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Summary
ImmuneFx™ is an immunotherapy based on tumor cells transfected with the gene encoding Emm55, a
Streptococcus pyogenes serotyping antigen. The ImmuneFx cancer vaccine was tested in 7 canine lymphoma patients
with naturally-occurring disease. Humoral immunity was assessed by both PAGE Western blot analysis and
quantitative Western dot-blot immunoassays. Cell-mediated immunity to autologous and allogeneic tumor cells was
assessed by CTL assays. Clinical response was assessed by standard measurement criteria, and internal lesions were
monitored by ultrasound. All dogs exhibited no adverse side-effects from the vaccine; developed an antibody
response to the ImmuneFx priming antigen; and developed an antibody response to multiple autologous tumor cell
antigens and tumor cell antigens from all other canine breeds on the trial. Furthermore, all dogs showed significant
CD8+-mediated cellular cytotoxicity specific to their own tumor cells but also demonstrated the presence of CD4+
effector cells in the expanded lymphocyte population. The cytotoxic activity against the allogeneic target was
attributable to the activity of CD4+ effector cells. While all dogs showed positive clinical response to varying
degrees, a therapeutically significant anti-tumor response was elicited against the slower growing indolent
lymphoma. In this one dog (Golden Retriever), a pre-study abdominal ultrasound revealed mesenteric
lymphadenopathy and that her spleen was coarse in echotexture and echogenicity with ill-defined nodular lesions.
After 12 vaccine doses over 5 months, a post-vaccination ultrasound was unremarkable, with no abnormalities
noted in the spleen and no mesenteric lymphadenopathy in evidence. Continued clinical evaluation reports reveal
that no new lesions have been observed from the onset of the vaccine regimen, and all previous lesions have
regressed. These results support the safety and anti-tumor response of the ImmuneFx cancer vaccine in dogs with
naturally-occurring lymphoma and suggest that the same response would be similar in other veterinary cancers.

common cancer diagnosed in dogs. The annual incidence
rate seems to be rising from 33 in 100,000 dogs (Teske,
1994) to 114 cases per 100,000 (Dobso et al, 2002).
Although any age dog can be affected, the average age of

I. Introduction
Canine lymphosarcoma or lymphoma is a highly
aggressive hematological tumor (either B or T
lymphocytes) (Wilkerson et al, 2005) and is the third most
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dogs with lymphoma is between 6-9 years. Breeds such as
Boxers, German Shepherds, Golden Retrievers, Scotties
and Pointers are more likely to develop this type of cancer,
yet males and females are equally at risk. Chemotherapy is
the current treatment of choice; however, recurrence and
multi-drug resistance are common (Simon et al, 2008).
Cancer vaccines and other immunotherapies act by
activating the immune system to fight tumor cells in either
a specific or non-specific manner. The mechanism of
action differs with different types of therapy (QuintinColonna et al, 1996; Dow et al, 1998; Hogge et al, 1999).
ImmuneFx acts by providing a priming action for the
immune system which initiates an immune response that is
specific to the patient’s tumor cells. This can be better
understood when viewed from the perspective of the
immune system. All cells have unique proteins or markers
on their surface termed antigens, and many cancer cells
make tumor-specific antigens (Anderson et al, 2003).
Unfortunately, sometimes tumor antigens are “hidden”
from the immune system and the body is unable to make
an effective immune response against what it recognizes
as "self". When this happens, tumors are said to escape
immune surveillance. The goal of cancer immunotherapy
is to educate the immune system to recognize these
cancer-specific antigens and then reject any cell which
bears them (Boon and Bruggen, 1996). Normally, foreign
antigens are recognized by antigen-presenting cells, which
then activate both arms of the immune system; humoral or
antibody mediated, which is orchestrated by B cells and
cell-mediated, which is orchestrated by T cells (Suto and
Srivastava, 1995). Thus, the optimum strategy would be to
design an immunotherapy which would make tumors
appear ‘foreign’ so the immune system will recognize
them as such, resulting in a tumor-specific immune
response, which would eradicate the malignant cells.
ImmuneFx was designed to provide the ‘foreign’ antigen
which initiates a tumor-specific immune response.
The priming antigen, Emm55, is a serotyping protein
(Lancefield, 1962) normally expressed on the surface of
the bacterium, Streptococcus pyogenes and is highly
antigenic but not rheumatogenic (Boyle et al, 1994;
Hollinghead et al, 1994; Cunningham et al, 1997). To
create the vaccine, the gene encoding the Emm55 antigen
is introduced into the patient’s autologous tumor cells in
the form of DNA plasmid by in vitro transfection. The
successfully targeted tumor cells express the Emm55
antigen both intracellularly as well as on the surface of the
cells. Prior to using these targeted cells in the patient, the
cells are ! irradiated to inhibit proliferation in vivo. Since
the Emm55 antigen is expressed on the surface of the
tumor cells, it acts as a signal to the recipient’s immune
system to activate. In this way, a strong immune response
is directed to the tumor in a way that was not possible
before.
While
many
immunotherapies
utilize
immunopotentiators such as protein, bacterial, viral,
chemical or naked DNA adjuvants which can evoke an
immune response, the response is not necessarily directed
toward tumor cells or subpopulations of tumor cells
expressing minor antigenic variants. This point is worth
emphasis. Although each tumor, regardless of its tissue of
origin, probably begins by the clonal reproduction of a

single cell, additional changes eventually give rise to an
amazing diversity of different sub-clones and as such are
antigenic variants. Once under the selective pressure of the
host’s immune response, low antigenic variants gain
advantage over sub-clones which express fewer or more
immunogenic molecules. The less immunogenic and the
lower the density of the tumor-associated antigens on the
cell surface, the more likely the tumor cells will fall below
the threshold of immune detection and become invisible to
host surveillance. Although some of the tumorogenic subclones may be destroyed using conventional therapies and
some methods of immunotherapy, rarely are all the
different sub-clones killed. It is reasonable to postulate
that a cross section of tumor cells from each cancer patient
would serve as a more effective vaccine because each
tumor cell carries its own complete complement of tumor
antigens. This means that tumor cell variants, such as
radio- or chemo-resistant variants, would be specifically
targeted by the immune response primed by the Emm55
antigen if they were used as the basis for the vaccine. And,
since these variant cells are usually the cells that are
responsible for relapses, metastases and eventual demise
of the cancer patient, it is critical that these variants are
specifically targeted with an effective therapy, in
particular, ImmuneFx.
The purpose of this study was to assess the safety
and tolerability of ImmuneFx and to test its ability to
initiate a tumor-specific immune response in patients with
canine lymphosarcoma. As expected, ImmuneFx elicited a
tumor-specific immune response (both humoral and cellmediated) in all the canine patients with lymphosarcoma
and produced no toxic side effects.

