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Abstract

Spirulina platensis is a cyanobacteria species that contains a TLR2 agonist and phycocyanin that supports
probiotic health care through innate immunity. The oral administration of hot water-extracted spirulina (spirulina
extract) induced NK cell activation and shrunk the NK-sensitive tumors loaded onto mice. However, it remains
undetermined whether spirulina extract contributes to provoking T cell immunity represented by the tumor-specific
induction of cytotoxic T lymphocytes (CTLs). Using a mouse model comprised of mice with CTL-sensitive tumors and
a diet consisting of spirulina extract, we found that tumor-specific CTLs were spontaneously activated by spirulina
extract in some mice, in which tumor regression was observed in a CTL-dependent manner. CTLs were induced
without an injection of extrinsic tumor-associated antigen (TAA). These results indicated that the spirulina extract
affected the activation of both NK cells and CTLs in the gut microbial environment to induce tumor regression in some

mice when the tumor provided sufficient TAA.
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Introduction

The immune system has innate and acquired arms of the immune
response to discriminate non-self from self cells. The innate system
recognizes pattern recognition molecules as non-self signature markers:
pattern-recognition receptors (PRRs) expressed on host cells. PRRs are
distributed throughout the cells of the body and signal the presence of
foreign invaders by producing cytokines and inflammatory mediators.
This acute phase response helps immune cells eliminate pathogenic
microbes which possess pathogen-associated molecular patterns
(PAMPs) [1]. In vertebrates, lymphocytes further endow the immune
system with specificity and memory. Notably, innate sensing precedes
the activation of the acquired immune response.

Although innate sensing provides a series of mediators to
sufficiently alarm the presence of microbes, precise recognition for
the elimination of microbes is accomplished by antigen-specificity
associated with the acquired immune system, which consists of T and
B lymphocytes. Moreover, these lymphocytes display clonal diversity
to cover the huge variation of possible foreign antigens. The clonal
expansion of T and B cells is an essential event to facilitate the specific
elimination of microbes. The most critical cell that can trigger clonal
T cell proliferation is dendritic cells (DCs) [2]. PRR expression in
DCs triggers the activation of transcription factor signaling (e.g., AP-
1, NF-kB, and IRFs) in these cells [3]. Several cytokines and cellular
effectors are consequently induced to orchestrate the host defense.
DCs sufficiently activate T cells: cis-activation by DC cytokines and
inflammatory mediators, which have been designated for DC priming
[2]. In addition, MHC and co-stimulatory factors (e.g., CD80 and
CD86) are upregulated in DCs, which are markers for DC-priming.
Moreover, DC-priming provides the basis for T cell proliferation.

We have a variety of foods that may contain several types of
microbial patterns. Because intestinal and colon epithelial cells express
PRRs [4,5], mucosal immune responses may be modulated by the oral
uptake of microbial material; however, most dietary molecules do not
induce a systemic immune response. Although the reason for this effect
remains unknown, it is presumably due in part to the complexity of

the gut-associated lymphoid tissue (GALT), which typically provides
immune tolerance to dietary antigens of food origin [6].

The cyanobacterium, Spirulina platensis (spirulina), has been
ingested as a supplemental food for more than 40 years without any
undesirable side-effects [7]. Spirulina is considered safe for human
consumption, which has been confirmed through toxicological studies.
Spirulina contains a lipopolysaccharide (LPS)-like constituent that is
structurally different from bacterial LPS [8]. In addition, spirulina also
contains a high protein content, including phycocyanin, vitamins (i.e.,
A and B12), and minerals. It is also rich in phenolic acids, tocopherols,
and y-linolenic acid [7,9]. Since spirulina lacks a cell wall, it is easily
digested [7,9]. Spirulina contains unique proteins, sugars, and lipids
[7,10], and these moieties have been reported to participate in inducing
the host immune response, including enhancing Ab production
[11], cytokine liberation [12], T-cell responses, and NK activation
[13]. However, the precise molecular mechanism responsible for this
immune response has not been clearly identified to date.

We previously reported that the hot-water extract of spirulina
enhanced NK activation when taken orally in elderly volunteers [13].
The activity of spirulina is unique because most of the reported bacterial
adjuvants facilitate CTL induction but not NK activation [14]. The
majority of immune-enhancing adjuvants are subcutaneously injected
to induce acute inflammation and IL-12 production. DC-priming is
followed by the activation of cellular immunity, which induces increased
production of IFN-y, a marker of lymphocyte activation. DC-mediated
NK activation is another marker of DC-priming [15,16]. TLRs and the
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may be an event triggered by DC-priming [2,17]. It is known that most
inflammatory adjuvants drive DCs to elicit a CTL-activated state [17].

