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Introduction
It is estimated that more than 1.68 million people in the United States of America will develop 

cancer in 2016 [1]. Most of the current treatments can be very deleterious to patients: surgeries 
can be disfiguring and radiation and chemotherapies can be associated with significant toxicities. 
Despite these therapies, more than a third of these individuals, an estimated 595 thousand people in 
2016, will succumb to the disease [1]. Moreover, many of those who do survive will have to deal with 
disfigurement; heart and kidney damage; memory problems; intestinal problems; incontinence and 
impotence; and, the induction of other cancers [2]. Cancer is a similar scourge in other countries. 
Thus, there continues to be a desperate need for new therapies that exhibit greater efficacies and 
lower toxicities.

Cancer Immunosurveillance

 Our cells constantly accumulate mutations. The mutations occur because of the effects of the 
physical (radiation) and chemical environment (environmental contaminants); chemical resonance 
of our DNA bases; and, biological limitations of our replication machinery. Repair systems correct 
many of these mutations but some mutations become permanent as part of our cells’ genetic makeup.

Cancer cells arise when permanent mutations occur in proto-oncogenes and tumor suppressor 
genes. Fortunately, the body has an immunosurveillance system that recognizes and eliminates 
isolated precancerous and cancerous cells as they arise [reviewed in 3-4]. The immunosurveillance 
system is highly efficient but not without its fault. Thus, if a cancer cell is not recognized and killed 
by the immunosurveillance system, it may eventually begin to divide and form a collection of cancer 
cells. There are a number of mechanisms by which cancer cells escape immunosurveillance. In one 
of these mechanisms, even though the host immune system can still recognize the collection of 
cancer cells, the immune system’s lymphocytes become tolerant of these cancer cells and do not 
kill them [4]. This development of tolerance can lead to the growth of the cancer cells to sufficient 
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Abstract

Interest has focused on using potent immunostimulatory cytokines, such as IL-15, as an adjuvant for cancer 
treatment or as part of a vaccine therapy. This review presents an IFN-α-induced, whole-cell cancer vaccine 
in mice, contrasts this cancer vaccine with those reported in other studies, and considers its potential use as 
a human cancer vaccine. Initial studies focused on developing a B16 melanoma vaccine. B16 cells treated for 
≥2 weeks with IFN-α become B16α vaccine cells that contain accumulated intracellular IL-15. Intraperitoneal, 
subcutaneous, and intravenous inoculations of irradiated B16α cells into mice have established adaptive 
immunity to B16 melanoma and the survival of a substantial fraction of the mice (60% survival with 4 vaccinations 
and >80% survival with 6 vaccinations). The immunity is specific to B16 melanoma; is active systemically against 
metastases; demonstrates memory; and, is dependent on the function of macrophages, NK cells, CD4+ helper 
T cells, and CD8+ cytotoxic T cells, by using corresponding knock-out mice. Thus, B16α cells are “bags” of 
IL-15 that express melanoma surface antigens. After inoculating irradiated B16α cells into mice, melanoma-
specific tissue-infiltrating lymphocytes gather at the inoculation site. When the irradiated B16α cells lyse, they 
release their accumulated IL-15 as a bolus, activating the melanoma-specific tissue-infiltrating lymphocytes. The 
activated lymphocytes proliferate and kill B16 melanoma cells throughout the body. While initial studies were 
focused on developing B16α cells as a melanoma vaccine, the IFN-α treatment protocol has been employed to 
develop RM-1α cells and P388α cells as vaccines against RM-1 prostate cancer and against P388 lymphocytic 
leukemia, respectively. The demonstration of efficacious vaccines against multiple cancers supports the general 
applicability of the IL-15-containing whole-cell vaccine. The relative efficacies of the different vaccines appear to 
be associated with a relative down-regulation of translation of the IL-15 mRNA. To achieve the full potential of the 
vaccines, it will be necessary to transfect cancer cells with constructs of IL-15 that negate the down-regulatory 
mechanisms. Since mouse and human immune systems illustrate many common features of IL-15 function, 
these studies have high promise of being extended to the creation of human cancer vaccines.
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size to be detected, to cause physical problems, and to be diagnosed 
as “cancer.”

