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A METHOD OF DIAGNOSIS AND AGENTS USEFUL FOR SAME
FIELD OF THE INVENTION

The present invention relates generally to a method of screening for a neoplastic cell in a subject.
More particularly, the present invention provides a method of screening for both viable neoplastic
cells and, still further, cytotoxin induced neoplastic cell death by detecting the level of expression
of La protein and/or gene by a cellular population in said subject or in a biological sample derived
from said subject. The method of the present invention is useful in a range of applications '
including, but not limited to, diagnosing, prognosing or assessing a neoplastic condition,
monitoring the progression of such a condition, assessing the effectiveness of a therapeutic agent or
therapeutic regime and predicting the likelihood of a subject either progressing to a more advanced
disease state or entering a remissive state. The present invention also provides diagnostic agents
useful for detecting La protein and/or nucleic acid molecules.

BACKGROUND OF THE INVENTION

Bibliographic details of the publications referred to by author in this specification are collected
alphabetically at the end of the description.

The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that that prior art forms part of the common general
knowledge in Australia.

Malignant tumours, or cancers, grow in an uncontrolled manner, invade normal tissues, and often
metastasize and grow at sites distant from the tissue of origin. In general, cancers are derived from
one or only a few normal cells that have undergone a poorly understood process called malignant
transformation. Cancers can arise from almost any tissue in the body. Those derived from
epithelial cells, called carcinomas, are the most common kinds of cancers. Sarcomas are malignant
tumours of mesenchymal tissues, arising from cells such as fibroblasts, muscle cells, and fat cells.
Solid malignant tumours of lymphoid tissues are called lymphomas, and marrow and blood-borne

malignant tumours of lymphocytes and other hematopoietic cells are called leukemias.

Cancer is one of the three leading causes of death in industrialized nations. As treatments for
infectious diseases and the prevention of cardiovascular disease continues to improve, and the
average life expectancy increases, cancer is likely to become the most common fatal disease in
these countries. Therefore, successfully treating cancer requires that all the malignant cells be
removed or destroyed without killing the patient. An ideal way to achieve this would be to induce
an immune response against the tumour that would discriminate between the cells of the tumour
and their normal cellular counterparts. However, immunological approaches to the treatment of
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cancer have been attempted for over a century with unsustainable results.

Accordingly, current methods of treating cancer continue to follow the long used protocol of
surgical excision (if possible) followed by radiotherapy and/or chemotherapy, if necessary. The
success rate of this rather crude form of treatment is extremely variable but generally decreases
significantly as the tumour becomes more advanced and metastasises. Further, these treatments are
associated with severe side effects including disfigurement and scarring from surgery (e.g.
mastectomy or limb amputation), severe nausea and vomiting from chemotherapy, and most
significantly, the damage to normal tissues such as the hair follicles, gut and bone marrow which is
induced as a result of the relatively non-specific targeting mechanism of the toxic drugs which
form part of most cancer treatments.

Further, most anti-cancer treatments, which include cytotoxic chemotherapeutic agents, signal
transduction inhibitors, radiotherapy, monoclonal antibodies and cytotoxic lymphocytes, kill cancer
cells by apoptosis. Although tumours may contain a proportion of apoptotic cells and even areas of
necrosis before anti-cancer treatment is given, an increased number of apoptotic cells and larger
areas of necrosis are anticipated in tumours that respond to the anti-cancer treatment. However,
when cytotoxic chemotherapeutic agents are used for the treatment of advanced cancer, the degree
of cell kill and thus the response of the tumour to the first treatment is frequently difficult to assess
soon after administration. Conventionally, patients receive a minimum of three cycles of
chemotherapy before a clinical and radiological assessment of tumour response is made. Usually,
only a minority of patients with advanced cancer responds to cytotoxic drugs and so patients may
experience the side effects of treatment without obtaining benefit. Hence, there is an unmet
medical need for a diagnostic method that would enable rapid, convenient and reliable detection of
tumour cell kill after the first cycle of treatment that would predict treatment response, which in
turn often predicts survival. For example, the use of positron emission tomography with fluoro-
deoxyglucose (FDG-PET) in patients with oesophageal adenocarcinoma, who received
chemoradiotherapy before surgery, differentiated treatment responders from non-responders with
>90% sensitivity and specificity and tended to predict those who would subsequently undergo a
curative resection of their tumours. Knowing whether the tumour is responding early would spare
the majority of patients from ineffective and potentially toxic treatment. Then, non-responding
patients can be offered second line treatments or clinical trials of investigational agents.

In work leading up to the present invention it has been surprisingly determined that La expression
is upregulated in cancer cells and upregulated, still further, in cancer cells which have undergone
cell death as a result of treatment which induces DNA damage, as opposed to cell death caused by
other means. This finding is quite distinct from the prior art, where La has been used as a general
indicator of the presence of apoptotic cells, since the presence of apoptotic cells is not conclusively
diagnostic of the neoplastic nature of that cell. Still further, since apoptosis can be induced by a
wide variety of factors, of which DNA damage is merely one type of factor, the findings detailed
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herein have enabled the development of a means of differentiating between neoplastic cell death
resulting from non-DNA damage related means versus that induced by a DNA damaging agent.
This distinction is significant when one bears in mind that even in an untreated patient, at any given
point in time there exist a proportion of dead and dying neoplastic cells, the apoptosis of which has
been induced by factors other than treatment which induces DNA damage. Accordingly, this
determination has facilitated the development of a means for identifying neoplastic cells based on
screening for increased levels, relative to normal levels, of La expression and still further,
screening for DNA damage induced neoplastic cell death based on screening for a yet further
increase in La expression levels. This is particularly important in the context of monitoring the
progress of a therapeutic treatment regime which is directed to killing neoplastic cells.
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SUMMARY OF THE INVENTION

Throughout this specification and the claims which follow, unless the context requires otherwise,
the word “comprise”, and variations such as “comprises” and “comprising”, will be understood to
imply the inclusion of a stated integer or step or group of integers or steps but not the exclusion of
any other integer or step or group of integers or steps.

As used herein, the term “derived from” shall be taken to indicate that a particular integer or group
of integers has originated from the species specified, but has not necessarily been obtained directly
from the specified source. Further, as used herein the singular forms of “a”, “and” and “the”
include plural referents unless the context clearly dictates otherwise.

Unless otherwise defined, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs.

One aspect of the present invention is directed to a method for detecting a neoplastic cell in a
subject, said method comprising screening for the level of La protein and/or gene expression by a
cellular population in said subject or in a biological sample derived from said subject wherein an
increase in the level of cellular La expression relative to normal La expression levels is indicative
of a neoplastic cell.

In another aspect of the present invention there is provided a method for detecting a non-viable
neoplastic cell in a subject, which non-viability has been induced by a DNA damaging agent, said
method comprising screening for the level of La protein and/or gene expression by non-viable cells
in said subject or in a biological sample derived from said subject wherein an increase in the level
of La expression relative to viable neoplastic cell La expression levels is indicative of DNA
damage induced neoplastic cell non-viability. '

Yet another aspect of the present invention is directed to a method for detecting a malignant
neoplastic cell in a subject, said method comprising screening for the level of La protein and/or
gene expression by a cellular population in said subject or in a biological sample derived from said
subject wherein an increase in the level of cellular La expression relative to normal La expression

levels is indicative of a malignant neoplastic cell.

In still another aspect of the present invention there is provided a method for detecting a non-viable
malignant neoplastic cell in a subject, which non-viability has been induced by a cytotoxic agent,
said method comprising screening for the level of La protein and/or gene expression by non-viable
cells in said subject or in a biological sample derived from said subject wherein an increase in the
level of La expression relative to viable malignant neoplastic cell La expression levels is indicative
of cytotoxicity induced neoplastic cell non-viability.
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In yet still another aspect the present invention provides a method for assessing and/or monitoring a
neoplastic condition in a subject, said method comprising screening for the level of La protein
and/or gene expression by viable and/or non-viable cells in said subject or in a biological sample
derived from said subject wherein an increase in the level of La in viable cells relative to normal
levels is indicative of a neoplastic cell and an increase in the level of La in non-viable cells relative
to viable neoplastic cell levels is indicative of the presence of DNA damage induced neoplastic

cell non-viability.

Yet another aspect of the present invention is directed to assessing and/or monitoring the
effectiveness of a neoplastic cytotoxic therapeutic treatment regime in a subject said method
comprising for the level of La protein and/or gene expression by viable and/or non-viable cells in
said subject or in a biological sample derived from said subject wherein an increase in the level of
La in viable cells relative to normal levels is indicative of a neoplastic cell and an increase in the
level of La in non-viable cells relative to viable neoplastic cell levels is indicative of the presence
of cytotoxicity induced neoplastic cell non-viability.

Another further aspect of the present invention provides a diagnostic kit for a biological sample
comprising an agent for detecting La or a nucleic acid molecule encoding La and reagents useful
for facilitating the detection by said agent.