Here, we show that the hot-water extract of spirulina orally
administered activates not only NK cells but also CD8 T+cells in >30%
of mice bearing ovalbumin (OVA)-expressing tumor. Consequently,
spirulina diet led to the suppression of implant tumor growth in the
mice. Thus, spirulina evokes unique MyD88-dependent DC-priming
through the mucosal immune response, at least when antigens are
intrinsically provided.

Materials and Methods
Reagents

Spirulina extract was provided by DIC Corporation (Tokyo, Japan)
and prepared as previously described [13] with a slight modification.
200 pl of spirulina extract (corresponding to 96 mg of spirulina powder)
was administrated to mice at a time. Low Endotoxin ovalbumin (OVA)
was purchased from Fuji Film-Wako (Tokyo, Japan). Dulbecco’s
modified PBS (D-PBS) used to substrate solution or injection into mice
was endotoxin-free grade (MER Millipore, Darmstadt, Germany).
2,3-bis (palmitoyl) propyl Cys-Ser-Lys-Lys-Lys-Lys (Pam2CSK4)
was synthesized by Biologica Co. Ltd (Nagoya, Japan). Anti-PD-L1
antibody (Ab) (clone: 10F.9G2) and rat IgG2b isotype control Ab (LTF-
2) were purchased from Bio x Cell (West Lebanon NH, USA). 7-amino
actinomycin D (7AAD, Cell : bility solution) for dead cell staining was
purchased from BD Biosciences (Franklin Lakes, NU, USA). Abs used
for flow cytometry are listed in (Table 1).

Rehabilitation Rehabilitation Rehabilitation
Anti-mouse CD16/32 93 Biolegend, 101302
FITC-anti-CD45 30F11 Biolegend, 103108
FITC-anti-CD4 GK1.5 Biolegend, 100406
FITC-anti-mouse CD3 145-2C11 Biolegend, 100306
FITC-anti-mouse F4/80 BM8 Biolegend, 123107
FITC-anti-Ly6C HK1.4 Biolegend, 128005
FITC-anti-mouse CD86 GL-1 Biolegend, 105005
F'TC'a"tL’f‘z"S‘Ee H-2Kb/ 28-86 Biolegend, 114605
PE-anti-mouse CD3¢ 145-2C11 Biolegend, 100308
PE-anti-CD69 H1.2F3 Biolegend, 100311
PE-anti-Gr-1 RB6-8C5 Biolegend, 123107
PE-anti-CD103 2.00E+07 Biolegend, 121405
PE-anti-mouse CD80 16-10A1 Biolegend, 104707
PE-anti-mouse CD40 1C10 eBioscience, 12-0401-81
PE'a“t"m‘;“Dss H-2Kb/H- 28-8-6 Biolegend, 114607
PTE;C%S’“%‘;S;* MR9-4 Biolegend, 139503
PE-anti-mouse PD-L1 M1H5 eBioscience, 12-5982-81
PE/Cy7-anti-mouse CD3 17A2 Biolegend, 100219
PE/Cy7-anti-CD11b M1/70 Biolegend, 101215
PE/Cy7-anti-CD11c N418 Biolegend, 117318
APC/Cy7-CD45 30-F11 Biolegend, 103116
APC-CD45.2 104 Biolegend, 109814
APC-anti-mouse CD3¢e 145-2C11 Biolgend, 100311
APC-anti-mouse CD8a 53-6.7 Biolegend, 100712
APC-anti-NK1.1 PK136 eBioscience, 17-5941-82
APC-anti-F4/80 BM8 Biolegend, 123115
APC-anti-Gr-1 RB6-8C5 Biolegend, 108411
AF700-anti-mouse CD3 17A2 Biolegend, 100216
AF700-anti-mouse CD8a 53-6.7 Biolegend, 100730
FITC-Rat IgG2ak RTK2758 Biolegend, 400505
PE-Hamster IgG HTK888 Biolegend, 400907
FITC-Mouset IgG2ax eBM2a eBioscience, 11-4724-41
PE-Rat IgG2ak RTK2758 Biolegend, 400507

Table 1: List of antibodies for flow cytometry.