Rationale for Immunotherapy

Even when tolerance to cancer cells has developed, T cells of the 
immune system continue to localize in the tumor mass. Such T cells 
are the major component of the tumor-infiltrating lymphocytes [5-7]. 
The tumor-infiltrating lymphocytes are tolerant to the cancer cells, as 
they still recognize the cancer cells but can no longer kill them. The 
potential power of tumor-infiltrating lymphocytes to kill foreign cells 
can be seen with their potent activity in the rejection of tissue and 
organ transplants.

If these tolerant tumor-infiltrating lymphocytes could be re-
activated to break their tolerance, they would exert a potent cancer-
killing effect. Studies have suggested that tolerance can be broken. For 
example, in vitro treatment of tolerant tumor-infiltrating lymphocytes 
with a potent immunostimulatory molecule (IL-2) has been shown 
to be able to re-activate the previously tolerant tumor-infiltrating 
lymphocytes to attack the cancer cells [8]. These studies were extended 
to human clinical trials [9]. When the in vitro IL-2-treated tumor-
infiltrating lymphocytes were injected into melanoma patients, they 
killed the melanoma cells, resulting in complete tumor regressions in 
22% of patients, allowing an extended survival of the patients [9]. It 
should be noted that, to achieve these complete responses, the patients 
had to first be treated with drugs to deplete their lymphocytes [9]. 
Even so, the results suggest that immunotherapies targeted toward 
re-awakening the patient’s own immune system have great promise. 

A number of additional immunotherapy approaches to re-activate 
the immune system are currently under investigation, including 
vaccination with genetically modified cancer cells; cancer-specific 
antigens; dendritic cells and T cells reactivated in vitro by exposure 
to cancer antigens and/or cytokines; genetically modified viruses and 
other vectors; and, antibodies to various immune cell surface markers 
[for recent overview, see 10]. There are strengths and weaknesses to 
each of these approaches.

This review focuses on our laboratory investigations into the 
development of IL-15-based, whole cell cancer vaccines to re-activate 
the host immune system.

Results
Discovery of a Melanoma Cancer Vaccine

In a mouse cancer model, it has long been known that B16 
melanoma cells are very poorly immunogenic or non-immunogenic 
and, thus, are seen poorly by the mouse immune system. This has 
made B16 melanoma an excellent model for studying the antitumor 
effect of IFN-α. Unfortunately, while IFN-α therapy has initial 
antitumor activity, resistance to interferon therapy quickly develops. 

While studying the development of resistance to the antitumor 
effect of interferon, a serendipitous discovery was made [11]. Namely, 
B16 melanoma cells that had been treated for two weeks or more with 
IFN-α (B16α cells) could be effectively seen by the immune system 
and could stimulate a potent antitumor activity.

Acting on this observation, B16α cells were tested for their ability 
to act as a vaccine against the parental, untreated B16 melanoma cells 
[12]. B16α cells were exposed to concentrations of IFN-α ranging 

from 300 to 10,000 international units/ml. Following two weeks of 
treatment, the treated B16α cells were lethally irradiated and inoculated 
four times, at weekly intervals, into mice. The mice were then 
challenged with inoculations of live, untreated B16 melanoma cells. 
In Figure 1, it can be seen that none of the challenged mice survived 
when inoculated four times with carrier. However, mice inoculated 
four times with irradiated B16α cells that had been cultured in various 
concentrations of IFN-α survived for longer periods of time. Further, 
some cures were noted. Moreover, the efficacy of treatment with 
B16α cells was dependent upon the dose of IFN-α to which the B16α 
cells had been exposed and seemed to be defined as a bell-shaped 
dose-response curve. B16α cells treated with 3,000 units of IFN-α 
provided the significantly greatest protective effect, with 60% of the 
mice surviving live B16 melanoma cell challenge. Treatment of B16α 
cells with greater or less than 3,000 units of IFN-α provided a lower 
protective effect. The underlying mechanism for the significantly 
decreased efficacy of the cancer vaccine to IFN-α treatment levels 
above 3,000 units of IFN-α is unknown, but it is suspected to be due 
to the stimulation of a down-regulatory mechanism.

Further studies showed that the vaccine efficacy of the irradiated 
B16α cells increased with increasing numbers of inoculations [13]. 
Four inoculations with irradiated B16α cells protected 50% of the mice 
from challenge with live B16 melanoma. However, six vaccinations 
protected more than 80% of the mice from challenge.

The results of these experiments strongly indicate that the 
irradiated B16α cells provide a highly significant protective effect in 
mice challenged with B16 melanoma.