The present invention still further contemplates the use of an interactive molecule directed to La in
the manufacture of a quantitative or semi-quantitative diagnostic kit to detect dead neoplastic cells
in a biological sample from a patient.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts antigen-specific in vitro binding of anti-La mAb to EL4 thymic lymphoma cells
after treatment with cytotoxic drugs. EL4 cells were cultured for 48 hours in the absence (A and B)
or presence (C) of 20 pg/mL etoposide and 20 pg/mL cyclophosphamide. Untreated cells were
incubated for 10 min. at room temperature (RT) in PBS (A) or 2 % paraformaldehyde (B) then
diluted 1:10 in ice-cold PBS or ice-cold 100% methanol, respectively. Control cells (A), fixed and
permeabilised cells (B) and cytotoxic drug-treated cells (C) were stained first with 5 pg/mL 3B9 or
5 ng/mL Sal$ (as the isotype control mAb) then with 2 pg/mL anti-mouse IgG Alexa,ss-conjugated
secondary antibody. 7-AAD 2 pg/mL was added to evaluate viability before cytofluographic
analysis. Density plots show fluorescence from Alexaygg (X-axis) and 7-AAD (Y-axis). 7AAD"
cells were defined as dead and were located in the upper outer quadrant if they specifically
accumulated anti-La mAb (3B9).

Figure 2 depicts that La is overexpressed in malignant EL4 cells, and that La expression is further
upregulated by in vitro treatment with DNA damaging drugs. Its expression in apoptotic EL4 cells
is detergent resistant and also mediates selective detergent-resistant binding of La-specific mAb to
apoptotic EL4 cells. (A) Cultured EL4 cells and normal mouse thymocytes were fixed using 2%
paraformaldehyde at RT for 10 min. then resuspended 1:10 in ice-cold methanol (clear columns).
Cells were also cultured for 48 hr in the presence of 20 pg/mL etoposide and 20 pg/mL
cyclophosphamide PI" and 3B9" events (filled columns). Cells were stained with mAb then with
anti-mouse IgG Alexasgs-conjugated secondary antibody and 7-AAD and analysed by flow
cytometry using a gate restricted to 7-AAD" events. Data are expressed as net mean fluorescence
intensity (MFI) + standard error of the mean (SEM) (n=3) of 7-AAD" events. Net MFI for La-
specific staining was obtained after subtraction of individual MFI values for Sal$ staining. Inset:
Lysates of cultured cells were analysed by Western blotting for La protein expression using 3B9
together with an actin expression control for equivalence of loading. (B) EL4 cells and thymocytes
were cultured for 48 hours in media containing 1 pM of the pan-kinase inhibitor staurosporine
(STS) (clear columns), 20 pg/mL etoposide (filled columns), or 20 pg/mL cyclophosphamide and
20 pg/mL etoposide (grey columns). After incubation with 1% Triton X-100 for 5-10 min. at RT,
cells were analysed by flow cytometry as described in A. Data are expressed as the ratio of the net
MFI + SEM (n=3) for La staining (after subtraction of individual MFI values for Sal5 staining) in
EL4 cells to that in thymocytes. (C) EL4 cells and thymocytes were cultured in media containing
20 pg/mL etoposide (clear columns) or 10 pg/mL cisplatin (filled columns) for 96 hours. Cells
were washed, stained with 1 pg/mL sulforhodamine B, washed again and incubated in the presence
or absence of 1% Triton X-100 for 5 min. at RT and analysed by flow cytometry. Data are
expressed as the ratio of the MFI £ SEM (n=4) for sulforhodamine staining in EL4 cells to that in
thymocytes. (D) During 96 hours treatment with 20 pg/mL etoposide (clear columns) or 10 pg/mL
cisplatin (filled columns), EL4 cells and thymocytes were incubated with either 50 pg/mL 3B9 or
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SalS. Cells were washed and incubated with 1% Triton X-100 for 5 min at RT then washed again
before staining with anti-mouse IgG Alexa,gs-conjugated secondary antibody and 2 pg/mL 7-AAD.
Data are expressed as the ratio of the net MFI + SEM (n=3) for detergent-resistant 3B9 binding
(after subtraction of individual MFI values for Sal5 binding) obtained in EL4 cells to that obtained
in thymocytes.

Figure 3 depicts that La-specific mAb binds with high affinity to apoptotic EL4 cells in a specific,
rapid, saturable and irreversible manner. Apoptosis was induced in EL4 cells after 48 hours
treatment with 20 pg/mL etoposide and 20 pg/mL cyclophosphamide. (A) Treated cells were
incubated at RT with increasing concentrations of *C-3B9 in the presence or absence of 50-fold
molar excess of unlabelled 3B9. Cells were washed and the radioactivity measured. Specific
binding was calculated in units of femtomole bound per million cells and plotted as a function of
'*C-3B9 concentration. The concentration required to reach half-maximal saturation of 10
apoptotic cells was ~18nM (n=3). (B) Cells were incubated with "*C-3B9 and samples were
removed at specified time points. Specific binding in units of femtomole bound per million cells
was plotted as a function of time. The time required to reach half-maximal saturation of 10°
apoptotic cells was 5 min. (n=3). (C) Treated cells were incubated with a set concentration (100
nM) of *C-3B9 in the presence of increasing concentrations of unlabelled 3B9. Radioactivity was
measured and converted to units of femtomole bound per million cells and plotted as a function of
the log-concentration of 3B9. The concentration of unlabelled 3B9 required to inhibit half-maximal
binding of '*C-3B9 was ~28nM (n=5). (D) Cells were incubated with *C-3B9 for 30 min. Cells
were washed then incubated in binding buffer alone and samples were removed at specified time
points. Samples were washed and specific binding in units of femtomole bound per million cells
was plotted as a function of time. Bound antibody did not dissociate after cells were incubated in
binding buffer for 30 min. at 37°C (n=3).

Figure 4 depicts that anti-La mAb binds specifically to dead cells isolated from EL4 tumour
explants and both proportionate and per cell binding increases after cytotoxic drug treatment. EL4
tumour-bearing mice (n=5) were treated or not with etoposide 67 mg/kg and cyclophosphamide
100 mg/kg by intraperitoneal injection on two occasions 24 hours apart. At 48 hours after the
commencement of treatment, tumours were excised and single cell suspensions prepared. Cells
were washed with PBS and incubated with 5 pg/mL FITC-conjugates of 3B9 or SalS5 isotype
control. PI 0.5 pg/mL was added to evaluate cell viability and analysis performed using flow
cytometry. Data shown are representative density plots and histogram overlays of FITC and PI
emissions from stained cells that were isolated from EL4 tumour explants of mice treated (+; upper
row of panels) or not (—; lower row of panels) with cytotoxic chemotherapy. Data depicted in the
histogram overlays originated from region 1 (R1), which represents the FITC" subset of PI" events,
and shows Sal5-FITC staining of tumour cells from chemotherapy-treated mice (grey fill), 3B9-
FITC staining of tumour cells from untreated mice (dashed line) and chemotherapy-treated mice
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(thick line). After chemotherapy, the fraction of PI" cells in tumor explants increased significantly
from a mean (% SE) of 50 + 2% to 70 = 1% (P < 0.001). Similarly, the 3B9" subset of PI" cells
increased significantly from 15 + 1% to 38 + 2% (P < 0.01) after chemotherapy, whereas isotype
control staining was unaltered. Only the PI" tumour subpopulation bound 3B9, which indicated that
La was recognized specifically in dead tumour cells. Histogram analysis indicated that specific per
cell binding of 3B9-FITC to PI" cells was significantly augmented in tumors exposed in vivo to
cytotoxic chemotherapy (net median fluorescence intensity + SE of 18 + 3 with chemotherapy and
1 £ 3 without chemotherapy, P < 0.05).

Figure 5 depicts that biosynthetically labelled La-specific '“C-3B9 mAb is taken up preferentially
by tumours, particularly after cytotoxic chemotherapy. Intrinsic labelling of the La-specific mAb
indicates that tumour targetting results from antigen-binding activity of the antibody rather than
from non-specific localisation of the radiolabel. EL4 tumour-bearing mice (n=4) were given
intravenous injections of 100 pg of either **C-3B9 or *C-Sal5 at a dose of approximately 5 mg/kg.
Then, mice were treated or not with etoposide 67 mg/kg and cyclophosphamide 100 mg/kg, which
were given as two intraperitoneal injections 24 hours apart. Forty-eight hours after the
commencement of treatment, the mice were killed and their organs collected for radioactivity
measurement. Radioactivity was normalised to the mass of tissue counted (dpm/g of tissue) and the
percentage accumulation over the injected dose (%/ID per mass of tissue) was calculated based on
the specific radioactivity of the injected agents. Data are presented as %/ID + SEM. Statistical
comparisons were made using two-way analysis of variance, which was performed as a Bonferroni
post-test comparison between all groups (p < 0.001; n=4).