II. Materials and Methods
A. Original gene cloning and vector synthesis
The parental vector, pJLA602, (kindly provided by Dr.
Michael Boyle) was isolated and purified from E. coli DH5!
(Boyle et al, 1995) using standard techniques (Sambrook et al,
1989). The emm55 cDNA was excised using the restriction
endonucleases Bam HI and Eco RI and ligated into similarly
digested pcDNA3, a mammalian expression vector that in
addition to features common to other such vectors, contains a neo
gene for the selection of stably transfected cells. The ligation
reactions were used to transform competent E. coli JM109 cells.
Cultures were selected on LB agar plates supplemented with
ampicillin. Purified plasmid DNA from three clones was
analyzed by restriction endonuclease digestion and agarose gel
electrophoresis. A single clone was selected and a restriction map
was generated using Pst I, Hind III, Nde I, Eco RV, Bam HI, Eco
RI and Xba I. The restriction analysis confirmed the successful
sub-cloning of the complete emm55 gene into pcDNA3
(pcDNA3/emm55).

B. Production of plasmid vector DNA
Laboratory scale production of the pcDNA3/emm55
plasmid was carried out by allowing frozen cultures of emm55transformed E. coli (strain, JM109) to thaw on ice for 5-10
minutes. To ensure single colonies, 50 "l of the bacterial
suspension was spread onto five 100 mm diameter LB agar plates
supplemented with 50 "g/ml of ampicillin which were then
incubated at 37oC overnight. Following overnight growth, single
colonies were harvested, placed in 5 ml of LB broth
supplemented with 50 "g/ml of ampicillin and grown overnight
at 37oC in a shaker incubator. A loop of culture was then streaked
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onto fresh LB/amp agar plates for future reference. Small
quantities of the pcDNA3/emm55 plasmid DNA were prepared
using Qiagen’s Spin Miniprep Kit (Valencia, CA) according to
the manufacturer’s instructions/protocol. Briefly, overnight
cultures were centrifuged (3,000 rpm) and the supernatant
discarded. The resulting bacterial pellet were resuspended in 250
"l of the buffer provided and placed in a microcentrifuge tube.
To this suspension, 250 "l of a lysis buffer (lyseblue) was added
and the suspension thoroughly mixed by inverting the tube 4-6
times. Following mixing, 350 "l of a provided buffer was added
and mixed and the lysed bacterial suspension was placed in a
table top microcentrifuge and centrifuged for 10 minutes at
13,000 rpm. The supernatant was then harvested and applied to
QIAprep spin column and centrifuged (13,000 rpm) for 10
seconds. The flow-through was discarded. The spin column was
washed in the provided buffer, again discarding the flowthrough. To elute the plasmid DNA, the spin column was placed
on top of a fresh microcentrifuge tube and 50 "l of elution buffer
was added. The tube was incubated at room temperature for 1
minute, and then centrifuged (13,000 rpm). The eluted plasmid
preparations was collected and stored at -80oC until required.

• Patients with a life-threatening illness unrelated to cancer
are excluded.
• Patients with an additional uncontrolled or active illness;
other than lymphoma are excluded.

E. Preparation
conditioned medium

of

canine

leukocyte

Canine peripheral blood mononuclear cells from normal
donors were cultured at a cell concentration of 2x106/ml in15 ml
of RPMI containing 5% FBS and 1ug/ml phytohemagglutanin.
Cell cultures were then incubated at 370C for 48 hours in a
humidified atmosphere of 5% CO 2 in air. Following the
incubation, the cell suspension was harvested, centrifuged (2,500
rpm for 15 minutes) and the supernatant collected. The cell-free
supernatant was then filtered (Millipore) through a 0.22"m
membrane and stored at 40C until required.

F. Transfection of canine lymphoma tumor
cells
Patients complying with the entry criteria were invited to
enter the study following the owner’s informed consent. Patients
were subjected to complete medical, physical, hematologic and
biochemical examinations (Cell Blood Count, Serum Chemistry
Panel, and Urinalysis) and diagnostic imaging (thoracic
radiographs and abdominal ultrasound) to document general
fitness and stage the disease to proceed with the trial.
For the production of the canine lymphoma vaccine, tumor
tissue was collected via fine needle aspiration from affected
lymph nodes at diagnosis and deposited into sterile tubes
containing tissue culture media supplemented with fetal bovine
serum. Lymphoma cells isolated from tumor samples were
transfected with the pcDNA3/emm55 plasmid by electroporation.
Cells expressing the Emm55 antigen were selected in the
presence of G418 and canine lymphocyte conditioned medium
and expanded to the required cell concentration. Prior to use, the
transfected cells were # irradiated (10,000 rads, 30 minutes) then
stored in liquid nitrogen in 2 ml DMEM supplemented with 10%
DMSO and 20% FBS.
Prior to beginning the actual clinical study, vaccine was
produced from tumor samples of 5 dogs with confirmed cases of
lymphoma in order to test the robustness of the vaccine
production procedure. The same protocol was followed to
produce vaccine for these 5 dogs and the 9 dogs enrolled in the
trial. Electroporation conditions and efficiencies for each dog are
shown in Table 2. The number of tumor cells present in the
tissue biopsies ranged from 1.2x106 to 2.7x108. In all cases, there
were sufficient cells to produce vaccine. Cells expressing the
Emm55 antigen were selected in the presence of G418 and
canine lymphocyte conditioned medium and expanded to the
required cell concentration. Seven days post-transfection,
Emm55 expression was determined by immuno-fluorescence.
From the time the biopsy was performed, it took an average of 14
days to produce sufficient cells for at least 4 vaccine doses.