Mice

Inbred female wild-type C57BL/6 mice were purchased from Clea
Japan. Mice were maintained under specific pathogen-free conditions
and used in the age 7-11 weeks. OT-I mice were kindly provided by
Dr. N. Ishii (Tohoku University, Sendai, Japan). All animal experiments
were approved by the Institutional Animal Care and Use Committee
of Hokkaido University (the number was 18-0032) and performed in
compliance with their guidelines.

Cells

OVA-expressing B16 melanoma cells (MO5) was kindly provided by
Dr. H. Udono (Okayama University, Okayama, Japan) [18] and cultured
in RPMI 1640 (Thermo Fisher Scientific) supplemented with 10% heat-
inactivated fetal bovine serum (FBS, purchased from GE Healthcare
Life Sciences, Buckinghamshire, England), 100 IU of penicillin/100 ug/
ml of streptomycin (Thermo Fisher Scientific, Waltham, MA, USA),
and 100 pg/ml of G418 (Roche). OVA-expressing EL4 lymphoma cells
(EG7) (ATCC°CRL-2113TM) were purchased from ATCC (Manassas,
VA, USA) and cultured in RPMI 1640 supplemented with 10%
heat-inactivated FBS, 10 mM of HEPES (Thermo Fisher Scientific),
1 mM of sodium pyruvate (Thermo Fisher Scientific), 55 uM of
2-mercaptoethanol (Thermo Fisher Scientific), 100 IU of penicillin/100
pg/ml of streptomycin and 500 pg/mL of G418.

OT-l proliferation assay

Splenocytes were isolated from spleens of two mice administrated
with H)O or spirulina extract by treatment with collagenase D
(Roche Diagnostics, Mannheim, Germany). CD11c* DC cells were
isolated from the splenocytes by CD11c-microbeads (MiltenyiBiotec,
Auburn, CA, USA) under blocking with anti-CD16/CD32 Abs. OT-I
T cells were isolated from spleens of OT-I mice by CD8-microbeads
(MiltenyiBiotec.). The isolated cells were labeled with 1 pM of
carboxyfluoresceindiacetatesuccinimidyl ester (CFSE, Thermo Fisher
Scientific) for 10 min at 37°C. 1 x 10° cells of CD11c* cells were seeded
in a well of U-bottom 96-well plate in triplicate, and incubated with or
without 2.5 ug/ml of OVA at 37°C. After 4 hr, equal volume of CFSE-
labeled OT-I T cells containing 5 x 10* cells were added into each well,
and cells were cocultured for 62 hr at 37°C. The cells were stained with
anti-CD8a, anti-CD3 and anti-TCR V5.1, 5.2 Abs. Dead cells were
excluded by 7AAD staining. OT-I T cells proliferation was evaluated by
the attenuation of CFSE by FACS Ariall (BD Biosciences) and Flowjo
software (Tree Star, CA, USA).

Analysis of tumor microenvironment

For analysis of intratumor immune cells, tumor tissues were finely
minced and treated with 0.05 mg/ml collagenase I (Sigma-Aldrich,
ST. Louis, MI, USA), 0.05 mg/ml collagenase IV (Sigma-Aldrich),
0.025 mg/ml hyaluronidase (Sigma-Aldrich), and 0.01 mg/mlDNase I
(Roche Diagnostics) in Hank’s Balanced Salt Solution (Sigma-Aldrich)
at 25°C for 15 min. After enzyme treatment, red blood cells were lysed
with ACK buffer. Tumor-infiltrating CD8" T cells, CD** T cells and NK
cells were stained with antibodies described in Table 1 and analyzed by
FACS Ariall and Flowjo software.

Tumor challenge and spirulina administration

MOS5 cells or EG7 cells (1 x 10° cells or 2 x 10° cells/200 ul D-PBS)
were subcutaneously (s.c.) injected into shaved back of mice. Tumor
size was measured using calipers and determined by following formula:
tumor volume (mm?)=0.52 x (long diameter) x (short diameter)?.
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Orally administration of 200 ul of spirulina extract or H,O by
sonde was started when the tumor volume reached around 200 mm”.
The administration was performed every two or three days. When
the animal experiments were performed with different protocol from
above, we described the details in the figure legends. For the CD8p cells
depletion, 15 ul of hybridoma ascites containing anti-CD8f monoclonal
ADb (clone: H35.17-2) was intraperitoneally (i.p.) injected into mice 1
day before spirulina administration. Ascites generally contains 10-15
mg/ml of IgG [19]. 200 ug of isotype control Ab or anti-PD-L1 Ab was
i.p. injected into spirulina-administrated mice on day 6, 8 and 10 after
tumor challenge. Mice was euthanized when a tumor volume reached
to 3,000 mm?°.