Figure 6 depicts that the intra-tumoral accumulation of biosynthetically labelled La-specific '*C-
3B9 mAb is dose-dependent and is augmented by cytotoxic chemotherapy. The biodistribution of
different doses of '“C-labelled 3B9 was studied in EL4 tumour bearing mice with or without
chemotherapy. '“C-3B9 accumulated significantly more only in the tumour with chemotherapy
when its uptake approximately doubled at '*C-3B9 doses of 25 pg, 50 pg and 100 pg. Mice were
given intravenous injections of 5, 25, 50 or 100 g of '*C-3B9 or '“C-Sal5 and then treated or not
with etoposide 67 mg/kg and cyclophosphamide 100 mg/kg, which were given as two
intraperitoneal injections 24 hours apart. Forty-eight hours after commencement of treatment, the
mice were killed and organs collected for radioactivity measurement. Radioactivity was normalised
to the mass of tissue counted (dpm/g of tissue) and tissues included (#) liver, (W) spleen, (A)
kidneys, (®) serum and ('¥) tumour. Data are presented as dpm/g + SEM. Closed symbols, with
chemotherapy; open symbols, without chemotherapy. Statistical comparisons were made using
two-way analysis of variance, which was performed as a Bonferroni post-test comparison between
all groups (n>4).
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Figure 7 depicts that La is overexpressed in human cancer cell lines. Cultured cells from cancer
cell lines and cells of their normal counterpart cell type were fixed and permeabilised using
paraformaldehyde and methanol. Cells were stained with 3B9 or Sal5 then with anti-mouse IgG
Alexaygg secondary antibody conjugate and 7-AAD before cytofluographic analysis was performed.
Data are presented as the net MFI for 3B9 staining after subtraction of individual MFI values for
Sals staining after first gating on 7-AAD" events, which comprised >98 % of cells. Inset: Lysates
of cultured cells were analysed by Western blotting for La protein expression using 3B9 together
with an actin expression control for equivalence of loading.

Figure 8 depicts that both La and its binding by 3B9 in apoptotic human malignant cells is resistant
to detergent treatment. (A) Cells were treated first with STS (clear columns) or etoposide (filled
columns) for 48 h and then with Triton X-100. Cells were stained with 3B9 or Sal5 then with anti-
mouse IgG Alexa,gs secondary antibody conjugate and 7-AAD before cytofluographic analysis was
performed. Data are expressed as the ratio of the net MFI + SEM (n>4) for La-specific staining in
the malignant cells to that in the corresponding normal cells. (B) During 96 hours treatment with 10
pg/mL cisplatin (clear columns) or 20 ug/mL etoposide (filled columns), cells were incubated with
either 50 pg/mL 3B9 or Sal5. Cells were washed and incubated with 1% Triton X-100 for 5 min. at
RT. Then cells were washed again before staining with anti-mouse IgG Alexaygs-conjugated
secondary antibody and 2 pg/mL 7-AAD and analysed by flow cytometry. Data are expressed as
the ratio of the net MFI = SEM (n>4) for detergent-resistant 3B9 binding (after subtraction of
individual MFI values for Sal5 binding) obtained in the malignant cells to that obtained in the
corresponding normal cells. (C) Cells were prepared as described in B, treated or not with Triton
X-100, then stained with anti-mouse IgG Alexa,s;s secondary antibody conjugate or sulforhodamine
B before laser scanning confocal microscopy analysis. 3B9, green; sulforhodamine B, red; co-
localised images, orange/yellow. Scale bar represents 20 pum.

Figure 9 depicts that in comparison with other nuclear antigens, La is preferentially retained in
cisplatin-treated apoptotic Jurkat cells. Jurkat cells were cultured in the absence (control) or
presence (treated) of 20 pg/mL cisplatin for 48 h. Then the cells were incubated as follows: (i) 15
min in 500 pL. PBS (control — fixed and permeabilised), (ii) 10 min in 50 pL of 2 %
paraformaldehyde then in 450 pL of ice-cold absolute methanol (treated — fixed and
permeabilised), (iii) 10 min in 500 pL Triton X-100 then vortexing cells for 30 secs (treated —
Triton X-100). Cells were washed with PBS and incubated for 30 min at room temperature (RT) in
5 pg/mL Sal5 isotype control mAb or 5 pg/mL of monoclonal antibodies specific for the antigens
shown. Cells were washed and incubated (30 min, RT) with 2 pg/mL of anti-mouse IgG-Alexasss.
Finally, cells were washed, incubated with 2 mg/mL 7-AAD and analysed by flow cytometry. Data
were obtained after gating on 7-AAD" events and are presented as Net Mean Fluorescence
Intensity (MFI) £ SEM (n=2) after subtraction of the MFI for isotype control staining. The upper
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and lower panels depict results from different experiments. PARP, Poly(ADP-ribose) polymerase;
PCNA, proliferating cell nuclear antigen. '

Figure 10 depicts that La is overexpressed in human malignant cell lines. Panels show expression
of La in malignant cell lines compared with its expression in the corresponding primary cell types
using indirect immunofluorescence staining of fixed and permeabilized cells. 3B9-specific binding
is shown as Net MFI £+ SEM (#=3). Insets: Immunoblots of cell lysates from cells probed for
expression of La with 3B9 (upper row of bands) or actin as a loading control (lower row of bands).
Three independent experiments were performed and representative data are shown. Key: CD3-
enriched peripheral blood lymphocytes (Lymph.) vs. Jurkat adult T-leukemia cells; Normal Human
Bronchial Epithelium (NHBE) vs. A549 bronchogenic carcinoma cells; Prostate Epithelial Cells
(PrEC) vs. PC-3 and LNCaP prostate cancer cells (PrEC and PC-3 lysates are shown in the inset);
CD14-enriched monocytes vs. U-937 myeloid leukaemia cells; Buccal cavity epithelial cells
(Buccal) vs. SSC-25 oropharyngeal squamous cell carcinoma cells; Human Mammary Epithelial
Cells (HMEC) vs. MCF-7 and MDA-MB-231, breast cancer cell lines.

Figure 11 is a graphical representation demonstrating that La expression is cell cycle dependent.
Jurkat cells are incubated with 100uM thymidine for 18h then washed and incubated without
thymidine for 16h. Cells are collected and re-incubated with 100uM thymidine for 18h for a
double-thymidine block to synchronise cells at G1/S phase. At the time points indicated, cells are
washed and (A) subjected to indirect immunofluorescence staining with Apomab or Sal$ isotype
control mAb or (B) resuspended in 70% ethanol for cell cycle analysis by PI staining (50ng/mL).
Apomab-specific binding is calculated from the net mean fluorescence intensity (MFI) value after
subtraction of individual MFI values for staining with the Sal5 isotype control.

Figure 12 is a graphical representation demonstrating that La expression increases in malignant
cells after mitogenic stimulation. Cells are incubated with (filled bars) or without (clear bars)
200ng/mL phorbol 12-myristate 13-acetate (PMA) for 48h. Cells are fixed and permeabilised by
incubation in 2% paraformaldehyde for 10min. followed by 1:10 dilution in -20°C methanol for 2-
3min. Cells are washed extensively with PBS then subjected to indirect immunofluorescence
staining with Apomab or Sal$ isotype control mAb. Apomab-specific binding is calculated from
the net mean fluorescence intensity (MFI) value after subtraction of individual MFI values for
staining with the Sal$5 isotype control. Statistical analysis of Apomab-specific binding is done using
two-way ANOVA and a Bonferroni post-test comparison (*, P<0.05; **, P<0.01).

Figure 13 depicts that La-specific 3B9 mAb preferentially binds apoptotic malignant cells in vitro.
(A) Etoposide-treated (20ug/mL) Jurkat cells were stained with PI (¥), 3B9 or its control Sal5
mAb (m), and percentages of positively stained cells determined by cytofluography (Y-axis) are
plotted as a function of time in hours (X-axis). (B) Jurkat cells were incubated in the presence or
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absence of 20ug/mL cisplatin. At specified times, cells were fixed, permeabilized and stained.
Specific staining of different antigens was calculated as net MFI & SEM and data are presented as
an antigen retention index, which was calculated using the following formula: % retention = MFI
from cisplatin-treated cells/MFI from control cells X 100%). The antigen retention index was
calculated in two independent experiments each comprising triplicate samples. Data shown are
representative of one of these experiments.(C) Permeabilized Jurkat cells and cisplatin-treated
Jurkat cells were stained with 7-AAD (red) and 3B9 (green) and viewed by confocal microscopy.
Scale bars represent Sum of actual length. (D) Cell death was induced by 72h treatment with
20pg/mL cisplatin or by serum deprivation. Cells were stained with 3B9 and 7-AAD and data are
shown as Net MFI + SEM (n =2) for the 7-AAD" population. Data shown are representative of
identical assays performed on three separate occasions. (E) Cell death was induced in cultured cells
after 48h treatment with 20pg/mL cisplatin. For each cell type, 3B9-specific binding was
calculated as net MFI and the fold-difference in 3B9 binding was calculated as the ratio of specific
binding in the malignant cells to that in the corresponding primary cell type: MCF-7 and MDA-
MB-231 cells vs. HMEC; A549 cells vs. NHBE cells and LNCaP and PC-3 cells vs PrEC. Data are
presented as the fold difference £ SEM (n=2).

Figure 14 depicts that 3B9 binding is augmented by DNA damaging agents. (A) Jurkat cells were
incubated with increasing concentrations of cisplatin in the absence (®) or presence (w) of 100
ng/mL trichostatin A (TSA). At 48h, cells were analyzed for 3B9 binding. Inset: Samples were
removed at 3h from incubation with cisplatin in the absence (@) or presence () of 100ng/mL TSA,
fixed and permeabilized and stained for yH2AX. (B) Immunoblots of soluble and chromatin
fractions from a chromatin-binding assay after Jurkat cells were treated with 20 pg/mL cisplatin for
3 h (+) or not (-). We inferred that La redistributed to DNA double-stranded breaks after observing
increased chromatin-associated La and YH2AX. (C) Adherent cultures of PANC-1 celis were
incubated in slide chambers for 3h with 20pg/mL cisplatin. Cells were fixed, permeabilized and
stained with 3B9 and anti-yH2AX. Images were acquired for 3B9 binding (green) and YH2AX
staining (red) and overlayed to investigate co-localization (orange-yellow). 3B9 and yH2AX
overlays were superimposed on transmission images of cells to ensure nuclear localization of
detected antigens. Shown are representative data of four independent experiments, which produced

similar results.