Vaccine Induces Adaptive Immunity

The results of these experiments strongly suggest that the 
irradiated B16α cells are behaving as a vaccine for B16 melanoma. 
A true vaccine induces adaptive immunity. Therefore, to claim that 

Figure 1: Effect of in vitro IFN-α treatment concentration. Mice (20 mice/
group) were inoculated i.p. on days -21, -14, -7, and 0 with 106 inactivated 
B16α cells. The inactivated B16α cells were pretreated for more than 14 
days with 300, 1000, 3000, or 10,000 international reference units of IFN-α. 
Control mice were mock inoculated with the carrier (Hanks Basal Salt 
Solution). On day 1, all mice were challenged i.p. with 106 live B16 cells. The 
graph plots the combined data of two experiments as cumulative survival 
vs. day after tumor inoculation. Day of death was noted. Statistical analysis 
by Fisher exact probability test: 3,000 U/ml versus 300 U/ml: p = 0.0016; 
3,000 U/ml versus 1,000 U/ml: p = 0.043; 3,000 U/ml versus 10,000 U/ml: 
p = 0.021.  Reprinted from reference 12. Used with the permission of Mary 
Ann Liebert, Inc.
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the B16α vaccine is a true vaccine, it was necessary to prove that the 
protective effect was the result of induction of adaptive immunity and 
not due to the induction of innate immunity.

First, the ability of the B16α cells to establish a systemic effect was 
determined. Irradiated B16α cells were inoculated intraperitoneally 
[12]. The vaccinated mice were then challenged by tail vein injection 
with the F10 clone of B16 melanoma. The F10 clone preferentially 
metastasizes to the lung. The results of Table 1 show that inoculation 
with irradiated B16 cells that have been grown in the absence of 
interferon do not provide a protective effect. However, inoculation 
with irradiated B16α cells reduces the number of lung metastases by 
65%. 

Second, the specificity of the antitumor effect induced by B16α 
cells was determined [14]. Irradiated B16α cells were inoculated 
into mice that were then challenged with live B16 melanoma cells 
or with live RM-1 prostate cancer cells. B16α vaccination protected 
50% of mice challenged with live B16 melanoma cells, but 0% of mice 
challenged with live RM-1 prostate cancer cells.

Third, the ability of B16α cell inoculation to establish memory was 
determined [12]. Mice were inoculated with irradiated B16α cells and 
challenged with live B16 cells. After 90 days, the surviving mice were 
then re-challenged with live B16 cells. The results of Table 2 show that 

thirty percent of the mice survived the re-challenge, indicating that 
the inoculation with B16α cells established an enduring antitumor 
effect. Most interestingly, when mice were given a single booster 
inoculation with B16α cells, prior to re-challenge with live B16 cells, 
more than 90% of the mice survived the re-challenge.

Fourth, the immune cells responsible for mediating the antitumor 
effect induced by inoculation with B16α cells were determined [15]. 
Knockout mice that we depleted of IL-12, Natural Killer (NK) cells, 
CD8+ cytotoxic T cells, CD4+ helper T cells, or B cells were inoculated 
with irradiated B16α cells and challenged with live B16 melanoma cells 
(Table 3). IL-12 knockout mice had only 20% protection as compared 
with 47% for normal mice. NK cell knockout mice had only 20% 
protection as compared with 50% for normal mice. CD8+cytotoxic 
T cell knockout mice had only 15% protection as compared with 48% 
for normal mice. Finally, CD4+helper T cell knockout mice had 0% 
protection, as compared with 50% for normal mice, suggesting that 
there was no role for innate immunity in the survival of the B16α-
vaccinated mice. Knockout mice that were depleted of B cells did 
not show a reduced level of protection, indicating that B cells are not 
mediators of the B16α-induced antitumor activity.

The results of these experiments show that inoculation with 
irradiated B16α cells provides a systemic effect, is specific to the B16 
melanoma, and establishes a memory response. Taken together, the 

Table 1: Potency of Vaccination with Inactivated B16 or B16α Cells against 
B16-F10 Lung Metastases.

