt made a retroviral vector which over-
expresses antisense mRNA to cmyc and c-fos
genes under the control of mammary tumor virus
(MMTYV) promoter. Transfer of this vector into a
breast cancer cell line suppressed tumor forma-
tion in animal models™®. They have started a clini-
cal trial of gene therapy for malignant effusion or
meningitis in breast cancer patients who have
failed standard therapy. Effusions will be drained
and replaced with a solution of the vector, then
periodically drained to follow the disease and
assess gene transfer™.

D) Transfer of melanoma dlfferentlauon asso-
ciated protein 7 (MDA-7): MDA-7 is a novel tumor
suppressor gene, and its transfer into tumor cells
causes growth suppression and apoptosis. Howev-
er, MDA-7 gene transfer into normal cell lines
does not™. A clinical trial of gene therapy that
injects MDA-7- adenoviral vector (Ad-mda7, ISGN
241) into tumor cells has started (Buchholz).
. There was no serious adverse effect in a phase I
study, and a combination phase 1/ ]I study with
irradiation has begun.

Augmentation of Immunological Response
to Cancer Cells

Breast cancer cells have long been supposed to

have low antigenecity and to be resistant to imm-
une therapy. So far, reports of nonspecific immune
therapies such as BCG have shown that those
therapies are not effective for breast cancer’®, But
since the 1990s, many breast cancer-associated
antigens have been reported, and various clinical
studies of specific immune therapy for breast
cancer, such as vaccination therapy targeted to
ErbB2/HER2, are ongoing'* ™. Immune therapy
by gene transfer includes: 1) transfer of cytokine
genes that enhance immune response, 2) transfer
of co-stimulatory molecule genes, and 3) transfer
of antigen molecule genes. :

A) Transfer of cytokine genes
i) Interleukin-2 (I1-2): Injection of IL-2 gene-
adenoviral vector into tumor tissues®, or subcuta-

Gene Therapy for Breast Cancer

neous injection of inactivated tumor cells that
were transduced ex vivo by IL-2 gene lipofection
(Lyerly) may cause a systemic immune reaction
in tumor cells. In a phase I/ study, Stewart et
al.” treated 23 cases with breast cancer or malig-
nant melanoma by injection of 10%-10*pfu aden-
ovirusIL-2 into subcutaneous tumors. There was
no side effect other than local inflammation- of
injection sites, and reduction in diameter of subcu-

“taneous tumors was reported in 24% of patients,

but there was no PR.

ii) Interleukin-12 (IL-12): Retroviral transfer of
IL-12 gene into skin fibroblasts of patients ex vivo,
then injection of the fibroblasts into tumor tissues
may activate a tumor-specific immune response.
In a phase I study, nine cases with advanced neo-
plasm including breast cancer were treated by
Kang et al. Reduction of tumor at injection sites
was shown in four cases, and reduction of tumor
at remote sites was shown in one melanoma case.
There was no side effect other than slight pain at
the injection sites™.

if) Granulocyte-macrophage colony stimulat-
ing factor (GM-CSF): Retroviral transfer of GM-
CSF gene into tumor cells and injection of those
cells into subcutaneous tissue may activate sys-
temic immune reaction to tumor cells (Suzuki).
The same gene therapy for renal cell cancer has
been done in Japan.

iv) Tumor necrosis factor (TNF): Retroviral
transfer of TNF gene and Neo gene into tumor
cells ex vivo and subcufaneous injection of tumor
cells may activate systemic immune response to
tumor cells®.

B) Transfer of co-stimulatory molecule gene:
Transfer of T cell co-stimulatory molecule CD80
(B7.1) gene into tumor cells by lipofection and
injection of those tumor cells into subcutaneous
tissue (Urba), or direct injection of CD80-adenovi-
ral vector into tumor tissue (Schuchter) may acti-
vate T cell growth and immune response.

C) Transfer of antigen gene: Clinical studies of
MUC1(CA15-3) gene transfer by vaccinia virus
into tumor cells and injection of tumor cells into
subcutaneous tissue (Kufe), simultaneous transfer
of MUC1 and CD80 gene (Eder), or HER2 gene
transfer (Patel), have been ongoing. Scholl et al.
repeatedly administered vaccinia virus containing
MUCI1 and IL-2 genes (TG1031) intramuscularly
to patients with metastatic breast cancer. In 31
patients, two patients (6%) had PR and 15 patients
had SD?.
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Suicide Gene Therapy

Transfer of drug-activating enzyme gene into .

tumor cells and treatment with a prodrig form of
chemotherapeutic agents causes a high concen-
tration of the activated drug in the tumor tissue
and apoptosis of tumor cells. Not only transduced
cells, but also circumferential cells are reported to
die with this gene therapy (bystander effect).