C. Analysis of plasmid DNA
Purity, concentration and yield of plasmid DNA was
determined using standard spectrophotometric methods and as
described (Farrell, 1993). Briefly, the concentration and purity of
the DNA was estimated using a Beckman dual beamspectrophotometer and a nucleic acid program module. The
concentration of the nucleic acid is given by:
[DNA] "g/ml = A260 x Dilution x Expansion coefficient of DNA
Purity of the plasmid preparations are taken from the ratio
of the OD260/280 reading. For the purposes of future trials,
DNA should have an OD reading of 2.0 +/- .02 as determined by
these methods. To further assess the purity of the plasmid, all
plasmid preparations were subjected to agarose gel
electrophoresis using Ambion’s Northern Max protocol. Briefly,
1% agarose plus ethidium bromide was used in a horizontal minielectrophoresis cell. The gel was loaded with 20 "l of sample
plus an equal volume of glyoxal loading dye. The gels were run
using 5 V/cm (85 V for 90 minutes).

D. Patient recruitment protocol
For either enrollment in or exclusion from this study,
patients were required to meet the following criteria:
• Patients must have histologically or cytologically
confirmed evidence of multi-centric lymphoma.
• Patients must not have had chemotherapy or wide field
radiotherapy prior to beginning protocol therapy and no
immunosuppressive therapy, including corticosteroids.
• Patients can be any canine breed, age, sex in otherwise
good health.
• Patients must have staging diagnostic.
• Patients must have normal organ and marrow function.
• Patients must have an owner with the ability to
understand and the willingness to sign a written informed
consent document and comply with the protocol.
• Patients who have had chemotherapy, radiation therapy,
or corticosteroid therapy prior to entering the study are excluded.
• Patients may not be receiving any other investigational
agents.
• Patients with a history of allergic reactions attributed to
compounds of similar chemical or biologic composition to
Streptococcus pyogenes are excluded.

G. ImmuneFx administration and clinical
testing
Immediately before administration of the vaccine,
heparinized blood (20 ml) was drawn for in vitro immunological
studies and for clinical pathology (full blood count and clinical
chemistry). A urine sample was obtained for urinalysis for
protein and blood. The disease was restaged in accordance with
current guidelines. All vaccine doses were administered
intravenously at a cell concentration of 1x107 in a volume of 2
ml. Patients were monitored immediately following injection by
veterinary staff and overnight for side-effects compatible with an
anaphylactic or other reaction to the to vaccine (vomiting,
diarrhea, collapse, shock). Any reaction was treated immediately.
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Table 1. Summary of patient information and timeline of protocol administration in the ImmuneFx canine
lymphoma study. ImmuneFx autologous vaccine was successfully created for and administered to all dogs in the study.
Trial endpoints were met for all patients.
Breed
1. Bulldog
2. Golden Retriever
3. Dachshund
4. Vizsla
5. Greyhound
6. Welsh Corgi
7. Chow Chow

Age
(yrs)
5
11
7
4
10
10
10

Sex
Male
Female
Male
Male
Female
Male
Male

Weight
(Kg)
28.2
37.7
6.2
28.4
32.2
16.4
20.5

Disease
Stage
3a
4
3a
4/5
4/5
4
4

Vaccine
Produce
YES
YES
YES
YES
YES
YES
YES

Weekly
doses
2
9
5
7
7
4
4

Monthly
Doses
0
12
0
3
1
0
0

Immune Response
Humoral
CMI
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Table 2. Clinical outcome of ongoing canine study. Autologous ImmuneFx cancer vaccine was administered to canine
lymphoma patients of various breeds. The time from biopsy to vaccine administration; vaccine administration to
chemotherapy (when administered); diagnosis to outcome; diagnosis to outcome; first vaccination to outcome and the
number of days survival attributable to vaccine are shown for each patient. For dogs not receiving chemotherapy, survival
attributable to vaccine was calculated by subtracting the days survived beyond the outer limit of expectation (28 to 42
days) from diagnosis to outcome. For dogs receiving chemotherapy, survival attributable to vaccine was calculated by
subtracting the days survived beyond the outer limit of expectation (42) from time of chemotherapy (days not shown) to
outcome. The outcome for each patient is listed as NCRE (non-cancer related euthanasia); CRE cancer related euthanasia
or ongoing (the patient is still being evaluated). The effect on survival is survival time attributable to vaccine plus 42
divided by the outer limit of expectation (42). The study is ongoing with respect to the Golden Retriever. Note: NAD = not
able to determine.
Patient
number and
Breed
1. Bulldog
2. Golden
Retriever
3. Dachshund
4. Vizsla
5. Greyhound
6. Welsh Corgi
7. Chow Chow

Biopsy to
Vaccine
#1 (days)

Vaccine #1
to chemo
(days)

Diagnosis
to outcome
(days)

Vaccine #1 to
outcome (days)

Survival
Attributable to
Vaccine (days)

24
16

-

50
647+

26
555+

8
Ongoing

15
21
18
33
26

0
52
0
33

74
190
212
90
86

39
168
126
57
48

YES
YES
YES
YES
YES

Outcome

Effect on
Survival

NCRE
Ongoing

NAD
Ongoing

CR?E
NCRE
CRE
CRE
CRE

~2X
NAD
~3X
NAD
~2X

A summary of the patient information prior to entering the
clinical protocol is shown in Table 1. Seven dogs were enrolled,
each representing a different breed (Bulldog, Golden Retriever,
Dachshund, Vizsala, Greyhound, Welsh, Corgi and Chow
Chow). The dogs aged from 4 years to 11 years and there were a
mixture of sexes (2 female and 5 male). All the dogs presented at
the time of treatment with late stage disease (stage 3 through
stage 5). Owners of the dogs were offered conventional
treatment, chemo/radiation, or experimental immunotherapy
treatment with ImmuneFx. Owners were also told that at anytime
on the experimental protocol they could remove their dogs from
the ImmueFx protocol and request that their pet be put on the
Wisconsin Protocol. Table 1 also shows that an autologous
vaccine was manufactured for each dog. All the dogs received
the vaccine intraveneously weekly for 4 weeks and then monthly
thereafter. The two dogs that did not receive monthly doses of
autologous vaccine (Dachshund and Bulldog) did not survive
their disease and died just prior to receiving monthly vaccine
doses. All dogs were shown to have generated both a humoral
and cellular immune response to the autologous tumor cells.