Results

Tumor growth suppression
melanoma line MO5

induced by spirulina extract in

Several sublines with a putative tumor antigen, OVA, were
established in B16 melanoma cells, which is syngeneic with C57BL/6
mice. Both MO5 and B16D8 lines are B16 sublines, and MO5 is OVA-
positive. We subcutaneously (s.c.) injected MOS5 cells into shaved back
of the mice (Figure 1A). On average, the MO5 tumors grew similarly
in the subcutaneous region in both the spirulina and control groups
(Figure 1B). NK-mediated tumor regression was observed following
treatment with spirulina extract in the BI6D8 melanoma subline (Figure
2), which have been reported as NK-sensitive [20].Yet, tumor regression
was barely observed in the MO5 melanoma line in response to spirulina
extract (Figure 1B). However, in individual cases receiving spirulina
extract, some mice showed tumor regression while others actually
enhanced tumor progression: there was individual-to-individual
difference in spirulina response in this mouse assay. This tendency was
more clearly observed in mice with OVA administration (Figure 1C).
It was previously reported [20] that B16D8 tumors uniformly undergo
growth suppression following treatment with spirulina extract, which
reflects NK cell activation. Thus, we speculate that factor (s) other than
NK cells participate in MO5 tumor suppression in some individual
mice. In reports of MO5 tumors, the factor that is most likely to
suppress tumor growth is the CTL response [21].
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Figure 1: Tumor growth retardation induced by spirulina extract in melanoma
line MO5.

(A) The scheme of the experiment. From the day after tumor challenge, mice
was orally adnministrated with 200 pl of H,O or spirulina extract every two or
three days. For the group with initial OVA stimulation, 100 pg of OVA protein
was s.c. injected around tumor on day 1 and 8 after tumor challenge. (B)
Growth of tumors in mice orally administrated with H,O or spirulina extract with
or without s.c. injection of OVA. Data are mean + SEM (n=4-7 per group). (C)
Individual data of spirulina group in Figure 1B. Data of H,0O group is a mean +
SEM as same as Figure 1B.

Suppression of tumor growth is induced by spirulina extract in
CTL-sensitive EG7 cells.

To consolidate the tumor regression induced by spirulina extract,
we decided to employ the EG7 lymphoma cell line. EG7 cells express
OVA as an antigen, and are susceptible to vaccine immunotherapy with
OVA+polyl: C [22]. EG7-loaded mice were challenged with spirulina
extract, and tumor growth retardation was observed in several mice
in the spirulina-treated group, although there was no significant
difference between the control and treated groups (Figure 3A).Only
two individual mice showed a prominent decrease in tumor size in the
spirulina-treated group (Figure 3B).

In this context, we tested whether the CTL response was involved
in tumor growth suppression. EG7-loaded mice were pretreated with
an anti-CD8pB Ab, and the mice were treated with spirulina extract
(Figure 3C). In the spirulina-treated group, tumor growth was delayed
in response to spirulina, and CD8 depletion resulted in the recovery of
tumor growth in the spirulina+anti-CD8p Ab group (Figure 3C). Thus,
CTLs were considered to be involved in tumor growth suppression in
this system.
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Figure 2: Tumor growth retardation induced by spirulina extract in NK-sensitive
melanoma line B16D8. Growth of tumors in mice orally administrated with H,O
or spirulina extract. Data are mean + SEM (n=5 per group).
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Figure 3: Tumor growth retardation induced by spirulina extract in CTL-sensitive
EG7.

(A) Growth of tumors in mice orally administrated with H,O or spirulina extract.
Data are mean + SEM (n=5 per group) (B) Data with individual plots of spirulina
group in Figure 3A. (C) Anti-CD8B antibody was i.p. injected into EG7-bearing
mice on the day before the first administration of spirulina. Data are mean %
SEM (n=5 or 7 per group). Statistical significances were determined by unpaired
ttest. *p<0.05.