A clinical trial of retroviral herpes simplex
virus thymidine kinase (HSV-TK) gene transfer
into breast cancer tumor tissues and treatment
with gancylovir is ongoing (F avrot). -

A phase I 'stidy of injection of HER2 promot-
er-driven cytosine dearinase (CD) gene plasmid
into metastatic skin les1ons of breast cancer and
treatment with prodrug (ﬂuorocytosme) has been

reported. Fluorocytosine is transformed into 5FU

‘by the CD gene. Expression of the CD gene in
HER2-positive tumor cells has been shown in 9/11
cases at day 2 and 3/10 cases at day 7. Tumor
reduction was shown ini 4 of 12 cases®. "~
Retroviral P450 2B6 (CYP2B6) gene transfer
into metastatic’ cutaneous tissues and oral- cyclo-
phosphamide therapy causes efficient: corversion
of prodrug’ cyclophospham1de into active metabo-
lite phosphoramide mustard in the tumor tissues.

In a phase I study, nine breast cancer and three’

melanoma patients were treated with CYP2B6 vec-

_tor (MetXia-P450). One breast cancer patient had -

a PR and four (337) had stable d1$eases (SD) =3
months ’

Bone Marrow Protection by Drug-
Resistance Gene

Breast cancer is sensitive to chemotherapy
Response rates of advanced bredst cancer for,

m6st combination chemotherapy are bétween 40%

and 70% (complete response (CR) rate 10-30%),
‘but duratlon of response is 7-10 months for PR;

and 9-18 months for CR. High dose chemothetapy

with autelogous blood stem cell transplantation

for advanced breast cancer has shown high com-.

plete response ratés (up to 50%), and 10-15% pati-
ents have enjoyed durablé rémission® . Howev-
er, most patients will relapse after fransplantation.

Randomized studiés comparing high dose chemo- -

. therapy and conventional chemotherapy showed
that median survival times appear to be no better
than those achieved with conventional chemother-

apy, so far®. Probably high dose chemotherapy

cannot completely eradicate residual disease, and
insufficient bone marrow function after the recon-
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-plasms

stitution is a major problem in post-transplantation
chemotherapy. One approach to overcome the
current situation would be the transplantation of
the drugresistant genée-transduced hematopoietic
stem cells so that normal bone-marrow cells will
be protected from the toxic effect of anticancer
drugs.

A multidrug resistance 1 (MDR]) gene was

cloned from cancer cell lines resistant to Various

anticancer drugs®. The MDRI gené product - (P-
glycoprotein, P-gp) is a 170 kD glycoprotein ‘con-
sisting of two trans-membranous domains and two
ATP- bmdmg domiains. P-gp ATP-dependently ex-
cretes various drugs such as doxorubicin, vinka-
alkaloids, or taxanes from cytoplasm to extra-cel-
lular fluid. Ex vivo transfer of MDR1 genes into
hematopoietic st cells and transplantahon might
make post-transplant’ chemotherapy feasible.
Chemotherapeutlc drugs such as docetaxel and
paclitaxel, which have good clinical activity in"the
treatment of breast cancer and are efficiently
effluxed by P-gp, might be the best choice for this
strategy. Using a retroviral vector, Sorrentmo et
al® transplanted MDRI- transduced bone marrow
into irradiated mice and then treated them with
paclitaxel. Paclitaxel treatment increased MDRI:
transduced leukocytes in penpheral blood (in vivo-
ampllﬁcatlon) and MDR14ransduced mice showed
reducéd bone marrow stppression by paclitaxel
(bone marrow protection). Then, several groups
have undertaken clinical studies of MDR1 gene
therapy for advanced breast cancér or other neo-
28-30)

A group at MD Anderson Cancer Center first
reported the results of clinical trials®. They per-
formed retrovxral gene ‘transfer without using
cytokines, and in suspension or with autologous

- stromal cells In vitro transduction efficiency was
-2.8% with the solution method and 5.6% with the

stromal method, detected’ by in siti PCR. But

- three to four weeks after transplantatlon, direct

PCR assay of peripheral blood leukocytes in pati:
ents showed positive results in 0/10 with the soli-
tion method, and 5/8 with the stromal method.
These data show insufficient transduction efficien-
cy without using cytokines. NCI also réported the
results of a clinical trial of retroviral MDRI gene
therapy®. They transfefred MDRI genes into
bone marrow mononuclear cells ot peripheral
blood stem cells stimulated by 1L-3, IL-6, and SCE.
Ex vivo transduction efficiency was 0.2-0.5%. They
treated transplanted patients with paclitaxel, but
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fhey could not show any enrichment of MDRI-

transduced white blood cells by PCR. A group at

Columbia University also transferred MDRI genes
into bone miarrow moronuclear cells or peripheral
blood stem cells stimulated by IL-3, I1-6, and stern
cell factor (SCF). They showed that 20-70% of BFU-
E -or CFU-GM: colonies from transferred CD34-
positive cells wére positive for MDRI by PCR. BM
from patients 3-12 weeks after transplantation

- showed MDRI-positivity by PCR in 27/5 patients.