H. Safety and tolerability
Safety and Tolerability of ImmuneFx was monitored
according to the following toxicity guidelines used by the
National Cancer Institute:
Grade 0: No adverse effects;
Grade 1: Mild symptoms: responsive to drugs and
appropriate supportive measures, for example, mild fever,
nausea, diarrhea, mild respiratory complications and/or mild
respiratory distress that respond clinically to treatment
Grade 2: Moderate symptoms: responsive to drugs and
appropriate supportive measures. Moderate signs/symptoms are
similar to Grade 1, except they are moderate in nature
Grade 3:Severe symptoms: non-responsive to drugs and
persisting for more than 24 hours. These sign/symptoms are
criteria for pausing the study. For example, cardiac arrhythmia,
certain infections, severe immunological or anaphylactic
reactions and other severe but non-life-threatening system
complications
Grade 4: Life-threatening events: These signs/symptoms
are criteria for stopping the study. For example, high fever for
more than 72 hours after ImmuneFx delivery that is insensitive to
anti-pyretics and not attributable to other causes and other
extreme symptoms not attributable to other etiology
Grade 5: Fatal event

I. Evaluation of emm55 gene expression in
transfected canine lymphoma cells
Expression of Emm55 was evaluated using two methods.
First, transfected tumor cells were analyzed using flow
cytometry. Anti-Emm55 murine monoclonals 8F-10; 25C and
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15$3 used in these assays were provided by Dr. M. Boyle.
Transfected canine lymphoma cells were incubated with primary
antibody, at 40C, for 60 minutes. Following incubation with the
primary antibody, cells were washed 3 times in incomplete
IMDM. Primary labeled lymphoma cells were resuspended and
then incubated with a FITC-labeled rabbit anti mouse IgG (heavy
and light chain) at 4oC for 30 minutes. Again the labeled cells
were washed 3 times and finally resuspended in incomplete
IMDM. Labeled cells were then analyzed for Emm55 antigen
expression using a BD, FACSCalibur flow cytometer (BD
Biosciences, CA). For the detection of intracellular antigens by
either flow cytometry or immunofluorescence, cells were fixed
and permeabilized using CalTag Laboratories Fix and Perm
reagent. These reagents are intended for the fixation and
permeabilization of cells in suspension. The protocol facilitates
the intracellular localization of both unlabeled and fluorochromelabeled antibody without interfering with the morphological
scatter properties (both forward and side scatter) of the cell
population and therefore allows for intracellular antigen analysis
as well as cell surface antigen expression. The procedure
followed was as directed by manufacturer’s instructions. Briefly,
transfected lymphoma cells were with the required concentration
of primary antibody, mixed gently and incubated for 15 minutes
at room temperature. Following incubation with the primary
antibody, 100 "l of the fixative reagent was then added and the
cells were incubated for a further 15 minutes at room
temperature. Following this incubation the cells were washed
once in PBS + 0.1% NaN 2 +5% FBS and centrifuged at 350 x G
and the supernatant removed. To the pellet was added 100ul of
the supplied permeabilization media in conjunction with the
required concentration FITC-labeled secondary antibody. The
cells were gently mixed and incubated at room temperature for a
further 20-to-25 minutes. Following this incubation the cells
were again washed once in PBS + 0.1% NaN2 +5% FBS, the cell
pellet was resuspended in IMDM. The cell suspension was either
subjected to cyto-centrifugation and cells examined by
fluorescent microscopy or by FACS analysis.
Western blot analysis, a semi-quantitative measurement,
was used to evaluate expression of the Emm55 protein in tumor
cells and to monitor the development of antibodies to Emm55
and tumor cell antigens produced in vaccinated animals. In this
assay, 5x106 total tumor cells were lysed using 1 ml of a
mammalian lysis buffer (Mammalian Cell-PE LB, Geno-Tech,
St. Louis, MO). The cell lysates were then clarified by
centrifugation and the supernatant harvested and stored. The
lysates were subjected to 10% SDS-Polyacrylamide gel
electrophoresis at 200 V for 45 minutes. Transfer of the
separated proteins from the gel to PVDF membrane was carried
out using a BioRad Semi-dry Transfer System at 100 mA for 60
minutes. Following transfer the blot/PVDF membrane was
washed overnight using 100 ml of TTBS with 1% non-fat dried
milk. The PVDF/blot was then transferred to a glass
hybridization tube and 15 ml of anti Emm55 monoclonal
antibody (clone 25C3) at a dilution of 1:5,000 was added. The
PVDF/blot was then incubated and rotated in a hybridization
oven at 37oC for 30 minutes. After this incubation step, the
PVDF/blot was washed 3 times in 15 ml of TTBS buffer.
Following the final wash, 20 ml of a 1:20,000 dilution of a sheep
anti-mouse IgG (horseradish peroxidase labeled) was added and
the PVDF/blot incubated for a further 30 minutes at 37oC. The
PVDF/blot was then washed 3 times in TTBS. Detection of the
bound antibody was carried out using Amersham’s ECL Western
Blotting Analysis System in accordance with the manufacturer’s
instructions. Labeled bands were detected by placing the
PVDF/blot on an X-ray film and exposing the film for varying
times depending on the signal strength of the blot.

J. Evaluation of humoral immune response in
dogs vaccinated with ImmuneFx
The development of humoral responses in the dogs under
study was followed by PAGE Western blot as previously
described and quantitatively by a western dot blot procedure. As
stated earlier, immediately before administration of the vaccine,
heparinized blood (20 ml) was drawn for in vitro immunological
studies and for clinical pathology (full blood count and clinical
chemistry). The blood sample was transferred to a 50 ml tube and
subjected to centrifugation (2,500 rpm) for 25 minutes.
Following centrifugation, the plasma was removed and dispensed
into a sterile 15 ml conical tube, the buffy coat was also carefully
removed in a maximum of 5 ml volume from the cell pellet and
dispensed into a 15 ml conical tube. To the cell suspension was
added 10 ml of RPMI 1640 medium supplemented with FBS (5%
v/v). Peripheral blood leukocytes were enriched using a one-step
Ficoll gradient. Peripheral blood leukocytes were layered onto a
Ficoll density gradient and centrifuged for 45 minutes at 3,000
rpm. Following the centrifugation step, the lymphocyte-enriched
cell population was harvested from the layer of cells suspended
at the interface of the gradient and media, these cells were
washed twice and finally stored in liquid nitrogen in a storage
media supplemented with 10% DMSO and 20% FBS until used
in in vitro cellular cytotoxicity studies.