Mechanism of CTL proliferation by spirulina

We then investigated the mechanism by which the oral
administration of spirulina induced T cell proliferation in an EG7 (OVA)
model. If spirulina displays dendritic cell (DC) adjuvant activity in a
mucosal environment, DCs move from the GALT to the lymph nodes
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or spleen to proliferate or activate CD8+ T cells. However, because we
could not detect the up-regulation of DC maturation markers, CD80/
CD40/CD86 or H-2Kb/H-2Db, in splenic DCs, this was not the case
(Figure 4). Nevertheless, an OVA-specific CTL response was induced
by splenic DCs from some spirulina-treated mice (Figure 5). The
results were confirmed with an in vitro assay using a mixture of the
splenic CD11c and OT-1 CD8+ T cells. In the experiment 2 (Figure 5B),
DCs from spirulina-treated mouse induced CD8+ T cell proliferation
after re-stimulation with OVA, which was occurred irrespective of an
initial OVA stimulation. These results indicated that spirulina may
up-regulate the antigen cross-presentation by DC without beforehand
extrinsic stimulation by antigen.

CD86 CD80  H-2KP/H-2DP CD40
Initial OVA stim. - B B B W H.0
12!
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Figure 4: DC maturation. Collect spleen cells from each mice described in
Figure 5A, and the expression of CD86, CD80, H-2Kb/H-2Db and CD40 on
CD8a DCs were analyzed by flow cytometry.
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Figure 5: CTL induction by spirulina extract. (A) The scheme of the experiment.
Mice were orally administrated with 200 pl of H,0O or spirulina extract on day
0, 2 and 4. For the group with initial OVA stimulation, 100 pg of OVA protein
was s.c. injected into shaved back of mice on day 1. (B) Percentage of dividing
cells among CFSE-labeled OT-I cells. The data show the result of coculture with
CD11c+ DC re-stimulated with or without OVA (OVA re-stim.). The representative
data of two independent experiments (Exp. 1 and 2) are shown. The result of the
sample cocultured with Pam2CSK-stimulated CD11c+ DC was also shown as a
positive control.

CTL proliferation was also involved in the tumor regression(Figures
6A and 6B) in MO5-bearing mice. CD8+ T cells but not CD4+ T cells
or NK cells, were increased in the tumors of spirulina-treated mice with
the suppression of tumor growth, and the ratio of CD8+ T cells in the
tumor was substantially increased concomitant with tumor regression.
Moreover, CD45+ cells with high MHC I expression were found to
have infiltrated into the tumors of the spirulina-treated mice, and
furthermore the proportion of those cells was reciprocally correlated

with tumor growth (Figures 6C).These results indicated the possibility
for the induction of cross-presentation of DC and subsequent CTL-

proliferation in spirulina-treated mice.
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Figure 6: CD8+ T cells in tumors were increased and related to tumor growth
retardation induced by spirulina extract.(A) Growth of tumors in mice orally
administrated with H,O or spirulina extract. Mice were orally administrated with
H,O or spirulina extract on day 6 and 8 after tumor challenge. Data with H,0
are described as a mean (n=2), and data with spirulina extract are described as
individual spots (n=3). (B) MO5-bearing mouse treated as in (A) were sacrificed
at day 11 after tumor challenge. Proportion of intratumor CD8+ T cells, CD4+ T
cells and NK cells among CD45+ cells were analyzed by flow cytometry. Graphs
are indicated the relation of the proportion of each immune cell and the ratio of
tumor growth (described as a fold-increase of tumor volume between day 6 and
day 11). (C) Expression of MHC | on CD45+ cells in each tumor was analyzed
by flow cytometry. Highly MHC l-expressed cells are gated and the numbers are
indicated the proportion of the cells in the gate (left panels). The right graph is
indicated the relation of the proportion of the cells in the gate and the ratio of
tumor growth.
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Figure 7: Spirulina administration does not influence anti-tumor response in
MOS5 induced by programmed death ligand (PD-L1) blockade. (A) Growth of
tumors in mice orally administrated with H,O or spirulina extract. Isotype control
Ab or anti-PD-L1 antibody was i.p. injected into the mouse on day 6, 8 and
10 after tumor challenge. Data are mean + SEM (n=5 or 7 per group). (B)
Expression of PD-L1 on CD45+ cells and CD45- cells in spleen or tumor was
analyzed by flow cytometry. MO5-bearing mouse were orally administrated with
H,O or spirulina extract on day 6 and 8, and were sacrificed at day 11 after

tumor challenge. The expression is indicated as a geometric mean.

However, PD-L1 blockade therapy was barely enhanced by the
combined administration of spirulina in MO5-bearing mice (Figure
7A). In this case, intrinsic antigen-presentation by DCs may not involve
PD-L1-mediated regulation of T cell proliferation. The PD-L1 levels on
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tumor and spleen cells were not affected in response to spirulina diet
(Figures 7B).

