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METHODS OF TREATING DISEASED CELLS

Field of The Invention

The field of the invention is treatment of diseased cells.

Background of The Inventig:

srogress has been n. 2 agaii,t many diseases, including cancers,
vactenal and virdl infections. In the case of cancers, for example, surgery, chemotherapy,
radiation, and cytokine therapies have all made significant contributions in either curing the
conditions, or at least prolonging the lives of the patients. Similarly, antibiotics have made
significant inroads against bacterial infections, and even viral infections have been
successfully treated with various compounds such as ribavirin and interferon. Despite all of

these advancements, however, there continues to be a need for more eflective treatments,

One promising avenue is the use of cytokines. Cytokines are relatively small
molecules having broad antiviral, antiproliferative and immunomodulatory effects. One
particular class of cytokines, the interferons (IFN), are especially interesting, having been
recognized as providing antiproliferative activities, as well as for antiviral and
immunoregulatory activities (Fleishman, CM et al., "Differential Antiproliferative Activities
of IFNs a, 8 and y: Kinetics of Establishment of Their Antiproliferative Effects and The
Rapid Development of Resistance to IFNs o and 8 ", J. Bio. Regulators and Homeostatic
Agents, 1988, Vol. 2, no. 4, pp 173-185). In the field of cancer, for example, studies have
concluded that in vivo administration of interferons have some efficacy for a number of
neoplastic conditions, including hairy cell leukemia, Kaposi’s sarcoma in AIDS, chronic
granulomatous disease, chronic myelogenous leukemia, non-Hodgkin’s lymphoma, multiple
myeloma, cutaneous T cell lymphoma, malignant melanoma, renal cell carcinoma,
carcinoid, and cervical intraephithelial neoplasia. Unfortunately, in vivo administration of
cytokines is generally less efficacious with respect to treating most cancers as cytotoxic
drugs, radiation, and chemotherapy. In addition, in vivo use of cytokines (i.e. intravenous

or other direct administration) has detrimental side effects.
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Ex vivo use of cytokines has also been studied, and some researchers have achieved
moderately promising results with ex vivo treatment using IL-2 (see e.g., Steven
Rosenberg's work). On the other hand, ex vivo treatment of diseased cells with IFN has not

been efTective, and work in this area has more or less been terminated.

In hindsight, such failure should have been expected. With respect to short-term
exposures, studies show that subjecting cells to interferon for 24 hours or less does not
stimulate presentation of surface antigens. Since antigen presentation is generally needed to
trigger an effective immune response, it follows that such treatment would provoke little or
no immune response. With respect to long-term exposure, it is generally recognized that
interferon treatment inhibits the growth of cells, and as such one would expect that tumor
cells would not be able to be cultured long term in the presence of interferon. Still further,
it is known that cells harvested from an organism rapidly accommodate to their ex vivo
environment, and tend to present antigens that are ever more modified as compared with
antigens produced by similar cells remaining in vivo. Therefore, one of ordinary skill in the
art would conclude that long-term ex vivo exposure of cells to interferon would be
detrimental to the overall effectiveness of this treatment. Even further, there is no teaching

or suggestion for long-term exposure of cells to interferon.

Thus, there is still a need to provide methods by which cytokines in general, and

interferons in particular, can be employed in the ex vivo treatment of diseased cells.

Summary of the Invention

The present invention provides methods for treating diseased cells in a system, and
generally comprises removing a sample of the diseased cells from the system, contacting the
diseased cells with an interferon for at least 48 hours, and reintroducing the interferon

contacted cells into the system.

In one aspect of preferred embodiments, the system is a vertebrate, preferably a
human. But it could also be used to treat cancers in pets such as dogs or cats, or other

valued animals. In another aspect of preferred embodiments, the diseased cells are afflicted

PCT/US99/21282 _
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with a cancer, a bacterium, a virus or a fungus. In still other aspects of preferred
embodiments, the interferon is a Type 1 interferon, i.e., interferon alpha, interferon beta,
interferon tau, interferon omega, or a genetically created recombinant form of interferon
such as consensus alpha. In still other aspects of preferred embodiments, the diseased cells
are placed in contact with the interferon (or interferons) for a relatively long period of time,
such as 36 hours, 48 hours, 72 hours, 5 days, 7 days, 10 days, 14 days, or even longer. In
still other aspects of preferred embodiments, the cells reintroduced into the system are at
least partially inactivated. In still other aspects of preferred embodiments, the cells can be
reintroduced into a system which is at particularly high risk for a given disease, and in that

sense acl as a vaccine.

Various objects, features, aspects and advantages of the present invention will
become more apparent from the following detailed description of preferred embodiments of

the invention.

Detailed Description

A preferred method of using an interferon to treat a patient having diseased cells
generally comprises removing the diseased cells (10), treating the diseased cells with an
interferon (20), optionally deactivating the treated cells (30), and reintroduction of the

treated cells into the patient (40).

The patient is contemplated to be any higher organism having diseased cells present
in its body at the time of the treatment. Contemplated patients include vertebrates,
especially mammals, and most especially humans. Treatment of livestock, and pets such as

cats and dogs, are also of particular interest.