Figure 15 depicts that 3B9 binding to dead PANC-1 cells is augmented after combination
treatment with gemcitabine and TSA produced additive cytotoxicity and DNA-damaging effects.
PANC-1 cells were incubated with increasing concentrations of gemcitabine in the absence (clear
columns) or presence of 100ng/mL (hatched columns) or 200ng/mL (filled columns) of TSA.
Analysis was done for viability using 7-AAD (A), 3B9-specific binding (B) and DNA damage
using YH2AX staining (C). Data are presented as mean + SEM from three independent
experiments. Photomicrographs show PANC-1 cells treated with gemcitabine and TSA (+) or not (-
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), which were stained with YH2AX-specific mAb and 7-AAD (D).

Figure 16 is a graphical representation depicting that cisplatin-induced cell death is demonstrated
to be apoptotic. Jurkat cells were incubated in the presence or absence of 20pg/mL cisplatin. Cell
death was assessed using the DNA-binding dye, 7-AAD, and the mitochondrial membrane
potential dye, Rhodamine 123. A. Dotplots are shown of untreated control cells and cells treated
with cisplatin for 24h; left-hand panels, forward scatter (size) vs. side scatter (internal complexity);
right hand panels, 7-AAD vs. rhodamine-123. B. Histograms are shown of rhodamine-123
staining for untreated control cells and cells treated with cisplatin for 24h and 48h.

Figure 17 is a graphical representation depicting that the La antigen is preferentiallly retained in
dead Jurkat cells 48h after cisplatin-induced apoptosis. Jurkat cells were incubated in the presence
or absence of 20pg/mL cisplatin. At the specified time points cells were removed and cell pellets
were resuspended in 2% paraformaldehyde and incubated for 10 min. at RT then diluted 1:10 in
ice-cold 100% methanol for another 2min. Pellets were collected and washed in PBS then
incubated (30min. at RT) with 10pg/mL of antigen-specific murine mAb (PCNA, Nucleolin,
Nucleophosmin, PARP, 3B9 (Apomab), Sal5 and Lamin B), 125uL of rat anti-hTERT or 20pug/mL
rat IgG,,x matched isotype mAb or with rabbit anti-actin, rabbit anti-H2A or rabbit IgG control Ab
at 10 pg/mL. Cells were collected and washed with PBS then incubated for 30 min. at RT with
2pg/mL of relevant secondary antibodies conjugated to Alexa,ss. Cells were washed and samples
were analysed by flow cytometry. (A and B) specific staining for the different antigens is
presented as the net MFI (after substraction of the corresponding isotoype Ab) + SEM. (C)
Simplified form of panels A and B with control cells from 24h only shown. (D) antigen retention
index was calculated from A and B using the following formula: % retention = specific signal from
cisplatin treated cells/specific signal from control cells X 100%.

Figure 18 depicts that La antigen is crosslinked during apoptosis. (A) Jurkat cells incubated in
20pg/mL cisplatin were removed at specified time points and incubated for 10min. in 1% Triton X-
100 solution before 3B9 binding analysis. Data are presented as density plots of staining with 3B9
vs. 7-AAD. (B) Immunoblots of cell lysates of control and cisplatin-treated Jurkat cells were
probed with 3B9 for expression of La (top panels) or actin as a loading control (bottom panels) at
specified times. (C) Jurkat cells incubated in the absence or presence of increasing concentrations
of cisplatin were labeled with cadaverine-biotin added at 100uM for 48h. Cells were stained with
strepatavidin-Alexasgs and analyzed by flow cytomtery. Data shown are MFI £ SEM (n=3). (D)
Jurkat cells incubated in the absence or presence of 20ug/mL cisplatin were incubated with
increasing concentrations of MDC. Cells were analyzed at specified times (24 o, 48 8 and 72h m)
for sulforhodamine 101 staining. Inset summarizes the dependence of the protein cross-linking
ratio on MDC concentration at 48h (=) and 72h (==*) after cisplatin treatment of Jurkat cells. (E)
Jurkat cells incubated with cisplatin in the absence or presence of increasing concentrations of
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MDC were stained with 3B9. 3B9-specific binding is presented as Net MFI + SEM (#=3). Inset
summarizes the dependence of 3B9-specific binding on MDC concentration at 24h (=), 48h (— ~)
and 72h (===) after cisplatin treatment of Jurkat cells. Data are representative of three identical and
independent assays, which produced similar results.

Figure 19 depicts that the preferential binding of 3B9 to dead malignant cells after cytotoxic drug
treatment is detergent-resistant and co-localizes with other intracellular proteins. Cultures of Jurkat
cells (A) and their counterpart primary CD3-enriched peripheral blood lymphocytes (B) were either
left untreated (control) or treated with etoposide or cisplatin for 48h in the presence of 50ug/mL of
3B9 or its Sal5 control mAb. After 48h, cells were treated or not with 1% Triton X-100 before
fluorocytometric analysis. Data shown are the net MFI + SEM of 7-AAD" events from four
independent assays. Statistical comparisons were made between control and treated cells.
Photomicrographs show representative Jurkat cells (C) and CD3-enriched peripheral blood
lymphocytes (D), which had been treated with 20pug/mL cisplatin in the presence of 50pug/mL 3B9,
treated or not with 1% Triton X-100 and stained with sulforhodamine (red) and Alexasss-
conjugated anti-mouse IgG (green). Control: non-permeabilized and untreated Jurkat cells. Scale
bars represent either 40um (PBS) or 20pum (Triton X-100) of actual length.

Figure 20 depicts that La-specific mAb binds specifically to malignant EL4 cells after in vitro
treatment with cytotoxic drugs. EL4 cells were cultured for 48h in the absence (A and B) or
presence (C) of cyclophosphamide and etoposide. Untreated control cells (A), fixed and
permeabilized cells (B) and cytotoxic drug-treated cells (C) were stained with 7-AAD and Sal5
isotype control or La-specific 3B9 mAb. Density plots show fluorescence from Alexaygs (X-axis)
and 7-AAD (Y-axis). (D) EL4 cells and syngeneic murine thymocytes were fixed and
permeabilized (clear columns) or cultured for 48h with cyclophosphamide and etoposide and
subsequently treated (striped columns) or not (filled columns) with Triton X-100. 3B9-specific
binding is presented as net MFI + SEM (n=3) of 7-AAD" events, *** P<0.001. Inset:
Immunoblots of cell lysates were probed for expression of La using 3B9.

Figure 21: depicts that biosynthetically labelled La-specific '“C-3B9 mAb is taken up
preferentially by tumours, particularly after cytotoxic chemotherapy. Intrinsic labelling of the La-
specific mAb indicates that tumour targetting results from antigen-binding activity of the antibody
rather than from non-specific localisation of the radiolabel. EL4 tumour-bearing mice (n=4) were
given intravenous injections of 100 pg of either *C-3B9 or '“C-Sal5 at a dose of approximately 5
mg/kg. Then, mice were treated or not with etoposide 67 mg/kg and cyclophosphamide 100 mg/kg,
which were given as two intraperitoneal injections 24 hours apart. Forty-eight hours after the
commencement of treatment, the mice were killed and their organs collected for radioactivity
measurement. Radioactivity was normalised to the mass of tissue counted (dpm/g of tissue) and the
percentage accumulation over the injected dose (%/ID per mass of tissue) was calculated based on
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the specific radioactivity of the injected agents. Data are presented as %/ID + SEM. Statistical
comparisons were made using two-way analysis of variance, which was performed as a Bonferroni
post-test comparison between all groups (p < 0.001; n=4).

Figure 22: depicts that anti-La mAb binds specifically to dead cells isolated from EL4 tumour
explants and both proportionate and per cell binding increases after cytotoxic drug treatment. EL4
tumour-bearing mice (n=5) were treated or not with etoposide 67 mg/kg and cyclophosphamide
100 mg/kg by intraperitoneal injection on two occasions 24 hours apart. At 48 hours after the
commencement of treatment, tumours were excised and single cell suspensions prepared. Cells

‘were washed with PBS and incubated with 5 pg/mL FITC-conjugates of 3B9 or Sal5 isotype

control. PI 0.5 pg/mL was added to evaluate cell viability and analysis performed using flow
cytometry. Data shown are representative density plots and histogram overlays of FITC and PI
emissions from stained cells that were isolated from EL4 tumour explants of mice treated (+; upper
row of panels) or not (—; lower row of panels) with cytotoxic chemotherapy. Data depicted in the
histogram overlays originated from region 1 (R1), which represents the FITC" subset of PI" events,
and shows Sal5-FITC staining of tumour cells from chemotherapy-treated mice (grey fill), 3B9-
FITC staining of tumour cells from untreated mice (dashed line) and chemotherapy-treated mice
(thick line). After chemotherapy, the fraction of PI" cells in tumor explants increased significantly
from a mean (+ SE) of 50 + 2% to 70 + 1% (P < 0.001). Similarly, the 3B9" subset of PI" cells
increased significantly from 15 + 1% to 38 + 2% (P <0.01) after chemotherapy, whereas isotype
control staining was unaltered. Only the PI" tumour subpopulation bound 3B9, which indicated that
La was recognized specifically in dead tumour cells. Histogram analysis indicated that specific per
cell binding of 3B9-FITC to PI" cells was significantly augmented in tumors exposed in vivo to
cytotoxic chemotherapy (net median fluorescence intensity + SE of 18 + 3 with chemotherapy and
1 £ 3 without chemotherapy, P < 0.05).