Vaccination 
Cell Typea

Number of Mice 
Evaluated

Lung 
Metastases
Mean ± SE 

Lung

% Decrease in Lung 
Metastasesb ± SE

1. None 20 150.8 ± 8.8

2. B16 19 145.6 ± 9.5 3 ± 6

3. B16α 20 52.5 ± 5.8 65 ± 4
aC57BL/6 mice were vaccinated with 106 inactivated B16 or B16α cells on days 
-21, -14, -7, and 0 before challenge with 5 x 105 live B16-F10 cells via tail vein 
on day 0. Mice were killed on day 16 for evaluation of lung metastases. Control 
mice received only mock vaccinations with carrier (Hanks Basal Salt Solution).
bStudent’s t-test analysis of % decrease in lung metastases: group 1 versus 
group 2: p = NS; group 1 versus group 3: p < 0.0001; group 2 versus group 3: p 
< 0.0001.NS: not significant. 
Reprinted from reference 12. Used with the permission of Mary Ann Liebert, Inc.

Table 2: Resistance of Surviving Vaccinated Mice to B16 Re-challenge.

Vaccination 
Groupa Booster Number of Survivors 

of First Challenge
Number of Survivors of 

Second Challengeb

1.Nonec None 0/20

2.Noned None 0/10

3.B16α None 10/20 3/10

4.B16α One: B16α 13/18 12/13

aC57BL/6 mice were vaccinated with 106 inactivated B16α cells on days -21, 
-14, -7, and 0 before i.p. challenge with 106 live B16 cells on day 0.The survivors 
of the initial challenge were given either one booster vaccination consisting of 
106 inactivated B16α or one mock vaccination (carrier) on day 90, re-challenged 
with 106 live B16 cells on day 93, and monitored for their survival for another 90 
days. Control mice received only mock vaccinations with carrier (Hanks Basal 
Salt Solution).
bFisher exact probability test for the number of re-challenge survivors: group 2 
versus group 3: NS; group 2 versus group 4: p <0.0001; group 3 versus group 4: 
p <0.0032.NS: not significant.
cControl mice for the first challenge (challenged on day 0).
dControl mice for the second challenge (challenged on day 93).
Reprinted from reference 12. Used with the permission of Mary Ann Liebert, Inc.

Vaccination 
Cell Typea

Mouse 
Type

Number of 
Survivors % Survivors Statistical 

Significanceb

1. None
2. B16α
3. B16α

Normal
Normal
IL-12 

Knockout

0/27
15/32
4/20

0
47
20

Groups 1 vs. 2: 
p<0.0001

Groups 1 vs. 3: p = 
0.027

Groups 2 vs. 3: p = 
0.036

4. None
5. B16α
6. B16α

Normal
Normal

CD8 
Knockout

0/20
12/25
3/20

0
48
15

Groups 4 vs. 5: p = 
0.0004

Groups 4 vs. 6: p 
= NS

Groups 5 vs. 6: p = 
0.027

7. None
8. B16α
9. B16α

Normal
Normal

Beige (NK 
KO)

0/20
10/20
3/20

0
50
15

Groups 7 vs. 8: p = 
0.0002

Groups 7 vs. 9: p 
= NS

Groups 8 vs. 9: p = 
0.018

10. None
11. B16α
12. B16α

Normal
Normal

CD4 
Knockout

0/27
10/20
0/20

0
50
0

Groups 10 vs. 11: p 
<0.0002

Groups 10 vs. 12: 
p = NS

Groups 11 vs. 12: p 
<0.0002

13. None
14. B16α
15. B16α

Normal
Normal
B cell-

deficient

0/20
12/20
16/20

0
60
80

Groups 13 vs. 14: p 
<0.0001

Groups 13 vs. 15: p 
<0.0001

Groups 14 vs. 15: 
p = NS

Table 3: Effect of IL-12, CD8+ T Cell, NK Cell, CD4+ T Cell, or B Cell Deletion 
on Vaccinated State.

aC57BL/6 and knockout mice (C57BL/6 background) were vaccinated with 106 
inactivated B16α cells on days -21, -14, -7, and 0 prior to i.p. challenge with 106 
live B16 cells on day 0. Control mice received only mock vaccinations with carrier 
(Hanks Basal Salt Solution).
bFisher’s exact probability test for the % mice protected. NS: not significant.
Reprinted from reference 15. Used with the permission of Mary Ann Liebert, Inc.
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results indicate that the irradiated B16α cells establish a true adaptive 
immune response that is mediated by macrophages, NK cells, CD8+ 
cytotoxic T cells, and CD4+ helper T cells. Not unexpectedly, CD4+ 
helper T cells are the most important immune cells. Thus, irradiated 
B16α cells are an efficacious cancer vaccine.