Diseased cells are contemplated to be any cells of which the patient wants to
eliminate. Contemplated diseased cells include afllicted with a disease of genetic lesion,
viral, bacterial, mycotic, chemical, or structural derivation. Where the disease comprises a
cancer, particularly preferred embodiments are directed to at least one of a melanoma, a

breast cancer, a liver cancer, and a prostate cancer.
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Diseased cells may be removed from a patient through any suitable harvesting
procedure whereby the diseased cells are physically collected from the body of the patient.
Such harvesting procedures, for example, include scraping, resection, aspiration, or any

other means of biopsy or surgical or non-surgical removal.

5 Either a section of a diseased cell mass, or the entire diseased cell mass may be
removed. In some cases, only a portion of the diseased cell area may need to be removed
to effect treatment on the entire diseased cell area. In other cases, most or all of the

diseased area may need to be removed in order to effectively treat the patient.

It is contemplated that diseased cells can be removed from anywhere on the
10 patient’s body depending on the location of the diseased cell. Contemplated areas of the
patient’s body which are available for cell harvesting include the brain, skin, bone marrow,

reproductive organs, breast, thyroid, lung, kidney, adrenals, pancreas, intestine, bladder,

stomach and liver.

The amount of diseased cells required for treatment may vary. It is contemplated
15 that up to 10° to 10 cells or more are required for per treatment for treatment to be

effective.

Diseased cells may either be confined to the targeted mass harvested from the
patient, or combined with diseased or non-diseased cells from another source. Such other
sources could be cell libraries, other patients, or another location on the patient. It is

20 contemplated that cells from other sources may need to be combined with patient’s own
diseased cells in the case where there are not enough of patient’s own harvested cells to
effect treatment, where patient’s own diseased cells are not stable enough to survive
outside of the body without support from other cell matrices, or any other time whereby

patient’s own cells are not adequate to effect proper treatment.
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Cells which are provided may be placed in a receiving apparatus, such as a plastic
culture dish, wherein the cells may be stored, modified or manipulated in any other suitable

manner.

Cells may be maintained in a suitable medium, such as a growth medium or saline
5  solution, which may be supplemented with other solutions as required, such as fetal bovine

serum, sodium bicarbonate, penicillin or streptomycin.

Cell lines, which are described herein to mean any contained collection of cells
maintained under similar conditions, may be stored in any apparatus suitable for the
maintenance of the cell lines, such as an incubator, chemostat or other growth chamber,

10 refrigerator, freezer or other cold storage chamber, or as a lyophilized preparation. Thus, it
is contemplated that one might be able to therapeutically administer dead whole cells, or

lyophilized and reconstituted cells.

Cells may be subjected to growth inhibitors, such as physical, chemical or biological
stressors, such as interferons and other cytokines and lymphokines, freezing, enucleation,

15  anti-neoplastic drugs.

Interferons are contemplated to be any natural body proteins that exhibit
antiproliferative activities, as well as antiviral and immunoregulatory activities. Such
interferons are contemplated to comprise interferon-a, interferon-f3, and any other suitable
interferon. A preferred embodiment may be to use recombinant human interferon-a., or

20  rHu-IFN-aA/D in non-human animals.

Cell lines may be supplemented with different concentrations of interferon. Such
concentrations range from 0-10,000 U/ml of interferon or more as contemplated. Preferred
concentrations of interferon are 1,000 U/ml; 3,000 U/ml; and 5,000 U/ml with 3,000 U/ml

being the most preferred concentration.
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Cell lines may be stored in combination with interferon for a short time (< 24 hours)
or a long time (>24 hours) as contemplated. A preferred embodiment is to store the cell

lines in interferon for 14 days.

Cells may be optionally inactivated by using some method, such as irradiation by

‘I

UV light or gamma radiation, enucleation, or anti-neoplastic drugs. A preferred

embodiment is to use irradiation to deactivate cells.

Deactivated cells may be washed, centrifuged and re-suspended as required by the
parameters of the treatment. A preferred method comprises washing the cells three times
with Hank’s balanced salt solution (HBSS), removed from the storing apparatus (by

10 incubating with EDTA for attached cells), washed a second time with HBSS, centrifuged

and re-suspended in HBSS.

Treated cells are defined herein as those cells which are reacted with interferon and

either deactivated, lefi active, or are a combination thereof.

Treated cells may be collected by suitable collection means, such as centrifugation
15 or other methods of precipitation of the cells, and introduced into the patient by a suitable

method, such as injection.

Treated cells may be reintroduced into the patient at appropriate time intervals, such
as every 7 - 10 days. A preferred method is to introduce treated cells into the patient once
a week for 2 to 6 weeks, with periodic boosters as needed. Need can be established by
20 monitoring one or more appropriaie parameters related to the disease, such as PSA, such as
carcino-embryonic antigen, and so forth. Cells are contemplated to be reintroduced by any
suitable mechanism, including especially by injecting the cells into the system

subcutaneously, intraperitoneally, or intravenously.

It is also contemplated that cells subjected to long-term incubation in interferon can

25  be reintroduced into a system that is at particularly high risk for a given disease, and in that

6
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sense act as a vaccine. Thus, for example, patients expressing the Brl breast cancer gene,

patients having high serum levels of the prostate antigen (PSA).

Examples

wn

Mice: Pathogen-free female C57Bl/6 mice were obtained from The Jackson
Laboratory (Bar Harbor, ME). The mice were provided with sterilized food and bedding,
housed in front of animal isolators in a virus-free animal facility, and used between 8 to 12
weeks of age. The pathogen-free condition of the mice was routinely confirmed by

antibody testing.