Figure 23 depicts that time-activity curves of '''In-DOTA-3B9 in EL-4 tumour-bearing mice
treated or not with cytotoxic chemotherapy. EL4 tumour-bearing mice (n=5) were left untreated
(control) or treated with cyclophosphamide and etoposide in four different regimens of escalating
dose intensity. For each analysis time point after '"'In-DOTA-3B9 administration, data are
expressed as percentage of organ radioactivity normalized to organ weight and divided by
radioactivity of injected dose (%ID/g). Data are presented as mean + SEM and time activity curves
were fitted for blood (== ==) and tumour (==). Half-life (t;;;) values for blood clearance and tumour
accumulation are displayed next to each fitted curve and regression values are shown in brackets.
Lower right-hand panel: column graph showing tumour weights (g) from control and treated mice,
which are expressed as mean + SEM measured at 3h (clear), 24h (light hatched), 48h (dark
hatched) and 72h (filled) post-injection. Inset: In separate experiments, single cell suspensions
prepared from EL4 tumours (n=4) were analyzed by flow cytometry for 7-AAD binding at 48h
post-injection for control mice (A) or mice treated with the following chemotherapy regimens:
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quarter dose 2d (B), half dose 1d (C), half dose 2d (D), and half dose 2d analyzed at 72h post-
injection (E). Data are shown as mean £ SEM of percentage 7-AAD" tumour cells. Statistical
comparisons were made with control tumours.

Figure 24 depicts that tumour targeting efficiency of '''In-DOTA-3B9 is enhanced by cytotoxic
chemotherapy. The accumulation of "n-DOTA-3B9 in the tumour (%ID/g) measured at (A) 48h
and (B) 72h was divided on that of other organs at these time points. The ratio is presented as the
mean + SEM from control mice (clear bars), mice treated with quarter dose 1d (black bars), quarter
dose 2d (streaked bars), half dose 1d (dark filled bars) or half dose 2d (light filled bars). Asterisks
(* P<0.05, ** P<0.0I or *** P<(.001) denote significant differences in comparison to control
mice. Solid line represent ratio of 1. Only tumour/muscle ratio was significantly different in
chemotherapy treated mice at 24h after administration (P<0.001) (data not shown).

Figure 25 depicts that the intra-tumoral accumulation of biosynthetically labelled La-specific '“C-
3B9 mAb is dose-dependent and is augmented by cytotoxic chemotherapy. The biodistribution of
different doses of '*C-labelled 3B9 was studied in EL4 tumour bearing mice with or without
chemotherapy. '“C-3B9 accumulated significantly more only in the tumour with chemotherapy
when its uptake approximately doubled at *C-3B9 doses of 25 g, 50 ug and 100 pg. Mice were
given intravenous injections of 5, 25, 50 or 100 pg of “C-3B9 or *C-Sal5 and then treated or not
with etoposide 67 mg/kg and cyclophosphamide 100 mg/kg, which were given as two
intraperitoneal injections 24 hours apart. Forty-eight hours after commencement of treatment, the
mice were killed and organs collected for radioactivity measurement. Radioactivity was normalised
to the mass of tissue counted (dpm/g of tissue) and tissues included (#) liver, (W) spleen, (A)
kidneys, (®) serum and (V) tumour. Data are presented as dpm/g + SEM. Closed symbols, with
chemotherapy; open symbols, without chemotherapy. Statistical comparisons were made using
two-way analysis of variance, which was performed as a Bonferroni post-test comparison between
all groups (rn>4).

Figure 26 depicts that incorporation of cadaverine-biotin into the target for Apomab during
apoptosis. (A) Jurkat cells are induced to undergo apoptosis using 20pug/mL cisplatin for 48h with
or without increasing concentrations of cadaverine-biotin. Cells are incubated with 2ug/mL of
streptavidin-Alexaygg for 20 min., washed, stained with 2pg/mL 7-AAD to assess viability and then
analysed by flow cytometry. Data are presented as the MFI + SEM from two independent assays. >
90% Jurkat cells are 7-AAD" and Alexaqgs fluorescence emitted from 7-AAD” cells is plotted as a
function of cadaverine-biotin concentration. Inset: lysates (12 pug) of cells incubated in the absence
(lane 1) or the presence (lane 2) of 100uM cadaverine-biotin are fractionated on 12% SDS-PAGE.
The gel is transferred to PVDF membrane and probed using streptavidin-AP. (B) Lysates of cells
incubated in the absence (lane 1) or presence of 100uM cadaverine-biotin (lane 2) are first
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immunoprecipitated using Apomab before probing the immunoblots with streptavidin-AP. Arrow
head, position of putative La band in lane 2.

Figure 27 depicts that different cytotoxic drugs differentially impair survival of primary ALL
blasts. ALL blasts were cultured in the presence or absence of serial 1:2 dilutions of A. 40 pg/mL
etoposide, or 20 ng/mL cisplatin, or B. 200 pg/mL gemcitabine, or 20 pug/mL cyclophosphamide,
or C. and D. combinations of these drugs at the same concentrations also in serial dilution. The
percentage of viable ALL blasts (7-AAD-negative) in medium without incubation of drug was
66.3%, which was normalised to 100% survival for comparing the effects of drug treatment on
survival of ALL blasts. Sigmoidal dose-response curves were fitted to the data using GraphPad
Prism v.4.0 software.

Figure 28 depicts that Apomab binds specifically to 7-AAD" primary ALL blasts after treatment
with cytotoxic drugs in vitro. Cells were incubated in the absence (control) or presence of 40
png/mL etoposide (Etop), 20 pg/mL cisplatin (Cis), 200 pg/mL gemcitabine (Gem), 40 pg/mL
etoposide and 20 pg/mL cisplatin (Etop+Cis), 20 pg/mL etoposide and 10 pg/mL cisplatin
(Etop+Cis [1/2]), 40 pg/mL etoposide and 200 pg/mL gemcitabine (Etop+Gem), and 200 pg/mL
gemcitabine and 20 pg/mL cisplatin (Gem+Cis). 7-AAD" events were gated and specific Apomab
binding was determined as the net MFI after subtraction of the net MFI value for the Sal5 isotype
control mAb. Columns, net MFI; bars, SE; (n=2). Apomab-specific binding was analysed at 24h
(clear columns), 48h (grey columns) and 72h (black columns) after cells were incubated with
cytotoxic drugs. Inset, Apomab-specific binding to viable ALL blasts, which were left untreated
(control) or permeabilised.

Figure 29 depicts that Apomab binds to BerEP4-enriched cells from an SCLC patient particularly
after cytotoxic chemotherapy was administered to the patient. Blood samples (2.5 mL) collected in
heparinised tubes were enriched for circulating epithelial cells using the BerEP4 epithelial marker
using the CELLection™ Epithelial Enrich kit as per manufacturer instructions (Dynal® Biotech,
Invitrogen, USA). Briefly, 250 uL of BerEP4-beads was mixed with the blood sample for 30 min
at RT. Beads were bound to Dynal® magnet and washed 5 times with PBS. Bead-bound cells were
released using PBS containing 0.1 % BSA and DNase I as described by the manufacturer. Beads
were bound to Dynal® magnet and released cells were removed to a fresh tube, centrifuged and
washed with PBS. Samples were incubated (30 min at RT) with anti-mouse IgG (2 pg/mL) to
block the mouse BerEP4 antibody remaining on the isolated cells. Samples were washed with PBS
and aliquots were stained with Apomab or matching irrelevant isotype (Sal5). Finally, cells were
washed with PBS and analysed by flow cytometry after incubation (15 min) with 2 pg/mL 7-AAD
at RT. A. FSC vs.SSC density plots were constructed for all samples. A region (R1) was drawn
based on control blood to exclude events related to normal blood cells. Density plots of FSC vs.
FL-3 (7-AAD) were constructed from gate R1. Viable cells are shown as red and dead cells as
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green. A second region (R2) was constructed to select dead (7-AAD") cells. FL-2 histograms of
Sal5 (left) and 3B9 (right) staining are shown in green and are gated on 7-AAD" cells. B. A
summary column graph shows Apomab-specific binding as net median fluorescence intensity
(MFI) (after subtraction of MFI values for Sal5 staining). Nofes: (i) A 24h time point is not shown
because bead separation failed. (ii) In the case of 48 and 72 h samples, a population with very high
fluorescence was observed and was not different between control and positive staining. Therefore,
an R3 region was drawn to exclude these populations from the histograms.