They also analyzed P-gp expression in bone mar-
row cells using flow cytometry, but they could not
show any expressmn Clinical studies of MDR1
gene therapy are: now ongoing . at several institu-
tions (Stewart," CoWan D1sseroth Hesdorffer
O’Shaughnessy) R

MDER1 Gene Therapy in Cancer
- Institute Hospltal

Our group also started MDRI gene therapy for
breast cancer. This study was approved by the
Ministry of Health and the Ministry of Education
and Science on February 24,-2000. The outline of
the protocol is shown in Fig 1. We selected histo-
logically confirmed, metastatic breast cancer pati-
ents who achieved good PR or CR to a precedent
conventional dose chemotherapy regimen (using

anthracycline and/or taxane). We used a HaMDR
vector in which wild type MDR1 cDNA (Kyoto
University) had been inserted into pHa vector
(NCI) derived from Harvey mice sarcoma virus
(HaMSV). Peripheral blood stem cells (PBSC)
were harvested by cyclophosphamide and G-CSE
CD34-positive cells were selected from about one - -
third of PBSC; and HaMDR was transferred into

those cells stimulated by SCF, thrombopoietin, IL-

6, Fit-3 ligand, and soluble IL-6-receptor. Trans-

- duced PBSC were checked for safety (presence of
replication-comipetent retrovirus, etc.) and then
frozen. Patients were treated with high-dose cyclo-
phosphamide, thiotepa, and carboplatin.- Then -
unprocessed and MDRI genetransduced PBSC
were transplanted together. After bone marrow
was reconstituted and patient status: was normal:
ized, patients were treated with 50% of standard
dose docetaxel, then with increased doses up to
100% if grade 4 peutropenia was not recorded.
Gene transfer efficiency and P-gp expression were
checked with PCR and flowcytometry analysis,
using: peripheral leukocytes and bone marrow
cells. -

So far, two patlents have finished high-dose
chemotherapy, PBSC transplantation with MDRI
gene transfer, and then docetaxel chemotherapy
(Table 2). Peripheral blood P-gp-positive leuko-
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Table 2, Case 1 of MDRI1 Gene Therapy in Cancer
Insitute Hospital

October-00 Informed consent, approval by Insitutinal
Review Board

November-00 PBSC harvest and MDRI gene transfer #1

February-01  PBSC harvest and MDRI gene transfer #2

April-01 High dose chemotherapy and transplantation
of MDR I-transuced PBSC

June-01 Start of docetaxel chemotherapy

October-01 CR after 5 cycles of docetaxel

February02  Final docetaxel therapy (#10)

March-05

No sign of relapse/leukemia

cytes increased to 5% after transplantation but
decreased gradually. During docetaxel chemo-
therapy after transplantation, i vivo expansion of
the MDRI-transduced cells (up to 10%) was obser
ved. Comparison of two patients suggests the pre-
sence of a bone-marrow protection effect by MDR1
expression during docetaxel chemotherapy, but
this is not clear. No serious side effect was obser-
ved, and the patients have been in complete remi-
ssion for 3 years.

Retroviral gene therapy causes random inser-
tion of exogenous genes into genome DNA of tar-

get cells, so it may cause carcinogenesis by activa-

tion of oncogene or inactivation of tumor suppres-
sor gene. At the end of 2002, occurrence of T cell
leukemia in two patients after gene therapy for X-
linked severe combined immune deficiency (X-
SCID) was reported. A genetic defect in the ,C
gene, which is a common domain of multiple
interleukin receptors (IL-2R, 4R, IL-7R, et al),

- causes severe defects of T cell and natural killer

cells as well as severe immune deficiency in X-
SCID patients. Retroviral 4C gene transfer using
autologous CD34-positive hematopoietic cells in X-
SCID patients restored immune system in 9 of 11
patients™. But T cell leukemia occurred in three
patients (one more patient in January 2005) of
those 9. In the leukemic cells, retroviral vector
was inserted in the IMO2 gene; which causes T
cell leukemia®™. Then the FDA recommended sus-
pension of all clinical trials of retroviral gene ther-
apy for hematopoietic stem cells. We also sus-
pended MDR1 gene therapy for the third patient
_in January 2003. After thorough investigation of
retroviral gene therapy trials for hematopoietic
stem cells all over the world, no leukemia event
~ has been found in clinical gene therapy trials, oth-
er than the French X-SCID trial (American Society
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for Gene Therapy Annual Meeting, 2003). Screen-
ing of the Mouse Retroviral Cancer Gene data-
base showed that retroviral insertion into ,C and
LMO2 gene was found in two cases each, and
insertion into both genes were found in one case.
This fact suggests that both genes are oncogenes,
and that the two genes can collaborate®. In X-