10 Tumor cells: Murine B16-F1 melanoma cells (B16 cells) obtained from Dr. 1. Fidler
(Fidler, 1J, "Selection of successive tumor lines for metastasis", Nature, 1973, Nature New
Biol., 242, 148-159) were maintained in 100-mm and 150-mm plastic culture dishes
(Corning Glass Works, Corning, NY) in a growth medium of EMEM (Earle’s base, Gibco,
Grand Island, NY) supplemented with 10% fetal bovine serum (FBS, Intergen, Purchase,

15 NY), 0.22% sodium bicarbonate, penicillin (100 U/ml, Pfizer, New York, NY),
streptomycin (100 pg/ml, Pfizer), and gentamicin (11 pg/ml, Invernex, Chagrin Falls, OH).
In vitro IFN-a-treated B16-F1 melanoma cells (B16a. cells) were cultured as described
above in medium supplemented with 300, 1,000, 3,000, or 10,000 U/ml of rHulFN-aA/D
for at least 2 weeks before inoculation into mice. B16-F10 melanoma cells, also obtained

20 from Dr. 1. Fidler, were maintained as described above in EMEM supplemented with 5%
fetal bovine serum, 0.22% sodium bicarbonate, penicillin (100 U/ml), streptomycin (100
pg/ml), gentamicin (11 pg/ml), 2% 100X vitamins (Gibco, Grand Island, NY), 1% 2 mM
L-glutamine (Sigma, St Louis, MO), 1% 100 mM sodium pyruvate (Sigma, St Louis, MO),
and 1% 100X non-essential amino acids (Gibco, Grand Island, NY). All cell lines were

25  maintained in a humidified incubator at 37° C with 5% CO, and passaged two times

weekly.

Interferon: Purified recombinant human IFN-a, rHulFN-a A/D (IFN-a), was

generously provided by Dr. Michael Brunda (HofTmann-LaRoche, Nutley, NJ) and had a



10

25

WO 00/18427 PCT/US99/21282

specific activity of 6.5 x 107 U/mg protein. This interferon can cross species barriers and

has been shown to be as effective in the murine system as murine IFN-a and IFN-.

In vivo tumor models: B16 varant cell monolayers were detached by incubation
with 2 mM EDTA (Sigma, St Louis, MO) in PBS at 37° C for 5 min. The detached cells

were washed once with HBSS, centrifuged, and resuspended in fresh culture medium.

Mice were inoculated i.p. into the right mid-abdominal region with a B16 innoculum of 10°

or 107 cells/0.1 ml; s.c. on the right mid-abdominal region with a B16 innoculum of 10°
cells/0.1 ml; or i.v. into a lateral tail vein in the mid-tail region with a B16-F10 innoculum
of 5x 10° cells/0.05 ml. For the i.p.- and the s.c.-inoculated solid tumor models, the day of
death was monitored for each mouse. For the 1.v.-inoculated metastatic tumor model,
metastases in the lungs were quantitated by blind enumeration of the darkly pigmented

nodules at 16 days after inoculation.

Vaccination protocols: All vaccinations were performed in the absence of any
adjuvant. B16 or B16a cells were UV-inactivated by 17 min exposure to 4 erg x sec” x m’
*, washed 3 times with HBSS, removed from the dishes by incubating with 2 mM EDTA in
PBS at 37° C for 5 min, washed one more time with HBSS, centrifuged, resuspended in
HBSS, and counted. For the i.p. and the 1.v. challenge models described above, UV-
inactivated cells were inoculated 1.p. once a week for two, three, or four weeks. Live B16
or B16-F10 cells were inoculated immediately following the last inoculation of inactivated
cells. For the s.c. challenge model, UV-inactivated cells were inoculated, beginning 3 days
after the challenge, either i.p. or s.c. once a day for 4 days followed by 2 additional weekly
inoculations (for a total of 6 vaccinations). Control mice received mock vaccinations with
carrier (HBSS) and were also challenged on the same day as the test mice. Percent
Increase in Life Span was calculated for the vaccinated mice as the following: (Day of
death for a vaccinated mouse - Average day of death for control mice) x 100% = Average

day of death for control mice.

Effect of in vitro IFN-a treatment concentration on vaccination potency: Our

previous results suggested that UV-light inactivated B16 cells pretreated with IFN-o for
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more than 2 weeks (UV-B16a cells) might be useful as a vaccine against live parental
tumor cells. Thus, it was important for us to determine whether there was an ideal in vifro
IFN-a treatment concentration for the creation of UV-B16a cells. Therefore, B16 cells
were grown for long term in the presence of various IFN-a concentrations (B16a. cells).
Following UV-inactivation, 10° UV-B16a cells were injected, without the administration of
any adjuvant, once a week for 4 weeks before challenge with 10° live B16 parental cells.

As shown in Table 1 and Figure 1, the efficacy of vaccination varied, according to a
complex dose-response curve, with the concentration of IFN-o to which the UV-B16a.
cells had been exposed. Mice vaccinated with UV-B16a cells that had been grown for long
term in 10,000 U/ml, 3,000 U/ml, 1,000 U/ml, and 300 U/ml yielded survival rates of 21%
(p <0.0001), 60% (p < 0.0001), 30% (p < 0.0001), and 21% (p <0.0001), respectively.
These results suggested that the optimal concentration of IFN-¢ required for inducing the
maximal vaccination potency of UV-B16a cells occurred at 3,000 U/ml, since vaccination
with UV-B16a cells grown in both higher and lower IFN-a concentrations gave
significantly less survival (3,000 U/ml vs. 300 U/ml: p = 0.0016; 3,000 U/ml vs. 1,000
U/ml: p =0.043; 3,000 U/ml vs.. 10,000 U/ml: p = 0.021). Hereafter, all further
experiments employed UV-B16a cells that were cultured long term in 3,000 U/ml of IFN-

.