B16α cells Contain Cell-Associated IL-15

Irradiated B16α cells were an efficacious vaccine, but irradiated 
B16 cells were not. What was different about the B16α cells that made 
them an effective vaccine? B16α cells did not have greater expression 
of melanoma antigen nor did they have greater levels of endogenous 
virus antigens [11]. B16α cells were shown not to secrete detectable 
levels of cytokines, including IL-15 [16].

A key experiment led to an understanding of the difference 
between B16α cells and B16 cells that could explain the vaccine status 
of the B16α cells. Immune cells from the spleens of mice inoculated 
with irradiated B16α cells or with irradiated B16 cells were placed 
in tissue culture in the absence of cytokine growth factors [16]. As 
expected, spleen cells from mice inoculated with irradiated B16 
cells showed only a background level of thymidine incorporation. 
However, spleen cells from mice inoculated with irradiated B16α cells 
spontaneously proliferated. The spleen cells showed a 5-fold level of 
thymidine incorporation above background at 1 week after the last 
inoculation with irradiated B16α cells and a 4-fold level of thymidine 
incorporation above background at 5 weeks after the last inoculation. 

This observation suggested that the mouse immune cells from the 
spleens had been powerfully stimulated to proliferate in vivo and that 
this powerful stimulation persisted for at least 5 weeks after the last 
inoculation.

IL-2 and IL-15 are both potent immunostimulatory cytokines. 
They have many properties in common, but also have some important 
differences [17-22]. T cells stimulated with IL-2 are activated to 
proliferate and then undergo apoptosis after a relatively short period 
of time. T cells stimulated with IL-15 are activated to proliferate and 
maintain that activation for a relatively long period of time. The 
results above suggested that the spleen cells had been activated by IL-
15 [16].

B16α cells and B16 cells were evaluated for IL-15 mRNA and 
protein expression in cell lysates. There was an 85-fold enhancement 
in IL-15 mRNA synthesis and 8-fold enhancement of IL-15 protein in 
B16α cells over B16 cells [16].

Since secreted IL-15 was not detected, B16α and B16 cells 
were subjected to confocal fluorescence microscopy. These studies 
(Figure 2) demonstrated that B16α cells contained an abundance of 
intracellular IL-15, while B16 cells had only little immunoreactive 
staining. Moreover, the distribution of the intracellular IL-15 
in the B16α cells indicated that the IL-15 was not limited to the 
Golgi apparatus. Rather, the IL-15 was distributed throughout the 
cytoplasm and even in the nucleus of the B16α cells.

Thus, long-term IFN-α treatment of B16α cells caused the 
production and intracellular accumulation of IL-15.

Broad Applicability of Vaccine Protocol

Convincing evidence showed that long-term IFN-α treatment of 
B16 cells can result in the development of a potent anti-cancer B16α 
vaccine against B16 melanoma. It was important to know whether 
this was a specific or general phenomenon. RM-1 prostate cancer 
cells and P388 lymphocytic leukemia cells were treated for two weeks 
with IFN-α to create RM-1α cells and P388α cells [14]. Mice were 
inoculated with irradiated RM-1α cells or irradiated P388α cells and 
challenged with live RM-1 cells and live P388 cells, respectively. A 
substantial protective effect was observed for both RM-1α cells (20% 
survival with 6 vaccinations) and P388α cells (25% survival with 4 
vaccinations) for this experiment. In each case, inoculation with 
irradiated RM-1 cells and irradiated P388 cells, grown in the absence 
of IFN-α did not provide any protective effect.

Limitation of Vaccine Protocol

The levels of protection were seen to be lower for RM-1α cells and 
for P388α cells than had been seen for B16α cells (an experiment-to-
experiment range of 50-60% protective effect for 4 vaccinations with 
B16α versus an experiment-to-experiment range of 20-60% protective 
effect for 6 vaccinations with RM-1α). Consequently, intracellular IL-
15 levels were compared for RM-1α cells and B16α cells, with and 
without irradiation of the vaccine cells [23]. The level of intracellular 
IL-15 was initially lower in RM-1α cells but increased approximately 
3-fold with irradiation. The initially higher level of intracellular IL-
15 in B16α cells was unaffected by irradiation. So, the irradiation 
data suggested that irradiation may have partially negated a possible 
control mechanism operating in the RM-1α cells, but not in the B16α 
cells, that limits IL-15 synthesis.