Discussion

In the present study, we demonstrated that some mouse populations
induced growth suppression of OVA-positive tumor in concert with
CD8+ CTL proliferation. Previous reports indicated that NK cells
were effectors for tumor damage and spirulina is an NK cell activator
[20]. There are DC-dependent and independent mediators of NK cell
activation [16]. NK-mediated killing depends on the level of tumor
Rae-1 [23], which is recognized by NKG2D expression on myeloid
cells, including DCs, and DC-dependent NK activation occurs in
mice fed a spirulina diet with an NK-sensitive tumor [20]. This finding
suggests that DC-priming precedes NK cell activation in the context of
a spirulina diet.

If DC-priming is the case for spirulina diet, it is no wonder
that spirulina-mediated DC-priming involves the DC-mediated
proliferative response of T cells towards antigens [2]. DCs are classified
into multiple different subsets, some of which are distributed in the
GALT. CD103+ DCs and CD8a DCs are typical antigen-presenting cells
(APCs) in mice and are localized in the lymph nodes of the GALTs. It
is likely that spirulina-stimulated APCs gain access to GALT-associated
lymphocytes. When a tumorharbors TAAs, DC-priming induces the
most crucial function of DCs, namely the cross-presentation of extrinsic
tumor antigens, which enables DCs to present foreign antigens to
CD8+ T lymphocytes, CTLs. Notably, sufficient antigen densities are at
least needed to allow APCs to cross-present ectopic antigens that exist
distantly from APCs. The current consensus is that no CTLs proliferate
without providing antigen peptides and adjuvants in immunotherapy.
In spirulina diet, DC-priming and OVA-specific CTL happens only
in a minor population under unpredictable conditions. According
to the concept of cancer immunotherapy, the data can be interpreted
to indicate that dietary spirulina extract works as an adjuvant for
tumor-releasing OVA to facilitate CTL proliferation occasionally. The
spatiotemporal variations of OVA antigen levels released from tumor
would be crucial for each individual mouse. In this study, we could not
verify this issue in each mouse.

On the other hand, several reports have described spontaneous
tumor shrinkage without the administration of antigens [24,25]. In
mouse models, spontaneous tumor regression occurs in CTL-sensitive
tumors. In this case, the depletion of CD8B T cells resulted in tumor
progression, suggesting the importance of CTLs to shrink tumors. In
addition, anti-PD-1 Ab immunotherapy is thought to be effective only
in patients with already excited TAA-induced CTLs [26,27]. Moreover,
there have been rare reported cases of spontaneous diminution of CTL-
sensitive implant tumors in mice [28] and cancer in human patients
[24,25]. The latter cases typically occur following infection, radiation,
or chemotherapy. While it is rare to encounter cases of abscopal effect,
such cases surely exist. Thus, microbial pattern molecules may have
been enriched in the tumorstroma to sufficiently activate myeloid cells,
which leads to the proliferation of TAA-specific CTLs.

The scenario reminds us of the fact that TAA-specific CTLs
spontaneously occurring in patients with cancer; however, CTL function
is suppressed in the tumor environment [29]. It is likely that TAAs leak
out of the tumor to spontaneously activate CTLs in approximately
20% of patients with progressive cancer, which are termed a PD-1
antibody-sensitive tumor. It has been speculated that spirulina has an
LPS-like product and the spirulina extract contains a TLR2/4 ligand
[20]. However, the PD-L1 levels were not increased in spleen and tumor

in spirulina-diet mice in contrast to TLR2-stimulated mice [30-32].
Immune effectors damage tumors, and dying tumor cells discharge
TAAs, which results in DC-mediated CTL activation. Notably, CTL
proliferation occurs without the injection of TAA peptides in those
cases. The type of adjuvant or endogenous substance that can induce
DC-priming without external addition of TAA is a fascinating question
that requires further investigation.

Conclusion

We could not verify prediction markers for tumor regression
in spirulina-diet mice, since tumor regression occurs rare and
unpredictable. According to the mouse models, the immunoediting
theory suggests that the spirulina diet breaks a stable “Equilibrium”
to make a shift towards ‘Elimination. Both tumor cells and immune
cells participate in the formation of tumor environment. Immune-
enhancement appears to be associated with abscopal as well as
spirulina effect in human intervened studies. In this context, some
type of adjuvants may function as NK-stimulants, as well as inducers
of a TAA-specific CTL response. Several issues including multiple
regulatory factors in DC cross-presentation and the mechanism by
which endogenous antigens are internalized and processed in APCs
need to be addressed in the future.
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