Celis Treatment Number of Day of DeathP Increased
Vaccinated®  (U/ml [FN-o0) Survivors (90 days) MeantSE Median Life Span
1. None None 020 16.210.6 15

2. Bl6a 300 4/19 26.912.8 23 68£19%
3. Bléa 1,000 6/20 36.614.0 36 125+25%
4. Bl6a 3,000 12/20 42.8£7.0 41 164147%
5. Bl6a 10,000 4/19 45.943.7 45 184123%

 Mice were vaccinated with uvB16at cells on days -21, -14, -7 and 0 before i.p. challenge with 105 live B16 tumor
cells on day 0. uvB16a cells had been treated for more than 2 weeks with the indicated concentrations of IFN-ct.

b Survivors are excluded.

Logrank survival analysis: 1 vs. 2: p<0.0001; 1 vs. 3: p<0.0001; 1 vs. 4:p<0.0001; 1 vs. 5: p<0.0001; 4 vs. 2:
p=0.0016; 4 vs. 34 p=0.043; 4 vs. 5: p=0.021.

Student’st test analysis of Increased Life Span: 1 vs. 2: p=0.0003; | vs. 3: p<0.0001; 1 vs. 4: p<0.0001; 1 vs. 5:
p<0.0001.

Table 1

9
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Effect of vaccination dosage on protection against live B16 parental cell challenge:
The above results clearly demonstrated that there was an optimal concentration of IFN-a
required to create a more effective UV-B16a cell vaccine. Equally important, the dosage
effect of this vaccine had to be investigated. To test this parameter, various concentrations
of UV-Bl16a cells were used for vaccination. Mice were vaccinated with 10%, 10°, or 10°
cells/0. Iml carrter of UV-B16 or UV-B16a cells four times at weekly intervals before
challenge with 10" B16 cells (rather than 10° B16 cells as in the experiments described
above). Regardless of the vaccination dosage, vaccination of mice with UV-B16 cells did
not provide any significant level of protection (Table 2 and Figure 2A, B, and F). In
contrast, vaccination of mice with UV-B16a cells provided a substantial and significant
dose-dependent level of protection against challenge with B16 cells. The increased life
span increased from 2% (p = Not Significant, NS) to 45% (p = 0.0057) to 90% (p =
0.0013) as the vaccinating dose of UV-B16a cells rose from 10* to 10° to 10° cells. More
strikingly, the survival rate rose from 0% to 6% (p = NS) to 33% (p = 0.0080) with the
vaccination dosages. The observation that only 33% of the mice survived compared to
60% in the previous experiments was presumably due to the use of a very high challenge

dose in these experiments (10 versus 10°).

Cells Vaccination Dosage Number of Day of Death® Increased
Vaccinated® (Number of Cells)  Survivors (90 days) MeantSE Moedian Life Span
1. None o019 13.410.2 13

2. B16 104 w19 13.2103 13 242%
3.Bl6a 104 0120 13.60.3 14 242%
4. None 0/19 14.8140.3 15

5. B16 10° .o 15.520.5 15 413%
6. Bléa 10 1718 22.0+2.7 17 45£16%
7. None 0/19 14.410.8 14

8. 816 106 o9 15.310.8 14 5£5%
9. Bi6a 108 6/18 27.114.9 21 90£29%

A Mice were vaccinated with the indicated number of ultraviolet light iradiated Bl16a (uvB16a) or uvB16 cells on
days -21, -14, -7 and 0 before i.p. challenge with 107 live B16 tumor cells on day 0. uvB16a cells had been
treated for more than 2 weeks with IFN-a (3,000 U/ml).

b Survivors are excluded. :

Logrank survival analysis: | vs. 2: p=NS; 1 vs. 3: p=NS; 2 vs. 3: p=NS; 4 vs. 5: p=NS; 4 vs, 6: p=0.0024; 5 vs.
6: p=0.013; 7 vs. 8: paNS; 7 vs.9: p<0.0001; 8 vs. 9: p<0.0001.

Student's t Lest analysis of Increased Life Span: 1 vs, 2: p=NS; 1 vs. 3: p=NS; 2 vs. 3: p=NS: 4 vs. 5: paNS; 4 vs.
6: p=0.0057; 5 vs. 6: p=0.013; 7 vs. 8: p=NS; 7 v5.9: p<0.0013; 8 vs. 9: p<0.0024.

Table 2

10
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Effect of number of vaccinations on vaccination potency: Since the number of cells
used for vaccination gave a dosage effect, it seemed likely that the number of vaccinations
would also have a significant effect on the potency of vaccination using UV-B160. cells.
To test this possibility, mice were vaccinated 2, 3, or 4 times at weekly intervals with UV-
B16 or UV-Bl6a cells before challenge with live B16 cells. Again, vaccination of mice
with UV-B16 cells did not provide any significant level of protective effect (Table 3 and
Figure 2C, D, and F), confirming that UV-B16 cells were not themselves significantly
immunogenic. In contrast, repeated inoculation of mice with UV-B16a cells provided an
enhanced life span that increased from 7% (p = NS), t0 23% (p = 0.040), to 90% p=
0.0013) as the number of vaccinations increased from 2 to 3 to 4. Also, the survival rate
(with a challenge dose of 107 cells) was 33% for mice given 4 vaccinations versus 0% for

mice given 3 or 2 vaccinations.