Figure 2: Subcellular distribution of IL-15 protein in B16α vaccine cells. 
B16 parental cells (A,B) and B16α vaccine cells (C,D) were cultured in 
the absence or presence of 1000 international reference units of IFN-α, 
respectively. The cells were fixed, permeabilized, and incubated with (B,D) 
or without (A,C) primary antibody to IL-15 and subsequently incubated with 
secondary antibody to IgG conjugated with FITC (green fluorescence). 
Nuclei were stained with DAPI (blue fluorescence). Fluorescence was 
visualized with a Zeiss LSM510 UV META confocal microscope. The 
illustrations represent overlays of the blue and green fluorescence images. 
All images have the same magnification, with the scale indicated in A. (A) 
B16 parental cells incubated without primary antibody to IL-15. (B) B16 
parental cells incubated with primary antibody to IL-15. (C) B16α vaccine 
cells incubated without primary antibody to IL-15. (D) B16 vaccine cells 
incubated with primary antibody to IL-15. Reprinted from reference 16.Used 
with the permission of Mary Ann Liebert, Inc.
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Discussion
There is a great deal of excitement about the potential use of IL-

15 as immunotherapy [reviewed in 24-26]. Thus, a number of studies 
have already been undertaken.

Therapies Based on IL-15 Administration

While the results of clinical trials with IL-15 are not yet available, 
several preclinical studies have shown promise. Often, IL-15 has 
been paired with another immuno-active molecule for improved 
therapeutic efficacy. In one study [27], administration of IL-15 alone 
provided about 20% survival in mice with TRAMP-C2 prostate 
cancers. This level of survival could be increased to more than 60% 
when IL-15 therapy was combined with antibodies directed against 
two regulatory proteins on cytotoxic T cells.

A later study [28], using a combination of IL-15 and IL-15Rα to 
treat mouse melanoma, suggests that the combination of IL-15 and its 
receptor, could be a more efficacious NK cell-mediated approach to 
both slow tumor progression and reduce tumor volume.

Therapies Based on Expression Vectors

An intra-tumoral injection of adenovirus expressing the IL-15 
gene paired with the chemokine gene, CCL21, in colon carcinoma 
challenged mice [29] resulted in greater reduction of tumor growth 
compared to the effects of administration of either IL-15 or CCL21, 
independently.

In Vivo IL-15 Treatment of Immune Cells

In mice bearing colon carcinoma tumors, combination treatment 
with IL-15 injection (in liposomes) and whole cell vaccine reduced 
tumor growth by 45% compared with tumor growth occurring in 
mice treated with IL-15 alone or with whole cell vaccine alone [30].

Mice bearing Lewis lung carcinoma, when treated with liposomes 
carrying IL-15 gene-inserted-plasmid co-administered with an 
autologous whole-cell tumor vaccine protected mice from challenge, 
resulting in significantly reduced tumor volume and increased 
median survival percentage than those resulting from independent 
treatment with either the liposomes carrying the IL-15 gene or whole-
cell tumor vaccine [31].

In Vitro IL-15 Treatment of Immune Cells

In studies on in vitro IL-15 activation of T cells, in vitro treatment 
with IL-15 caused 105-106-fold proliferation of tumor antigen-specific 
memory T cells and prevented early apoptosis of the T cells [32]. Also, 
IL-15 treatment inhibited Treg expansion.

In addition to studying the effect of IL-15 on activation of T 
cells, recent attention has focused on dendritic cells. Dendritic cell 
vaccinations supplemented with co-expression of IL-15 and its 
receptor, IL-15Rα, have been shown to enhance the immune response. 
Treatment of rat neu-expressing transgenic mice with dendritic cells 
co-expressing a truncated form of the rat neu gene plus mouse IL-15 
and IL-15Rα, protected approximately 70% of mice from mammary 
carcinomas at 30 weeks. In contrast, there was 0% protection of 
these transgenic mice treated with dendritic cells expressing only 
the truncated neu gene, 20% protection by dendritic cells expressing 
the truncated neu gene and IL-15Rα, and only 10% protection by 
dendritic cells expressing the truncated neu gene and IL-15 [33]. 