Figure 30 depicts that activators of the intrinsic apoptotic pathway extends the kinetics of Apomab
binding compared with extrinsic apoptotic pathway activators. Jurkat cells were treated with
stimuli that induced apoptosis via mainly either the intrinsic pathway using A. cisplatin 20 pg/mL
or B. y -radiation 15 Gy, or the extrinsic pathway using C. anti-Fas mAb 250 ng/mL. In addition,
Jurkat cells were stressed by either D. allowing overgrowth in the culture medium or E. serum
withdrawal. F. Necrosis was induced by heat treatment. Aliquots of the Jurkat cell cultures were
removed at the indicated time points and stained with annexin V, rhodamine 123 or 7-AAD
without fixation or permeabilisation, or were fixed and permeabilised and then stained with either
Sal5 or 3B9 and YH2AX, or Sal5 or 3B9 and anti-activated caspase-3 mAb. **, P<0.01; ***,
P<0.001;

Figure 31 depicts that y-radiation and Fas ligation induce apobody formation with different
kinetics and different patterns of YH2AX and La induction. A. Scatter plots are shown for each of
the experimental conditions indicated in Fig. 4. B. Jurkat cells were y-irradiated to a dose of 15 Gy,
or treated with 250 ng/mL anti-Fas (CD95) mAb. At the specified time points, cells were fixed and
permeabilised and stained with either Apomab and anti-yH2AX or Apomab and anti-activated
caspase-3. Gates R1 and R2 were drawn from FSC vs. SSC plots and Apomab, YH2AX or activated
caspase-3" staining are shown for the different gates (R1, black; R2, red)

Figure 32 depicts that DNA-damaging treatment induces early expression of La protein in Jurkat
cells in vitro. A. Lysates of cultured Jurkat cells were prepared at the indicated time points after
treatment or not and electrophoresed by SDS-PAGE. After transfer, the blots were probed with
Apomab or anti-actin antibodies, and B. integrated optical density analysis performed. C. The
results of this analysis are shown in a column graph.

Figure 33 depicts that cytotoxic drugs induce binding of 3B9 (Apomab) to malignant human cell
lines after cell death in vitro. Staining with propidium iodide (PI) is indicated on the y-axis. Jurkat,
T cell leukemia; Raji, B cell leukemia; HeLa, cervical carcinoma; U20S, osteosarcoma.

Figure 34 depicts that after CE chemotherapy, tumour Apomab accumulation in vivo is
disproportionately higher than the tumour cell death rate, which suggests that the La target antigen
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is induced by DNA-damaging chemotherapy. EL4 tumour cell death and Apomab accumulation
were analysed at the indicated time points in A. untreated control and B. treated mice (n=3).
Apomab accumulation was calculated from '''In-Apomab accumulation after accounting for
radioactive decay of '''Indium. Data points, mean %7-AAD" cells (left Y-axis, squares) and mean
%ID/g Apomab (right Y-axis, circles); bars, SE.

Figure 35 depicts that after CE chemotherapy, the ratio of tumour Apomab accumulation to
tumour cell death declines in control tumours and is enhanced in treated tumours, which suggests
that the La target antigen is induced by DNA-damaging chemotherapy. Tumour Apomab
accumulation (%ID/g) was directly related to tumour cell death (%7-AAD" cells) at each of the
indicated time points for EL4 tumours derived from control or treated mice (»=3). Data points,
mean ratio; bars, SE; control (squares); chemotherapy (circles); dotted line, 100%.

Figure 36 depicts that the histone deacetylase inhibitor (HDACi) trichostatin A (TSA) exerts dose-
dependent synergy with cisplatin to augment Apomab-specific binding to dead Jurkat cells. Jurkat
cells were incubated for 48h with 10pg/mL cisplatin together with increasing concentrations of
TSA. Cells were subjected to indirect immunofluorescence staining using Apomab or its Sal5
isotype control mAb and viability was assessed using 7-AAD. Apomab-specific binding was
calculated as the Net MFI after gating on 7-AAD" events. Data are presented as the mean + SEM
from two separate experiments. (A) Apomab-specific binding to cisplatin-treated Jurkat cells is
plotted as a function of TSA concentration. Binding in the presence of TAS was compared with
binding in the absence of TSA using two-way ANOVA and a Bonferroni post-test comparison (*,
P<0.05; **, P<0.01). (B) TSA concentration data were log-transformed to suggest a dose-response
effect of TSA dose on Apomab-specific binding. GraphPad Prism software was used to find a
sigmoidal-dose response with variable slope as the best-fit model for the data (+* = 0.98).

Figure 37 depicts that the extent of Apomab binding to apoptotic Jurkat cells in vitro correlates
directly with both cisplatin dose and TG2 protein cross linking activity. (A) Jurkat cells were
incubated for 48h in increasing concentrations of cisplatin and then subjected to indirect
immunofluorescence staining using Spg/mL Apomab followed by 2pg/mL anti-mouse IgG
Alexaygg antibody. (B) Jurkat cells were incubated with 100uM cadaverine-biotin and increasing
concentrations of cisplatin. After 48h, cells were incubated at RT for 15min. with 2ug/mL
streptavidin-Alexayss then washed and analysed by flow cytometry. Data (»=3) shown were gated
on 7-AAD" events and are presented as (A) net MFI (+SEM) for Apomab-specific binding or as
(B) MFI (+£SEM) for cadaverine-biotin incorporation.

Figure 38 depicts that the synergistic effect of TSA on Apomab-specific binding to cisplatin-
treated Jurkat cells is schedule-dependent. Jurkat cells were treated with increasing concentrations
of cisplatin alone (w), increasing concentrations of cisplatin in the presence of 100ng/mL TSA (A),
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or increasing concentrations of cisplatin added 4h from the time of addition of 100ng/mL TSA (e).
After 48h, cells were subjected to indirect immunofluorescence staining using Apomab or its Sal5
isotype control mAb and viability was assessed using 7-AAD. Apomab-specific binding was
calculated as the Net MFI after gating on 7-AAD" events. Data are shown as the Net MFI + SEM
(n=3).

Figure 39 depicts that the histone deacetylase inhibitor (HDACi) trichostatin A (TSA) synergises
with cisplatin to augment detergent-resistant Apomab-specific binding to dead Jurkat cells. Jurkat
cells were incubated in 200ng/mL TSA (clear bars) or 20pug/mL cisplatin (grey bars) singly or in
combination (black bars). After 48h, cells were subjected to indirect immunofluorescence staining
using Apomab or its Sal5 isotype control mAb and viability was assessed using 7-AAD. Apomab-
specific binding was calculated as the Net MFI after gating on 7-AAD" events. Data are shown as
the Net MFI = SEM (n=3). Statistical analysis was performed using two-way ANOVA and a
Bonferroni post-test comparison (*, P<0.01; **, P<0.001).

Figure 40 depicts that gemcitabine and TSA synergise to reduce proliferation rates among PANC-
1 cells in vitro. PANC-1 cells (2 x 10* cells) were seeded in flat bottom 96-well plates overnight
using phenol-free RPMI-1640 medium containing 10 % FCS (medium). A serial dilution of 2 x 10*
cells was used to construct a standard curve for the MTS assay. Triplicate wells were incubated
with increasing concentrations of TSA (nM) with or without the addition of increasing
concentrations of gemcitabine. Three identical plates were incubated for 24, 48 or 72h then
medium was decanted and fresh medium (100pL) containing 20pL MTS/PMS substrate was added
to all wells. Assays were performed according to the manufacturer’s instructions. The change in the
absorbance reading over time was calculated for each condition in units of change per 12 h (upper
panel), which was converted to units of cell number change per 12h (lower panel) using a standard
curve of the absorbance reading as a function of time (1* = 0.99).

Figure 41 depicts that gemcitabine and TSA synergise to increase cell death among PANC-1 cells,
which subsequently demonstrate peak Apomab-specific binding 48h after induction of cell death.
PANC-1 cells (2 x 10 cells) were seeded in flat bottom 96-well plates overnight using phenol-free
RPMI-1640 medium containing 10 % FCS (medium). Cells were incubated with the specified
concentrations of gemcitabine or TSA singly or in combination. Cells were collected (from media
and EDTA detached adherent cells) and subjected to indirect immunofluorescence staining with
Apomab or its Sal$ isotype control mAb and assessed for viability with 7-AAD staining. Data are
shown as the percentage of cells staining with 7-AAD (upper four panels) or as net MFI + SEM
(n=3) for Apomab-specific binding to 7-AAD" cells (lower two panels).

Figure 42 depicts that gemcitabine and TSA synergise to increase cell death among PANC-1 cells,
which subsequently demonstrate augmented Apomab-specific binding. PANC-1 cells were
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incubated with increasing concentrations of gemcitabine alone (clear bars), increasing
concentrations of TSA alone (black bars), increasing concentrations of gemcitabine and 100ng/mL
TSA (light grey bars) or increasing concentrations of gemcitabine and 200ng/mL TSA (dark grey
bars). After 48h, cells were collected (from media and EDTA detached adherent cells) and
subjected to indirect immunofluorescence staining with Apomab or its Sal5 isotype control mAb
and assessed for viability with 7-AAD staining. Data are shown as net MFI £ SEM (n=3) for
Apomab-specific binding (left-hand two panels) or as the percentage of cells staining with 7-AAD
(right-hand two panels).