-SCID gene therapy, a double hit with retroviral

activation of LMO2 gene and exogenous activated
yC gene might be necessary for leukemogenesis.
If so, retroviral gene therapy with non-oncogenic
genes might have a low risk of cancer®.
Thereafter, gene therapy using retroviral vec-
tor resumed, and retroviral gene .transfer into
hematopoietic cells of adenosine deaminase defi-
ciency patients was begun in Japan at the end of
2003. We also resumed our MDRI gene therapy
after changing the protocol (informed consent
with regard to the adverse effects and more thor-

~ ough investigation of patients’ peripheral blood),

and started high-dose chemotherapy and trans-
plantation of PBSC with MDRI gene transfer to
the third patient in July 2004. '

We also started investigation of insertion sites -
of HaMDR vector in the first two patients. A clon-
ality study of leukocytes from case 1 showed eight
long-lived clones of MDRI+tranduced hematopoi-
etic stem cells. No sign of expansion of any clones
has been observed.

To summarize the data of our own and other
institutions’ clinical studies of retroviral MDR1
gene therapy, first, there has been no serious side
effect, including secondary neoplasm, but thor-
ough investigations including retroviral insertion
sites are necessary. Second, maintenance of
MDRI1+ransduced hematopoietic cells for more
than one year was confirmed. Third, the MDRI-
transduced cells were selectively enriched in vivo
by chemotherapy. Whether MDRI gene therapy
can protect bone marrow from chemotherapy is
not yet certain. We have almost finished proof-of-
concept stage for the gene therapy, and we should
be able to show clinical benefits compared with

-conventional therapy.

The techniques and knowledge of gene thera-
py are still limited, so we must proceed with cau-
tion, and we must inform patients of both the risks
and benefits of the therapy.
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Abstract Purpose: A great synergy has been reported in a
number of preclinical studies when 5-fluorouracil (5-FU)
precedes cisplatin (CDDP). The objective of this study
was to determine the feasibility of ambulatory continu-
ous infusion of 5-FU followed by CDDP through he-
patic artery for metastatic colorectal cancer. Patients and

-methods: Seventeen patients with unresectable liver

metastases, who underwent primary tumor resection,
were treated with 5-FU (450 mg/m®/day) for seven
consecutive days followed by CDDP (100 mg/body/
week) for seven consecutive days, each administered

" continuously by using a balloon pump via Infuse-A-Port

catheter inserted into common hepatic artery. The doses
of drugs were reduced 20% in patients older than
70 years. The treatment was repeated every 4-6 weeks
until disease progression. Results: Of 17 assessable
patients, nine patients showed PR. (53%; 95% CI,
29.3-76.7%) and eight patients had SD (47%; 95% CI,
23.3-70.7%), with disease control rate of 100%. The

‘median overall survival was 26 months (95% CIL

17.5-41 months) and TTP 14 months (95% CI: 11-
20.3 months). Two patients (11.8%), who showed
progression due to collateral feeding arteries, responded
to HAI again after occlusion. Grade 3 toxicity included
leukopenia (12%) and anemia (24%). Grade 4 toxic-
ity was absent. Four patients (23.5%) progressed at
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extrahepatic sites. Conclusions: This sequential combi-
nation of 5-FU followed by CDDP through hepatic
artery is active and safe in an outpatient setting, and
warrants further multi-institutional study, although
prevention of micrometastasis would be mandatory to
further prolong overall survival.
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Introduction

The incidence of colorectal cancer (CRC) is increasing
worldwide. Approximately 20% of patients have meta-
static liver disease when the primary tumor is diagnosed
[10}. Furthermore, an additional 35-45% of patients will
develop hepatic metastases during the course of their
disease [1]. Complete resection of hepatic metastases
yields 3- and S-year average survival rates of 23-65%
and 25-45%, respectively [13]. Approximately, 75% of
the patients who undergo resection of liver metastases
will have a recurrence, 50% in the liver [11]. Therapeutic
options are limited for patients who are not resectable,
and such patients with liver metastases have an median

‘survival of approximately 9 months, with three year

survival less than 3% [3, 17, 28]. Conventional systemic
chemotherapy is associated with low response rate and
overall survival remains poor. Therefore it is of extreme
importance to define ideal regional remedies for maxi-
mizing benefits but minimizing mortality and adverse
effects for those patients.

Metastatic liver cancers derive approximately 80% of
their blood supply from the hepatic artery {4]. This un-
ique blood supply of the liver allows hepatic arterial
infusion active and feasible for patients with liver
metastasis, not only because when injected into the
hepatic artery, the regional drug concentration is
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