K. Quantitative dot blot analysis for
determining the humoral response of canines to
vaccination
The dot blot analysis was carried out as follows: Prior to
use the nitrocellulose membrane was equilibrated in TBS for 10
minutes. Following equilibration, the membrane was placed in
the BioRad Dot Blot Apparatus according to manufacturer’s
instructions. In each well was added autologous canine
lymphoma cell lysate at a predetermined protein concentration
and a vacuum applied. Once the antigen was applied to the dot
blot, the membranes were then blocked using 200 "l of 0.002%
BSA in TBS. Following the blocking step, the membranes were
washed twice with TTBS applying vacuum after each wash. Two
fold dilutions were made of the canine sera ranging from 1:20-to1:10,240 using 0.002% BSA in TBS. The dilutions were applied
to the wells (2 wells/dilution) and allowed to filter through the
nitrocellulose by gravity at room temperature for 30-45 minutes.
After the incubation with the test serum, the membranes were
washed three times with TTBS, applying the vacuum between
each washing step. A 1:1,000 dilution of the HRP-labeled
secondary antibody (goat-anti canine IgG) was then applied to
the membrane and allowed to filter by gravity for 30-40 minutes.
Again, following the incubation with the secondary antibody the
membrane was washed twice with TTBS, applying vacuum after
each wash. The membranes were then removed from the
apparatus and incubated with 10 ml of 4-chloro-1-napthol
supplemented with 20 "l of hydrogen peroxide. After spots
developed, a photo of the membrane was taken and the
concentration of the antibody expressed at the highest dilution to
give a reaction was recorded.

L. Evaluation of the cellular immune
response of canine lymphocytes to autologous
tumor cell targets
The cellular immune responses to autologous tumor cells
were evaluated using a non-isotopic-based CMI assay (CytoTox
96®, Promega, Madison, WI) according to manufacturer’s
instructions. Briefly, suspensions of Ficoll-purified canine
peripheral blood lymphocytes were prepared from the test
samples. The cells were resuspended in RPMI 1640
supplemented with 10% FBS, 2-mercaptoethanol, and HEPES.

831

Lawman et al: Anti-tumor response induced by autologous cancer vaccine in canine lymphoma
The lymphocytes, at 5x106 cells/well, were then incubated with
stimulator cells (2x105 autologous tumor cells treated with 100
"g/ml mitomycin C for 30 minutes at 37oC). Plates were then
incubated at 37oC in a humidified 5% CO 2 atmosphere for 6-to-7
days to expand tumor-specific effector cells. To measure
cytotoxicity against tumor cell targets, effector cells were
harvested following in vitro stimulation for 6-to-7 days and
incubated with target cells at various effector-to-target ratios in a
short term cytotoxicity assay (4 hours).

lymphoma. In fact, she had presented originally with
enlarged lymph nodes 1 year prior to entering the study.
At the time she received the first vaccine dose, she was
diagnosed with disseminated stage 4 multi-centric indolent
intermediate-size lymphoma, which was confirmed by
flow cytometry. Similar to the remaining dogs in the
study, she exhibited no adverse side-effects from the
vaccine. Furthermore, like the other dogs on the trial, she
developed a highly significant antibody response to the
ImmuneFx priming antigen and tumor cell antigens as well
as a strong cellular response to autologous tumor cells and
tumor cells from all other canine breeds on the trial.
In this one dog (Golden Retriever), a pre-study
abdominal
ultrasound
revealed
mesenteric
lymphadenopathy and that her spleen was coarse in
echotexture and echogenicity with ill-defined nodular
lesions. After 12 vaccine doses over 5months, a postvaccination ultrasound was unremarkable, with no
abnormalities noted in the spleen and no mesenteric
lymphadenopathy in evidence. Continued clinical
evaluation reports reveal that no new lesions have been
observed from the onset of the vaccine regimen, and all
previous lesions have regressed.

III. Results
A. Clinical assessment of ImmuneFx in
dogs with lymphoma
Although clinical response was not a primary
endpoint of this study, patients with measurable disease
were assessed by standard criteria involving the
measurement of the size of peripheral lymph nodes.
Internal lesions were monitored by ultrasound. The data in
Table 2 summarizes the clinical outcome of the trial. Due
to an episode of dietary indiscretion, the Bulldog
developed a severe case of food poisoning and was
humanely euthanatized before the end of the study. At the
request of the owners, two dogs, the Vizsla and the Corgi,
were administered chemotherapeutic agents alongside the
vaccine from day 1. As the data show (Figures 1-4), these
dogs made significant humoral and cell mediated
responses during the time of the chemotherapy treatment.
No conclusions can be drawn as to the effect that the
vaccine may have had in influencing the overall length of
their survival. However, the chemotherapy received by 2
other dogs was administered later, at day 52 postvaccination for the Greyhound and day 33 postvaccination for the Chow. By taking the outer limit of their
expected survival time at diagnosis, the data is suggestive
of extended survival rates between 2 and 3 times normal
life expectancy. The patient still being followed, the
Golden Retriever, had a slower growing indolent form of

B. Transfection efficiency of canine
lymphoma with pcDNA3/emm55
The tumor cells recovered from the biopsies ranged
from 1.2x106 to 2.7x108, with an average cell count of
9.8x107. The electroporation conditions and transfection
efficiency of pcDNA3/emm55 plasmid in canine
lymphoma tumor cells are shown in Table 3. The ability
to transfect and obtain expression of the targeted gene
(emm55) was experimentally determined in these dogs
prior to enrollment. The initial transfection efficiency of
pcDNA3/emm55
ranged
from
9
to
20%.