Figure 43 depicts that modification of Cu:Arsenazo(IIl) assay. (A) Cu:Arsenazo(IIl) reagent
prepared at different concentrations from stock solution was serially diluted 1:2 using milliQ water
in 96-wells titre plate. Absorbance was measured at 630nm and was plotted as a function of the
serial dilution performed. (B) Arsenazo(III) solutions prepared identically as described in A
however without the addition of Cu were serially diluted 1:2 using milliQ water. Absorbance was
measured at 630nm and plotted as a function of the dilutions performed. (C) Aliquots (10uL) of
DOTA standard solutions were added in duplicates to 96-wells plate. Cu:Arsenazo(III) reagent
prepared at four different concentration was added to these wells (190uL). Plate was incubated at
37°C for 20 min, absorbance was measured at 630nm and plotted as a function of DOTA
concentration. Subsequent Cu:Arsenazo(IIl) assays were performed as described in this panel.

Figure 44 depicts that conjugation condition affects DOTA/antibody ratio and net charge of the
immunoconjugates. 3B9 was conjugated, at three separate occasions, with increasing
concentrations of DOTA-NHS-ESTER calculated to be at 0-, 50-, 100-, 150- and 200-fold molar
excess to the concentration of antibody. Conjugates were purified as described in Methods section.
(A) DOTA concentration in the purified conjugates was measured using 10mL aliquots in modified
Cu:Arsenzo(III) assay as described in Figure 1C. The protein concentration was measured using
the BCA protein assay kit as described in methods. The DOTA/antibody ratio was calculated as the
concentration of DOTA (uM) to that of antibody (uM) and the mean ratio + standard error of the
mean (SEM) (n=3) was plotted as a function of the concentration of DOTA-NHS-ESTER added
during conjugation. (B) Samples of 3B9 incubated in the absence or presence of increasing
concentrations of DOTA-NHS-ESTER (0-200 fold molar excess) as described above (triplicate
reactions) were fractionated in native PAGE. Gel was stained with BBR250 and documented
(inset). The (-) and (+) symbols denote the cathode and anode with the migration direction during
electrophoresis is indicated by the arrow. The Rf value for the detected bands was calculated using
GelPro Analyzer and was plotted as a function of the DOTA/antibody ratio calculated from panel
A.

Figure 45 depicts that increased DOTA/antibody ratio affects antibody avidity. Fixed and
permeabilized Jurkat cells were incubated with 33.3nM of 3B9-FITC in the absence or presence of
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increasing 3B9-DOTA concentrations whicﬁ were prepared at ([J) 50-fold, (A) 100-fold, (e) 150-
fold and (m) 200-fold molar excess of DOTA-NHS-ESTER to antibody. Cells were washed and
analyzed by flow cytometry and the mean fluorescent intensity (MFIZSEM, n=3) for 3B9-FITC
binding was plotted as a function of the log10 concentration of 3B9-DOTA (nM) added to
incubation. Competition binding curve was fitted to the data using GraphPad which found that data
did not significantly deviate from the fitted model and reproduced the concentration of 3B9-DOTA
required to inhibit half of the binding of 3B9-FITC (ICs, in nM). Inset: The ICso (nM+SEM) of the
different conjugates which is indicative of avidity was plotted as a function of the DOTA/antibody
ratio. Linear correlation (#’=0.99) was fitted by GraphPad and described the relationship between
avidity and the extent of conjugation taking place on the antibody.

Figure 46 depicts that conjugation modifies Fc and Fab regions of monoclonal antibody. Samples
of 3B9 incubated in the absence or presence of increasing concentration of DOTA-NHS-ESTER
(0-200 fold molar excess) were used for (A) non-reducing SDS-PAGE and BBR250 staining or (B)
dot blot for staining with anti-mouse (Fab),, anti-mouse Fc or anti-mouse whole IgG. (C) The
optical density of dots detected using the anti-mouse antibodies was normalized to the optical
density of BBR250 reflecting the amount of IgG present in sample. This ratio was plotted as a
function of the DOTA/antibody ratio achieved by the corresponding conjugation condition. A one-
phase exponential decay curve was fitted to the data using GraphPad. This assay was performed at
three separate occasions and similar data was obtained. (D) Fixed and permeabilized Jurkat cells
were subjected to indirect immunofluorescent staining using 3B9 or 3B9-DOTA followed by anti-
mouse IgG Alexa,gs conjugated antibody as described in Methods. Cells were analyzed by flow
cytometry and data shown is the Net MFI (signal from 3B9 or 3B9-DOTA after subtraction of the
signal from Sal5 or corresponding Sal5-DOTA). Error bars are the SEM from triplicate incubations
and the drawn curve is a one-phase exponential decay model fitted using GraphPad.

Figure 47 depicts that DOTA/antibody ratio affects metal chelation rate and radionuclide loading
capacity. (A) Identical amounts of 3B9-DOTA prepared at increasing concentrations of DOTA-
NHS-ESTER were incubated with Terbium: Arsenazo(III) reagent which was assayed kinetically
for 1h at 37°C measuring absorbance at 630nm. Absorbance was plotted as a function of time for
3B9-DOTA prepared at (w) 50-fold, (A) 100-fold, (®) 150-fold or ((J) 200-fold molar excess of
DOTA-NHS-ESTER. Data presented is the mean + SEM and was fitted using GraphPad to a one-
phase exponéntial decay model which provided a measurement of chelation rate (min™') + SEM.
Inset: chelation rate was plotted as a function of DOTA/antibody ratio which showed a direct
correlation. (B) Identical amounts of 3B9-DOTA prepared at increasing concentrations of DOTA-
NHS-ESTER were labelled with ''In. After purification, the concentrations of antibody and
radioactivity in the samples were measured as described in Methods and specific radioactivity
expressed as cpm/pug was plotted as a function of DOTA/antibody ratio. Inset: Identical amounts of
reduced samples of '"'In-labelled DOTA-3B9 prepared at increasing DOTA-NHS-ESTER
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concentrations were fractionated by SDS-PAGE. Gel was exposed to x-ray film and documented.
The heavy and light chains of the IgG are marked by arrows. Note the increase in the intensity of
bands with increasing DOTA concentrations ( ) and the labelling of both heavy and light
chains.

Figure 48 depicts that modification of monoclonal antibody by conjugation is reflected in vivo.
C57BL/6 mice bearing EL4 tumors and treated with cytotoxic chemotherapy as described in
Methods received an intravenous injection at time 0 containing 100pg of "M-DOTA-3B9
prepared at 200-fold molar excess of DOTA-NHS-ESTER (clear bars) or 100ug of '''In-DOTA-
3B9 prepared at 50-fold molar excess of DOTA-NHS-ESTER (filled bars). Mice were euthanized
at 48h and blood, tumors and other organs were collected, weighed and counted using gamma
counter. Data presented is the accumulation in the organs calculated as the percentage of
radioactivity in the organs per mass or organ to the radioactivity of the injected dose at time
(%ID/g). Error bars are the SEM from 5 mice at each treatment and asterisks denote statistically
different data (* P<0.05, ** P<0.001).

Figure 49 is a schematic representation of the conjugation of DOTA to the lysine residues of IgG.

Figure 50 depicts that time activity curves of '''In-DOTA-3B9 injected with concurrent or 24h
proceeding chemotherapy. Groups of 5 mice each were injected with 19mg/kg etoposide and
25mg/kg cyclophosphamide i.p at -24h or time 0. All mice were also injected with '''In-DOTA-
3B9 i.v. in the tail vein at time 0. Mice were sacrificed at 3, 24, 48 and 72h after antibody
administration and organ radioactivity was measured and divided on the mass of organ counted
which was normalised as the percentage to the injected dose (%ID/g). Data presented is the mean
%ID/g + SEM. Blood clearance was fitted to one-phase exponential decay and tumour
accumulation was fitted to one-phase exponential association (r2 > 0.9).

Figure 51 depicts that cell death in control and CE-treated EL4 tumours. Bé mice bearing EL-4
tumours (125mm®) were left untreated or treated with 1/8 or 1/4 dose chemotherapy at time 0. Mice
were killed at specified time points (n=3) and tumours were fixed in 10% formalin in PBS. Each
tumour was cut symmetrically and each half embedded in paraffin and sectioned. Sections were
stained with H&E (data not shown) or with anti-caspase-3 (A). The entire sections were scanned
using DotSlide acquisition program (Soft Imaging System, Olympus, Tokyo, Japan) on DotSlide
BX51 Olympus light microscope (Olympus) at 20X magnification. Scanned sections were
visualised using OlyVIA software (Olympus Viewer for Imaging Applications) where images of
the entire tumours or 6 random regions at 10X or 20X were obtained for analysis using analySIS®
software (Soft Imaging System, Olympus). Phase colour analysis was performed for all images
using pixels to define the different phases: viable nuclei were defined as blue-counterstained
nuclei, apoptotic nuclei were defined as brown-stained nuclei from DAB deposition and necrotic
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areas were defined as faint blue areas, which lack appropriate nuclear morphology. Phase analysis
produced the percentage of viable, apoptotic and necrotic phases to the total area of the analysed
tumour. Scale bars on entire tumour images (first row) represent 2mm of actual length except for
tumours treated with 1/4 dose 1d chemotherapy at 72 and 96h where it was 1mm. Scale bars on
images from the 10X magnification (second row) and the 20X magnification (third row) were
200pum and 100pum, respectively. Shown are representative images from one half of an entire
tumour of a group of three tumours at each time point for each treatment group. Magnified images
are 1 of 6 randomly selected images at each magnification from that selected half. (B) Apoptotic
index was calculated as the percentage of apoptotic cells in the total area to the percentage of viable
cells in the total area. Each tumour was analysed first using all magnifications and all randomly
selected areas and an average value calculated for that tumour. Data shown are the mean+SEM
from 3 mice at each time point for each treatment group calculated from the representative average
for each tumour analysed as above. (C) The percentage of necrotic areas to the percentage of viable
areas was calculated to represent percentage of necrosis at each time point using the different
treatments as described above. Data shown are the mean+SEM from three mice for each treatment
group. Similar values were obtained from analysis of H&E sections (data not shown) however, for

simplicity only analysis of necrosis from immunohistochemistry (IHC) sections is shown.