Cells Vaccination Times Number of Day of Death® Increased
Vaccinated? (Days) Survivors (90 days) MeantSE Median Life Span
1. None 0720 14.610.4 15

2. Bléa -7.0 020 15.610.4 15 2%

3. None 0720 14.020.3 14

4. Blba -14,-7,0 020 17.2¢1.4 16 23t11%
5. None 019 14.430.8 14

6. Bl6a -21,-14,-7,0 6/18 27.124.9 21 90+29%

 Mice were vaccinated with the indicated number of uvB16a or uvB 16 cells on days -21, - 14, -7 and 0 before i.p.
challenge with 107 live B16 wmor cells on day 0. uvB16a cells had been treated for more than 2 weeks with
IFN-a (3,000 U/ml).

b Survivors are excluded.
Logrank survival analysis: 1 vs. 2: p=NS; 3 vs. 4: p=0.023; § vs. 6: p<0.0001.
Student’s ¢ test analysis of Increased Life Span: | vs. 2: p=NS; 3 vs. 4: p=0.04; 5 vs. 6: p<0.0013.

Table 3

Evaluation of the potency of the vaccination procedure: Mice were vaccinated 4
times at weekly intervals with 10° UV-B16 or UV-B16a cells as described previously.
These mice were then challenged with two different concentrations of live B16 cells (Table
4 and Figure 2E and F). At challenge doses of 10° and 107 B16 cells, 59% (p <0.0001)

and 33% (p < 0.0001) of mice vaccinated with UV-B16a cells survived. None of the mice

11
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vaccinated with UV-BI6 cells survived at either challenge dose, confirming that vaccination

with UV-BI6 cells was not sufficient to induce protective immunity. Similar results were

observed when increase in life span was measured, though at the lower challenge dose of

10° cells some delay in death of UV-B16 cell-vaccinated mice was noted (84%, p=

5 0.0001). No delay of death was noted at a challenge dose of 10” in UV-B16 cell-

vaccinated mice. In contrast, at the challenge dose of 107, the increased life span of UV-

Bl6a cell-vaccinated mice that died was still significant (90%, p = 0.0013). Taken

together, the results indicated that the efficacy of the vaccination with UV-B16a cells was

dependent on the number of BI6 cells employed as a challenge dose, and the efficacy of

10 vaccination with UV-B16a cells was more than 10-fold more potent than vaccination with

UV-BI16 cells.

Cells Vaccination Times Number of Day of Death® Increased
Vaccinated? (Days) Survivors (90 days) MeanzSE Median Life Span
1. None 0/20 14.610.4 15
2. Bl6a -1,0 0/20 15.630.4 15 T82%
3. None 020 14.0£0.3 14
4. Bl6a -14,-7,0 0/20 17.2114 16 23+11%
15 5. None 09 14.410.8 14
6. Bi6a -21,-14,-7,0 6/18 27.14.9 21 90+29%
2 Mice were vaccinated with the indicated number of uvB16a or uvB 16 cells on days -21, -14, -7 and 0 before i.p.
challenge with 107 live B16 wmor cells on day 0. uvBl16a cells had been treated for more than 2 weeks with
[FN-a (3,000 U/ml).
® Survivors are excluded.
Logrank survival analysis: 1 vs. 2: p=NS; 3 vs. 4: p=0.023; § vs. 6: p<0.0001.
Student’s t test analysis of Increased Life Span: 1 vs. 2: p=NS; 3 vs. 4: p=0.04; 5 vs. 6 p<0.0013.
Table 4
20

Evaluation of the durability of the vaccination procedure: As indicated above, many

UV-Bl6a cell-vaccinated mice survived challenge with 10° B16 cells. To test the

durability of the vaccination procedure, these mice were re-challenged with 10° B16 cells

93 days afier the initial challenge. In the absence of a booster vaccination, 30% of the mice

12
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survived the re-challenge (Table 5). This value was not significant when comparing 3/10
survivors of re-challenge of vaccinated mice with 0/10 survivors among controls in these
two experiments. However, using the same protocol, a total of 69 control mice have been

challenged for this study without a single survivor. Thus, we believe that this level of

wn

survival was highly significant when comparing 3/10 to 0/69 (» = 0.0015). In addition,
these results were in accord with previously published data using survivors of mice
challenged with live B16a cells (grown in 10,000 U/ml of IFN-o) and treated with IFN-a,
(20% survival). Further, with a single 10° UV-B16a cell booster vaccination given 3 days
before re-challenge, 92% of the mice survived the re-challenge (» < 0.0001). These studies
10 suggested that the vaccination procedure led to the establishment of a durable immunity
and that the durable immunity could be further enhanced by a booster delivered 3 days

before re-challenge.