Figure 1. Humoral response to
ImmuneFx
vaccine
(Emm55/autologous tumor cells).
Western blot analysis of pre-immune
sera (Day 0) and post-immune sera
(Day 28) from patients receiving the
ImmuneFx autologous lymphoma
cancer vaccine showed that all dogs
had strong reactivity to multiple
tumor-specific antigens.
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Figure 2. Humoral response induced by ImmuneFx vaccine (Emm55/autologous tumor cells) in Golden Retriever. Sera from the
Golden Retriever was taken at weekly/monthly intervals following vaccination with ImmuneFx vaccine and tested for antibody to both
the Emm55 priming antigen and autologous lymphoma tumor cells using Western dot blot analysis. The figure in panel A is
representative of the dot blot assay. The bar graph in panel B on the right shows the antibody titers over time as determined in the dot
blot assay.

Following neomycin (G418) selection, between 60 and
75% of the transfected cells expressed Emm55 as
determined by flow cytometric analysis. The average time
from biopsy to development of vaccine for use in the dogs

was 14 days in culture. Viable vaccine cells from all the
dogs under study were stored in liquid nitrogen for the
development
of
subsequent
vaccine
doses.

Figure 3. Cross reactivity of
canine immune sera induced by
ImmuneFx
vaccine
(Emm55/autologous tumor cells).
Western blot analysis of immune
sera from one breed, Bulldog,
showing cross reactivity of the
humoral response to tumor cells
from several of the other breeds.
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Figure 4. Cell-mediated response induced by ImmuneFx vaccine (Emm55/autologous tumor cells). Cell-mediated response in
individual dogs at day 0, day 21 and day 28 was determined. The data indicate that patients receiving the autologous ImmuneFx vaccine
produced a strong cellular response to their own tumor cells. This response increased over time.

Table 3. Electroporation conditions and transfection efficiency of pcDNA3/emm55 in 14 canine lymphoma tumor
samples. Tumor cells in biopsies ranged from 1.2 x 106 to 2.7 x 108, with an average cell count of 9.8 x 107. The
percentage of transfected cells expressing Emm55 post G418 selection was determined by flow cytometric analysis. The
average vaccine production time was 14 days from biopsy. The numbered dogs were trial participants.
Canine Breed
Tumor Cell
Original

Age

Sex

Biopsy
Type

Electroporation
Time (mSec)

Electroporation
Volts (Kv)

Transfection
(%)

Labrador
Mix Breed
Mix Breed
Retriever
Shih Tzu
Doberman
Irish Wolf Hound
1. Bulldog
2. Golden Retriever
3. Dachshund
4. Vizsla
5. Greyhound
6. Welsh Corgi
7. Chow Chow

NK
10
10
12
9
NK
7
6
12
7
4
10
11
12

M
M
M
M
F
M
M
M
F
M
M
F
M
M

Aspirate
Aspirate
Aspirate
Aspirate
Aspirate
Aspirate
Tissue
Aspirate
Tissue
Aspirate
Tissue
Tissue
Aspirate
Tissue

0.40
0.40
0.40
0.40
0.40
0.40
0.58
0.40
0.58
0.58
0.58
0.60
0.56
0.58

0.348
0.342
0.350
0.196
0.380
0.380
0.530
0.352
0.530
0.530
0.530
0.520
0.520
0.520

10-15
8-12
11-14
9-12
10-14
10-16
10-14
10-14
15-18
9-15
15-18
15-20
10-13
9-13

Expression
Post G4 18
Selection
(%)
>60
>50
>70
>55
>65
>65
>60
>75
>75
>60
>50
>75
>65
>55

Biopsy to
Vaccination
(days)
ND
ND
ND
ND
ND
ND
23
24
16
15
21
18
33>
26

NK = Not Known: M = Male: F = Female: Aspirate = Needle Aspirate: Tissue = Tru-cut Biopsy: Biopsy to Vaccination = Vaccine
Production plus Patient Scheduling: ND = Not Done.
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C. The development of humoral
immunity
in
dogs
vaccinated
with
pcDNA3/emm55-transfected
autologous
lymphoma cells

D. The development of cellular immunity
in dogs vaccinated with pcDNA3/emm55transfected autologous lymphoma cells
Lymphocytes isolated from peripheral blood samples
taken from the canine patients were tested for the ability to
develop an in vitro secondary cellular response to
autologous tumor cell targets as an indicator of ImmueFx
induction of cellular immunity to their cancer. Figure 4
exhibits the secondary CMI response in all the dogs under
study as measured in a non-isotopic-based short-term
cellular cytotoxicity assay. These data suggest that all the
dogs developed a cell mediated immune response to their
lymphoma and that this cellular response was time
dependent with the highest in vitro induced cellular
cytotoxicity occurring at day 28. Immunofluorescent
studies have shown that the majority of the cells in the
lymphocyte effector cell population were CD8+ cells
(70%-85%), with the remaining phenotype in the effector
population being CD4+ cells (15%-30%). The cross
reactivity of the cellular response in which significant
cytotoxicity was observed against allogeneic target cells,
as shown in Table 5, may have been the result of
lymphokine-induced CD4+ effector cells present in the
lymphocyte cultures during the time of in vitro
restimulation.
The ability of the dogs that received chemotherapy
treatment either early or late in the study to develop
significant cellular responses (as well as a humoral
response) has significant implications for the future of this
cancer vaccine as an adjunctive therapy.
In summary, the data collected from the dogs in this
study, indicate that ImmuneFx did not harm any of the
dogs to which it was administered and that all dogs
produced a measurable humoral and cellular immune
response against both autologous and allogeneic
lymphoma cells. Unlike other anti-cancer treatments such
as chemo- or radiation therapy, which uniformly induce
adverse side-effects resulting in an aftermath of
devastating toxicity such as anorexia, vomiting, diarrhea,
sepsis and sometimes even death, the ImmuneFx cancer
vaccine exhibited no toxicity or other adverse side. The
results presented in this manuscript, support the safety and
activity of the ImmuneFx cancer vaccine in dogs with
naturally occurring lymphoma.