The use of dendritic cell-based cancer vaccines has mostly 
focused on enhancing their antigen presenting properties, thereby 
more effectively stimulating antigen-specific cytotoxic T cells. But, 
more recently, it has been demonstrated that in vitro treatment with 
IL-15 activates peripheral blood monocytes to become dendritic 
cells, known as IL-15 DCs. This activation results in the cell surface 
expression of IL-15 on the dendritic cells, and the subsequent 
activation of NK cells by contact [34, reviewed in 35]. Another study 
carried this concept further by employing dendritic cells that were 
transfected with both IL-15 and IL-15 receptor to activate NK cells 
[36]. These studies demonstrate the power of IL-15, particularly 
together with IL-15Rα, to activate the host immune system.

Administration of IL-15-Producing Cells

Cancer cells transfected with the secretable IL-15 gene construct 
has been monitored for their ability to establish immunity in mice. 
Studies have involved IL-15-transfected prostate cancer cells [37], 
colon carcinoma cells [38], and fibrosarcoma cells [39]. Dramatic 
effects, including cures, were observed with these IL-15-transfected 
cells after they were inoculated into immunocompetent and even into 
immunocompromised mice. However, the IL-15-transfected cells 
were not lethally irradiated prior to inoculation, as they would have 
to be for human studies.

In mice, cells transfected with expression vectors containing 
the gene for codon-optimized IL-15 have been developed [40]. 
Codon-optimization gave a 100-fold greater secretion of IL-15 by 
cells transfected with the expression vector in vitro. After in vivo 
inoculation, detectable levels of circulating IL-15 were observed, as 
were increased numbers of NK cells in the liver, spleen, and lung. The 
effect of this therapy on tumors was not evaluated. This study shows 
the power of codon-optimization for increasing IL-15 translation. 
However, it also raises concerns for side effects of systemically 
distributed IL-15, such as the potential for autoimmune disease.

Cancer cells expressing both IL-15 and its receptor have also been 
a more recent approach. Co-expression of IL-15 and its receptor, IL-
15Rα, in mouse breast and prostate cancer cells increases the cell-
surface expression and secretion of IL-15 above that found in cells 
expressing IL-15 alone. Vaccinations of mice with these co-expressing 
cells produced CD8+cytotoxic T cell-mediated and NK cell-mediated 
anti-tumor effects, including the inhibition of tumor growth at sites 
distant from the initial site of inoculation [41,42]. These transfected 
cells were treated with mitomycin C to inhibit replication (and 
transcription). Thus, while the studies show the power of IL-15, they 
may not predict success in humans because the mitomycin C-treated 
vaccine cells may not continue to secrete IL-15. 

Limitations of These Studies. Preclinical studies show that IL-
15 has potent effects in both mice and humans [reviewed in 24-
26]. However, it can be anticipated that there will be problems with 
ultimate clinical administration of IL-15 or IL-15 expression vectors, 
as significant side effects have already been noted for IL-15 treatment 
in human trials, requiring the treatment to be limited to, at most, every 
third day [43]. Also, vaccine therapies based upon secreted IL-15-
producing cells may not succeed in clinical trials if lethal irradiation is 
employed because lethal irradiation may compromise the production 
of the secreted IL-15. The most promising preclinical study would 
seem to be one that would involve the re-inoculation of harvested 
immune cells that have been treated in vitro with IL-15 to activate the 
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immune cells. Potential concerns with ultimate clinical application 
of this approach would be that there may be possible limitations on 
the number of immune cells that can be harvested and that there may 
be possible limitations on the effectiveness of the in vitro treatment.

IFN-α Induced Vaccine Contains IL-15. The studies reported 
herein demonstrate that a highly efficacious whole-cell cancer vaccine 
can be generated in mice by long-term treatment of the cancer 
cells with IFN-α. The B16α vaccine is a true vaccine that induces 
an adaptive immune response that is characterized by its ability to 
establish a systemic effect, to be specific against a particular cancer 
type (B16 melanoma), and to establish memory T cells. Macrophages, 
natural killer cells, CD8+ cytotoxic T cells, and CD4+ helper T cells 
all play important roles in mediating the potent effects of the B16α 
cancer vaccine. Studies investigating the mechanism by which the 
B16α vaccine induces its activation of the immune system have 
shown that long-term IFN-α treatment induces the production of 
cell-associated IL-15 in the B16α vaccine cells.

In the literature, there is support for IL-15’s role in stimulating 
the immune system to attack cancer cells. For example, IL-15 has 
been shown to have a role in immunosurveillance in a mammary 
carcinogenesis study comparing IL-15 wild-type and IL-15 knockout 
HER2/neu transgenic mice. The IL-15 knockout mice had earlier 
mammary carcinogenesis and had significantly reduced levels of NK 
and CD8+ cytotoxic T cells [44].