Vaccination No. of survivors of No. of survivors of
group® Booster first challenge (90 days) second challenge® (183 days)
[ Nonc* None on2a
2 None4 None 010
J Bléa None 10720 3ano

15 4 Bléx Mere= Ore 1318 1213

*CSTBY6 mice were vaccinated with 10 inactivated Bl6a cells on days =21, ~14, =7,
and 0 before i.p. challenge with 108 live B16 cells on day 0. The survivors of the initial chal-
lenge were given cither one booster vaccination consisting of 10 inactivated Bl6a or one
mock vaccination (carrier) on day 90, rechallenged with 10% live B16 cells on day 93, and

monitored {C— — for their
survival for another 90 days. Control mice received only mock vaccinations with earrier
(HBSS). .

Fisher exact probability test for the number of rechallenge survivors: group 2 vs. 3:
p = NS; group 2 vs. 4: p < 0.0001; group 3 vs. 4: p~5 0.0032.
“Control mice for the first challenge (challenged on day 0).
4Control mice for the fiest challenge (challenged on day Wj.
Second] 3

20 Table 5

Effect of vaccination on metastatic tumor development: Another important question

was whether i.p. vaccination could have a protective effect on the development of

13
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10

20

25

metastases at a distant site. B16-F10 cells, a highly metastatic variant of B16 cells that has
been widely used in metastases studies, were employed. Mice were vaccinated with UV-
Bloa cells four times at weekly intervals and challenged by tail vein inoculation of 5 x 10°
cells. Sixteen days later, the mice were sacrificed and metastases in the lungs were counted
in a blinded manner. As shown in Table 6, mice vaccinated with UV-B16a. cells showed a
65% decrease in the number of lung metastases (p < 0.0001) relative to unvaccinated mice
(Control). Contrarily, mice vaccinated with UV-B16 cells showed no significant decrease
in the number of lung metastases. These results confirmed that vaccination with ‘UV-B16
cells was relatively ineffectual. More importantly, they showed that i.p. vaccination with
UV-Bl6a cells could cause a dramatic reduction in the number of B16-F10 lung

metastases.

Cells Challenge Dosage Number of Number of Lung % Decrease in
Vaccinated? (Number of Cells) Mice Evaluated  Metastases (16 days) Median Lung Metastases

1. None 5x10° 20 15149 144
2.B16 5x10° 19 146110 144 346
3. Bl6a 5x10% 20 5346 47 65t4

2 Mice were vaccinated with 105 uvB16a (treated with 3,000 U/ml IFN-a for »2 wks) or uvB16 cells on days-21, -
14, -7 and 0 before tail vein challenge with the indicated number of live B16F10 tumor cells on day 0.
Students t Test on % Decrease in Lung Metastases: 1 vs. 2: p=NS: 1 vs. 3: p<0.0001; 2 vs. 3: p<0.0001,

Table 6

Effect of vaccination on an established tumor at a site distant from the vaccination
site: All the above studies employed an i.p. vaccination before an i.p. or an i.v. challenge.
An important question remained to be answered, however. Could i. p. Or s.c. vaccination
with UV-Bl16a cells have a curative effect on an established B16 tumor inoculated at a
distant site? Mice were inoculated s.c. with 10° B16 tumor cells. Afier allowing 3 days for

the tumor to become established, a 3-week vaccination protocol was initiated, with

14
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vaccinations (10° UV-B16 or UV-B16a cells) given either i.p. or s.c. (contralaterally to the
site of live cell inoculation) 4 days in a row in the first week and once in the subsequent
weeks. As shown in Table 7, at 90 days post-B16 cell challenge, only 1/19 (5%) control
mice and 2/17 (12%, p = NS) UV-B16 cell-vaccinated mice in the i.p. vaccination groups
were tumor-{ree while 7/18 (39%, p = 0.015) UV-B16a cell-vaccinated mice were tumor-
free. In parallel, 1/17 (6%) control mice and 3/15 (20%, p = NS) UV-B16 cell-vaccinated ‘
mice in the s.c. vaccination groups were tumor-{ree while 8/15 (53%, p = 0.0039) UV-
Bl6a cell-vaccinated mice were tumor-free. These results, again, demonstrated that
vaccination with UV-B16 cells was relatively ineffectual, as these cells did not offer any
significant protection against an established tumor inoculated at a distant site. In contrast,
vaccination with UV-B16a cells, either i.p. (intraperitoneally) or s.c. (subcutaneously),

offered a significant protection of up to 53% against an established tumor inoculated at a

distant site.

Cells Route of Mice with tumor/ % Mice protected £ SE
Vaccinated? Vaccination mice challenged (90 days)

I. None i.p. /19 5+5%

2. Bléa i.p. ms 39+6%

3. None s.C. 117 6+6%

4. Bl6a s.C. 8/15 531+3%

a Mice were inoculated s.c. with 105 B16 parental tumor cells on days on day 0. After allowing 3 days for the
tumor to become established, a 3-week vaccination protocol was initiated, with vaccinal_ions (10% uv-B16a cells)
given either i.p. or s.c. (at a contralateral site) 4 daysin a row in lhf: first week and once in the subsequent weeks.
Control mice reccived either i.p. or s.c. mock vaccinations with carier.

Fisher Exact Probability Test for the % mice protected: | vs. 2: p=0.015; 3 vs. 4: p=0.0039.

Table 7

Evaluation of the vaccination protocol on other tumors of interest: The vaccination

protocol was tested on other tumors and results shown in Table 8 indicate that the tests

15
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these tumors were not maximized, vaccination protected mice against the parental tumors.
Since the cancer vaccine protocol is effective for different types of malignancies, it may

have general applicability.