Pre-immune sera and immune sera 28 days following
the initial vaccination were compared by standard PAGE
Western blot analysis. Figure 1 shows the result of a
Western blot analysis of all 7 dogs on the study. In all
dogs, pre-immune sera showed some reactivity to
autologous tumor cell lysates. The reactivity of the preimmune sera was primarily with high molecular weight
proteins. The sera from day 28 showed significant
reactivity with multiple tumor cell antigens of varying
molecular weights. While there were antigens common to
all the dogs that reacted with autologous sera, in all cases,
the post vaccination sera also reacted with cellular
antigens that appeared specific for each breed. Pre-vaccine
serum taken from the Golden Retriever exhibited the most
reactivity with autologous tumor cell lysate. This finding
is not surprising as this dog had been diagnosed with
disseminated stage 4 multi-centric indolent form of the
disease one year prior to going on the ImmuneFx study.
Sera from all the dogs were tested by a Western dot
blot assay for the development of a humoral response to
both the Emm55 priming antigen and to the nontransfected autologous tumor cell population. The results
of one of the studies are shown in Figure 2. Using the
modified Western dot blot assay, the development of the
antibody response to the vaccine was determined for both
the Emm55 priming antigen and for tumor cell antigens.
The data suggest that the response in the dogs to the
priming antigen was significant and became apparent early
in the vaccine protocol, with peak antibody titers occurring
by day 14. Significant anti-tumor cell antibody was only
detected from day 21, rising to a peak response 96 days
following initial vaccination. In this patient, antibody to
both the priming antigen and to tumor cell antigens was
still being detected 19 months following the primary
vaccination. The other vaccinated dogs show similar
antibody response kinetics (data not shown). In all the
patients followed, antibody responses to Emm55 and
tumor antigens were detected in sera until the dogs died.
Using PAGE Western blot, the cross reactivity of the
individual sera was tested across all the breeds represented
in the study. Figure 3 exhibits the cross reactivity of the
Bulldog, Golden Retriever, Greyhound and Chow sera
using the Bulldog tumor cell lysate. In all cases, the
immune sera from the dogs were able to detect tumor cell
antigens in lysates derived from the Bulldog lymphoma
tumor cells. As with the data shown in Figure 1, each sera
had different reactivity and intensity with protein bands on
the PAGE gel. Table 4 is a representation of the cross
reactivity of the sera from the vaccinated dogs with the
tumor cell lysate from other breeds. In all cases, cross
reactivity was highly significant between patients and
therefore between the breeds under study.

IV. Discussion
Canine lymphoma represents a heterogeneous group
of highly aggressive tumors often resistant to therapy
(Ponce et al, 2003), and is one of the most commonly
diagnosed canine malignancies (MacEwen, 1980). Since
the various forms of this disease have common histories
and share many of the clinical signs, classification of these
malignancies is difficult. Mostly, their classification is
based upon their anatomical location and is often
described as multicentric, alimentary, mediastinal, and
cutaneous forms (Kopla and Aizenberg, 1999; Ettinger,
2003). B-cell lymphomas are more common than T-cell
lymphomas in dogs (Teske et al, 1994; Fournel- Fleury et
al, 1997). In a study reported by Guija de Arespacochaga
and colleagues in 2007, they showed that prevalence
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Table 4. Cross reactive humoral response induced by ImmuneFx vaccine (Emm55/autologous tumor cells).
Representative values based on Western blot and densitometry analysis shows the degree of cross reactivity between
immune sera from vaccinated dogs with the tumor cells from other breeds. Autologous reactions are boxed.

Table 5. Cross reactive cellular immune response induced by ImmuneFx vaccine (Emm55/autologous tumor cells).
Canine lymphocytes were used at an effector-to-target cell ratio of 100:1 in a short-term non-radioisotopic CMI assay.
Boxed in yellow are the autologous CMI responses. The cellular response induced by autologous ImmuneFx cancer
vaccine in patients to their own tumors was significantly higher than that observed against heterologous targets, i.e. dogs of
other breeds. The only combination which showed no measurable reaction was Dachshund and Chow.
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differs significantly from region to region. In their study
(Guija de Arespacochaga et al, 2007), the B-cell form of
the disease represented 51.2% of lymphomas, while the Tcell form accounted for only 29.3%. In similar studies by
other investigators (Greenlee et al, 1990; Ferrer et al,
1993; Teske et al, 1994; Fournel-Fleury et al, 1997), it was
determined that the incidence for canine T-cell lymphomas
ranged from 19% in the USA to 39.7% in Europe. When
dogs are diagnosed with lymphoma and do not receive an
intervention therapy, they succumb to the disease within a
4 to 6 week period. Furthermore, T cell lymphomas are
more aggressive and have a poorer prognosis than B cell
lymphomas (Ponce et al, 2003). As stated by other
investigators (Ettinger, 2003) lymphoma is a systemic
disease and that to date treatment by systemic
chemotherapy has been the more successful modality.
Many chemotherapy protocols have been developed for
the treatment of canine lymphoma. Overall, despite
receiving a chemo protocol, dogs will suffer loss of
remission within 6 to 9 months following treatment.
Subsequent treatment will induce remission again,
however, the duration of remission declines with each
cycle of treatment (Berger, 2005). As with all cancers both
animal and human, many factors have to be considered in
selecting a protocol. These factors range form the clinical
status of the patient, presentation of the disease to the
previous protocol used and previous response of the
patient to the protocol. Berger (2005) sets out
recommendations for the selection of a protocol.
The protocols discussed in the Berger article are the
induction protocols such as the COP protocol
(combination
protocol
with
Cyclophosphamide,
Vincristine and Prednisone), the COAP which is the same
as COP with the addition of Cytosine Arabinoside, and the
Wisconsin Madison-19 (WM-19) protocol; maintenance
protocols such as the LMP protocol (Methotrexate,
Chlorambucil and Prednisone) and the rescue protocols,
DMAC
protocol
(Actinomycin-D,
Cytosine
Arabinoside, Dexamethasone and Melphalan), the CHOP
protocol (Doxorubicin,Vincristine, Cyclophosphamide,
Prednisone, and Sulfatrim), Lomustine protocol
(Lomustine, Prednisone), and the Protocol ADIC
(Doxorubicin, and Dacarbazine). Also used as a single
agent is L- asparaginase. Studies on the efficacy or
toxicity using L-asparginase in combination with CHOP
protocol have been reported (MacDonald et al, 2005). No
difference in response rates or first remission duration was
reported in those dogs receiving the CHOP protocol alone
or those having the CHOP with L-asparginase. The results
of the MacDonald study (MacDonald et al, 2005)
suggested that the exclusion of L-asparginase from a
chemotherapy protocol would not seriously affect the
outcome of treatment. The authors also suggest reserving
the use of L-asparginase for treating dogs, having failed to
respond to induction therapy and were in clinical relapse.
In combination with chemotherapy, other drugs have
also been used in the treatment of natural occurring
cancers including canine lymphoma and dogs with
relapsed
lymphoma.
Two
nanopeptides
of
thrombospondin-1 have been shown to be active in
slowing tumor growth in mice. Both of these peptides