Uniqueness of an IL-15-Based Vaccine

The essential feature of the vaccine described herein is that the 
IFN-α treatment induces cell-associated IL-15. In this regard, two 
isoforms of IL-15 have been described: one IL-15 isoform is secreted, 
while the other IL-15 isoform accumulates intracellularly [45-47]. 
The IL-15 isoform that is induced in the B16α vaccine cells described 
herein is the isoform that accumulates intracellularly. 

Other studies have shown that IFN-α treatment induces IL-
15 in dendritic cells [48] and in hepatocellular carcinoma cells 
[49]. However, in these studies, the type of IL-15 isoform that was 
produced was not identified and the effect of IL-15 on the induction 
of antitumor activity was not addressed.

The other cited studies employ vaccine cells that secrete IL-15 
(24-42). Thus, the B16α vaccine with its accumulated cell-associated 
IL-15 is unique.

How is the B16α vaccine envisioned to generate its 
immunostimulatory effect? The B16α vaccine cells are essentially 
“bags” of IL-15 that express B16 cancer antigens on their surface. 
After lethal irradiation and inoculation into the host, tissue-
infiltrating lymphocytes that recognize, but do not respond to 
the expressed B16 cancer antigens, accumulate at the site of the 
inoculation. After 2-3 days, the irradiated B16α cancer vaccine cells 
lyse, releasing their accumulated intracellular IL-15 as a bolus in 
the local area of the tissue-infiltrating lymphocytes that specifically 
recognize the B16 cancer antigens. The IL-15 then activates the B16-
specific tissue-infiltrating lymphocytes (primarily Th1, Th2, and NK 
cells) to overcome their tolerance, to begin to proliferate. Thus, when 
the mice are challenged with live B16 cancer cells, the activated tissue-
infiltrating lymphocytes recognize the live B16 cancer cells and kill 
them, permitting the survival of the B16α vaccinated mice. 

Universality of Vaccine Protocol

The protocol used to develop B16α vaccine cells can be used 
to develop vaccine cells for RM-1 prostate cancer and for P388 
lymphocytic leukemia in mice. It should be noted that the RM-
1α vaccine, as well as the B16α melanoma vaccine protect against 
solid tumors, while the P388α vaccine protects against a leukemic 
malignancy. So, the vaccine protocol has shown promise against 
solid and against hematological malignancies. Also, the RM-1α and 
B16α vaccines are syngeneic to the C57BL/6 mouse, while the P388α 
vaccine is syngeneic to the DBA/2 mouse. So, the vaccine protocol 
is not limited to a given mouse strain and has promise in mice with 
different major histocompatibility antigens. 

These studies have proven the principle in the mouse system that 
highly efficacious cancer vaccines can be created by the induction of 
IL-15 in cancer cells by long-term IFN-α treatment. Moving forward, 
the best method to create cancer vaccines will most probably involve 
the direct transfection of cancer cells with the IL-15 gene. Studies 
with RM-1α prostate cancer vaccine cells strongly suggest that IL-15 
mRNA translation is down-regulated. Necessarily, future studies will 
be focused on the transfection of cancer cells with IL-15 constructs 
that avoid the down-regulation of IL-15 translation that appears to 
limit IL-15 induction in some cancer cells.

The IL-15-based, whole-cell vaccine has several advantages. First, 
the vaccine combines the potent immunostimulatory cytokine IL-15 
and the cancer cell antigens in one “package”. Second, the vaccine will 
attract those host T cells that recognize the cancer cell antigens and 
release the IL-15 locally to specifically activate those cancer antigen-
specific T cells. Third, multiple vaccinations can be given to boost the 
activation of the host immune system response against the cancer. 
Fourth, the IL-15-based, whole-cell vaccine can be tailored for a 
patient’s specific cancer, using biopsy materials.

There are great similarities between IL-15 induction and 
function in mouse and human systems. Thus, there is strong reason 
to believe that this work, developing a mouse vaccine based upon 
the accumulation of intracellular IL-15, will extend to the human 
system. Therefore, it will be important to determine whether IL-15-
transfected human cancer cells that accumulate intracellular IL-15 
can be efficacious vaccines. If so, successful extension of these studies 
to the human system should lead to the development of a protocol for 
the generation of highly efficacious, IL-15-based, whole-cell cancer 
vaccines against a number of cancers.
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