...... -

Cells Vaccinated® Tumor Challengeb Day of Death® Ratio of Mice Without Tumor (30 days)d
1. None 4T1 21.811.0 0720
5 2. 4T} 4T1 22.7+1.1 0/19
3.4Tla 4Tl 33.9+1.7 118
4. None P388 24.0%0.3 0/19
5. P388 P388 25.620.4 0/18
6. P388a P388 32.6+1.8 4/16
7. None RM1 14.0+0.3 0724
8. RM-la RM1 20.1+0.9 4120

2 Mice were vaccinated i.p. with 108 4T1a, P388a, or RMla cells or carrier (controls) once a week for 4 weeks.
b Mice were challenged i.p. with 105 4T1 breast cancer, P388 lymphocytic leukemia, or RM | prostate cancer cells.

¢ Day of death determinations do not include data for mice that survived. Student’s ¢ test for Day of Death: | vs. 3;
p<0.000t; 4 vs. 6: p<0.0001; 7 vs. 8: p<0.0001.

4 Fisher exact probability test for the % mice protected: 1 vs. 3: p=NS; 4 vs, 6: p=0.035; 7 vs. 8: p=0.036.

10 Table 8

Depletion of macrophages ablated the effects of a booster vaccination (11/12
survivors without depletion versus 1/12 survivors with depletion; p<0.0001), suggesting
15 that macrophage function was required for induction of immunity, for either antigen
processing or cytokine production. However, macrophage depletion at the time of tumor
challenge had no effect, indicating that the required macrophage function was not a
cytotoxic activity. IL-12 knock-out mice had an impaired ability to develop tumor
immunity, as shown in Table 9, (4/20 survivors for knock-out mice versus 15/32 for normal
20 mice), confirming the critical role of macrophages and suggesting that IL-12 production by

the macrophages is important.

16
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Mice  Cells Vaccinated®  Day of Death® Ratio of Mice Without Tumor % Mice Protected®
(90 days) (McantSE)
1. Normal None 169 £ 0.4 027 0%
2. Normal  Bléa 336+34 15/32 47%
3.IL-12KO Bl6a 24.1£2.7 4/20 20%

20

# Mice were vaccinated i.p. with uvB16a cells once a week for 4 weeks. Mice were then challengedi.p. with 106
parental B16 cells. Control mice received i.p. mock vaccinations with carrier (HBSS).

b Day of deathdeterminations do not include data for mice that survived, Student’st test for day of death: | vs. 2:
p<0.0001; 1 vs. 3: p= 0.0018; 2 vs. 3: p= NS,

¢ Fisher exact probability test for the % mice protected: 1 vs. 2: p= 0.0001; 1 vs. 3: p= 0.027; 2 vs. 3: p= 0.023.

Table 9

Depletion of cytotoxic CD8+ T cells partially ablated the effects of a booster
vaccination (12/12 survivors without depletion versus 7/12 survivors with depletion;
p=0.037), indicating the CD8+ T cells play an intermediate role in mediating the tumor
immunity induced by vaccination. CD8+ knock-out mice also developed less tumor
immunity (3/20 survivors for knock-out mice versus 12/25 for normal mice), as shown in

Table 10. Thus, CD8+ T cells are an important, but not the sole, effector.

Mice  Cells Vaccinated®  Day of Death® Ratio of Mice Without Tumor % Mice Protected®

(90 days) (McantSE)
1. Normal None 17.1£0.5 0/20 0%
2. Normal Bléa 348143 12/25 48%
3.CD8 KO Biéa 346+ 3.2 3120 15%

3 Mice were vaccinated i.p. with uvB16a cells once a week for 4 weeks. Mice were then challengedi.p. with 106
parental B16 cells. Conuol mice received i.p. mock vaccinations with carrier (HBSS).

b Day of death determinations do not include data for mice that survived. Student’s t test for day of death: 1 vs. 2:
p<0.0001; I vs. 3: p< 0.000t; 2 vs. 3: p= NS.

€ Fisher exact probability test for the % mice protected: 1 vs. 2: p=0.002; 1 vs. 3: p= NS; 2 vs. 3: p=0.0017.

Table 10

17
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Helper CD4+ T cell knock-out mice failed to develop tumor immunity, indicating

that CD4+ T cells are crucial, as shown in Table 11,

Mice  Cells Vaccinated®  Day of Death® Ratio of Mice Without Tumor % Mice Protected®

(90 days) (MeantSE)

1. Normal None 162+0.4 0720 0%

2. Normal Bl6a 24018 10/20 50%

3.CD4 KO Bléa 222 %34 0/20 0%

5

 Mice were vaccinated i.p. with uvB16a cells once a week for 4 weeks. Mice were then challengedi.p. with 10
parental B16 cells. Control mice received i.p. mock vaccinations with carrier (HBSS).

b Day of deathdeterminations do not include data for mice that survived. Student’st test for day of death: | vs. 2:
p< 0.0001; 1 vs. 3: p= NS; 2 vs. 3: p= NS,

¢ Fisher exact probability test for the % mice protected: | vs. 2: p= 0.0002; 1 vs. 3: p= NS; 2 vs. 3: p= 0.0002.