Figure 52 depicts that radioimaging of B6 mice bearing EL-4 tumour. B6 mice were injected with
EL4 cells in the right hindquarter and tumours were grown for 7 days when the mice were left
untreated (control) or treated with 1/8 dose 1d or 1/4 dose 1d chemotherapy. Chemotherapy was
administered 24h before 111In-Apomab was injected i.v. to all mice at time Oh. Mice were killed
by inhalation of isofluorene at 3h, 24h, 48h and 72h (#=3) after radioimmunoconjugate injection
and imaged using a GE Millennium clinical gamma camera. (A) Representative images are shown
for the three treatment groups at the 4 time points investigated. Gray scale images are shown to the
left of colour map images, which were prepared using ImageJ® image analysis software (v. 1.37,
NIH, USA). Regions of interest (ROI) 1 and 2 were drawn based on colour map images and
correspond to the contours of mouse body and tumour, respectively. The average of pixels in the
ROI and the area of the ROI were produced by the image analysis software and Apomab
accumulation was calculated as the average pixels in the ROI standardised to area of the ROI. (B)
accumulation (pixels/ROI) for region 2, and (C) accumulation (pixels/ROI) for region 1. Inset
(panel B), control tumour at 72h after injection of 111In-labelled Apomab. Tumour was cut in half
and the two halves imaged using the gamma imager. Dotted lines represent the outline of each
tumour half to show that reactioactivity accumulated in the centre of the tumour only.

Figure 53 depicts that biodistribution of Apomab in mice used for radioimmunoimaging. After
image acquisition using the GE Millennium gamma camera, mice were dissected to collect organs
for radioactivity counting on a gamma counter. Data in the upper row of panels are shown as
%ID/g+SEM (n=3) at the specified time points for control untreated mice, and mice treated with
1/8 1d and 1/4 1d chemotherapy regimens. Tumour accumulation was fitted to a one-phase
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exponential association model by GraphPad Prism®. Mice were killed by isofluorene inhalation,
rather than cardiac bleeding and cervical dislocation, which explains the unusually high blood pool
accumulation of Apomab in the kidneys, liver, spleen, heart and lungs. The average accumulation
in these organs was calculated and the total is presented in the lower row of panels for each
treatment regimen. Again, the accumulation in these organs fitted a one-phase exponential decay
model, which was identical to the blood clearance rate reported for Apomab above.

Figure 54 depicts that Apomab radio-immunoimaging in control and CE-treated EL4-tumour
bearing mice. B6 mice were injected with EL4 cells in the right hindquarter and tumours were
grown for 7 days when the mice were left untreated (control) or treated with 1/8 dose 1d or 1/4
dose 1d chemotherapy. Chemotherapy was administered 24h before 111In-Apomab was injected
i.v. to all mice at time Oh. Mice were killed by inhalation of isofluorene at 3h, 24h, 48h and 72h
(n=3) after injection of radioimmunoconjugate and imaged using a GE Millennium clinical gamma
camera. The average number of pixels in the ROI and the area of the ROI were produced by the
image analysis software (see Figure 52) and Apomab accumulation was calculated as the average
number of pixels in the ROI standardised to area of the ROIL (A) Accumulation (pixels/ROI) for
region 2 over 72h after Apomab injection (i.e. 96h after chemotherapy injection). (B) Maximum
accumulation was obtained from the fitted one-phase exponential association curve (A) using
GraphPad Prism™ software and plotted for each treatment as Max. pixels/area.

Figure 55 depicts that Apomab biodistribution in control and CE-treated EL4-tumour bearing
mice. After image acquisition using the GE Millennium gamma camera, mice were dissected to
collect organs for radioactivity counting on a gamma counter. (A) Tumour accumulation is shown
as %ID/g+SEM (n=3) at the specified time points for control untreated mice, and mice treated with
1/8 1d and 1/4 1d chemotherapy regimens. Tumour accumulation was fitted to a one-phase
exponential association model by GraphPad Prism® to produced the maximum accumulation
values shown in (B) as Max. %ID/g+SEM.

Figure 56 depicts that apoptosis in control and CE-treated EL4 tumours. B6 mice bearing EL-4
tumours (125mm”) were left untreated or treated with 1/8 or 1/4 dose chemotherapy at time 0. Mice
were killed at specified time points (#»=3) and tumours were fixed in 10% formalin in PBS. Each
tumour was cut symmetrically and each half embedded in paraffin and sectioned. Sections were
stained with H&E (data not shown) or for caspase-3 activation as a marker of apoptosis (Figure
51). Tissue sections were scanned in their entirety using the DotSlide acquisition program (Soft
Imaging System, Olympus, Tokyo, Japan) on DotSlide BX51 Olympus light microscope
(Olympus) at 20X magnification. Scanned sections were visualised using OlyVIA software
(Olympus Viewer for Imaging Applications) where images of entire tumours or 6 random regions
at 10X or 20X were obtained for analysis using analySIS® software (Soft Imaging System,
Olympus). Phase colour analysis was performed for all images using pixels to define the different
phases: viable nuclei were defined as blue-counterstained nuclei and apoptotic nuclei were defined
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as brown-stained nuclei from DAB deposition. (A) The Apoptotic Index was calculated as the
percentage of apoptotic cells in the total area to the percentage of viable cells in the total area. Each
tumour was analysed first using all magnifications and all randomly selected areas and an average
value calculated for that tumour. Data shown are the mean+SEM from 3 mice at each time point
for each treatment group calculated from the representative average for each tumour analysed as
above. (B) A Cumulative (96h) Apoptotic Index (=SEM) was created by using GraphPad Prism®
software to measure the area un

Figure 57 depicts that necrosis in control and CE-treated EL4 tumours. As in Figure 56, phase
colour analysis was performed for all images using pixels to define the viable nuclei as blue-
counterstained nuclei and necrotic areas as faint blue areas that lack appropriate nuclear
morphology. The Necrotic Index was calculated as the percentage of necrotic areas to the
percentage of viable areas at each time point for each treatment. (A) Data shown are the
mean+SEM from three mice for each treatment group. Similar values were obtained from analysis
of H&E sections (data not shown) however, for simplicity only analysis of necrosis from
immunohistochemistry (IHC) sections is shown. (B) A Cumulative (96h) Necrotic Index (+SEM)
was created by using GraphPad Prism® software to measure the area under the curve (AUC) (A).

Figure 58 depicts that correlation of Apomab accumulation to apoptotic cell death. Accumulation
measured as the maximum %ID/g from gamma counting (Figure 54) or the maximum pixels/area
from gamma radioimaging (Figure 55) were plotted as a function of cumulative apoptosis index
(A) calculated from Figure 56 or as a function of cumulative necrosis index (B)calculated from
Figure 57. (C-E) are representative gamma camera images of control, 1/8 1d and 1/41d CE-treated
mice, respectively. Representative IHC sections are shown below where activated caspase-3 was
stained using DAB(brown) and viable nuclei were conterstained (blue). Necrotic areas were
characterised as areas without proper nuclear or cellular morphology. The IHC sections were
subjected to colour phase analysis using analySIS software(lower panels) to calculate the
percentage of apoptotic nuclei (green) to viable nuclei (red)and the percentage or necrotic areas
(black) to viable areas (red).

Figure 59 depicts that tumour mass and volume for control and chemotherapy-treated EL4
tumours. C57 mice were injected with EL4 cells on day 1, 2, 3, 4 or 5 and on day 7 mice were left
untreated or treated with half dose (1/8 1d) or full dose (1/4 1d) CE chemotherapy. All mice were
killed on day 10 and tumour volume (A) and mass (B) were determined and plotted as a function of
days since tumour implantation (days of growth, e.g. for tumours injected on day 1 and killed on
day 10 the days of growth are 10 days and ones injected on day 2 and killed on day 10 the days of
growth are 9 days). Control mice with tumours grown for 6 days, half chemo-treated mice with
tumours grown for 8 days and full chemo-treated mice with tumours grown for 10 days were
selected as size-matched tumours for comparison. (C) Photograph of selected tumours (D) volume
and mass of selected control mice (clear bars), half chemo-treated mice (grey bars) and full chemo-
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treated mice (black bars). Data is the mean+SEM (n=3).

Figure 60 depicts that radioimaging of 111In-Apomab in EL4 tumour-bearing mice. Gamma
camera images are shown for control and chemotherapy t