have been used in an open label trial in dogs with
lymphoma in an assessment of safety, pharmokinetics,
anti-tumor activity and in measuring the changes, if any, in
circulating endothelial cells (Rusk et al, 2006a, b). Their
data suggested that these two peptides should be further
studied for their cooperative effect when used in
combination chemotherapy. Monoclonal antibodies have
been used as adjuvants in combination with chemotherapy
(Jeglum, 1996). The monoclonal antibody, Mab 231, has
been shown to have some specificity against canine
lymphomas and has been reported to be able to prolong
the remission stage in dogs undergoing chemotherapy
protocols.
The successful outcome from any treatment for
cancer is partly due to early detection of the disease. Early
detection is influenced by the nature of the disease, how it
presents (external versus internal) and the specific and
non-specific symptoms induced by the type of
malignancy. It is because of the uncertainty and delay in
clinical diagnosis that when lymphoma is detected the
dogs have already reached advanced stage of disease.
Because diagnosis usually occurs late in the development
of lymphoma, the dogs on this study had advanced stage
disease with a life expectancy of between 4 to 6 weeks.
The 7 dogs on the current study were both male (5)
and female (2) of various breeds; Bulldog, Vizsla,
Greyhound, Golden Retriever, Dachshund, Corgi and
Chow, and their ages ranged from 4 to 11 years (Table 1).
Autologous vaccine was produced for each dog from
biopsies taken from regional lymph nodes. Animals were
vaccinated approximately 2 to 4 weeks from the time of
biopsy. The intravenous dose, 1x107 irradiated cells, was
the same for all dogs. Each dog received weekly vaccine
inoculations for a total of 4 weeks and in most cases went
on to receive monthly doses (Table 1).
The data collected from all the patients indicate that
ImmuneFx easily met the two endpoints of this pre-clinical
study which were to: 1) do no harm, and 2) produce a
measurable tumor-specific humoral and cellular immune
response (Figures 1-4 and Tables 4 and 5). With the
exception of an allergic reaction in one dog, which was
readily treatable with Benadryl, there were no other signs
of adverse reactions in any of the animals. Laboratory
results have shown that all dogs on the trial not only
developed a highly significant antibody response to the
ImmuneFx priming antigen but also to cellular antigens
expressed on their tumor cells. Furthermore, the immune
sera from all the dogs tested recognized the tumor cells
from other breeds of dog. In addition, a strong cellmediated response to autologous tumor cells was
measured. Cellular cytotoxicity was also measured against
allogeneic target cells indicating that the dogs developed
both CD8+ T cells and lymphokine-activated CD4+
effector cells. As shown in other studies, prior treatment of
some of the dogs with a chemotherapeutic protocol did not
influence the ability of the patient to generate an immune
response. All dogs in this study, whether on or not on a
chemotherapeutic protocol, generated an immune response
to their own tumor cells as well as to allogeneic tumors
cells. This may have important significance for
undertaking further studies in which the ImmuneFx cancer
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vaccine will be incorporated into chemotherapy protocols.
In fact, others have noted that combining cancer vaccines
with chemotherapy can achieve a favorable tumor
reduction and thereby enhance the magnitude and duration
of the immune response generated by the vaccine
(Choudhury et al, 2006).
Unlike other anti-cancer treatments such as chemoor radiation therapy, which uniformly induce adverse sideeffects resulting in an aftermath of devastating toxicity
such as anorexia, vomiting, diarrhea, sepsis and sometimes
even death, the ImmuneFx cancer vaccine exhibited no
toxicity in any of the canine lymphoma patients in the
present study. The lack of side-effects and a strong and
focused immune response to the malignancy has far
reaching implications for the use of ImmuneFx in both the
veterinary field as well as in treating human cancers.
Emm55 has been expressed on the surface of a
number of different tumor cell isolated from both human
and animal malignancies (melanoma, kidney carcinoma,
leukemia, primitive neuroectodermal tumors, cancer stem
cells, neuroblastoma and prostate cancer cells) therefore,
as an immunotherapy it would be expected to work in a
similar manner generating a strong tumor-specific immune
response resulting in the regression of those malignancies.
The ImmuneFx vaccine can be used as an autologous
cell vaccine, as in the present study. It can also be
formulated as an allogeneic vaccine, such as the cancer
vaccine currently in clinical trials for human prostate
cancer (Thraves and Sutton, 2002). The third possibility is
to use ImmuneFx as a DNA vaccine. The use of plasmid
DNA directly injected in vivo has been shown to be
effective. Plasmid DNA is less expensive to produce than
cellular vaccines and is simple to purify in large quantities.
Therefore, formulation of a DNA vaccine is simple and
validation is straightforward. Immunization with DNA has
been shown to be safe (Wang et al, 1998) and effective
(Edgeworth et al, 2002). Studies in dogs with malignant
melanoma have shown that in vivo transfection of
established tumors with a bacterial superantigen
(staphylococcus enterotoxin B) gene and either the gene
for GM-CSF or IL-2 induced local and systemic antitumor immunity (Dow et al, 1998). In fact, the first
therapeutic cancer vaccine approved in the US for any
species is a DNA vaccine for melanoma in dogs (Bergman
et al, 2003). This vaccine is a DNA plasmid encoding the
human tyrosinase gene (Houghton and Vijayasaradhi,
2001) which is delivered in combination with
DMRIE/DOPE (Vical) via the Biojector 2000 delivery
device.
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