Table 11
10 Differences in expression of surface proteins of B16 and B16a cells might trigger

immunorecognition. First, retrovirus antigen expression was shown not to be involved.
Next, H-2Kb (MHC class | an}igen), ICAM-1, FAS and FAS-ligand were shown not to be
involved. Others have shown that B16 melanoma cells do not express class Il antigens.
Western blots of PAGE gels of surface proteins from B16 and Bl6a cells were probed with

I5  antiserum from mice vaccinated with B16 or B16a cells. Three proteins were identified by
the different antisera. The most interesting is a 44.5 kDa protein (X3; Figure 3). Antiserum
from B160 vaccinated mice recognizes the 44.5 kDa protein band in cell membrane extracts
from both B16 cells and B160o, cells. Antiserum from B16 vaccinated mice does not
recognize this protein band. Thus, vaccination with B16a cells causes diflerential

20 recognition of a specific surface protein that is not a previously recognized melanoma

associated protein (gp 75 or B700).

The observation that vaccination dramatically reduces B16 metastases provides a
strong rationale for treatment of human metastatic cancer. In addition, since some women

have an enhanced probability of developing breast cancer, and a high proportion of men

18



WO 00/18427

develop prostate cancer, the observation that vaccination is highly efficacious in preventing
the development of B16 primary tumors may be relevant for prevention of breast and
prostate cancer through prophylactic vaccination. As envisioned for human therapy,
biopsies of a patient’s c;mcer cells (or perhaps established cancer cell lines bearing
appropriately matched MHC antigens) could be treated long-term with IFN-q, inactivated,
and used as a vaccine to enhance the patient’s immune system’s ability to recognize and

destroy metastatic tumors or newly developing primary tumors.

Thus, specific embodiments and applications of methods of treating diseased cells
have been disclosed. !t should be apparent, however, 1o those skilled in the art that many
more modifications besides those already described are possible without departing from the
inventive concepts herein. For example, while most of the discussion above is directed to
preventing or treating cancers, the same strategies are readily adapted to preventing or
treating bacterial, viral or other infections, infestations, cells diseased by genetic lesions
(1.e., genetic defects or predispositions), by metabolic defects, or other processes. The
inventive subject matter, therefore, is not to be restricted except in the spirit of the

appended claims.

19
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CLAIMS
I claim:

1. A method of treating diseased cells in a system comprising:

removing a sample of the diseased cells from the system;
contacting the diseased cells with an interferon for at least 48 hours; and

reintroducing the interferon contacted cells into the system.

2. The method of claim 1 wherein the system comprises a vertebrate animal.
3. The method of claim 2 wherein the vertebrate amimal is a human.
4, The method of claim 1 wherein the diseased cells are afflicted with a disease of

genetic lesion, viral, bacterial, mycotic, chemical, or structural derivation.
5. The method of claim 4 wherein the diseased cells are afflicted with a cancer.

6. The method of claim 5 wherein the cancer comprises at least one of a melanoma, a

breast cancer, a liver cancer, and a prostate cancer.

7. The method of claim 1 wherein the diseased cells are infected with a bacteria.
8. The method of claim 1 wherein the diseased cells are infected with a virus.
9. The method of claim | wherein the interferon is a type 1 alpha interferon.

10.  The method of claim 1 wherein the interferon is an alpha recombinant interferon.

11, The method of claim 1 further comprising at least partially inactivating the

interferon contacted cells prior to the reintroduction.

12, The method of claim 1 wherein the step of reintroducing the interferon contacted
cells comprises injecting the cells into the system subcutaneously, intraperitoneally,

and intravenously.

20
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13.  The method of claim 1 wherein the step of contacting the diseased cells comprises

contacting the diseased cells with an interferon for at least 36 hours.

14. The method of claim 1 wherein the step of contacting the diseased cells comprises

contacting the diseased cells with an interferon for at least 48 hours.

15.  The method of claim 1 wherein the step of contacting the diseased cells comprises -

contacting the diseased cells with an interferon for at least 72 hours.

16.  The method of claim 1 wherein the step of contacting the diseased cells comprises

contacting the diseased cells with an interferon for at least 5 days.

17. The method of claim 1 wherein the step of contacting the diseased cells comprises

contacting the diseased cells with an interferon for at least 7 days.

18.  The method of claim 1 wherein the step of contacting the diseased cells comprises

contacting the diseased cells with an interferon for at least 14 days.

21
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Figure 1. Vaccinationof C57BU6 mice with uvB16a cells. Mice were vaccinatedi.p. on days-21, -14, -7, and0
with 108 uvB16a cells or mock vaccinated. The uvB16a cells were pretreated for >14 days with the indicated

concentrations of FN-a. On day 0, the mice were challengedi.p. with 106 live B16 cells. Day of death was noted.
The graph plots the combined data of two experiments as cumulative survival versus day after tumor inoculation.
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FIG.2. Vaccination of C37B1/6 mica with inactivated B16 or Bl6a cells. To determine the effect of vaccimagon dosage, mics
were inoculated i.p. on days =21, ~ 14, ~7, and 0 with 10* (A), 10° (B), or 10¢ (F) UY-B16 or UY-Bl6ax cefls. On day 0, the
mice were challenged Lp. with 107 Live Bl6edl:.Tod¢=mhetbecﬂ'eaofnumb«o(vudmﬁmnﬁmmhmhuLp.
two times (C), thres times (D), or four times (F) at weekly intervals with either 10¢ UV-B16 or UY-Bl6a cells, Ou day 0, the
mics were challenged ip. with 107 live B16 cells. To determine the potency of the vaccination procedure, mice were inoculated
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